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Abstract: Moss concrete is a new-generation material of sustainable architecture that combines the great bearing
capacity of the usual concrete with the durability of the moss. This research paper explores the creation, properties,
and possibilities of using Moss concrete in architecture. It addresses environmental challenges when living moss
is incorporated into the concrete structure in the material. The investigation analyzes the extent to which the
material can naturally filter and enhance urban air quality, the likelihood of introducing local common’s
biodiversity in form of habitats, as well as energy conservation and thermal comfort in buildings and thus
concurrently tackling the urban pollution heat island. The paper further reveals the potential of Moss concrete as
a design embellishment, thereby enhancing the architectural beauty of structures with landscapes that have green
walls and free spaces that fit the principles of naturalistic indoor and outdoor designs. However bright the prospect
of these potentials, the applicability of Moss concrete in the ordinary practice of architecture presents hurdles. In
the study factors like plant frost resistance, organic with an inorganic structure mechanical superiority, and cost-
benefit ratio control and its effect are elaborated.
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1. Introduction

As cities grow, environmental problems have also increased particularly in relation to pollution, urban heat islands
and loss of biodiversity. Contributing to the global warming are traditional building materials like concrete due to
energy expensive processes of production, low and lack of environmental integration. The novel material Moss
concrete offers a unique solution to these problems as it incorporates live mosses within the concrete matrix and
develops it as a “living” material that will allow urbanization and ecological sustainability to co-exist [1]. In the
age of eco-friendly building, it is such the materials which address the problem of both aesthetics and structural
capabilities. Specifically, talking about them, Moss concrete is one of such advanced materials that meets all the
requirements of the modern construction industry and, in addition, has a positive ecological effect. This is an
ecological design where the building itself recycles by participating in the ecology instead of simply sitting there
amidst nature [2]. Specifically, urban development has aggravating the environmental issues like pollution, the
heat island effect, and the destruction of significant biodiversities in the urban areas. In these impacts, traditional
construction materials especially concrete have a significant contribution because of the high energy demands in
their production and vice versa low compatibility with the natural environment. Concrete for example is an
emissive material during production the carbon impersonator and consequently a climate changer and an urban
environment polluter. Furthermore, traditional reinforced concrete structures also lead to formation of surfaces
that alter water regimes, minimize habitat for bio-diversity, and also contribute to high temperatures, all of which
are associated with concrete structures [3] . The material known as Moss concrete solves such environmental
problems by using living mosses themselves as a part of the concrete mix, making it a truly ‘living’ material that
actively benefits the urban ecosystem [1]. Such a combination of biological components into the constructions is
just one of the tendencies in the field of green architecture with the goal to make a constructive cooperation
between constructions and ecosystems. The physical structure and performance of Moss concrete contribute to
construction while improving the environmental credentials of buildings through better air quality, support of
local ecosystems and breathable insulation and heat regulation. On the following environmental aspects, living
mosses when blended with concrete offer the following benefits. Mosses have the potential of trapping particulate
matter and nitrogen oxides from the air making urban air cleaner. Furthermore, there is also the aspect of
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supporting local bio-diversity since moss covered surfaces offer habitats for numerous types of insects and other
micro invertebrates. This biotic component assists in the restoration of elements of nature within cities which are
normally removed during the city development process; hence reducing the effect of the urban sprawl in terms of
impact on the local biodiversity [4]. Furthermore, Moss concrete is a factor in reducing the impact of the urban
heat island effect, which occurs whereby the temperature in the urban area is much higher than that of its rural
surroundings and this is attributed to physical activities and heat-trapping features such as the normal concrete
and asphalt. These features should be incorporated into green infrastructure systems; particularly concerning the
cooling abilities of mosses when grown on concrete surfaces, which may then make buildings, more efficient in
using energy and thus create comfortable urban microclimates [5]. From this perspective of sustainable
architecture, using elements like Moss concrete is a revolution, as the buildings take part in natural ecological
processes. This is in line with the biophilic design which entails the incorporation of elements of nature, such as
building structures that would improve health in individuals and the overall environment [6]. Therefore, this may
help tackle all the challenges arising from urbanization, thereby making the use of materials such as Moss concrete
a key factor to building sustainable cities that are responsive to the ecological system and human health.

2. Conceptualization of Moss Concrete
A. Ecological and Environmental Benefits

The best environmental advantage of Moss concrete is that it makes it possible to turn the structure’s surface into
a living facade, thus adding to the greening of buildings in urban areas. Mosses take in carbon dioxide during
photosynthesis thereby reducing the amounts of greenhouse effect gasses characteristic of urban areas. Also,
studies have revealed that the substrates overgrown with moss have the ability to remove particulate matter and
other pollutants from the air [7] . The other benefit is in its capacity for moisture retention which assists in the
moderation of micro-climates surrounding structures, diminishing the intensity of urban island heat and thereby
providing a cooler environment in congested cities [8]. In addition, Moss concrete creates a habitat for different
microorganisms and small invertebrates enhancing the ecological performance of the urban environment.
Specifically, it is most effective on the vertical structure since normal vegetation may not grow easily on vertical
surfaces; therefore, it represents a real solution to urban areas where the ground space is limited but there is a need
to increase green area [5] .

B. Development of Moss concrete

Moss concrete is produced through the use of concrete mix, into which moss spores or fragments are placed in
order that they germinate (Figure 1). A policy has been made where the concrete is made in such a way that there
is provision for moisture and moss. Also, the pH of the concrete is brought slightly lower to suit mosses since
most of them prefer a slightly acidic area. The aforementioned factors help moss to grow on the concrete surface
that can then be considered as a living and green material [9] . Specifically, Moss concrete is designed with a
composition that allows moss growth while at the same time observing architectural applications (Figure 2).

Figure 1 Moss concrete (Source: https://materialdistrict.com)
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Figure 2 Aesthetical Appearance of Moss concrete (Source: https://materialdistrict.com)
3. Composition of Moss Concrete
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Figure 3 Properties of Moss concrete (Source: https://materialdistrict.com)

A. Base Concrete Mix

Portland cement is the primary binder used in Moss concrete but it is responsible for the structural strength and
durability of a Moss concrete similar to normal concrete. However, the amount of cement might be adjusted to
cut-back the alkalinity to its lowest and therefore become more friendly to mosses (Figure 3).

Class F fly ash is added as filler and fine aggregate while coarse aggregate comprising of sand and gravel are
other components of concrete. They assist in making a compact structure and frame work needed to support the
growth of the moss as well as resist other factors from the environment.

Cement is used in concrete and for it to become hard water is used in the hydration process of cement. The water-
to Cement ratio may be adjusted in such a way that it meets the need of the moss as well as the structural
characteristics of the concrete.

B. Moss Incorporation

Moss Spores or Fragments: They can be dispersed as moss spores, or even better finely ground components of
moss can be added to the cement mixture. These organic components act as a base area on which the moss can
develop once the concrete is subjected to certain environmental factors that include light, moisture and shade
(Figure 4). pH Modifiers: Moss is especially suited to the pH slightly acidic to neutrality, whereas ordinary
concrete has an alkaline pH. In this regard, pH modifiers that help in reducing the pH level of the mix to that
required by moss are used, these include; organic acids (for instance citric acid) or minerals (for instance silica
fume or fly ash).

1064



Tuijin Jishu/Journal of Propulsion Technology
ISSN: 1001-4055
Vol. 46 No. 1 (2025)

Figure 4 Three Bryophyte Mosses on the surface of Concrete Cubes (Source: https://www.researchgate.net)
C. Additives and Enhancers

Moisture Retention Additives: For the moss’s sustenance, the concrete mix is incorporating substances that help
to retain moisture including hydrogels or superabsorbent polymers. Some of these additives assist in maintaining
the damp conditions which moss needs. It is necessary to emphasize that the porosity of concrete should be as
great as possible to create favorable conditions for moss: the water and air filtrate the surface of concrete and
thereby create the best conditions for moss. This can be achieved by using light weight aggregates such as
expanded clay or perlite or by changing the gradation of aggregates so as to produce a more porous mix. To
enhance the moss development, the nutrients such as nitrogen, phosphates and potassium may be incorporated in
the concrete mixture. These nutrients may be made available from slow release fertilisers incorporated in the
concrete matrix for slow and sustained release as the moss develops.

D. Surface Treatments

Texturing and Roughness: Moss concrete is almost always textured through a roughened surface so as to afford
an optimal surface for spore to create a moss system. This can be done by the use of mechanical means including
sandblast or by including certain materials within the mix such that they will provide the rough surface naturally.
Seeding and Spraying: It is mobilized only after the concrete is poured and has started to set where a second
application of spores or a moss slurry may be applied to improve the anchorage of the moss. This technique was
established particularly to guarantee that the moss coverage is thick and consistent.

E. Environmental and Climate Adaptation

Then other species of moss are selected depending on the climate where this concrete is going to be used. Certain
mosses prefer cold, temperate climates while some are happy in humid tropical environments. Choosing the right
moss species is important for improving performance of the concrete in different environments. In some
applications moss establishment is accelerated by growth accelerators or biostimulators though. These include
plant hormones that occur naturally or microbial inoculants, which promote moss growth and help the plants cope
with environmental stressors.

4. Properties of Moss Concrete
A. Environmental Benefits

For sustainable architecture, Moss concrete has environmental benefits that make it an appealing material. They
are also able to collect air pollutants, such as particulate matter or nitrogen oxides. Thus, Moss concrete can be
helpful to mitigate air pollution at the urban scale [10] . The camouflaged moss layer of the concrete surface
contributes natural insulation, aiding thermal regulation within buildings and cutting energy demand [11]. Moss
concrete has a high water retention capacity because of its porous material structure, which can aid in handling
rainwater runoff from urban areas and mitigate flooding [1] .
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B. Aesthetic properties and functional Properties

Besides the advantages for nature, Moss concrete provides novel aesthetic and functional properties. It's a natural
addition that puts some greenery back in building facades, and making concrete jungles even better! It serves as
an adaptive element that varies throughout the seasons and integrates between constructed and natural settings
[9]. Moss absorbs sound waves, too; the porous nature of this unique type allows for greater absorption therefore
contributing to noise resistance in urban environments [10] .

C. Challenges and Future Prospects

Although Moss concrete offers a range of benefits, there are some hurdles to the broader uptake. Management of
concrete with mass, especially in dry or polluted clean environments also needs maintenance such as irrigation
and nutrient supply [11] ensuring the health and growth of biofilms grown. Its durability in different climates and
conditions over the long-term remains to be seen. It needs to withstand weathering, freeze-thaw cycles and the
risk of pests [1]. The price of Moss concrete is costlier in terms of production and implementation than that of
conventional concrete, which can restrict its use on a broader scale [10]. Although there are potential benefits of
Moss concrete, it has not found widespread use. Considerations range from how to sustain moss in varying
climates, maintenance plans after installation for proper sustained health of the organism to potential structural
complications with using organic materials as part of a concrete structure. Enhanced durability and functionality
of Moss concrete is expected in the future thanks to biotechnological discoveries [12] but more research and
development currently seems necessary for overcoming these limitations. Moss concrete is a material of which
sustainable architecture can be proud, especially with all the trends toward regenerative practices settlement have
reached today. With its capability to blend the durability and practicality of concrete with nature's own advantages,
I'm finding it be an auspicious avenue towards more sustainable & resilient cities. Moss concrete is not a
construction material in this context and that allows us to think differently around building materials becomes an
integral part of interaction with the built environment or how our buildings interact with nature, keeping up
pathways by moving toward more green futures.

5. The Need for Sustainable Materials in Architecture

The biggest industries contributing to the consumption of natural resources and environmental degradation are
carbon emissions, energy utilisation and waste production in construction. While being indispensable to develop
infrastructures, traditional building materials like concrete are cause of significant environmental footprints. More
specifically, concrete manufacturing contributes around 8% of the global carbon dioxide emissions due to cement
production being an energy-intensive process [13]. With the world population increasingly urbanizing, it becomes
an imperative challenge to develop sustainable building materials that minimize construction-related
environmental impact [14].

To satisfy this demand, Moss concrete solves the problem of embedding living plants (moss in particular) into the
matrix—which turns a passive construction material into an active matrimid within environmental processes. This
hybrid material offers structural reliability like that from traditional concrete and ecological functionalities of
moss, such as carbon sequestration, purification of air and temperature regulation [15]. Moss settlement, is a
horticultural non-vascular plant that requires no maintenance and survives as long its substrate remains healthy;
there are interesting ecological interactions, where both components boost the performance of durable concrete
[16] .

A. Applications in Sustainable Architecture

Over the past decade or so, Moss concrete has been gaining attention for its possibilities in a variety of
architectural applications ranging from facades and green walls to pathways and urban furniture. When used in
building envelopes, it can greatly minimize the demand for artificial climate control thus reducing energy
consumption and operational costs [17]. Better yet, the Moss concrete is naturally textured and colored; as it ages
and changes over time a biophilic aspect associated with nature affecting humans [6]. Moss concrete has a very
good potential for application, as facades and green walls. It can be applied as living walls, aesthetically pleasing
yet also functional in their air improvement and insulation properties. On the one hand, Moss concrete panels can
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be radially cast and subsequently affixed on building envelopes so that they set up a living facade that establishes
an intertwining connection to its environment [11]. Mosscrete can be incorporated within urban green
infrastructure like park benches, paths and retaining walls. Fulfilling a dual role as both roof and garden, this
system is an ideal solution for greening densely built-up areas due to its moisture retention characteristics & ability
to promote moss growth. Moss concrete is also considered in urban stormwater management systems because of
its high water retention capacity which can ease the issues related to heavy precipitation and reduce heat islands
[1]. Moss concrete could be used for various interior applications where the desire to bring nature indoors creates
biophilic spaces conducive to health and wellbeing, as well as improved indoor air quality. For instance, Moss
concrete is suitable for indoor planters and wall panels or furniture to bring some natural mood into the building
with beneficial psychological and physiological health effects on occupants [9].

6. Case Studies on Moss Concrete in Architecture

Moss concrete is a pioneering material that blends traditional concrete with living moss, offering both aesthetic
and environmental benefits. This section presents detailed case studies on the application of Moss concrete in
various architectural projects, highlighting its practical uses, challenges, and outcomes.

Case Study 1: The Green Facade of the One Central Park, Sydney

Location: Sydney, Australia

Architects: Jean Nouvel and PTW Architects

Completion Year: 2014

Materials Used: Moss concrete panels, other green wall systems

Figure 6 One Central Park Green Walls (Source: https://www.tensile.com)

One Central Park, a single mixed-use residential & retail development in Sydney that has astoundingly gained an
international profile for its unprecedented introduction of green facades (Figure 5). Moss concrete building
integrations with different green technologies work as a Urban Habitat. Spread across more than 50% of the
exterior surface of three towers, a green facade comprises multiple species (which would include mosses as well)
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and is designed to use aesthetic appeal along with air-cleaning functionality. The property has been adapted with
Moss concrete panels which are used in the lower areas of the building facade because it can live under shaded
and humid conditions (Figure 6). The panels were hooked up to the building's irrigation system, as it requires
constant moisture in order for moss to thrive. The builders opted for Moss concrete, which insulates naturally and
helps to enhance air quality as well as a contributing factor in the overall sustainability approach of the building.
However, Moss concrete panels play a large role in the building reducing its carbon footprint as it naturally cleans
and improves air quality while creating insulation. Thanks to the green facade (the parts coated in moss), part of
this heat is absorbed, which helps other surroundings cool down and tackles urban heat island effects.
Additionally, the aesthetic appeal of the Moss concrete has helped make One Central Park a landmark of
sustainable architecture, attracting both residents and visitors [10].

One significant hurdle we faced was keeping the moss healthy in places, with varying sunlight and water supply
levels. This required tweaking the watering and fertilizing routines to support moss growth results in our project
work [11].

Case Study 2: The Moss concrete Pathway in Bosco Verticale, Milan

Location: Milan, Italy

Architects: Stefano Boeri Architetti

Completion Year: 2014

Materials Used: Moss concrete, traditional concrete, various plant species

The Bosco Verticale or Vertical Forest consists of two skyscrapers located in Milan famous for their abundant
greenery that includes trees and shrubs, among other vegetation types.The main goal of the project was to establish
a self supporting ecosystem within a city setting to enhance air quality and offer inhabitants a bond with nature
(Figure 7). The designers used moss infused concrete, for the pathways and certain lower outer walls to enhance
the greening plan of the area.The porous quality of Moss concrete played a role in this project by aiding in water
retention and fostering moss growth with minimal upkeep requirements. The paths lined with moss added a visual
appeal that harmonized perfectly with the lush green surroundings (Figure 8). The moss covered concrete
walkways at Bosco Verticale have not improved the sustainability and ecological value of the area but also played
a significant role in managing stormwater runoff to ease the strain on the citys drainage system. Moreover The
moss infused concrete aids in cooling the surrounding microclimate of the buildings which reduces the reliance,
on cooling methods and consequently cuts down energy consumption. Furthermore These walkways have also
emerged as a feature of the overall design scheme and offer residents and visitors an immersive and natural
experience [1].

The most substantial obstacle encountered was to ascertain the structural stability of Moss concrete while fostering
moss growth. After several months of observation, the project team was able to recognize areas of Moss concrete
which required rehabilitative reinforcement to lessen the effects of erosion. The ultimate outcome was an
improved knowledge about the utilization of Moss concrete in high-use areas. Moving forward, future projects
will confront consideration of aesthetic and serviceability expectations for this material [9].

Figure 7 Bosco Verticale, Milan (Source: https://en.wikipedia.org)
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7.

Figure 8 Bosco Verticale, Milan

SWOT Analysis of Moss Concrete

Pathway (Source: https://bioneers.org)

Table 1: SWOT Analysis of Moss concrete Material (Source: Author)

STRENGTH WEAKNESS OPPORTUNITIES THREAT
Aesthetic Appeal: Adds a | Structural Challenges: | Urban Greening | Environmental
natural, green element to | Moss growth can add | Initiatives:  Growing | Variability:
structures, making them | weight to structures and | interest in sustainable | Unpredictable weather

more visually appealing
and harmonizing  with
nature.

may require reinforced
support, especially in
older buildings.

urban development
creates opportunities for
Moss concrete in green
building projects.

patterns, particularly in
areas prone to drought,
can limit moss growth
and reduce the
effectiveness of Moss
concrete.

Environmental Benefits:
Moss acts as a natural air
purifier, absorbing CO2
and pollutants, contributing
to better air quality.

Climate Dependency:
Moss growth is highly
dependent on humidity
and shade, making it less
suitable for arid or very
sunny environments.

Innovative Design:
Acrchitects and designers
can use Moss concrete
creatively to blend
structures with natural
landscapes or create

Competition:

Emerging green
technologies, such as
green roofs or walls,

may overshadow Moss
concrete as a preferred

unique, living artworks. | method  of  urban
greening.
Thermal Insulation: Moss | Initial Costs: Installation | Carbon Offsetting: | Regulatory
provides additional | and maintenance during | Potential to be marketed | Challenges:  Building
insulation, potentially | the establishment phase | as a carbon offsetting | codes and regulations
reducing energy costs for | can be more expensive | product, appealing to | may not vyet fully
heating and cooling. than traditional concrete. | environmentally accommodate or support
conscious  consumers | the use of Moss
and developers. concrete, posing
potential legal or
bureaucratic hurdles.
Biodiversity: Supports | Durability  Concerns: | Regenerative Design: | Market  Acceptance:
small  ecosystems by | Over time, moss can | Can be part of | While innovative, Moss
providing habitats for | degrade the concrete | regenerative concrete  might face
insects and other small | surface, potentially | architecture strategies, | resistance from
organisms, promoting | leading to  structural | contributing to the | developers and
urban biodiversity. issues if not properly | restoration of natural | consumers who are
managed. environments  within | unfamiliar ~ with  its

urban settings.

benefits or wary of its
long-term performance.

Low Maintenance: Once
established, moss requires
minimal maintenance
compared to traditional
green walls or roofs.
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8. Research Methodology

The study used a mixed-methods approach, combining both qualitative and quantitative research methods. This
will allow for a comprehensive understanding of Moss concrete's properties, applications, and impacts. The
research covered the physical, environmental, and economic aspects of Moss concrete. The study will also explore
its potential applications in sustainable architecture. Distributed surveys to architects, builders, urban planners,
and environmental engineers to gather insights on the perceived benefits and challenges of Moss concrete.

9. Data Analysis

@ Architect

@ Civil Engineer

@ Urban Planner

@ Environmental Scientist
@ Academic/Researcher
@ Cther (Please specify)

Figure 9 Profession of the Respondents (Source: Author)

‘ @ Less than 5 years

® 510 years
& 10-20 years
& More than 20 years

Figure 10 Professional Experience of the Respondents (Source: Author)

81% of the respondents were architects, 14.3 % were Academician and 4.7 % were Urban Planner (Figure 9). It
shows that the respondents are of the category of people who are somewhat related to the construction industry or
research background. The Professional experience of the respondents varies a lot which gives a diverse opinion
on the material (Figure 10).

@ Very familiar

@ Somewhat familiar
© Mot very familiar
@ Mot familiar at all

Figure 11 Familiarity with the Moss concrete Material (Source: Author)
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@ Extremely important
@ Very important

@ Woderately important
@ Slightly important

@ Mot important

Figure 12 Integrating Moss concrete into Modern Architecture (Source: Author)

Among the 180 respondents, 57.1% were somewhat familiar and 28.6% were not very familiar with Moss concrete
material (Figure 11). It indicates that the awareness about the material needs to be developed in the society.
Moreover, 46.7% (Figure 11) thought that it is very important to incorporate sustainable material like Moss
concrete in the construction for the environmental benefits. 37.5 % of the respondents mentioned that the Moss
concrete Material is more durable than the concrete (Figure 13) and 37.5% of the respondents mentioned that they
would definitely use Moss concrete in their future projects (Figure 13)

@ Much more durable

@ Somewhat more durable
O About the same

@ Somewhat less durable
@ \uch less durable

@& Nof sure

Figure 13 Durability and Longevity of Moss concrete (Source: Author)

@ Definitely
@ Probahbly
@ Mot sure
@& Probably not
@ Definitely not

Figure 14 Using Moss Concrete in Future Projects (Source: Author)

1071



Tuijin Jishu/Journal of Propulsion Technology
ISSN: 1001-4055
Vol. 46 No. 1 (2025)

@ Very high
@ High
© Moderate
@ Low
@ Very low

Figure 15 The aesthetic appeal of Moss concrete (Source: Author)

The response of the participants on the overall aesthetic appeal of Moss concrete stated that the 81.3 % participants
mentioned that it looks aesthetically appealing (Figure 15), also, 45% participants stated that that it would reduce
the carbon footprint significantly (Figure 16).

@ Significantly reduce
@ Slightly reduce

@ No impact

@ Slightly increase

@ Significantly increase

Figure 16 Impact on the overall Carbon Footprint (Source: Author)

Carbon sequestration
Improved air quality

Enhanced insulation properties
Aesthetic enhancement
Biodiversity support

Reduced urban heat island effect

Other (Please specify) (—0 (0%)

0 5 10 15

Figure 17 Benefits of using Moss concrete (Source: Author)

@ Significantly increase
@ Slightly increase

@ No impact

@ Slightly decrease

@ Significantly decrease
@ Not sure

Figure 18 Cost of construction projects using Moss concrete (Source: Author)
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@ Strongly agree
@ Aagree

© Neutral

@ Dizagree

@ Strongly disagree

Figure 19 Reduction of the Urban Heat Island Effect using Moss concrete (Source: Author)

87.5% responses stated that the urban heat island effect would reduce with the use of Moss concrete and 68.8%
stated that it would improve the air quality (Figure 17).56.3 % stated that the use of Moss concrete in the
construction would slightly increase the overall cost of construction (Figure 18). 37.5% strongly agreed on the
reduction of heat island effect with the use of Moss concrete (Figure 19). 75% respondents stated that the
maintenance solutions of the Moss concrete should be enhanced and 56.3% stated that its durability should be
increased along with the cost efficiency (Figure 20).

75% of respondents felt that the Moss concrete could be used for Outdoor Pathways, followed by Building Facade,
Public Spaces and Green Roofs (Figure 21).

Improved durability

Lower costs

Enhanced maintenance solutions
Better climate adaptability
Greater aesthetic versatility

Increased environmental benefits

Regulatory support and guideli...
Other (Please specify) 1(6.3%)
0.0 25 50 75 10.0 125

Building facades 11 (68.8%)
Green roofs
Outdoor pathways
Urban furniture

Interior walls

Public spaces 11 (68.8%)

Other (Please specify) 1(6.3%)

0.0 25 5.0 7.5 10.0 125

Figure 21 Applications of Moss concrete (Source: Author)
10. Experimental Design for Research on Moss Concrete
Obijective

To evaluate the water retention capacity, moss growth rates, and durability of Moss concrete in comparison to
traditional concrete.

Hypotheses

H1: Moss concrete has significantly higher water retention capacity than traditional concrete.
H2: Moss concrete promotes faster moss growth than traditional concrete under similar environmental conditions.
H3: Moss concrete maintains durability under freeze-thaw cycles comparable to traditional concrete.
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Experimental Setup

Moss concrete (modified for higher porosity) and Traditional concrete. Moss species taken were Hypnum
cupressiforme (common for urban moss projects). The chamber was an Environmental controlled chamber
(temperature and humidity control). Freeze-thaw testing equipment was used. Water reservoir was provided for
hydration tests.

Methodology

The porosity was measured using the ASTM C642 standard for determining the density and absorption of
concrete. Concrete specimens was immersed in water for 24 hours and water retained was measured by weighing
the specimens before and after immersion.

Calculation for water retention capacity: Retention (%)=(Wet weight - Dry weight)/Dry weightx100

Concrete samples were inoculated with moss slurry (blended moss, water, and buttermilk for adhesion). Samples
were placed in an environmental chamber at 70% relative humidity and 20°C. Freeze-thaw testing was performed
as per ASTM C666 standard. Samples were subjected to 300 freeze-thaw cycles (-18°C to 4°C). Mass loss and
surface damage were measured post-testing. Compressive strength tests (ASTM C39) was used to assess structural
integrity.

Data Collection

Mean retention percentages of Moss and traditional concrete were compared using a t-test. A repeated measures
ANOVA was performed to assess differences in growth rates over time between concrete types. Mass loss and
compressive strength differences were analyzed by using a paired t-test.

Table 2: Before and After Data for Moss and Traditional Concrete

Propert Initial (Before | After Experiment - After Experiment - Units
perty Experiment) Moss Concrete Traditional Concrete
Porosity 10.0 25.0 10.0 %
Water Retention 15.0 40.0 28.0 %
Moss Coverage 0.0 60.0 15.0 %

- 0, niti
Freeze-Thaw Cycles Mass 0.0 19 0.8 0% of initial
Loss mass
Compressive Strength 45.0 40.0 45.0 MPa

. . Smooth surface, Moss-covered, Minimal moss,
Visual Quality mostly smooth -

no Moss textured surface
surface
Surface Albedo 0.80 0.65 0.75 -
Data Analysis
Table 3: Water Retention: T-Test
Sample Type Mean Retention (%) | Standard Deviation | T-Value | p-Value | Significance
Moss Concrete 40 5.0 4.75 0.001 Significant
Traditional Concrete 28 4.8
Table 4: Repeated Measures ANOVA for Moss concrete growth
. Moss Concrete Traditional N

Time (weeks) (%) Concrete (%) F-Value p-Value Significance
Week 0 5 5
Week 2 20 8
Week 4 40 12
Week 6 55 15 12.89 <0.01 Significant
Week 8 60 15
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Water Retention Comparison

= 45 2
& 40
g 33 p!
2 30
= 23
= 20
5 i; o Water Retention (%)
= 5
0 . . .
Traditional Concr  Bio Receptive Co
ete nerete
w Water Retention (%) 29 40

Concrete Type

Figure 22 Water Retention Comparison (Source: Author)

Bio-receptive concrete growth

Muoss Coverage (%)

=8 Bio Receptive Concrate
Moss Coverage (%)

Traditional Concretz Mos |

s Coverage (%2)

4 11 0

30 40 48 35 3@ 60

A
=3
b=l

10112 14 15 15 16

Time (Weeks)

=& Bio Receptive Conerete Moss Coverage (%%)
Traditional Concrete hoss Coverage (%3)

Figure 23 Moss concrete Growth (Source: Author)
Paired T-Test for Durability

Table 5: Present the durability results (mass loss and compressive strength):

Mean Mass Compressive -
Sample Type Loss (%) Strength (MPa) T-Value p-Value Significance
Moss Concrete 0.5 35 0.45 0.65 Not Significant
Traditional 04 34
Concrete

Detailed Observations:

Moss concrete shows a marked increase in porosity from 10% to 25%, which facilitates water retention and moss
growth. Traditional concrete retains its original porosity (10%). Moss concrete demonstrates a significant increase
in water retention capacity (40%), compared to only a moderate improvement (28%) in traditional concrete. Moss
coverage increases from 0% to 60% on Moss concrete, whereas traditional concrete shows minimal growth
(15%).Moss concrete exhibits a slightly higher mass loss of 1.2%, compared to 0.8% in traditional concrete, due
to its increased porosity. Moss concrete shows a slight reduction in compressive strength (from 45 MPa to 40
MPa), whereas traditional concrete maintains its original strength moss concrete reduces surface albedo from 0.80
to 0.65 due to moss coverage, which may contribute to reduced heat island effects. Traditional concrete maintains
a higher albedo of 0.75, reflecting more sunlight. Moss concrete develops a textured, moss-covered appearance,
improving aesthetics and promoting ecological integration. Traditional concrete remains smooth with minimal
moss. This data reflects the ecological and functional benefits of Moss concrete for sustainable building practices.
While minor trade-offs in durability exist, the material's enhanced porosity, water retention, and moss
compatibility offer significant environmental advantages.
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11. Conclusion

The research findings underscore the potential of Moss concrete as an innovative and sustainable material for
modern construction. The increased porosity of Moss concrete, from 10% to 25%, enables superior water retention
(40%) (Figure 22) and fosters moss growth, reaching up to 60% coverage over time (Figure 23). This is in stark
contrast to traditional concrete, which retains its original porosity, achieves only 28% water retention, and supports
minimal moss growth (15%). These properties of Moss concrete not only enhance ecological integration but also
contribute to environmental benefits, such as mitigating urban heat island effects through reduced surface albedo
(0.65 compared to 0.80 for traditional concrete). Despite these advantages, Moss concrete demonstrates a slight
trade-off in durability. A marginal increase in mass loss (1.2% vs. 0.8% for traditional concrete) and a minor
reduction in compressive strength (from 45 MPa to 40 MPa) were observed, likely due to its enhanced porosity.
However, these trade-offs are outweighed by its ecological contributions, aesthetic improvements, and alignment
with sustainability goals. The study concludes that Moss concrete is a promising material for environmentally
conscious construction, particularly in urban contexts where ecological integration and aesthetic appeal are
priorities. Future research could explore strategies to further optimize its durability without compromising its
Moss properties, ensuring a balanced approach to sustainability and functionality.

Moss concrete represents an innovative approach to sustainable architecture, which incorporates living elements
into the built environment. The environmental, aesthetic, and functional qualities of Moss concrete provide an
opportunity as a valuable material in the creation of sustainable, greener spaces in urban settings. The long-term
prospects of widespread usage of Moss concrete still face challenges, however, ongoing research and development
will likely circumnavigate existing obstacles and Moss concrete will become commonplace in eco-friendly
architectural design. In conclusion, these case studies display the potential of transformative urban architecture,

as when bio matter becomes architectural matter, it provides unique environmental, aesthetic, and functional
attributes. In the construction of large-scale green facades, as demonstrated at One Central Park, or responding to
the experimental design concept with the Bio Moss Pavilion, Moss concrete has exhibited its versatility and
capability as an innovative material in green urban outcomes. Challenges encountered at these sites; maintenance,
and environmental suitability reinforce the notion of opportunities for future inquiry and funding support. Finally,
the evolution of sustainable architecture relies on the use of materials such as Moss concrete to aid in the creation
of healthier, greener urban environments.
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