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Abstract Environmental and public health-focused
sciences are increasingly characterised as constituting
an emerging discipline—planetary medicine. From a
governance perspective, the ethical components of that
discipline may usefully be viewed as bestowing upon
our ailing natural environment the symbolic moral
status of a patient. Such components emphasise, for
example, the origins and content of professional and
social virtues and related ethical principles needed to
promote global governance systems and policies that
reduce ecological stresses and pathologies derived
from human overpopulation, selfishness and greed—
such as pollution, loss of biodiversity, deforestation
and greenhouse gas emissions, as well as provide
necessary energy, water and food security. Less well
explored in this context, however, is the ethics that
should underpin global use of emerging technologies
such as nanotechnology as forms of planetary thera-
peutics. Nanotechnology may be particularly impor-
tant, for instance, as a mechanism for improving upon
photosynthesis and engineering it into human struc-
tures for localised production of carbon-neutral hydro-
gen based-fuel and carbohydrate-based food and
fertilizer. Artificial photosynthesis, because of its
unique and widespread public and environmental

benefits in this period of human history, may even be
termed the moral culmination of nanotechnology,
assisting this planet to move beyond the Anthropocene
epoch to that of the Sustainocene. This paper explores
practical steps towards planetary nanomedicine in-
volving governance of artificial photosynthesis, in-
cluding a UNESCO Universal Declaration on the
Bioethics and Human Rights of Natural and Artificial
Photosynthesis (Global Solar Fuels and Foods).

Keywords Public health ethics . Environmental
ethics . Nanoethics . Bioethics . Human rights .

Nanotechnology . Planetary medicine . Anthropocene .

Sustainocene . Environmental sustainability .

Renewable energy . Solar fuels . Artificial
photosynthesis . UNESCO

Introduction

Planetary medicine is an emerging area of academic
research and policy development centred on the idea
that this planet should be treated not just as a distinct
living entity (James Lovelock’s Gaia Hypothesis), but
as a patient [1]. It has become a symbolic rubric focus-
ing not just public and governmental attention, but
professional virtues and associated ethical principles,
on the interaction between human health, technological
development and sustainability of the biosphere [2]. In
this emerging discipline, anthropogenic climate change
and environmental degradation as well as poverty and
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lack of necessary fuel and food are targeted as intrinsi-
cally global environmental pathologies the resolution of
which requires concerted efforts to implement a wide
range of not just renewable energy technologies (such
as those using nanotechnology) but bioethical principles
including those related to protecting the interests of future
generations and preservation of biodiversity [3]. By log-
ical extension the application of renewable energy tech-
nologies, for example utilising nanotechnology to
improve solar energy conversion to electricity, or purify
soil or water, can be regarded as forms of planetary
nanotherapeutics.

Salutary facts driving academic and policy in-
terest in planetary medicine are not only the
greenhouse-gas driven increase in severe weather
events, but the projected increase of global human
population to around 10 billion by 2050 with
associated energy consumption rising from!
400 EJ/year to over 500 EJ/year beyond the ca-
pacity of existing fossil-fuel based power genera-
tion [4]. The research underpinning planetary
medicine also emerges strongly from influential
commentaries such as the Intergovernmental Panel
on Climate Change [5] and the Stern Report [6],
as well as the United Nations Millennium Devel-
opment Goals [7]. In fact is has been argued that
human activity has pushed this planet from the
Holocene into what has been termed the Anthro-
pocene period [8]. Five characteristic features of
the Anthropocene epoch that tend to dominate its
policy and ethical debates include: population;
poverty, preparation for war, profits and pollution.
In fact it can be said that just as addiction to the
products of the tobacco industry provided a huge
problem for public health medicine, so too for
planetary medicine does smoking by coal-fire power
stations and automobiles [9].

A key question for the ethics of planetary medicine
(and one focused upon here) will be what principles
should govern how emerging technologies such as
nanotechnology may assist in resolving global health
and environmental problems. Interest is growing in
focusing nanotechnology on such problems. In 2007,
for example, Nature Nanotechnology contributed two
articles to the Council of Science Editors Global
Theme Issue on Poverty and Human Development
involving scientific journals in 37 countries [10, 11].
Experts have encouraged nanotechnology to system-
atically contribute to achievement of the United

Nations Millennium Development Goals particularly
energy storage, production and conversion, agricultural
productivity enhancement, water treatment and remedi-
ation [12]. One of the main ways nanotechnology may
assist in relation to such issues concerns artificial pho-
tosynthesis and particularly its contribution to global
domestic or locally-produced solar fuel. This is the topic
of the next section.

The ethics of planetary medicine as a therapeu-
tic modality, particularly using applications of
nanotechnology on a global scale, are yet to be
systematically or authoritatively enunciated. This
may inhibit the development of appropriate global
governance structures and policies about the global
application of nanotechnology to treat some of the
central social and environmental problems this
planet faces. In response to this challenge, the
second half of this paper explores the hypothesis
that the societal virtues and ethical principles governing
planetary nanomedicine can appropriately be viewed as
a global extension of public health medicine, or as
involving a more unique and much less anthropogenic-
focused normative system emphasising environmental
sustainability.

One issue considered will be whether such an
environmentally-focused ethic by medical profes-
sionals can simply draw upon distributive justice
components of traditional medical ethics principles
or needs to draw upon a broader set of norms. The
World Health Assembly, for example, has mandated
the World Health Organisation (WHO) to engage
more actively with health professionals in the interna-
tional multi-agency effort to respond as promptly
to global climate change as they would to a dis-
ease in an individual patient or population [13].
Should it follow from such pronouncements, for
instance, that a probable ethical tenet of planetary
nanomedicine be that the effective treatment of
global problems such as anthropogenic climate change,
biodiversity loss and biosphere degradation, receive
equal policy commitment as treatment of human disease
by clinical, public health and epidemiological medical
professionals [14]?

Analysis of questions such as those above will
provide a conceptual framework for advancement in
the last part of the paper of the idea for a UNESCO
Universal Declaration on the Bioethics and Human
Rights of Natural and Artificial Photosynthesis (Global
Solar Fuel and Food).
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Global Artificial Photosynthesis and the Ethics
of Planetary Nanomedicine

In its present technologically-unenhanced form, pho-
tosynthesis globally already traps around 4,000 EJ/
year solar energy in the form of biomass [15]. Photo-
synthetic organisms absorb photons from a segment of
the solar spectrum (~430–700 nm) by so-called ‘an-
tenna’ chlorophyll molecules in thylakoid membranes,
or chloroplasts. The absorbed photons’ energy creates
unstable spatially separated electron/hole pairs. The
“holes” are captured by the oxygen-evolving com-
plex (OEC) in photosystem II (PSII) to oxidise
water (H2O) to what can be termed a natural form
of hydrogen (protons) and oxygen (O2). This pro-
cess can be written as the following chemical
equation: 2H2O ! 4 photons ! 4e-+4 H+ + O2.
The protons released on water oxidation can be
used to make hydrogen according to a chemical
process recorded as: 2e-+2 H+ ! H2. The electrons
are subsequently captured in chemical bonds by
photosystem I (PSI) to reduce NADP (nicotin-
amide adenine dinucleotide phosphate) to NADPH.
Electro-chemical energy stored by the protons pro-
duces ATP (adenosine triphosphate). In the relatively
less efficient “dark reaction”, ATP and NADPH as well
as carbon dioxide are used in the Calvin-Benson cycle to
make a variety of energy rich chemicals, mainly sucrose
and starch via the enzyme RuBisCO (Ribulose-1,5-
bisphosphate carboxylase oxygenase) [16]. This capac-
ity to store solar energy in chemical bonds is the feature
that makes enhanced photosynthesis so intriguing as a
form of renewable energy.

Nanotechnology researchers now are actively rede-
signing photosynthesis to achieve, for example, low
cost, local-domestic, conversion of sunlight, water and
carbon dioxide into fuel for heating and cooking [17].
Some nanotechnological innovations for artificial pho-
tosynthesis focus on improved light capture. Such
systems use mesoporous thin film dye-sensitive solar
cells of semiconductor nanoparticles [18] and carbon
nanotubes harvesting and conducting the resultant
electricity [19]. Nanomaterials and hybrid organic–
inorganic nanostructures are improving the solar energy
conversion efficiency of existing photovoltaic units
that could be used in artificial photosynthesis light
capture [20, 21].

PSII in plants is a complex protein with 27 subunits
and 32 co-factors involved in electron transfer and

light harvesting. Researchers are working upon making
a nanotechnological mimic of this protein (maquette)
that is simpler [22] and incorporates designer molecules
that prolong charge separation [23]. Nanotechnology is
facilitating the construction of artificial photosynthetic
electron pathways to this reaction centre that perform a
single quantum computation, sensing many states si-
multaneously and so enhancing the efficiency of the
energy capture and transfer at physiological tempera-
tures [24–26].

The most globally widespread water catalytic sys-
tem will probably involve inexpensive and self-
repairing components that operate at neutral pH with
non-pure (salty or bacterially and chemically contam-
inated) water [27] and be stable to a variety of expo-
sure conditions in air, water and heat [28]. A major
scientific challenge will be to optimise the free energy
required for the overall water splitting process [29].
Multiwalled carbon nanotubes [30] and singlewalled
carbon nanotubes may produce the critical break-
through here [31].

In the artificial photosynthesis version of the “dark
reaction”, ATP and NADPH as well as carbon dioxide
(CO2) will be used in an enhanced version of the
Calvin-Benson cycle to make locally usable food or
fuel (for domestic, heating, cooking, light and trans-
port) in the form of carbohydrate via the enzyme
RuBisCO [32]. Bio-inspired self-repair strategies will
ensure that this aspect survives damage from repeated
cycles of thermodynamically demanding reactions
[33]. New catalysts for H2 production and methods
for efficient H2 usage (in a fuel cell to make electric-
ity) or storage (as a fuel after cooling and concentrat-
ing) will need to be built [34]. It may be that methanol
will turn out to be, at least in the short term, the most
viable fuel produced from this side of the artificial
photosynthesis process [35].

Numerous competitively funded research teams
have dedicated artificial photosynthesis-related proj-
ects already underway in many developed nations
[36]. An international conference coordinated by the
author at Lord Howe Island in August 2011 has linked
senior artificial photosynthesis and global governance
experts purportedly as a precursor to a macroscience
Global Artificial Photosynthesis (GAP) Project [37].
Enhanced artificial photosynthesis, if applied equita-
bly, could assist crop production on marginal lands,
reduce atmospheric C02 levels, lower geopolitical and
military tensions over fossil fuel, food and water
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scarcity and create carbon-neutral hydrogen fuel for
domestic, community and industrial storage [38].

Artificial photosynthesis, then is far from being a
nanotechnology research area of merely speculative hype
and hope. It does not fall into the category of “false
dawn” impractical technologies that excite redundant
ethical controversies based on excessive expectations
and promises through academic indulgence of the ‘if
and then’ fallacy [39]. Practical ‘artificial leaf’ systems
have been developed and are on the threshold of com-
mercial rollout [40].

Establishing the ethical and legal principles for the
global dissemination of artificial photosynthesis will
be equally important with facilitating the scientific
collaborations that will allow it to take place in time
to address the major societal and environmental chal-
lenges that the expanding human population and its
dependence on fossil fuels are currently creating.

Scholars in ethics are positively conceived by policy
makers and society at large as assisting the development
of considered thinking about how to value things and
determine right from wrong according to widely appli-
cable and coherent basic principles. At a somewhat
basic level they analyse the plausibility of techno-
scientific promises such as those about global artificial
photosynthesis and explore the moral choices implicit in
their likely social context [41].

The core of the reflective activity known as “ethics”
in relation to planetary nanomedicine involve not just
formulating (or as is more often the case clarifying)
relevant principles that are rationally capable of being
applied justly and equitably to all entities with requi-
site interests (human, animal, life form and biosys-
tem), but assisting them to be applied consistently in
the face of obstacles.

Putting this another way, the essence of an ethical
principle about planetary nanomedicine conceived in an
ideal sense (and thus not merely derived mechanistically
from a written religious or legal code, guideline or
declaration) is that it should be widely or even univer-
sally applicable (for example, depending on context,
extend to protecting, respecting or fulfilling the interests
of all human beings, or animals, lifeforms or ecosys-
tems). The traditions of ethics engaged here derive from
profound consideration of the relations of humans with
each other and nature. They should provide a calibration
system against which can be critiqued other normative
systems (such as legislation and international human
rights) as well as instances of behaviour either by natural

or artificial corporate persons (such as those in the latter
case currently self-interestedly dominating domestic
and international trade law and policy).

It is important to emphasise at the outset that just as
with individual humans, societies develop and maintain
virtues (such as justice, equality and respect for human
dignity) through commitment (often based on con-
science) to consistently implement ethical principles in
the face of obstacles. The great social virtues necessarily
contributing to the ethical framework for planetary
nanomedicine traditionally include—justice, equality
and respect for human dignity. Amongst the scientific
professions the prime virtue is respect for truth and in
the healing professions it is loyalty to the relief of patient
suffering. These ideals and their associated principles
gradually metamorphose (after political debate and
struggle) into specific legal rules, international human
rights and enforceable legal rights, the consistent and
predictable application of which in turn sustains those
foundational virtues.

There are in fact four normative areas with distinct
traditions and spheres of activity necessarily operative in
considering the ethics or planetary nanomedicine—(1)
ethics (personal religious or humanitarian and profes-
sional) (2) domestic law (constitutional, judge made as
well as legislative enactments), (3) international human
rights and (4) international trade and investment law.
This is an important way of initially considering the
fundamentals of the global governance framework into
which will fit a coordinated scientific and policy effort
to implement global artificial photosynthesis as a thera-
peutic arm of planetary nanomedicine.

Some immediate conceptual problems present them-
selves. First, planetary medicine appears likely to be
focused on the primary social virtue of environmental
sustainability. The conceptual linkage of nanotechnology
with such a non-anthropocentric virtue as environmental
sustainability will involve a profound reorientation for
most of the four normative systems stated above.

Second, it is important to note that the process of
developing virtues by consistently applying ethical
principles in the face of obstacles is essentially irrele-
vant to artificial corporate persons given that it is not
currently a legally required component of their ap-
proved registration. At present the foundational social
virtues and ethical principles likely to underpin any
rollout of a new nanotechnology-based form of renew-
able energy and basic food will be perceived by many
policy makers as necessarily having to derive from
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corporate-driven free market ideology. Many of the
public officials organising government policy in such
areas will have been inserted in these jobs by the
multinational corporate sector to where they will re-
turn (with bonuses) after their task is done.

Much less influential sources of such virtues
and principles include religious authority or the
necessity of survival— an understanding that with-
out such norms or rules of behaviour the majority
of humans cannot live well with each other, or for
very long.

We see the clash of ideas between these groups
manifesting in the ‘Occupy Wall St’ movement with
its complaints about the excesses of corporate salaries,
bonus and ‘golden handshakes,’ the price manipula-
tions and fraud inherent in collusive activity, the bail-
out of incompetent financial institutions with taxpayer
funds, the control by corporations of domestic policy
through lobbying backed by trade and investment
agreements, the acquisition and degradation of scarce
resources— not only food, water and land, but hous-
ing and biodiversity. It will be an important backdrop
to global roll out of nanotechnology-based artificial
photosynthesis, for example, that the World Bank or
multinational corporate investors in the energy sector
may not relish the rise of an ‘off-grid,’ low cost,
efficient rival to their lucrative fossil (or ‘old photo-
synthesis’) fuel industries.

Nanotechnology and Environmental Sustainability

Environmental sustainability looms as the primary
virtue of planetary nanomedicine and thus at the
core of its related ethical system. Whether con-
ceived as a virtue or ethical principle, environmen-
tal sustainability on most formulations necessarily
requires consideration of the greatest good of
greatest possible number of stakeholders now and
into the future. Arguably, thinking sympathetically
in this way about as broad a range of ‘others’ as possi-
ble, may not only cohere with patterns of symmetry
underlying nature, but have indirect personal utilitarian
benefits through fostering continuing peaceful relation-
ships. Understanding empathy broadly is so central to
social success that even sociopaths (and by their legal
construction that includes artificial persons such as pri-
vate corporations required to maximise shareholder
profit) pretend to appreciate it.

Environmental sustainability as the primary social
virtue of planetary nanomedicine can also be linked
with so-called ‘ecocentric’ or ‘biocentric’ ethics. This
normative sub-branch is also known by terms such as
Gaia Theory, or Deep Ecology and finds semi-formal
expression in documents like the Earth Charter or
Earth Manifesto. It involves two key moral or ethical
principles. The first is that the flourishing and diversity
of non-human life-forms has intrinsic value requiring
protection by policies and technologies that reduce the
number of humans along with their demands on those
other species. The second holds that human flourishing
itself requires a deepening respect for right relations
with ecosystems which should be reflected in the
choices our species make about the use of new technol-
ogies such as nanotechnology.

It is difficult to discern environmental sustainability
as a clearly defined ethical virtue or principle in con-
temporary media and policy debates between those
with Christian, Islamic or secular perspectives; those
enmeshed in securing the embellishments of institu-
tional or corporate financial power and those (such as
the ‘Occupy Wall St’ protestors) critiquing the desue-
tude of that power in the face of moral crises. One
finds, for example, little if any reference to environ-
mental sustainability in ethical works derived from
religious traditions, or from academic schools such
as utilitarianism (‘act on principles maximising the
greatest good for the greatest number’) or deontologic
idealism (‘act on principles capable of universal appli-
cation’). It could, of course, be argued that the concept
of environmental sustainability is present implicitly in
such doctrines or in core religious concepts like Bud-
dhist compassion, Christian conscience or Islamic
taqwa. What can be said, however, is that environ-
mental sustainability now has equal policy signifi-
cance to justice, equality and respect for human
dignity as a foundational social virtue supporting eth-
ical and legal norms.

It is a confronting ethical proposition that nanotech-
nology should be applied globally through artificial
photosynthesis (solar food and fuel) in response to gov-
ernance systems underpinned by a new societal virtue
such as environmental sustainability. Such ethical think-
ing is likely to be viewed, and perhaps dismissed by
those more interested in social virtues putative such as
economic growth, societal predictability, the free market
and corporate career advancement, as another arcane,
impractical and insubstantial formulation by overly
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naïve individuals of how technology may help us all
lead the philosophical ‘good life.’

Contemporary ethicists and non-governmental
organizations (Such as Friends of the Earth) interested
in nanotechnology are more focused on its risks and
the role of the precautionary principle in addressing
them. Some advocate a moratorium on nanotechnolo-
gy as the most ethical policy option. They have less
interest in how such principles could allow nanotech-
nology to assist creation of ‘sustainocene’ epoch by
countering pressures from patterns of corporate gov-
ernance (particularly by those with substantial invest-
ments in ‘old photosynthesis’ fuels) emphasizing
media spin, simultaneous public manipulation and
reassurance as well as suspicion and opposition to
any theory likely to impede profits— a corporate
pseudo-ethics of ‘getting away with it.’

Those supporting environmental sustainability as
the foundational virtue of planetary nanomedicine on
the basis of what is termed a ‘virtue ethics’ theory,
might claim that the central fact of ethics is not a group
or principles and rules, but the character of the ‘agent’
involved. It thus could be argued that the ‘virtue
ethics’ position supports the social virtue of environ-
mental sustainability because its achievement is one of
the central altruistic goals of good people in our age.
Such goal-oriented virtue-based approaches to ethics
have been criticized as too readily subjugating indi-
vidual liberties and flourishing to the attainment of
ostensibly wider social aims. On the other hand, non-
goal-oriented virtue ethics theories are commonly sub-
jected to objections emphasizing their circularity and
failure to provide determinate guides to action partic-
ularly in pluralist societies.

Ethics may also approach the role in planetary nano-
medicine of the less human-centred social virtue of
environmental sustainability by extension from moral
concerns in related areas such as protection of animals.
Foundational ethical ideas here are the common capac-
ity to suffer and the primacy of norms preventing suf-
fering as far as practicable for the majority of our
interactions. This focus on the normative primacy of
‘suffering’ in planetary nanomedicine may create con-
ceptual difficulties, however, for those who rely upon it
to argue that ecosystems (such as wild rivers or rain-
forests) deserve ethical protection. Why should expand-
ing the circle of empathy require proof that an entity or
biosystem can suffer because it possesses a nervous
system that we can readily discern as comparable to

our own? In fact one of the major problems with holding
back replacement of the Anthropocene with the Sustai-
nocene epoch may be the fact that the human nervous
system has been so conditioned genetically and cultur-
ally to achieving success for small tribal groups (such as
those existing in the upper echelons of multinational
corporations) rather than the species as a whole, or
indeed the biosystems that support it [9].

Professional Analogies for the Ethics of Planetary
Nanomedicine

Another approach to conceptualizing the ethical foun-
dations of planetary nanomedicine (for example
through nanotechnology-based artificial photosynthe-
sis) might involve extrapolation from ethical systems
applying in areas such as healthcare and doctor-patient
relations. If our planet is regarded as a patient (as can
be argued for example by extension from the Gaia
hypothesis of James Lovelock) then ethical norms
concerning the use of new technologies for environ-
mental sustainability can be developed by analogy
from the system of basic ethical principles applying
to more traditional doctor-patient relationships. This is
the case study that will now be explored.

Tom Beauchamp and James Childress, for example,
in their influential work Principles of Biomedical
Ethics claimed to have derived the four basic princi-
ples of medical ethics (autonomy, non-maleficence,
beneficence and justice), not from the posited founda-
tional virtues of any ideal or utopian doctor-patient
relationship, but from “considered judgments in the
common morality and medical tradition”. This
appeared designed to link their ethical ‘principlism’
to the supposed authority of descriptive sociological
research, rather than the out-of-favor purported mysti-
cisms of natural law theory.

In the system of Beauchamp and Childress, the
bioethical principle known as autonomy was defined
as ‘respect for the deliberated self-rule of patients (or
research participants)’, and linked to Kant’s ‘categor-
ical imperative’ to treat humans as ends complete in
themselves, with intrinsic dignity; not as means to
other goods. Alternatively, the authors pointed out,
autonomy could be defined from a utilitarian perspec-
tive as requiring a constraint on the principle of pater-
nalism. As the English philosopher John Stuart Mill
wrote: the only purpose for which power can be

Nanoethics

Author's personal copy



rightfully exercised over any member of a civilised
community, against his [or her] will, is to prevent harm
to others. His [or her] own good, either physical or
moral, is not a sufficient warrant.

Extending this norm of autonomy (or respect for
intrinsic dignity) to the planet as a whole may support
the ethical principle that our world should be treated as
a type of collected consciousness and an end in itself,
not instrumentalised as a means to some other good
(for example economic growth). Respect for autono-
my appears to require some capacity to consult and
follow the independent will of another entity. Could
scientific ecosystem research or consultations with
environmental stewardship organizations provide a
means of facilitating a type of planetary autonomy or
deliberative self-rule?

From the principle of autonomy, Beauchamp and
Childress claimed that more specific ethical rules
could be deduced. These included a professional obli-
gation to keep promises made to patients (or research
participants), to maintain confidentiality of their infor-
mation, to tell them the truth about their treatment and to
ensure competence and skill in communicating infor-
mation and performing relevant procedures. Extending
these rules to the planet as a whole would require a
considerable expansion of our collective capacity to
identify with ecosystems. Yet even this becomes practi-
cable if environmental advocacy groups including non-
governmental organizations are regarded as expressing
the interests of the environment.

The principles of beneficence and non-maleficence
were joined in traditional medical ethics in a duty to
provide net medical benefit to patients with minimal
harm. Beneficence was importantly additionally asso-
ciated with the ethical duty to undertake research and
participate in professional education and training. Be-
neficence likewise was held to be demonstrated
through sensitivity to risk of harm, potential of benefit,
welfare and interests of involved parties, as well as the
ability to reflect on the social and welfare implications
of research. The ethical principles of beneficence and
non-maleficence can readily be taken across to the
humanity-planet relationship. Indeed, global public
health physicians could regard themselves as acting
in accordance with such ethical obligations towards
the sustainability of planetary ecosystems.

The principle of justice, in relation to health and
medical research ethics, divides into three ethical obli-
gations: to ensure fair distribution of scarce resources

(distributive justice), to respect patients’ rights (rights-
based justice) and to respect morally acceptable laws
(legal justice). Justice is deemed to be present in
medical research where the benefits and burdens are
fairly distributed and the recruitment of participants
and review is procedurally fair. Justice is a founda-
tional social virtue as well as a basic principle of
medical ethics and also readily translatable to a focus
on the interests of the planet as a whole.

The ethical argument, for example, can be made
that nanotechnology applied to artificial photosynthe-
sis addresses the problem that anthropocentric climate
change is fundamentally unjust in relation to future
generations not only because of its potential devastat-
ing effects on their health and well-being (particularly
of vulnerable populations amongst them), but because
of their limited opportunities to remedy it and the ca-
pacity of developed nations (that benefited economical-
ly from the industry causing the emissions) to remedy it
now with relatively little additional suffering.

Significant arguments raised against phrasing the
issue of using nanotechnology through artificial pho-
tosynthesis to alleviate climate change (or other pa-
thologies in the field of planetary medicine) in terms
of distributive justice include the lack of reciprocity of
future generations to us, the problematic ethical status
of the ‘interests’ of future generations, the unpredict-
able numbers of them likely to be impacted and the
potential attenuation of moral responsibility with in-
creased remoteness in time. Most conceptions of what
is unjust deal with adverse consequences that are not
irrevocably vague through being remote in time and
space. Yet, can such arguments really appeal given
what is at stake (the potential destruction of our spe-
cies and the ecosystems that support it over the next
few decades, to the great detriment of our children and
their children?

One of the undoubted advantages of the ‘four prin-
ciples’ approach has been the ease with which its
components can be recalled and act as a simple mental
trigger for complex duties. If these principles could be
viewed as applying to the planet as patient, then this
might strengthen public understanding of the ethi-
cal foundations of nanotechnology applied through
artificial photosynthesis to foster environmental
sustainability.

The four principles ethics approach, however, has
been significantly challenged in recent times in med-
ical academia, potentially undermining its value as an

Nanoethics

Author's personal copy



approach to an ethics of planetary sustainability. Many
medical educators now view demonstrated capacity to
memorize these four ethical principles and recite them
when asked, as providing insufficient proof that a
health professional could adequately reassure patients
or research participants of being not only physically at
their side, but in conscience ‘on their side’. This high-
lights the importance of ethical foundations of the
governance structures created to facilitate the global
application of artificial photosynthesis (solar fuel and
food) not becoming merely tokenistic ‘window-dress-
ing,’ but being formulated in such a way that the bulk
of the human population is inspired to implement them
in the face of obstacles.

Nanotechnology-Based Artificial Photosynthesis
and Enlightenment Theory

The ethics of planetary nanotherapeutics might also be
presented as an element of enlightenment theory; as
deriving its ethical foundation from the notion that
society is progressively evolving to express greater
reason in its conscious organization. Simply
expressed, the enlightenment idea that there is an
evolutionary progression in human reason and con-
science intersects well with the notion that the use of
new technology to facilitate environmental sustain-
ability (even to usher in what has been called the
‘sustainocene’ epoch [9]) seems to be a natural exten-
sion of life and consciousness in this universe. A
deeper aspect of this may be the idea that conscience
facilitates our perceiving in ethical decision-making a
geometric connectedness, an appreciation of the same
type mathematical symmetry and harmony science has
established as arising from nature’s physical laws.

In the 17th century the philosopher Benedict de
Spinoza wrote in his Ethics (Bk II, Prop. XLIV) that
it is the nature of reason properly applied to perceive
things truly, that is, as they are in themselves not as
contingently existing in past, present or future circum-
stances revealed to us by sensory experience. This
pronouncement and its implications have often been
ignored or dismissed as a peculiar type of idealist
rhetoric. How, for example, could it make us view
things any closer to reality or more ethically to regard
them as not bound by forward-flowing time? Such a
position was contradicted by our sensory experience.
Yet Spinoza’s profound realisation paved the way for

major scientific as well as ethical breakthroughs in
thinking—the realization that there could be true state-
ments about reality that did not appear to correlate
with common sense.

In the 18th century, Immanuel Kant (the philoso-
pher arguably central to enlightenment theory) took
Spinoza’s insight a few steps further. Kant influentially
contended that the capacity to form ethical concepts in the
form of goals or end points for future actions based on
universally-applicable principles, is a core distinguishing
characteristic of the well-developed humanmind. It arises,
he maintained, proportionally with our capacity to view
our place in theworldmore objectively, including viewing
ultimately our understanding of time and space as arising
a priori as necessary preconditions for sensory experience
(rather than being determined by it).

Kant made these claims particularly in his Ground-
work of the Metaphysics of Morals and his Critique of
Pure Reason (though philosophers tend not to grasp or
perhaps conveniently ignore, the linkage between his
conceptual positions on time and space on the one hand
and ethics on the other). The freedom of individuals to set
ethical goals and principles presupposes a capacity to
reject them and Kant reasoned that laws (backed up by
official enforcement) provide an external constraint upon
persons whose selected end-points would otherwise un-
duly interfere with the capacity of other rational beings to
choose their own ideals.

Kant’s was an optimistic moral philosophy about
human nature, as was the Enlightenment tradition in
general. Ethics, Kant saw as permitting rationalisation
of voluntary self-constraint by minds seeking to em-
brace universally-applicable principles and become
virtuous. The more people acted from a concept of
duty (often against the opposition of their own sensual
inclinations) to consistently apply such principles, the
more humanity was morally developing towards a
type of collective enlightenment. Those principles also
rose in ethical value the more they facilitated the
capacity to flourish equally in all other rational beings.
Kant summarised this by stating (in his Introduction to
the Doctrine of Virtue) that virtue arises from consis-
tent voluntary decisions to act (despite internal or
external obstacles) upon principles capable and wor-
thy of application by all rational humans. The use of
new technology such as nanotechnology to support
sustainability of human development, fits squarely
within this influential moral framework. Sustainability
of the environment (as a non-rational, non-thinking,
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non-human entity) on a superficial analysis has a more
uncertain moral place within it.

Yet Kant, like Spinoza, paved the way for both the
science of physics and governance systems involving
ethical principles and legal rules to progress in new
directions. In his Critique of Pure Reason Kant wrote
that “we can never represent to ourselves the absence of
space, though we can quite well think it as empty of
objects.” Likewise “appearances may one and all, van-
ish; but time (as the universal condition of their possi-
bility) cannot itself be removed.” The 20th century
physicist Albert Einstein who was exposed to Kant’s
ideas in his youth, probably drew upon this insight (that
space and time might exist in ways that seem at odds
with everyday sensory experience) to ponder physical
anomalies such as why the speed of light is constant
regardless of the speed of its source and create his
special and general theories of relativity as an answer.

A corollary of such ‘pure’ reasoning, as Kant per-
ceived, was that knowledge (including moral truths
about the role of principles and virtues in constraining
free will) could also arise from a suprasensible part of
nature that has the potential to be true, despite not
necessarily correlating with common experience. Such
realisation may have been a critical factor in develop-
ment (particularly by other enlightenment philoso-
phers such as the physician John Locke) of the
concept of inalienable human rights (granted by nature
to all people) even though such a position had no
foundation in sociological facts about governance of
the time.

It is difficult now to grasp how important an advance
it was in terms of the sustainability of human civilisation
to have incorporated in the constitutions of nation states
the apparently non-common sense claim that the basis of
ethical and legal obligation could reside in an ideal
applicable to all people as part of the ‘nature of things’
rather than be entirely constrained by the interests of a
King or religion. Perhaps just as major an advance will
be incorporating environmental sustainability into our
constitutional arrangements.

Nanotechnology, Environmental Sustainability
and Steady State Economics

Another location for the foundational ethical princi-
ples of planetary nanomedicine may be in attempts
made by some economists to frame the ethics of

sustainability in what are known as ‘steady state’
theories.

The majority of economists strangely allow the
intellectual credibility of their work to be undermined
by failing to confront two manifest fictions at the heart
of much of their analysis. The first is the foundational
assumption of perpetual growth in Gross Domestic
Product (GDP). The second concerns the fictional
power of deregulated markets and the ‘invisible hand’
of entrepreneurial self-interest to ethically regulate
demand upon earth’s resources. There appears to be-
lief amongst such advocates (cultivated in many cases
by corporate funding of their institution) that the free
market carries an implicit and sufficient ethics of
competition.

A logical (if manifestly unethical) result of obei-
sance by too many influential economists to this ap-
proach, involved banks and other global financial
institutions selling and reselling money and property
in increasingly complex forms and ways (‘futures,
‘hedge funds’, ‘bundled debt’) till the bankers ended
up knowingly and rapidly selling things that didn't
really exist in a selfish global game of ‘stop the mu-
sic.’ Companies corruptly hid away their true debts
and the governments provided bail-out loans to econ-
omies that had been almost bankrupted by this process
mostly to repay investors and ensure salaries and
bonuses for those who officiated over the process.
The ‘Occupy Wall St’ protestors, amongst other
claims, are asserting that by facilitating this economic
mess the so-called corporate-run ‘free-market’ has
actually begun to undermine its claim to be ethical in
any of its recognized conceptions.

Other economists, however, have striven to factor
our moral responsibilities concerning the finite and
fragile resources of the biosphere much more centrally
into their policy recommendations. The virtues of
ecological sustainability and environmental integrity
for instance, were influentially propounded by eco-
economists such as the EF Schumacher (with his con-
cept of ‘small (and local) is beautiful’) and Kenneth
Boulding (with his idea of ‘Spaceship Earth’ as a
closed economy requiring recycling of resources). In
doing this, the former drew upon Buddhist ethical
principles and virtues, while the latter relied upon
those from the Quaker tradition.

The economist Herman Daly similarly drew on the
laws of thermodynamics and the tendency of the universe
to greater entropy (dispersal of energy) to champion the
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idea of ‘steady-state’ economics that financially values
maintenance of ecosystems equally with production and
profits. Such an approach could be extended to suggest
that ethics of planetary nanomedicine be coherent not just
with thermodynamics, but with physical laws and pat-
terns of symmetry such as those underpinning electro-
magnetism, gravity, general relativity and quantum
physics, as well as other scientific principles that are
non-falsifiable, despite not correlating with our sensory-
oriented experience of the world.

Many economists interested in developing greater
moral and scientific credibility for their discipline
are investigating the ethics of sustainability through
human population and ecosystem science. One such
approach, for example, defines sustainability as in-
volving the persistence of diversity and flourishing
among human communities, as well as ecological
systems.

The ethical reasons for supporting a nanotechnology-
oriented Global Artificial Photosynthesis (Solar Fuels
and Foods) project as a macroscience endeavour fo-
cused on environmental sustainability, according to the
above analyses, revolve around the simple understand-
ing that it offers a reasonable prospect of significantly
addressing, with but a relatively small opportunity cost,
problems likely to cause suffering and death on a large
scale and with which this generation bears culpability.

Towards a UNESCO Universal Declaration
on the Bioethics and Human Rights of Natural
and Artificial Photosynthesis (Solar Fuels
and Foods)

Nanotechnology, despite its great scientific novelty and
promise, still has a problematic place in the popular
imagination owing to unresolved safety issues [42]. A
macroscience project to promote equitable global use of
artificial photosynthesis (GAP) therefore represents an
excellent opportunity to create a high profile awareness
of nanotechnology as a positive contributor to overcom-
ing major contemporary public health and environmen-
tal problems. Provided an appropriate ethical regulatory
structure was in place, such a project could well be
promoted through domestic and international media as
a defining symbolic endeavour of planetary nanomedi-
cine [43, 44].

The preceding discussion has set out some of the
ethical virtues and principles likely to underpin the

governance structures of a GAP project. One particu-
lar area of looming conflict will be between these
ethical virtues and principles (particularly environ-
mental sustainability) and the intellectual monopoly
privileges (IMPs) such as patents.

Many of the nanotechnological techniques and struc-
tures, as well as the artificial proteins involved in artifi-
cial photosynthesis will be the subject of patent and
other claims of intellectual monopoly privilege. In most
jurisdictions the relevant patent offices will require that
their inventors claim such contributions to be novel,
inventive (non-obvious in the USA) and useful, with a
specification complete enough to allow others to make
the device without undue experimentation.

The process of photosynthesis is as central to life
on earth as DNA; thus there are likely to be similar
major debates over whether it is ethical to allow pat-
ents over any part of the photosynthetic process. Such
a debate will be unlikely to inhibit patents being taken
out over many aspects of artificial photosynthesis, but
if excessive patents cause artificial photosynthesis
ownership to become fragmented, ‘follow-on’ re-
search may be hampered by the high cost and diffi-
culty in negotiating contracts with large numbers of
patent owners [45].

Creating governance principles to deal with such
issues will be an arduous and complex process. A
good point of departure for such a governance journey
might be the UNESCO Universal Declaration on Bio-
ethics and Human Rights (UDBHR). Such a document
could become the template for a UNESCO Declara-
tion on the Bioethics and Human Rights of Natural
and Artificial Photosynthesis (Global Solar Fuels and
Foods). Such documents do not have immediate the
status of international law (under article 38 of the
Statute of the International Court of Justice). They
do become important as symbolic utterances that
guide ethical debate and law reform at international
and domestic levels.

This UDBHR has many features that would be rele-
vant to shaping the ethical and human rights principles
governing natural and artificial photosynthesis. These
include, first, application to individuals, communities
and private corporations and well as States (article 1),
second a focus on ‘access to adequate nutrition and
water’, ‘improvement in living conditions and the envi-
ronment’ and reduction in poverty and illiteracy’ (article
14) [46]. The UDBHR also emphasises the need to
recognize the importance of freedom of scientific
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research and equitable access to medical, scientific and
technological developments (article 2), sharing its ben-
efits with particular attention to the needs of developing
countries (article 15) and safeguarding and promoting
the interests of the present and future generations (article
2). UDBHR article 21.3 likewise relevantly requires that
states and public and private corporate actors should
recognize the “importance of research contributing to
the alleviation of urgent global health problems.”

There are however ethical issues that might be
much more specific to natural and artificial photosyn-
thesis that could be raised initially by means of a
specific UNESCO Declaration [47]. These include
whether photosynthesis in its natural form should be
considered subject to common heritage of humanity
principles (like, under specific United Nations Decla-
rations and Conventions, the human genome, the
moon, outerspace, the deep sea bed, our natural or
cultural world heritage) or indeed a part of a new
category of ethical and international law principles in
the category of planetary common heritage [48].

A statement in such a UNESCO Declaration that
photosynthesis (in ether its natural or artificial forms)
was the common heritage of humanity could be impor-
tant in wider governance moves to restrict corporate
ownership through intellectual property rights or misuse
by nation states for strategic or military purposes. Other
questions may involve developing specific principles by
which artificial photosynthesis technology can best ad-
dress within defined time pressures critical problems of
global poverty and environmental degradation [49, 50].
It would also be important for such a Declaration to
specify its links to extant economic, social and cultural
international human rights such as the right in article 15
(2) of the United Nations International Covenant on
Economic, Social and Cultural Rights (ICESCR) to
enjoy the benefits of scientific progress and its applica-
tions [51].

Conclusion

It is an ethical act to imagine a world where each
household could generate its own basic carbohydrate
food and ethanol fuel for cooking, heat and light simply
and cheaply from a roof unit that required as inputs only
photons, water and carbon dioxide. It is also ethical to
consider the pressure that thereby would be taken off the
natural environment to provide land for crops or sources

of fuel. Thinking in this way complements the emerging
discipline of planetary medicine. It is the thinking likely
to characterise the replacement of the Anthropocene
with the emerging Sustainocene epoch.

There has been little academic or policy consider-
ation, however, of the ethics that should underpin
global use of emerging technologies such as nanotech-
nology as forms of planetary therapeutics. It has been
argued here that nanotechnology may be particularly
important ethically, for instance, as a mechanism for
improving upon photosynthesis and engineering it into
human structures for localised production of carbon-
neutral hydrogen based-fuel and carbohydrate-based
food and fertilizer.

The claim has been made that artificial photosynthe-
sis, because of its unique and widespread public and
environmental benefits in this period of human history,
may even be termed the moral culmination of nanotech-
nology. One of the first practical steps towards develop-
ing a framework of societal virtues and ethical principles
to underpin global use of artificial photosynthesis may
involve the creation of a UNESCO Declaration on the
Bioethics and Human Rights of Natural and Artificial
Photosynthesis (Global Solar Fuels and Foods).
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