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EXECUTIVE SUMMARY

Material selection plays a decisive role in the success, longevity, and sustainability of public space
infrastructure. In urban environments where furniture is exposed to continuous use, harsh weather, and
evolving functional demands, choosing the right material is not merely a design decision—it is a
long-term investment strategy.

Among the most widely used materials for public space applications today are Wood Plastic Composite
(WPC), Steel, and Concrete. Each material offers distinct advantages and limitations across durability,
maintenance, aesthetics, environmental impact, and lifecycle cost.
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I his whitepaper presents a comparative, performance-driven analysis of WPC, steel, and concrete as

applied to public seating, benches, planters, decking, waste receptacles, bollards, and related urban
furniture elements. The objective is to provide architects, urban planners, developers, and municipalities
with a clear, evidence-based framework for selecting the most appropriate material for different public
space contexts.

Drawing on global material trends and Bluestream’s extensive project experience across the GCC, this
study highlights how material choice influences not only product performance, but also user comfort,
maintenance efficiency, sustainability outcomes, and overall urban quality.

INTRODUCTION: WHY MATERIAL CHOICE MATTERS IN PUBLIC
SPACES

Public spaces represent the most demanding test environment for any built material. Unlike buildings,
which benefit from controlled interiors and regulated usage, public space elements exist at the frontline
of urban life—continuously exposed to people, climate, and time. Benches, planters, waste receptacles,
bollards, decking, and other urban furniture components must perform reliably under conditions that
combine physical stress, environmental exposure, and social use.

Urban furniture is subjected to constant human interaction, including sitting, leaning, climbing,
accidental impacts, and, in some cases, misuse or vandalism. These elements must withstand heavy
static and dynamic loads over long periods without compromising safety or comfort. At the same time,
they are exposed to extreme environmental forces—high temperatures, intense ultraviolet radiation,
humidity, dust accumulation, rainfall, and, in coastal regions, saline air that accelerates corrosion.

Unlike interior architectural elements, public space infrastructure cannot rely on controlled
temperatures, sheltered conditions, or predictable patterns of use. Once installed, urban furniture is
expected to function with minimal intervention, often for decades. This reality places extraordinary
importance on material performance, durability, and long-term stability.

Material Performance as a Public Responsibility

Material choice in public spaces is not merely a technical decision; it is a public responsibility. When
materials fail prematurely, the consequences extend beyond repair costs. Cracked seating, corroded
frames, splintering surfaces, or degraded finishes can introduce safety hazards, reduce accessibility, and
negatively affect public confidence in urban management.
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Poor material selection often results in:

e Increased maintenance and replacement costs
e Disruption of public space usage
e Visual degradation of the urban environment

e Higher environmental impact due to waste and rework

Over time, these failures influence how people perceive a city—whether it feels cared for, resilient, and
thoughtfully designed, or neglected and short-lived.

As cities grow denser and public spaces become more intensively used, the margin for material failure
narrows. Urban furniture must deliver consistent performance across years of continuous exposure,
often with limited maintenance budgets and operational resources.

Rising Expectations in Modern Urban Development

In recent years, material selection has come under increased scrutiny due to several converging factors.
Climate change has intensified environmental stress on outdoor infrastructure, with higher
temperatures, more extreme weather events, and longer exposure cycles. At the same time,
sustainability commitments and carbon-reduction targets have reshaped procurement strategies for
cities, developers, and public authorities.

Material choice is now evaluated not only on strength and appearance, but on:

® Environmental impact and embodied carbon
e Recyclability and end-of-life considerations
e Maintenance intensity and lifecycle cost

o User comfort and thermal performance

e Compatibility with modular and adaptable design systems

Cities are increasingly adopting a lifecycle-based approach to public infrastructure—prioritizing
materials that may cost more initially but deliver lower total cost of ownership through longevity,
reduced maintenance, and adaptability.
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This shift has elevated the importance of informed material comparison, particularly for elements that
are installed at scale and expected to perform over long time horizons.

Why WPC, Steel, and Concrete Dominate Public Space Applications

Within this context, Wood Plastic Composite (WPC), Steel, and Concrete have emerged as the three
most commonly specified materials for outdoor public infrastructure worldwide. Each material
represents a distinct philosophy of performance, manufacturing, and application.

Concrete is often associated with permanence, mass, and vandal resistance. Its use reflects a preference
for solidity and minimal intervention, particularly in fixed installations.

Steel represents structural strength, precision, and adaptability. Through different grades and protective
treatments, it can be engineered to meet a wide range of functional and aesthetic requirements.

WPC reflects a newer, hybrid approach—combining the visual warmth of wood with the durability and
low-maintenance characteristics of engineered materials. It has gained popularity in applications where
user comfort and sustainability are key considerations.

Rather than competing in isolation, these materials are increasingly used in combination, with each
selected based on its specific performance strengths within a broader system. Modern urban furniture
manufacturing is therefore less about choosing a single “best” material, and more about strategic
material integration aligned with context, climate, and use.

Purpose of This Comparative Study

The objective of this whitepaper is to move beyond generic assumptions and provide a clear,
performance-driven comparison of WPC, steel, and concrete as they relate to public space applications.
By examining durability, climate performance, maintenance requirements, sustainability impact, user
experience, and lifecycle value, this study aims to support more informed decision-making across the
urban development ecosystem.

For architects, landscape designers, developers, and municipalities, understanding how these materials
behave in real-world conditions is essential to creating public spaces that are not only visually
compelling, but also safe, resilient, and economically sustainable over time.

As public spaces continue to play a central role in shaping urban life, material choice will remain one of
the most influential factors determining whether those spaces endure—or deteriorate.
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Overview of Common Materials Used in Public Space Applications

Public space design relies on a relatively small group of materials that have proven their ability to
perform outdoors over long periods. Among these, Wood Plastic Composite (WPC), Steel, and Concrete
have become the most widely specified materials for urban furniture and public infrastructure. Their
prevalence is not accidental; each material addresses a distinct set of functional, environmental, and
operational requirements.

Understanding these materials at a foundational level—before comparing performance in detail—is
essential. Each represents a different approach to durability, user interaction, manufacturing, and
lifecycle behavior. Rather than viewing them as interchangeable, it is more accurate to see them as
complementary materials, each suited to specific roles within public space systems.

1. Wood Plastic Composite (WPC): Engineered Comfort and Sustainability

Wood Plastic Composite is a manufactured material created by combining wood fibers with
thermoplastics, often incorporating recycled content. It was developed as a response to the limitations
of natural timber in outdoor environments, particularly issues related to moisture absorption, rot,
splintering, and frequent maintenance.

In public space applications, WPC is primarily valued for its user-facing qualities. It offers a warm, natural
appearance that closely resembles wood, while providing improved resistance to environmental
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degradation. This makes it especially suitable for components that come into direct contact with users,
such as seating surfaces, decking, picnic tables, and planter cladding.

From a performance perspective, WPC resists moisture penetration, insect damage, and fungal growth
far better than untreated timber. It does not require regular sealing, staining, or painting, which
significantly reduces maintenance effort over time. In hot climates, WPC generally remains more
comfortable to touch than metal or concrete surfaces, improving usability in outdoor seating
applications.

However, WPC is not typically used as a primary structural material. Its load-bearing capacity is limited
compared to steel or reinforced concrete, which means it is usually paired with an internal structural
frame. As a result, WPC is best understood as a surface and comfort material, rather than a standalone
structural solution.

From a sustainability standpoint, WPC supports circular economy principles by utilizing recycled plastics
and wood waste. Its environmental performance depends heavily on formulation quality, sourcing, and
manufacturing standards, making responsible specification critical.

2. Steel: Structural Strength, Precision, and Adaptability

Steel remains the backbone of modern urban furniture manufacturing. Its popularity stems from its
exceptional strength-to-weight ratio, structural reliability, and versatility across a wide range of
applications. Through different grades, profiles, and protective treatments, steel can be engineered to
meet highly specific performance requirements.

In public spaces, steel is commonly used for:

e Bench and seating frames

e Waste receptacles

e Bollards and barriers

e Bike racks and mobility infrastructure

e Structural planter systems

One of steel’s greatest advantages is its adaptability. It can be fabricated into precise forms, allowing for
clean architectural lines, modular construction, and custom detailing. This makes steel particularly
well-suited for contemporary urban environments where design coherence and scalability are important.
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Steel’s performance outdoors depends heavily on surface protection and treatment. Galvanization,
powder coating, and the use of stainless or marine-grade steel significantly enhance corrosion
resistance, especially in humid or coastal environments. When properly specified and maintained, steel
can deliver decades of reliable service.

From a lifecycle perspective, steel is highly recyclable and retains material value even at the end of its
service life. This makes it attractive for cities seeking to reduce waste and embodied carbon over time.
However, steel surfaces can absorb heat rapidly, which must be addressed through design strategies such
as shading, composite overlays, or ergonomic detailing in seating applications.

Overall, steel functions best as a structural and functional material, providing the backbone upon which
other materials can be layered to improve comfort and aesthetics.

3. Concrete: Permanence, Mass, and Minimal Intervention

Concrete has long been associated with durability and permanence in the built environment. In public
space applications, it is often selected for its mass, stability, and resistance to vandalism or
displacement. Precast concrete elements, cast-in-situ installations, and glass-reinforced concrete (GRC)
variants are widely used in urban landscapes.

Concrete is commonly applied in:

e Fixed benches and seating blocks
e Large planters
e Barriers and edge elements

e Sculptural or architectural landscape features

One of concrete’s defining characteristics is its weight. This makes it extremely stable and difficult to
move or damage, which is particularly valuable in high-traffic or security-sensitive environments.
Concrete generally requires minimal routine maintenance and does not corrode, making it appealing for
long-term installations.

However, concrete also has limitations. It is inherently brittle, meaning cracks can develop over time due
to thermal expansion, ground movement, or improper detailing. Once damaged, concrete elements are
difficult and costly to repair or modify. In hot climates, concrete’s high thermal mass can lead to
uncomfortable surface temperatures, especially for seating.
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From an environmental perspective, concrete has a relatively high embodied carbon footprint due to
cement production. While its long lifespan partially offsets this impact, sustainability-conscious projects
increasingly look to use concrete selectively rather than universally.

Concrete is best suited for permanent, fixed applications where stability and minimal maintenance are
prioritized over flexibility or adaptability.

4. Material Roles Within Modern Public Space Systems

In contemporary urban furniture manufacturing, WPC, steel, and concrete are rarely used in isolation.
Instead, they are combined strategically to leverage the strengths of each material while mitigating their
weaknesses.

A typical modern public bench, for example, may use:

o Steel for the structural frame
® WHPC for the seating surface

e Concrete for anchoring or landscape integration

This hybrid approach allows designers and manufacturers to balance durability, comfort, aesthetics, and
lifecycle performance within a single system.

Manufacturers with strong project experience—such as Bluestream—apply these materials contextually
rather than uniformly. Material selection is guided by climate conditions, usage intensity, maintenance
capacity, and design intent, ensuring that each public space element performs optimally within its
environment.

Setting the Stage for Comparative Analysis

Understanding the fundamental characteristics of WPC, steel, and concrete provides the groundwork for
deeper comparison. In the sections that follow, these materials will be evaluated side by side across
critical performance criteria, including durability, climate behavior, maintenance requirements,
sustainability impact, cost efficiency, and user experience.

This structured comparison will help decision-makers move beyond assumptions and select materials
based on evidence, context, and long-term value, rather than short-term convenience.
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Durability and Structural Performance Comparison

Durability and structural performance form the foundation of material selection for public space
applications. Urban furniture must withstand continuous physical stress, unpredictable usage patterns,
and long exposure cycles without compromising safety or functionality. Unlike private or interior
installations, failure in public spaces is highly visible and carries reputational, operational, and safety
implications for cities and developers.

To evaluate WPC, steel, and concrete fairly, durability must be examined across load-bearing capacity,
resistance to physical damage, long-term stability, and behavior under repeated stress rather than
initial strength alone.

Structural Load-Bearing Capability

Steel offers the highest structural performance among the three materials. Its tensile strength and
flexibility allow it to carry significant loads while maintaining relatively slim profiles. This makes steel
ideal for applications where structural efficiency is critical, such as bench frames, bike racks, bollards,
railings, and waste receptacle housings. Steel structures can absorb dynamic loads—such as people
sitting, standing, or leaning—without cracking or permanent deformation when engineered correctly.

Concrete, by contrast, excels in compressive strength but performs poorly under tension. Its mass gives it
exceptional stability, which is why it is commonly used for fixed seating, barriers, and large planters.
However, concrete relies heavily on reinforcement and detailing to manage stress. Improper
reinforcement, drainage, or thermal allowances can lead to cracking over time. Once cracks form, they
often propagate, reducing both structural integrity and visual quality.

WPC is not designed to serve as a primary load-bearing material. Its structural performance is limited
compared to steel or reinforced concrete. As a result, WPC is almost always supported by an internal
steel or aluminum frame when used in seating or decking systems. Its role in public furniture is therefore
complementary rather than foundational—it enhances comfort and surface durability but does not
replace structural materials.

Resistance to Physical Stress and Vandalism

Public space furniture is exposed to more than just normal use. It must tolerate accidental impacts,
misuse, and, in some cases, intentional vandalism.

Concrete performs well in high-risk environments due to its weight and solidity. It is difficult to displace,
tip over, or remove, making it suitable for locations where security and permanence are priorities.
However, concrete is not immune to damage—surface chipping, cracking, and graffiti can degrade its
appearance over time. Repairs are often intrusive and visually inconsistent.
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Steel offers a balance between strength and repairability. While steel elements can be dented or
scratched, they are generally easier to repair or replace than concrete components. Modular steel
systems allow damaged parts to be swapped without dismantling entire installations, which is a
significant advantage in active urban environments.

WPC resists splintering and cracking better than natural wood, making it safer for public use. However, it
can be damaged by sharp impacts or excessive force. In most cases, damaged WPC boards can be
replaced individually, restoring functionality without major disruption.

Long-Term Stability and Fatigue Performance
Durability must be measured over years of continuous use rather than initial strength alone.

Steel performs exceptionally well under repeated loading cycles. Its fatigue resistance allows it to endure
constant movement, weight shifts, and dynamic use without structural failure. When properly protected
against corrosion, steel structures can maintain integrity for decades.

Concrete, while stable under static loads, is more vulnerable to long-term fatigue caused by temperature
fluctuations, ground movement, and moisture ingress. Micro-cracks that form over time may not be
immediately visible but can gradually weaken the structure. Once degradation begins, concrete offers
limited options for incremental repair.

WPC maintains dimensional stability better than natural wood, as it does not absorb moisture or warp
significantly. However, long-term performance depends on formulation quality. Lower-grade WPC may
experience surface fading or brittleness over extended UV exposure, whereas high-quality composites
retain structural consistency.

Thermal Expansion and Material Movement
All materials expand and contract with temperature changes, but they do so differently.

Steel has predictable expansion characteristics and can be engineered with joints and tolerances to
accommodate movement. Proper detailing prevents warping or structural stress even in extreme
climates.

Concrete expands and contracts more slowly but can accumulate stress internally if movement joints are
insufficient. In hot climates, this can contribute to cracking, particularly in large monolithic elements.

WPC exhibits moderate thermal movement, which must be accounted for during installation. Proper
spacing and fastening systems are essential to prevent surface deformation.
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Implications for Public Space Design

From a durability and structural standpoint, no single material outperforms the others in all scenarios.
Instead, each material excels within specific roles:

e Steel provides structural backbone, flexibility, and long-term fatigue resistance
o Concrete offers permanence, mass, and resistance to displacement

® WHPC delivers comfort, safety, and surface durability for user interaction

In practice, the most durable public space solutions result from hybrid material systems that leverage
the strengths of each material. For example, a bench that combines a steel frame, WPC seating surfaces,
and concrete anchoring achieves far greater performance than one relying on a single material.

Manufacturers with extensive project experience—such as Bluestream—apply this layered approach to
durability, ensuring that each component performs its intended role without unnecessary material
overuse or compromise.

Climate Performance and Environmental Exposure

Climate is often the decisive factor in the long-term success or failure of public space materials. While
durability and structural strength establish a baseline for performance, it is environmental
exposure—particularly heat, ultraviolet radiation, humidity, dust, and salinity—that determines how
materials behave over time in real-world urban conditions.

Public space furniture is continuously exposed to the elements, with no protection from seasonal
extremes. In regions such as the GCC, this exposure is intensified by prolonged high temperatures, strong
solar radiation, airborne sand, and coastal moisture. Materials that perform well in temperate climates
may deteriorate rapidly when subjected to these conditions.

Evaluating WPC, steel, and concrete through the lens of climate performance reveals significant
differences in how each material responds to environmental stress.

Thermal Performance and Heat Exposure

High surface temperatures are one of the most common challenges in public spaces, particularly for
seating and pedestrian-level elements.

Steel heats up rapidly when exposed to direct sunlight due to its high thermal conductivity. In hot
climates, unshaded steel surfaces can become uncomfortable or even unsafe to touch. This does not
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disqualify steel from public space use, but it necessitates careful design strategies such as indirect
contact, shading, perforation, or pairing steel frames with composite or timber-like surfaces.

Concrete absorbs heat slowly but retains it for long periods due to its high thermal mass. In open,
sun-exposed areas, concrete seating can remain hot well into the evening, reducing usability. While
concrete performs structurally in extreme heat, its thermal behavior often limits comfort unless
mitigated through shading, surface treatments, or design placement.

WPC generally offers better thermal comfort than steel or concrete. Its composite structure does not
absorb or retain heat as aggressively, making it more suitable for direct-contact surfaces such as bench
slats and decking. While WPC still warms under prolonged sun exposure, it typically remains more
user-friendly in high-temperature environments.

In practice, climate-responsive designs often use steel or concrete for structure and WPC for
user-contact areas, balancing strength with comfort.

UV Radiation and Surface Degradation

Ultraviolet radiation is a major contributor to material aging in outdoor environments. Prolonged UV
exposure affects color stability, surface integrity, and long-term performance.

Steel, when protected with high-quality powder coatings or galvanization, resists UV degradation
effectively. The coating system, rather than the steel itself, becomes the critical factor. Poorly specified
coatings may fade, chalk, or peel over time, exposing the underlying metal to corrosion.

Concrete is generally resistant to UV radiation at a structural level. However, surface discoloration,
staining, and micro-cracking can occur over time, particularly in lower-quality finishes or where
protective sealants are absent.

WPC is more sensitive to UV exposure than steel or concrete. Lower-grade WPC products may fade,
discolor, or become brittle over extended exposure. High-quality WPC formulations include UV stabilizers
and pigments that significantly slow degradation, but specification quality is crucial. In well-engineered
products, surface aging is gradual and largely aesthetic rather than structural.

Humidity, Moisture, and Coastal Conditions

Humidity and moisture exposure introduce additional challenges, particularly in coastal or high-humidity
environments.

Steel is highly vulnerable to corrosion if not properly protected. In coastal regions, airborne salt
accelerates oxidation, making material selection and surface treatment critical. Marine-grade stainless
steel or hot-dip galvanized steel with robust coating systems can perform reliably, but improper
specification leads to rapid deterioration.
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Concrete performs well in humid environments but is not immune to moisture-related issues. Water
ingress can lead to internal corrosion of reinforcement, surface spalling, and long-term structural
degradation if drainage and detailing are inadequate.

WPC offers strong resistance to moisture. Unlike natural wood, it does not rot, swell, or harbor insects.
This makes it particularly suitable for environments with high humidity or occasional water exposure,
such as waterfront promenades or landscaped public spaces. However, prolonged standing water and
poor drainage can still affect surface appearance if not managed properly.

Dust, Sand, and Abrasive Exposure

In arid and semi-arid regions, airborne dust and sand present a unique form of environmental stress.
These particles act as abrasives, gradually wearing down surfaces and finishes.

Steel, when finished with high-quality coatings, resists abrasive damage reasonably well. However,
repeated sand abrasion can dull finishes over time, especially on high-touch areas.

Concrete is inherently resistant to abrasion due to its hardness. Surface finishes may wear, but structural
integrity generally remains intact. However, dust accumulation can stain porous surfaces, affecting visual
quality.

WPC surfaces are moderately resistant to abrasion but may show wear patterns over time in high-traffic
areas. Regular cleaning is typically sufficient to maintain appearance, but material quality again plays a
decisive role in long-term performance.

Thermal Expansion and Environmental Movement
Environmental exposure also introduces material movement through expansion and contraction.

Steel expands and contracts predictably and can be engineered with joints and tolerances to manage
movement effectively.

Concrete experiences slower but cumulative movement. Without adequate expansion joints, thermal
stress can result in cracking, particularly in large, monolithic installations.

WPC exhibits moderate thermal expansion, which must be accounted for during installation through
proper spacing and fastening systems. When detailed correctly, movement does not compromise
performance.

Climate-Driven Material Selection in Practice

In real-world public space applications, climate rarely allows for a single-material solution. Instead,
performance-driven projects rely on strategic material combinations that respond to environmental
stress holistically.
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Manufacturers with extensive regional experience—such as Bluestream—design urban furniture systems
that consider climate behavior at every level. Steel provides structural resilience, concrete anchors
installations where permanence is required, and WPC enhances comfort and usability in user-facing
areas. This layered approach ensures that furniture remains functional, comfortable, and visually
consistent throughout its lifecycle.

Maintenance, Repairability, and Operational Impact

While durability and climate performance determine how long materials can survive in public
environments, it is maintenance and repairability that ultimately determine how practical and
cost-effective those materials are over time. For municipalities, developers, and facility managers,
operational efficiency often outweighs initial material cost.

Public space infrastructure must remain functional, safe, and visually acceptable with limited
maintenance resources, minimal disruption, and predictable intervention cycles. Materials that appear
durable on paper can become operational liabilities if they are difficult to clean, repair, or adapt once
installed.

Evaluating WPC, steel, and concrete through an operational lens reveals significant differences in how
each material behaves across its lifecycle.

Routine Maintenance Requirements

Concrete is often perceived as a low-maintenance material, and in many respects this is true. It does not
corrode, rot, or require surface treatments such as painting or sealing on a regular basis. Routine
maintenance typically involves cleaning and inspection. However, once surface degradation, staining, or
cracking occurs, corrective action is rarely simple.

Concrete repairs often require specialized labor, curing time, and may never fully restore the original
appearance. As a result, maintenance frequency may be low, but intervention severity is high when
problems arise.

Steel requires more proactive maintenance, particularly in outdoor and coastal environments. Protective
coatings must be inspected periodically for scratches, wear, or corrosion exposure. However, steel offers
a significant operational advantage: predictable and manageable maintenance. Recoating, touch-up, or
component replacement can often be performed without removing the entire installation.

High-quality galvanized or powder-coated steel systems can operate for long periods with minimal
intervention when specified correctly.

WPC generally requires the least routine maintenance among the three materials. It does not need
painting, sealing, or chemical treatments, and it resists moisture-related decay. Cleaning is typically
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limited to washing or surface cleaning to remove dust and debris. This makes WPC particularly attractive
for seating and decking applications in high-use public areas.

Repairability and Component Replacement
Repairability is one of the most critical —and often overlooked—criteria in material selection.

Concrete performs poorly in this regard. Once cast or installed, concrete elements are effectively
permanent. Cracks, chips, or surface defects are difficult to repair invisibly, and modifications are rarely
feasible without demolition. This limits flexibility and increases replacement costs when design
requirements or site conditions change.

Steel, particularly when used in modular systems, offers excellent repairability. Damaged components
such as frames, brackets, or panels can often be replaced individually without dismantling the entire
structure. This modularity reduces downtime and extends the overall lifespan of installations.

WPC also performs well in terms of repairability. Individual boards or panels can usually be replaced
without disturbing the underlying structure. This is particularly valuable in seating and decking systems,
where surface wear may occur long before structural components require attention.

From an operational standpoint, materials that support incremental repair rather than full replacement
offer substantial long-term advantages.

Downtime and Public Disruption

Public spaces are active environments. Maintenance activities that require prolonged closures, heavy
machinery, or extended curing times can significantly disrupt daily life and reduce public trust.

Concrete repairs often involve long downtime, especially when structural intervention is required. Steel
and WPC systems, by contrast, allow for faster repairs and staged maintenance, minimizing disruption.

This distinction becomes especially important in high-traffic locations such as parks, plazas, campuses,
and commercial districts, where accessibility and continuity are essential.

Maintenance Skill and Resource Requirements
Operational feasibility also depends on the availability of skilled labor and resources.

Concrete repairs typically require specialized contractors and are less forgiving of improper execution.
Steel maintenance requires trained personnel for coating inspection and corrosion control but is widely
supported by existing facility management practices. WPC maintenance requires minimal specialized
skill, making it easier to manage across multiple sites.
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For municipalities and large property owners managing extensive public infrastructure portfolios,
materials that align with existing maintenance capabilities offer clear advantages.

Lifecycle Cost Implications

When maintenance and repairability are considered together, lifecycle cost often tells a different story
than initial material pricing.

Concrete may appear cost-effective upfront but can become expensive when repair or replacement is
required. Steel systems may have higher initial costs but offer lower long-term expenditure due to
repairability and recyclability. WPC may carry a moderate initial premium over natural timber but
delivers long-term savings through reduced maintenance and extended usability.

Lifecycle cost analysis consistently shows that hybrid systems, combining steel structures with WPC
surfaces and selective concrete anchoring, provide the most balanced operational outcome for public
space applications.

Operational Lessons from Real-World Projects

Manufacturers with extensive project exposure gain valuable insight into how materials perform beyond
specification documents. Through deployments across schools, parks, commercial developments, and
mixed-use environments, Bluestream has observed that operational success depends less on material
strength alone and more on how easily systems can be maintained, adapted, and repaired over time.

Projects that prioritize modularity, accessible components, and surface durability consistently
outperform monolithic installations in long-term cost efficiency and user satisfaction.

Sustainability, Embodied Carbon, and Lifecycle Environmental
Performance

Sustainability has moved from a secondary consideration to a central requirement in public space
development. Cities, developers, and institutions are increasingly evaluated on their ability to reduce
environmental impact across the full lifecycle of built assets—from raw material extraction and
manufacturing to maintenance, reuse, and end-of-life recovery.

For urban furniture and public infrastructure, material selection plays a decisive role in determining
embodied carbon, resource efficiency, waste generation, and long-term environmental footprint.
Unlike buildings, which may be renovated or repurposed internally, public space elements are often
replaced entirely when they fail. This makes lifecycle sustainability particularly critical.

Evaluating WPC, steel, and concrete through a sustainability lens reveals meaningful differences in how
each material contributes to—or mitigates—environmental impact.
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Embodied Carbon and Manufacturing Impact

Embodied carbon refers to the total greenhouse gas emissions generated during material extraction,
processing, manufacturing, and transportation. In public space applications, embodied carbon is
especially relevant because elements are installed in large numbers across cities.

Concrete has one of the highest embodied carbon footprints among construction materials, primarily
due to cement production, which is responsible for significant CO, emissions. While concrete offers long
service life, its environmental impact is heavily front-loaded. Efforts to reduce this footprint include the
use of supplementary cementitious materials, optimized mix designs, and precast manufacturing
methods, but concrete remains carbon-intensive relative to other options.

Steel also carries a substantial embodied carbon cost, driven by energy-intensive production processes.
However, steel’s sustainability profile is improved by its high recyclability. Structural steel can contain a
significant percentage of recycled content, and at the end of its service life, it can be recovered and
reused with minimal loss of material quality. When lifecycle reuse is considered, steel often performs
better than its initial carbon footprint suggests.

WPC occupies a unique position in sustainability assessment. By incorporating recycled plastics and
wood fibers, WPC diverts waste from landfills and reduces demand for virgin materials. Its embodied
carbon profile varies depending on formulation and manufacturing practices, but high-quality WPC
products often compare favorably to traditional timber and some mineral-based materials—particularly
when long-term durability is factored in.

Longevity as a Sustainability Strategy

One of the most overlooked aspects of sustainability is service life. Materials that last longer reduce the
need for replacement, transportation, and reinstallation—thereby lowering cumulative environmental
impact.

Concrete performs well in this regard when properly designed and installed, offering long service life
with limited routine maintenance. However, once degradation occurs, replacement is often the only
option.

Steel systems, particularly modular ones, offer extended longevity through repairability and component
replacement. Instead of discarding entire installations, individual elements can be refurbished or
replaced, significantly reducing material waste over time.

WPC contributes to sustainability through durability and resistance to decay. By avoiding the frequent
replacement cycles associated with natural timber, WPC reduces resource consumption and
maintenance-related emissions over its lifecycle.
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In sustainability terms, the most environmentally responsible material is often the one that does not
need to be replaced prematurely.

Circular Economy and End-of-Life Considerations

Circular economy principles emphasize designing products for reuse, repair, and recycling rather than
disposal.

Steel excels in circularity. It can be dismantled, recycled, and reintroduced into the manufacturing cycle
with minimal degradation. This makes steel particularly well-aligned with circular procurement strategies
and long-term sustainability frameworks.

Concrete is more challenging to integrate into circular systems. While crushed concrete can be reused as
aggregate, the process is energy-intensive and results in downcycling rather than true material recovery.

WPC supports circularity by utilizing recycled inputs, but end-of-life recycling remains dependent on
local recycling infrastructure. Advances in composite recycling technologies are improving recovery rates,
but circularity outcomes vary by region.

Design strategies that favor modularity, separable components, and mono-material assemblies
significantly improve circular performance across all three material types.

Operational Sustainability and Resource Efficiency
Sustainability is also influenced by operational requirements such as cleaning, repairs, and maintenance.

Materials that require frequent painting, sealing, or chemical treatments generate additional
environmental impact through material consumption and labor-related emissions. In this regard, WPC
and properly treated steel generally outperform untreated timber or poorly protected metal systems.

Concrete’s low routine maintenance requirement can be an advantage, but the environmental cost of
major repairs or replacement must be considered when evaluating long-term sustainability.

Policy Alignment and Certification Frameworks

Many cities now align public infrastructure procurement with sustainability frameworks such as LEED,
WELL, and local green building standards. Material transparency, recycled content, durability, and
maintenance efficiency are increasingly specified as evaluation criteria.

Manufacturers that provide clear documentation on material sourcing, lifecycle performance, and
environmental impact support more informed and compliant decision-making.

Through its material strategies and project experience, Bluestream supports sustainability-driven design
by prioritizing durable systems, responsible material selection, and long-term performance—helping
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clients align public space investments with broader environmental goals.

Cost Comparison and Lifecycle Value Analysis

Cost is often the most visible factor in material selection for public space projects, yet it is also the most
misunderstood. Initial purchase price alone provides an incomplete—and often misleading—picture of
value. In public environments, where assets are expected to perform continuously for many years,
lifecycle value is far more important than upfront expenditure.

Lifecycle value considers not only procurement cost, but also installation, maintenance, repair,
replacement frequency, operational disruption, and end-of-life recovery. When evaluated across a 10-25
year horizon, the true cost differences between WPC, steel, and concrete become clearer.

Initial Material and Installation Costs

Concrete often appears cost-effective at the point of procurement, particularly for fixed elements such as
benches or large planters. Its raw material cost is relatively low, and local availability in many regions
reduces transportation expenses. However, concrete installations frequently require heavy equipment,
site preparation, and extended installation timelines, which can increase total project cost.

Steel systems typically involve higher initial material and fabrication costs, especially when
corrosion-resistant grades or advanced coatings are specified. However, steel components are generally
lighter than concrete and easier to transport and install. Prefabricated steel systems also allow for faster
on-site assembly, reducing labor time and site disruption.

WPC components often sit between concrete and steel in terms of initial cost. While more expensive
than untreated timber, WPC offers greater consistency and durability. Installation costs are usually
moderate, particularly when WPC is used as part of modular seating or decking systems supported by
steel frames.In isolation, concrete may appear the most economical option. However, this perception
shifts when long-term performance is considered.

Maintenance and Operational Cost Over Time

Operational costs accumulate gradually but can surpass initial procurement costs over the life of public
infrastructure.

Concrete requires minimal routine maintenance, but when damage occurs—such as cracking, spalling, or
surface degradation—repairs are often expensive and disruptive. In many cases, replacement is the only
viable option, resulting in significant capital expenditure later in the asset’s life.

Steel systems require periodic inspection and surface protection, particularly in humid or coastal
environments. However, these costs are predictable and manageable. Importantly, steel’s modularity
allows for targeted repairs, preventing the need for wholesale replacement.
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WPC offers one of the lowest ongoing maintenance profiles. It does not require painting, sealing, or
chemical treatment, and cleaning is typically sufficient to maintain appearance and hygiene.
Replacement of individual boards is straightforward and cost-efficient.

Over a full lifecycle, materials that support incremental maintenance and partial replacement
consistently outperform those that require complete removal when issues arise.

Replacement Cycles and Asset Longevity
Replacement frequency is a critical driver of long-term cost.

Concrete installations are often designed for permanence, but once compromised, they are difficult to
adapt or refurbish. Changes in design requirements, accessibility standards, or site usage often
necessitate full removal and replacement.

Steel systems offer longer effective lifespans due to their adaptability. Frames can be retained while
surfaces or accessories are updated, extending the useful life of installations without major capital
investment.

WPC surfaces may require replacement sooner than steel frames, but this is typically planned and
localized. The ability to refresh seating surfaces without altering structural components reduces overall
lifecycle expenditure.

From a financial perspective, planned, component-level renewal is far more efficient than unplanned
full replacement.

Cost of Downtime and Public Disruption

In active public environments, downtime carries an indirect but significant cost. Closed seating areas,
blocked pathways, or restricted access affect public satisfaction and can impact commercial activity in
surrounding areas.

Concrete repairs often require extended closures due to demolition, curing, and finishing processes.
Steel and WPC systems, by contrast, support faster interventions and staged maintenance, minimizing
disruption.

This operational flexibility translates into real economic value, particularly in high-footfall locations such
as parks, waterfronts, campuses, and commercial districts.

End-of-Life Value and Residual Recovery

End-of-life considerations are increasingly relevant as cities adopt asset management and circular
economy frameworks.
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Steel retains residual value at the end of its service life due to its recyclability. Decommissioned steel
components can be recovered and reintroduced into manufacturing streams, offsetting disposal costs.

Concrete offers limited end-of-life recovery potential. While it can be crushed and reused as aggregate,
the process is energy-intensive and yields lower-value material.

WPC’s end-of-life recovery depends on regional recycling capabilities. While recycling infrastructure for
composites is improving, recovery outcomes vary. Nonetheless, WPC’s extended service life often delays
disposal significantly.

Bluestream’s Lifecycle-Oriented Cost Strategy

Through its project experience across public, educational, commercial, and mixed-use developments,
Bluestream applies a lifecycle-based approach to material selection rather than focusing solely on initial
cost.

By combining steel structures with WPC seating surfaces and selective concrete anchoring, Bluestream
delivers systems that balance upfront investment with long-term operational efficiency. This approach
reduces replacement frequency, simplifies maintenance planning, and improves overall return on public
infrastructure investment.

Rather than optimizing for the lowest initial price, this strategy prioritizes cost certainty, adaptability,
and asset longevity—key considerations for modern urban developments.

Cost as a Strategic Decision, Not a Budget Line

Ultimately, cost comparison between WPC, steel, and concrete cannot be reduced to a simple price
table. True value emerges from how materials perform over time, how easily they adapt to change, and
how efficiently they can be maintained.

Public space investments are long-term commitments. Materials that support flexibility, repairability, and
predictable performance deliver superior value—not only financially, but socially and environmentally as
well.

Material Intelligence as the Foundation of Better Public Spaces

The performance of public spaces is inseparable from the materials used to build them. While urban
furniture may appear modest in scale compared to buildings or infrastructure, its impact on daily life,
operational efficiency, and environmental performance is profound. Benches, planters, waste systems,
bike racks, and landscape elements operate at the most human level of the city—where durability,
comfort, safety, and aesthetics intersect.
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This comparative study has demonstrated that Wood Plastic Composite (WPC), steel, and concrete each
serve distinct and valuable roles in public space applications. None can be universally defined as
superior; instead, their effectiveness depends on how intelligently they are selected, combined, and
applied within a specific context.

Concrete delivers permanence and stability, making it suitable for fixed installations where mass and
vandal resistance are critical. Steel provides structural strength, precision, and adaptability, enabling
modular systems and long-term flexibility. WPC enhances user comfort, surface durability, and
sustainability performance, particularly in seating and contact-intensive applications. When these
materials are deployed strategically—rather than in isolation—they create public environments that are
resilient, welcoming, and economically sustainable over time.

What has become increasingly clear is that material choice is no longer a technical afterthought. It is a
strategic decision that influences lifecycle cost, maintenance burden, environmental footprint, and public
perception. Cities and developers that prioritize short-term savings over long-term performance often
incur higher operational costs, faster degradation, and diminished public trust. Conversely, projects
guided by lifecycle thinking and material intelligence deliver enduring value—financially,
environmentally, and socially.

As climate pressures intensify, sustainability frameworks evolve, and public expectations rise, the need
for informed, performance-driven material decisions will only grow. The future of public space
development belongs to solutions that balance engineering rigor with human experience—where
materials work not just to endure, but to serve.

Bluestream’s Project-Led Approach to Material Performance

Within this evolving landscape, Bluestream operates at the intersection of material science, urban
design, and real-world performance. Rather than promoting a single material ideology, Bluestream'’s
work reflects a context-first, application-driven philosophy, shaped by hands-on experience across
diverse public environments.

Across parks, educational campuses, commercial developments, hospitality landscapes, and mixed-use
urban zones, Bluestream’s projects demonstrate how hybrid material systems outperform
one-dimensional solutions. Steel structures provide the backbone for strength and modularity. WPC
surfaces introduce comfort, safety, and warmth where people interact directly with furniture. Concrete is
used selectively for anchoring, permanence, and landscape integration where stability is paramount.

This approach is informed not by theory alone, but by years of observing how materials behave under
extreme heat, UV exposure, humidity, dust, and continuous public use—particularly within the GCC
region. Bluestream’s product development and project execution reflect an understanding that
successful public infrastructure must be maintainable, adaptable, and resilient, not just visually
compelling at installation.
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Project Validation: Large-Scale Public Parks & Playgrounds, Al Ain

A clear example of this material-intelligent approach can be seen in Bluestream’s contribution to LS 1603
— Design & Construction of 34 Parks and Playgrounds, delivered by Al Darmaky Contracting in the Al
Khibeesi area of Al Ain.

For this multi-site municipal development, Bluestream supplied WPC decking in a dark walnut finish,
along with complementary park furniture solutions designed to perform under continuous public use.
The project demanded materials capable of withstanding extreme heat, high foot traffic, and long
exposure to sunlight while maintaining safety and visual consistency across multiple parks.

The WPC decking was selected for its resistance to warping, splintering, and moisture
absorption—critical factors in playground and recreational environments. Its slip-resistant surface
enhanced user safety, while the natural wood-like appearance supported landscape aesthetics without
the maintenance burden of traditional timber.

In parallel, steel and concrete elements were deployed where structural stability, anchoring, and
long-term durability were required—demonstrating how mixed material systems can be applied
strategically rather than uniformly. The result was a network of public spaces that balanced comfort,
resilience, and lifecycle efficiency.

This project reinforces the central conclusion of this whitepaper: material performance is best proven in

real environments, not specifications alone.




@BLUESTREAM

Final Reflection: Building Public Spaces That Last

Public spaces are among the most democratic environments in any city. They belong to everyone, and
they are used by everyone. The materials chosen to shape these spaces therefore carry an outsized
responsibility—to endure constant use, to perform reliably in harsh conditions, and to support human
comfort without excessive environmental cost.

This whitepaper underscores a simple but critical truth: the longevity and success of public spaces
depend on informed material decisions. WPC, steel, and concrete are not competing answers to the
same question—they are tools that, when used wisely, complement one another.

As cities continue to evolve, the most successful public environments will be those built with material
intelligence—where performance, sustainability, and user experience are treated as inseparable
objectives. Manufacturers, designers, and decision-makers who embrace this integrated approach will
shape urban spaces that remain functional, welcoming, and resilient for decades to come.

In the end, public spaces that last are not defined by the materials used—but by how thoughtfully those
materials are chosen and applied.
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