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Abstract

Environmental sculpture has evolved from monumental land art to technologically enhanced interventions that
respond to place, ecology, and human activity. As climate concerns intensify, environmental artists face pressure to
reduce carbon footprints, adopt circular material strategies, and integrate their work into broader sustainability
frameworks. Artificial intelligence (Al) provides new tools for eco-conscious sculpture—helping artists analyze
material impacts, optimise structural performance, model long-term ecological effects, and embed sculptures into
smart-city systems. This paper examines how Al enables sustainable decision-making from concept to post-
installation, drawing examples from architecture, product design, and public art, and showing relevance to African
cities, particularly Nigeria.
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Introduction

Environmental sculpture sits at the intersection of art, ecology, architectural space, and public life.
Historically, works such as Robert Smithson’s Spiral Jetty (1970) and Christo and Jeanne-Claude’s large-
scale fabric installations expanded the definition of sculpture into landscape, weather, and ecological
change. However, many iconic land art works involved massive earth displacement, industrial
machinery, and imported materials—unsustainable practices by today’s standards.

In the 21st century, environmental sculpture is expected to be:

o ecologically responsible,

. sustainable in material and maintenance,

. culturally and socially inclusive,

. and aligned with principles of circular economy.

This demand grows urgently because:

. urban populations are expanding,

. public art budgets increasingly require environmental impact justification,
. and climate policy influences the built environment.
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Artificial intelligence plays a transformative role in this transition. Rather than depending solely on the
sculptor’s intuition, Al introduces scientific evidence, predictive modeling, and large-scale simulation
into artistic decision-making. According to Romeiko et al. (2023), machine learning now accelerates
sustainability evaluation by predicting emissions, energy use, and environmental degradation before
construction begins. Gachkar (2024) further argues that Al-based life-cycle assessment (LCA) provides
faster, more accurate predictions than manual methods, making environmentally responsible design
accessible even to non-engineers.

This paper expands on four pillars viz-a-vis:

. Sustainability concerns in environmental art

o Al for eco-material selection and circular design

o Machine learning for environmental impact prediction
o Al-driven life-cycle and smart-city integration

African and Nigerian contexts are woven into the discussion, since many emerging art centres in Lagos,
Abuja, Nairobi, and Johannesburg are experimenting with digital fabrication while facing severe waste
management and climate adaptation challenges.

Sustainability Concerns in Environmental Art Practices

Environmental and public sculpture often use:

. large metal structures,

. reinforced concrete,

. stone quarrying,

. imported synthetic coatings,

. or polymer plastics.

These processes generate:

o high CO, emissions,

. soil and habitat disturbance,

. construction waste, and

o long-term maintenance burden.
o Carbon and Material Footprint
The embodied carbon of a sculpture includes emissions from:
. material extraction,

. transportation,

. fabrication,

. installation, and

o end-of-life disposal.

A stainless-steel outdoor sculpture may last centuries but requires high-energy smelting and long
transport chains. Traditional bronze casting requires fuel-intensive foundry work. Without sustainability
planning, art—ironically—harms the environment it aims to celebrate.

Maintenance and Weathering

Outdoor works deteriorate:
. metal corrosion,
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. UV fading of pigments,
. water and salt penetration,
o structural fatigue from wind.

Maintenance chemicals, repainting, and structural repair may cause hidden environmental cost. Al can
help by predicting weather-exposure patterns and suggesting materials that require minimal
intervention.

Public Accountability and Funding

Government agencies, museums, and cities increasingly demand environmental reporting for public
projects. For instance:

. The EU requires documented sustainability for cultural infrastructure grants (EU Green Cultural
Policy, 2022).

o Many American cities require climate-responsible public works procurement (US Public Art &
Sustainability Framework, 2023).

o African megacities, especially Lagos and Nairobi, have begun green city planning, though policy
is still emerging.

o Thus, sustainability is not optional—it is a gatekeeping requirement for funding and

international collaboration.
Al For Eco-Material Analysis and Selection

Material choice is the first—and often most powerful—decision in reducing environmental impact. Al
enhances this in three ways:

Access to Global Material Databases

Al algorithms can scan thousands of material profiles, comparing:

o embodied energy,

o recyclability,

. durability,

o toxicity levels,

. environmental certification,
o sourcing distance.

In Zhong et al. (2025), Al automatically cross-compares sustainable building materials using graph-based
reasoning. Instead of guessing, artists can receive ranked recommendations—for example:
o Material

o Embodied CO, Score
o Recyclable?

. Expected Lifespan

o Maintenance Cost

. Recycled aluminium

Predicting Material Behaviour

Al simulation models test how materials behave outdoors:
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. corrosion rate,

. structural bending,

. humidity swelling (in wood),

. temperature expansion (in metals),
o UV degradation.

For example, Zeng (2024) shows that Al can predict the micro-structural behavior of biomaterials and
recommend eco-friendly binders.

Circular Material Strategies

“Circular design” encourages :

o reusing,

o repairing,

o recycling,

o designing for disassembly.

Al can recommend:

o fasteners instead of permanent welding,
o modular joints for easy disassembly,

o coatings that biodegrade.

In Nigeria, abundant plastic waste can be transformed into sculpture if Al helps identify safe processing
methods and long-term structural integrity. Projects in Lagos recycling PET bottles into pavilion panels
show this potential.

Machine Learning in Predicting Environmental Impact of Sculptures

Understanding Predictive Environmental Modelling

Machine learning (ML) transforms sustainability analysis from a manual, slow process into a predictive
simulation. Instead of waiting to see how a sculpture will behave over decades, models can estimate
environmental consequences in advance. Romeiko et al. (2023) argue that ML provides “faster, more
accurate and more scalable” predictions than traditional life-cycle assessment (LCA) alone, especially
when large material or fabrication datasets are involved. When outdoor conditions are complex—
coastal humidity, rainfall cycles, heat, corrosion, pedestrian interaction—Al allows the artist to evaluate
the full environmental footprint before committing to fabrication.

Prediction of Structural Aging and Maintenance

Environmental sculptures deteriorate over time due to:

. corrosion,

. UV radiation,

. wind loading,

. biological growth (fungi, algae),

. vandalism or physical interaction.

Machine learning models can simulate these factors. For example, Elwy (2024) describes Al-enhanced
climate modelling for sustainable design, noting that coastal environments accelerate corrosion while
dry regions accelerate UV degradation. When similar predictive tools are applied to sculpture, an artist
can estimate whether a recycled aluminium surface will survive a decade of rainfall and sea salts without
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toxic coatings. Rather than using heavy chemical sealants, Al might identify natural waxes, biomaterials,
or micro-textured coatings that degrade safely and reduce maintenance trips (which also reduce carbon
emissions from transport).

Predicting Ecological Disturbance
o Outdoor sculpture can unintentionally human traffic in fragile areas.

Machine learning models—already used in environmental impact assessment for architecture—
can forecast how a sculpture:

. obstruct wildlife paths,

. disturb soil layers,

. affect tree roots,

. increase

will interact with:

. water runoff,

. soil compaction,

o plant growth,

o bird or pollinator habitats.

Gachkar (2024) notes Al’s ability to “estimate ecological consequences” through simulation-based LCA.
For sculpture in protected areas, coastal zones, botanical gardens, or wildlife corridors, these predictions
prevent ecological damage while maintaining artistic impact.

Application in Nigerian and African Contexts

African cities face unique environmental challenges:

. coastal erosion in Lagos,
. desertification in northern Nigeria,
o rapid urbanisation with poor waste management.

If public sculpture is installed on the Lekki coastline, for instance, Al may warn that salt-laden humidity
will corrode unprotected steel in less than 3 years. If sculptors plan installations near riverbanks in Port
Harcourt or Yenagoa, ML can model flooding probability and recommend raised structural bases or
permeable foundations. This makes environmental sculpture not only beautiful, but climate-adapted—
an urgent concern for African coastal cities.

Al-Driven Life-Cycle Assessment and Green Design Optimization
Life-Cycle Assessment (LCA) as a Sustainability Tool

LCA evaluates a product from:

. raw material extraction,

. fabrication,

. transportation,

. installation,

. maintenance,

. end-of-life disposal or reuse.
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Traditionally, LCA requires trained sustainability engineers, expensive software, and large data entry
effort. Al disrupts this barrier. According to Ptoszaj-Mazurek and Ryriska (2024), digital tools such as
machine learning and Large Language Models (LLMs) automate LCA at the design phase, making
sustainability accessible to non-engineers, including artists.

How Al Optimizes Sustainable Sculpture

Al-enhanced LCA can suggest:

. alternative materials with lower embodied carbon,

. designs with fewer joints and less welding,

. modaular systems that allow parts to be replaced,

. forms that maximise structural efficiency with less mass,
. transportation routes with lower emissions,

o coatings and finishes with reduced toxicity.

In Xue et al. (2025), Al reduced industrial material waste by predicting off-cut patterns and structural
inefficiencies. For sculpture, the same approach reduces:

. leftover metal,

o failed prints in large-scale 3D printing,

o unnecessary concrete volume,

o excess formwork and scaffolding.

o This makes sculpture less wasteful and more financially efficient for commissioners.
. Designing for Circular End-of-Life

Many public artworks end up abandoned, rusted, or demolished. Al-based circular planning ensures that
sculpture:

. can be disassembled,

. can be recycled or reused,

o does not require toxic disposal.

For example:

o Modular bamboo structures can be composted or reused in architecture.
o Recycled aluminium sculptures can be remelted without pollution.

o 3D-printed bioplastics can biodegrade safely.

o Steel welded frame

This empowers artists to justify sustainability choices in grant proposals.
Use in Nigerian Public Art Funding

As Nigerian institutions begin adopting green building standards, Al-assisted LCA can:

. strengthen proposals for cultural funding,

. align sculpture with environmental protection mandates,
. support collaboration with environmental ministries,

. make art consistent with climate-smart city initiatives.

This strengthens the professional legitimacy of artists as environmental stewards—not just aesthetic
practitioners.
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Integration with Smart Cities and Sustainable Architecture
Environmental Sculpture as Urban Infrastructure
In smart cities, public art is no longer passive. Sculptures can:

. generate solar energy,

. shade public spaces,

. filter air or noise,

o host green roofs or pollinator habitats,

o collect rainwater.

Al helps design these multi-purpose forms by modelling:
. solar exposure,

. airflow,

. pedestrian behaviour,

o energy output.

According to Elwy (2024), Al “integrates environmental analytics, material data, and predictive
simulations into design,” allowing sculptural forms to function as green infrastructure.

Data-Responsive Sculpture

o Al enables interactive environmental sculpture:

o LEDs responding to air quality changes,

o colour patterns changing with river pollution levels,
o kinetic forms rotating based on wind intensity,

. soundscapes changing with human footsteps.

These artworks raise environmental awareness while functioning sustainably.

International Case Studies

Refik Anadol — Data Sculptures Refik Anadol Studio transforms climate, ocean, or environmental
datasets into dynamic installation surfaces. Works such as Sense of Healing (2022) demonstrate how
public art can visualize real-time data for public education.

Solar Tree Installations — Europe and the Middle East

Sculptural forms equipped with photovoltaic leaves provide public phone charging, lighting, and shade.
3D-Printed Recycled Plastic Sculptures — Rotterdam and Osaka Plastic waste is converted into public
benches, pavilions, and sculptures through robotic printing. Al predicts structural performance before
printing.

African and Nigerian Future Potentials

Environmental sculpture in Africa could integrate:

o solar skin panels for street lighting in Lagos parks,
o flood-responsive kinetic sculptures in Bayelsa,
. recycled plastic sculptures built from local waste recovery,
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. bamboo pavilions hosting cultural exhibitions.
Al would help:

. select region-appropriate materials,

. ensure heat resistance,

. model corrosion in coastal zones,

. optimize renewable energy generation.

This merges art with sustainability and city planning.
Toward a New Methodology for Eco-Conscious Sculpture

Step-by-Step Al-Guided Workflow

o Stage

o Human Role

o Al Contribution

o Site research

o Artist explores concept & culture

. Al models climate, wind, flood risk, soil data

o Concept design

. Sketches, 3D ideas

o Generative Al creates variations from keywords

o Material selection

o Artist chooses preferred options

. Al ranks materials by carbon footprint, recyclability, price
. Structural testing

. Artist tests scale & structure

. Al simulates weathering, corrosion, lifespan

o Life cycle assessment

o Artist defines sustainability goals

. Al calculates emissions, waste, end-of-life outcomes
o Fabrication planning

o Artist coordinates workshop

o Al minimizes waste, optimizes CNC/3D printing paths

Public interaction

o Artist defines meaning

. Al enables data-responsive interaction, AR, smart-sensors

. This method does not replace human creativity. It enhances it.

. Ethical, Cultural, and Educational Considerations

. Avoiding Technological Domination

. Al must not erase cultural identity. African and Indigenous aesthetics must lead, not follow.
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Ethical Sourcing of Data and Materials

Datasets must:

. represent local climate data,

o avoid biased automation,

o support environmental responsibility.

o Teaching Sustainability to Art Students

o Art schools in Nigeria can integrate:

. Al tools for material experimentation,

. digital fabrication with bamboo, clay, recycling,
. VR/AR for site-responsive concept testing.

This creates environmentally literate artists for the 21st century.
Conclusion

Artificial intelligence does more than optimize sculpture; it transforms the philosophy of public art.
Environmental sculpture becomes:

. climate-responsive,

o materially intelligent,

o culturally grounded,

. educational,

o circular in life-cycle,

. and integrated into smart cities.

. By adopting Al tools, sculptors can:

. reduce waste,

. lower carbon emissions,

. select eco-friendly materials,

o design for longevity and recyclability,
o communicate environmental data to the public.

This positions artists not as passive observers of climate change, but as active contributors to ecological
solutions. In African contexts—where rapid urbanisation meets urgent environmental challenges—Al
offers tools for climate-resilient cultural expression. Public art becomes a partner in sustainability, not a
burden. Environmental sculpture, reborn through Al, becomes a bridge between creativity and
planetary responsibility.
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