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World view
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Photovoltaics for food security

By Zhenguo Li

M Check for updates

Besides decarbonizing energy
supply, photovoltaics can also largely
enhance theresilience of global food
supply, argues ZhenguoLi.

limate change is increasingly dis-

rupting agriculture globally by

continuously shifting rainfall pat-

terns, heating up the whole planet

and intensifying extreme weather
events. As aresult, crop production and farm
management are facing great challenges,
which amplify concerns regarding food sup-
ply stability, such as whether we can still pro-
duce enough food to feed the ever-growing
global population under the pressures of
climate change.

The answer to this questionis not clear yet,
but we know that photovoltaics (PV) can con-
tribute toenhancing theresilience of food sup-
ply. As a widely deployed technology pivotal
tothe global energy transition, PV adoption is
projected to expand further as manufacturing
costsdecline.Inaddition to mitigating climate
change, use of PV can also contribute to sta-
bilizing agricultural production and secur-
ing food supply — particularly when framed
within the integrated energy-water-food
nexus essential for sustainable development.

Conventional food production relies on
natural photosynthesis, whichis constrained
by weather conditions and the availability of
natural resources, including sufficient arable
land. All of these factors make food produc-
tion highly vulnerable to the impacts of natu-
ral disasters, which are aggravated by climate
change. In response to these challenges, the
agricultural sector could take advantage of
the immense potential of solar energy: the
annual solarradiationincidenton the Earth’s
surface — equivalent to 130 trillion tonnes
of standard coal — exceeds the combined
reserves of all other energy sources. But
there is the question of how exactly PV can
support food security. Two promising path-
ways emerge — each with notable potential
yetalsoaccompanied by open questions and
feasibility challenges.

The first pathway is PV-driven artificial
carbon fixation for food production. The
key to this pathway is using solar power to
electrolyse water to produce green hydro-
gen, whichisthen coupled with captured CO,
to synthesize green methanol. Subsequent
processes, including oxidation and polym-
erization, convert the methanol into starch.
The feasibility of this approach is already
demonstrated by researchers. Crucially, it
has a higher efficiency of solar energy use
than plant-based natural photosynthesis
processes. This pathway is not constrained
by other natural conditions, as it requires
only solar light. Harnessing only part of the
world’s desert areas for this green energy arti-
ficial photosynthesis pathway could largely
improve global food security. For instance,
coveringjust3.7% of the Sahara Desert with PV
panels could generate 26 trillion kWh of green
electricity. This energy output would be suf-
ficient to produce 520 million tonnes of green
hydrogen, which, when combined with CO,,
could synthesize 3 billion tonnes of food —
enough to supply the current global popu-
lation. However, serious questions remain
regarding upscaling and sustainability: the
economic viability of large-scale green hydro-
gen and methanol synthesis, the energy and
environmental costs of CO, capture, and the
life-cycleimpacts ofindustrial food synthesis
require further research before this pathway
can be deemed broadly feasible.

Theother pathway isleveraging PV power to
enable an effective energy-water-food nexus.
This pathway leverages the ability of PV sys-
tems to transform arid and desert lands into
more ecologically friendly land. The PV pan-
els provide shade, which lowers ground-level
solar radiation and substantially reduces
soil evaporation. This effect narrows the gap
between evaporation and precipitationrates,
consequently reducing irrigation demands.
Given the vastglobal extent of desert regions,
integrated ‘PVand soilimprovement’ systems
could dramatically reduce the water consump-
tionneeded for soil improvement, facilitating
the development of new arable land. When
combined with large-scale, PV-powered

seawater desalination and water transport,
this approach can further facilitate the trans-
formation of barren lands into productive
croplands, adding grain production surplus
capacities. During productive years with
excess grain production, excess grain and
straw can be converted into energy, while the
enhanced production capacity provides acrit-
ical buffer against shortagesin disaster-prone
years. Nevertheless, thisintegrated approach
must be carefully evaluated before its imple-
mentation. Potential ecological impacts of
large-scale desert modification, the sustain-
ability of intensive water use in arid regions
and the long-term maintenance of ‘PV and
agriculture’ systems in harsh environments
point to substantial uncertainties that neces-
sitate further interdisciplinary study.

Although PV offers promising pathways to
bolster food supply resilience alongside the
low-carbon energy transition, these prospects
should be viewed as potential rather than
ready-to-implement solutions. Both techni-
cal pathways require more comprehensive
assessment of their environmental, economic
and social feasibility under real-world con-
ditions. Strengthening the sustainability of
PV-based food system solutions requires holis-
tic thinking so that potential synergies and
trade-offs are brought to bear and the desired
system can ensure not only food security and
clean energy, but also responsible water use,
ecosystem protection and inclusive develop-
ment. As PV technology advances, its role in
supporting sustainable food systems should
continue to be explored — with humility, rig-
our and an emphasis on systemic resilience —
to help shape a truly sustainable future on a
global scale.
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