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Desert photovoltaic power stations: A novel approach to ecological
restoration driven by microclimate modification
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Desertification poses a severe and escalating global threat, creating a difficult
dilemma between economic pursuits and environmental preservation. A
compelling new solution, however, is emerging from the large-scale installation
of desert photovoltaic (PV) power stations. This approach, termed PV-based
desert control, redefines solar arrays as active ecological engineering tools
rather than mere power generators. By offering crucial shade and slowing
wind speeds, the panels establish a cooler, more humid micro-environment
that significantly limits soil erosion and moisture loss. This engineered setting
provides a stable foundation for reviving native vegetation, effectively
converting barren landscapes into dual-purpose assets for both clean energy
generation and ecological healing.' Driven by the sharp decline in solar costs

and aligning with global aims like the UN's Land Degradation Neutrality
target, this fusion of technology and ecology presents a path to resolve the
classic conflict between energy production and land stewardship. It marks a
new frontier in sustainable development, offering a scalable method to
restore the world's arid regions. Understanding the core mechanisms of this
synergy is therefore essential to unlocking its full potential for a more resilient
planet.

The physical arrangement of desert PV arrays directly reconfigures the
harsh local microclimate, systematically countering primary ecological stres-
sors like extreme heat, water deficits, and wind erosion (Figure 1). The shad-
ing from the panels provides vital “cooling and temperature control".” A direct
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Figure 1. Conceptual framework of desert photovoltaic power stations for ecological restoration via microclimate modification, illustrating operating mechanisms, ecological

impacts, challenges, and recommendations.

benefit of this cooling is enhanced “moisture retention and humidification”.
These conditions create critical "moisture islands"”, where monitoring data
consistently shows an increase in relative air humidity and a boost in soil
moisture of about 15%.° Furthermore, the panels' angled surfaces actively
harvest precipitation; at typical 40°-45° tilt angles, rainwater and condensation

are funneled to the ground below, creating concentrated moist patches
essential for seed germination. Concurrently, the arrays serve as a powerful
"windbreak and sand-fixing" barrier. Research confirms the structures them-
selves can cut near-surface wind speeds by 30%-50%, a process reinforced
by new vegetation anchoring the soil. This combined effect drastically
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reduces wind-driven erosion and immobilizes sand dunes—a fact demon-
strated at the Kubugi site, for example, where a 65% drop in the soil wind
erosion modulus has been recorded. These physical interventions trigger a
foundational shift, transforming a hostile environment into one primed for
recovery.

This microclimate modification is not just a localized fix; it serves as a trig-
ger for broad ecological regeneration, initiating a positive cascade across the
ecosystem. The most direct outcome is the large-scale return of vegetation,
which establishes a new living foundation.” Under the panels, moderated
temperatures and higher moisture levels open a viable niche for hardy native
species like Haloxylon ammodendron and economic plants like Cistanche
deserticola, a process often sped up by deliberate planting. At the Tengger
Desert PV facility, plant coverage has climbed from nearly nothing to 75%,
turning wide expanses of sand into green corridors. This renewed plant life
starts a self-perpetuating cycle of soil enrichment. As roots anchor the earth
and decaying plant matter builds fertility, the system enters a positive feed-
back loop. This is confirmed by monitored data, which shows soil organic
content under panels multiplying eightfold in five years and porosity improv-
ing by up to 20%. In turn, this revitalized habitat supports a comeback of
biodiversity, marking the final stage of ecological restoration. In the PV zones
of Kubugi, biodiversity has increased more than fourfold. Their presence
signals the formation of a more intricate food web. This entire progression
showcases the integrated bio-technical model's ultimate achievement: the
conversion of a degraded landscape into a complex, functional, and increas-
ingly resilient ecosystem.

However, achieving this vision at scale means addressing critical chal-
lenges that currently limit its sustainability and effectiveness. A core problem
is the fundamental conflict between the priorities of power engineering and
the principles of ecology (Figure 1). PV plants are typically designed by the
power sector to maximize revenue, which leads to layouts where panel
density and orientation are optimized for energy yield alone, not ecosystem
health. This isolated, economically-driven method often results in “techno-
logical homogenization"—applying standard, low-cost solutions like agri-
voltaics to hyper-arid regions where they are unsuitable, frequently causing
widespread planting failures and wasted investment. Genuine ecological
restoration requires site-specific strategies for soil improvement and native
species cultivation, which demand significant upfront capital. In remote
deserts already facing high transport and grid-connection costs, companies
often lack the financial motivation for these long-term ecological commit-
ments, seriously restricting the model's wider adoption. These problems are
exacerbated by a serious lack of long-term monitoring. Most published stud-
ies are relatively short-term, often spanning only five to ten years. This
creates a knowledge gap for investors and environmental managers. Key
questions about the risk of secondary soil salinization from panel washing,
the long-term stability of the restored biodiversity, and potential vegetation
decline as the system ages are still largely unanswered. Without this compre-
hensive quantitative, full-lifecycle data, it is difficult to establish solid techni-
cal standards, fully evaluate ecological risks, or accurately value the crucial
ecosystem services these projects provide, like carbon sequestration and
water table stabilization.

To unlock the sustainable potential of desert PV, it is essential to shift from
isolated engineering to an integrated bio-technical model. This calls for a
multifaceted strategy that aligns technology, policy, and science.” A vital first
step is to make interdisciplinary collaboration standard practice from a
project's start. Power-generation companies, ecologists, and government
bodies must plan projects together, co-optimizing factors—like panel density,
ground clearance, and the choice between traditional and vertical bifacial
modules—to find a balance between energy output and the ecological need
for light, water, and air circulation. Site-specific and phased planning must
become the default approach. Innovation should also extend to active land
stewardship, involving tailored solutions like cultivating drought-tolerant

native psammophytes that both stabilize soil and create new economic value.
This can be combined with eco-friendly engineering, such as biodegradable
sand stabilizers. The PV-generated electricity itself can power new restoration
tools, like drip irrigation or the desalination of brackish groundwater. This
entire effort must be supported by a solid framework of long-term monitor-
ing and helpful policies. Establishing national networks for fixed-site ecologi-
cal monitoring is crucial for building an evidence-based foundation for tech-
nical standards and for credibly assessing long-term effects. At the same
time, governments must introduce policies that incentivize this stewardship.
Options include offering subsidies for restoration, adding ecological perfor-
mance goals to project evaluations, and promoting diverse business models
like "PV + eco-tourism"” or desert farming. Ultimately, the goal is to transform
ecological restoration from a financial liability into an economic asset.

The use of PV systems in arid regions marks a significant evolution in how
we approach both energy generation and environmental stewardship. It
creates a mutually beneficial relationship between technology and nature,
turning the planet's sunniest landscapes from ecological problems into
strategic assets for global resilience. This integrated bio-technical model
goes beyond simple resource extraction to become active ecosystem
creation, delivering the powerful twin benefits of clean energy and ecological
recovery. The pioneering projects in deserts like Tengger and Kubugi are not
just experiments; they are a validated proof-of-concept for a strategy with
global relevance. By systematically tackling the root causes of desertification,
this "PV + ecology" approach presents a durable, scalable solution in the
campaign against climate change and land degradation. As we continue to
refine the technologies and implement supportive policies, this model
promises to become a key part of global sustainability—a testament to how
human ingenuity can be applied not just to power our future, but also to heal
our planet.
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