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Abstract

The rapid growth of urban green spaces in Bangkok’s government agencies generates
substantial amounts of organic leaf waste, which imposes significant financial burdens and
environmental challenges when managed through conventional disposal methods. This study
guantifies leaf waste generation in three government agencies and evaluates its potential
valorization into composite panels as a sustainable alternative to plywood. Over a 30-day period,
daily leaf waste generation ranged from 86.50 to 172.33 kg, highlighting a consistent biomass
stream with high potential for reuse. Composite panels were fabricated by combining leaf waste
with a urea-formaldehyde adhesive and a paraffin emulsion and then hot-pressed into 30 x 30 x 3
cm sheets. Mechanical testing revealed an average tensile strength of 0.063 MPa and a compressive
strength of 5.45 MPa, values that are below the Thai Industrial Standard (TIS 966-2547) for
Medium-Density Fiberboard (MDF) requirements for structural applications but are acceptable for
lightweight, non-load bearing uses, such as interior decoration and furniture components. The
findings underscore the dual benefits of this approach: reducing greenhouse gas emissions and
landfill dependency while lowering waste management costs. By integrating circular economy
principles, this research demonstrates the feasibility of upcycling leaf waste into innovative
products, providing both environmental and socio-economic value.
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Introduction improperly managed, this waste contributes
significantly to greenhouse gas emissions,
leachate contamination, and land use burdens.
These impacts undermine several United
Nations Sustainable Development Goals

Globally, the management of organic
waste has become a pressing sustainability
challenge. This issue is escalating due to

rapid urbanization, population growth, and
unsustainable consumption patterns. According
to the United Nations Environment Programme
(UNEP, 2021) [1], organic waste—including
food scraps, yard trimmings, and agricultural
residues—accounts for more than 40% of
total municipal solid waste worldwide. When

(SDGs), especially SDG 11 (Sustainable Cities
and Communities), SDG 12 (Responsible
Consumption and Production), and SDG 13
(Climate Action) [2]. Recent scholarship
emphasizes that organic waste should no
longer be viewed merely as a disposal problem.
Instead, it is a valuable resource that can
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be transformed into energy, compost, or
innovative biomaterials [3, 4]. This paradigm
shift aligns with the principles of the circular
economy, which seeks to extend material
lifecycles, minimize environmental impact, and
foster socio-economic benefits through waste
valorization [5].

The global environmental situation is
deteriorating  with increasing  severity,
particularly the problem of solid waste, the
volume of which is escalating due to
consumption, especially in large urban areas.
According to the Pollution Control Department
(2023) [6], Thailand generated 28.71 million tons
of municipal solid waste nationwide. Of this
amount, 9.81 million tons (34.20%) were
properly disposed of, 12.52 million tons
(46.60%) were recycled or utilized, and a
significant 6.38 million tons (22.20%) were
improperly managed. In Bangkok alone, 4.95
million tons of waste were generated, with 1.10
million tons utilized and 3.85 million tons
properly disposed of. Although no data on
improper disposal in Bangkok was specified, a
portion of the properly disposed waste could
potentially be upcycled [7].

The operation to achieve the nation’s
solid waste management goals effectively
according to international standards s
mentioned in item 18 of the master plan
under the National Strategy, 2018-2037 [8]
emphasizes the need to achieve efficient waste
management goals aligned with international
standards. This requires focusing on waste
reduction at the source. It calls for campaigns
and awareness-building among the public and
all relevant sectors, including households,
educational institutions, businesses, and
government offices. The plan also supports the
use of environmentally friendly goods and
services. It promotes the separation and
recycling of waste and encourages the design
of long-lasting, reusable products. This aligns
with the principles of a circular economy,
which seeks to resolve waste issues by adding
value to discarded materials [9].

Government agencies are numerous
and widespread throughout Bangkok. These
agencies provide various public services and
facilitate visitors, and nearly all maintain
landscaped gardens and green spaces to

create a pleasant and aesthetically pleasing
environment [7]. However, managing these
extensive green areas incurs significant annual
expenses. These costs include landscape
maintenance, monthly decorations, and the
disposal of specific waste types, such as leaves,
branches, and grass clippings. The daily
accumulation of this waste presents a major
disposal challenge, as municipal services often
do not collect this type of waste, necessitating
special private hauling services at a
considerable budgetary expense.

This study specifically explores the
management of leaf waste generated in the
green areas of government agencies in
Bangkok, addressing the practical challenges
of collection, processing, and utilization. Three
agencies with landscaped areas of at least 1 rai
(1,600 m2) were selected as study sites. The
research focuses on developing an innovative
panel material by using leaf waste as a
substitute for plywood and evaluating its
properties in accordance with the Thai
Industrial ~ Standard for  medium-density
fiberboard (TIS 966-2547 for MDF) [10] for
panels thicker than 15 mm. The study is guided
by two primary objectives: (1) to quantify the
amount of organic leaf waste generated in the
green areas of these government agencies,
and (2) to produce and assess the quality of
composite panels derived from the collected
leaf waste. By integrating waste quantification
with material development and performance
testing, this research aims to provide a
sustainable approach for valorizing leaf waste
while addressing practical challenges in urban
waste management.

Methodology

Phase 1: Quantifying Leaf Waste

Population and Sample: For this phase,
the population consisted of green areas at
government agencies in  Bangkok, each
measuring at least 1 rai and maintained by staff
or external contractors. Among 30 such agencies
identified, a sample of three agencies volunteered
to participate: (1) The Faculty of Science,
Chulalongkorn University, (2) The Office of the
Permanent Secretary, Ministry of Finance, and
(3) The National Learning Museum.



Thai Environmental Engineering Journal Vol. 39 No. 3 (2025) 33

Data Collection: At each of the three
sites, leaves were collected and weighed daily
for 30 consecutive days in May 2022 to
measure the quantity of leaf waste. We
collected leaf samples in May 2022 because
this month represents the period with the
lowest leaf-fall in the study area. By selecting a
month with minimal leaf drop, we aimed to
establish a baseline measurement of leaf waste,
which allows for consistent comparison across
sites. Collecting during months with higher
leaf fall, such as in the autumn, could introduce
variability that might obscure underlying
patterns in leaf waste generation.

Phase 2: Production and Quality Testing of
Composite Panels

Previous research has explored methods
for producing plywood substitutes from natural
waste materials, such as leaves, to add value
and reduce waste volume. The general process
involves collecting and cleaning the leaves,
shredding them into small particles, and
mixing them with a binder such as urea-
formaldehyde adhesive before pressing. To
avoid redundant experimentation, this study
adopted a formula from a similar study.

This approach is further supported by the
fact that, although leaf waste and cattail fiber
originate from different plant sources, both
materials are fundamentally lignocellulosic
fibers, composed primarily of cellulose,
hemicellulose, and lignin [11-13]. The presence
of these polymers provides structural rigidity and
binding potential, which are essential properties
for fiberboard production. Despite differences
in chemical composition ratios and particle
morphology, the shared lignocellulosic nature of
the two materials indicates that production
methods and adhesive systems optimized for
cattail fiber can be transferred, with minor
adjustments, to leaf waste. Therefore, adopting
the existing formula from the cattail fiber study is
justified, providing a practical and scientifically
supported starting point while maintaining
material performance.

1. Materials and Equipment

Materials: Leaf waste from the
sample sites, urea-formaldehyde adhesive, and
paraffin emulsion.

Equipment: A material shredder, a
Master Model 24N hot press, forming molds, a
digital precision scale, a Universal Testing
Machine (UTM) for tensile and compressive
strength, and a moisture tester.

2. Production Formula The production
ratio was based on the optimal formula identified
by Phonieum (2016) [14] for producing
composite panels from cattail plants. The optimal
cattail particle board formulation was determined
to be a ratio of 50 (Cattail): 75 (Urea
formaldehyde): 10 (Paraffin emulsion) (10:15:2).
This formulation yielded excellent physical
properties, including a Modulus of Rupture
(MOR) of 15MPa, a Tensile Strength of
5.75MPa, and a Moisture Content of 4.97%.
Crucially, these measured properties were found
to be in accordance with the requirements
stipulated by the Thai Industrial Standard for
Flat-Pressed Particle Boards. Consequently, the
produced particle board is deemed highly suitable
for various craft-making applications.

The ratio of materials is shown in
Table 1.

3. Production Process

3.1 Selected leaf waste was sun-dried,
ground in a semi-fine shredder, and then
dried again before being formed (Figure 1).
In a mixing container, 100 g of dried, ground
leaf waste was combined with 150 g urea-
formaldehyde adhesive and 20 g paraffin
emulsion.

3.2 The mixture was poured into a 30
x 30 cm square mold at a thickness of 3 cm.
The material was spread evenly, covered, and
placed in a hot press at 120°C for 3 minutes.
After pressing, the sheet was moved to a
cooling rack for 3 minutes.

3.3 The finished composite panel was
demolded and conditioned at room temperature
for one week before testing.

Table 1 Material Ratio for Composite Panel Production

Component Ratio Experimental Quantity (g)
Leaf Waste 10 100
Urea-Formaldehyde Adhesive 15 150
Paraffin Emulsion 2 20
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Figure 1 Preparation of leaf waste: leaves were sun-dried, ground using
a semi-fine shredder, and dried again prior to forming

4. Physical Property Testing The physical
properties of the composite panels were tested
and compared against the TIS 966-2547
standard. Two key properties were evaluated:

a. Tensile Strength: This test measures
the panel's ability to resist being pulled
apart. Samples were cut to a standard size of 10 x
10 x 3 cm. Each sample was secured in the grips
of a Universal Testing Machine (UTM). The
samples were subjected to a standardized pulling
force until failure. The maximum force before the
sample broke was recorded. The tensile strength
(o) of a material represents its ability to resist
deformation and failure under a pulling force.
It is calculated using the following formula [15]:

Fmax
A
Where:
o = Tensile strength (MPa)
Fmax = Maximum load applied to the
specimen before failure (N)
A = Cross-sectional area of the

specimen (mm?)

b. Compressive Strength: This test
measures the panel's ability to withstand a
crushing force. Samples were cut to a standard

size of 5cm x 5 cm x 5 cm. Each sample was
placed in the UTM and subjected to an
increasing compressive force until it deformed
permanently or fractured. The maximum force
the sample could withstand was recorded.
The compressive strength (o) of a material
indicates its ability to withstand axial
compressive forces without failure. It is
calculated using the following formula [16]:

o =Fmax
¢ A
Where:
o. = Compressive strength (MPa)

Fmax = Maximum load applied to the
specimen before failure (N)

A = Cross-sectional area of the
specimen (mm2)

Results and Discussion

Quantity of Organic Leaf Waste study

The study quantified leaf waste
generation in the green areas of three selected
government agencies in Bangkok. The results
are summarized in Table 2.
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Table 2 The amount of leaf waste in the sample areas

Agency Area | Total Volume | Average | Transportation Cost
(rai) (kg/30 days) | (kg/day) (THB/month)
Faculty of Science, Chula. 9.18 2,750 88.71 3,000.00
The Office of the Permanent |, 5,170 172.33 4,500.00
Secretary, Ministry of Finance
National Learning Museum 7.00 2,595 86.50 3,000.00

The results indicate that the three
agencies—Faculty of Science, Chulalongkorn
University; the Office of the Permanent
Secretary, Ministry of Finance; and the National
Learning Museum—generated differing amounts
of leaf waste from their landscaped areas,
averaging between 86.5 kg and 172.33 kg per
day. This highlights a substantial and consistent
source of organic waste with significant potential
for valorization.

Transforming leaf waste into value-added
products, such as composite panels, can
address multiple challenges. First, it contributes
togreenhouse gas mitigation by  reducing
methane emissions from landfill disposal, a
major source of anthropogenic emissions [17].
Second, it offers cost-saving opportunities
by lowering expenditures associated with
waste collection and transportation, particularly
in locations generating large volumes of leaf
waste [3].

Moreover, the development of leaf-waste-
based products aligns with circular economy
principles, providing a sustainable pathway
for resource recovery while adding economic
value to organic residues. Advanced processing
technologies, including  biochemical  or
thermochemical conversion, can further enhance
the quality and durability of these products,
increasing their industrial applicability [18].

In conclusion, the significant volume of
leaf waste from urban green areas presents a
promising feedstock for sustainable product
development. Utilizing this resource can
simultaneously mitigate environmental impacts,
reduce operational costs, and support circular
economy strategies in urban waste management.

Composite panels from the leaf waste
production

The production process successfully
yielded 30 x 30 x 3 cm composite panels from
the collected leaf waste (Figure 2).

Figure 2 Composite panels from the leaf waste
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The Physical property tests of Composite
panels from the leaf waste

Tensile Strength

Three samples of the composite panels
(CP1, CP2, CP3) were tested. The results
were 0.068 MPa, 0.080 MPa, and 0.038 MPa,
respectively, yielding an average tensile strength
of 0.063 MPa. When compared to the Thai
Industrial Standard (TIS 966-2547) for Medium-
Density Fiberboard (MDF) (thickness > 15 mm),
which requires a minimum tensile strength of
0.5 MPa, the leaf-waste panels were significantly
below the standard (Figure 3 and Table 3).

The tensile strength of three composite
panels (CP1, CP2, CP3) from leaf-waste was
evaluated, and the results are summarized in
Table 3. The measured tensile strengths were
0.070, 0.080, and 0.040 MPa, respectively,
yielding an average tensile strength of 0.063
MPa. Compared to the Thai Industrial Standard
(TIS 966-2547) for Medium-Density Fiberboard
(MDF) with a thickness greater than 15 mm,
which requires a minimum tensile strength
of 0.5 MPa, the leaf-waste panels exhibited

considerably lower mechanical performance.
At the same ratio, when compared with the
study of Phonieum (2016), which used Typha
angustifolia (Cattail) as raw material, it was
found that the fiberboard made from cattail
had a tensile strength of 5.75 MPa. In contrast,
the leaf-waste fiberboard showed an average
tensile strength of only 0.063 MPa, which is
considerably lower than that of the cattail
board.

This significant deviation from the
standard highlights the inherent limitation of
using untreated leaf waste as a primary
material for structural panels, likely due to the
low fiber cohesion and insufficient binding
strength. Previous studies have shown similar
trends when using agricultural residues or
natural fibers in composite panels, highlighting
the need for chemical or physical modifications
to enhance tensile performance [19, 20]. These
modifications may include the use of stronger
adhesives, fiber pre-treatment, or hybridization
with higher-strength fibers to improve the load-
bearing capacity of the panels.

Figure 3 Tensile strength measurements of composite panels from the leaf waste.

Table 3 Mean Tensile Strength Values of Leaf-Waste Composite Panels from Triplicate Tests

Three samples of leaf-waste panels Tensile strength (MPa)
CP1 0.070
CP2 0.080
CP3 0.040
Average 0.063
Standard 0.500

Note: Units are in megapascals (MPa). FS refers to the standard value for medium-density
fiberboard panels with a thickness greater than 15 mm, according to TIS 966-2547.
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Implications: While leaf-waste panels
may not meet structural standards for MDF,
they still hold potential for non-structural
applications, value-added products, or as
eco-friendly alternatives in furniture and
decorative panels, aligning with the principles
of the circular economy and sustainable waste
management [3, 17].

Compressive Strength:

Three samples (CP1, CP2, CP3) were
tested (Figure 4).

The compressive strength of the composite
panels fabricated from leaf waste was assessed
through standard testing procedures. The results
are as Table 4.

The compressive strength  values
obtained for the leaf waste composite panels,
ranging from 4.96 MPa to 6.36 MPa with an
average of 5.45 MPa, are lower than those of

conventional construction materials; however,
they still demonstrate potential for specific
applications. For instance, the compressive
strength of concrete typically ranges from 17
MPa to 70 Mpa [21], while fiber-reinforced
composites often exhibit compressive strengths
around 20 Mpa [22]. Although the values of
leaf waste composites are comparatively lower,
their performance suggests promising potential
for lightweight, non-structural applications in
sustainable construction. At the same ratio,
when compared with the study of Phonieum
(2016), which used Typha angustifolia (Cattail)
as raw material, it was found that the
fiberboard made from Cattail had a
compressive strength of 15 MPa, while the
leaf-waste fiberboard showed an average
compressive strength of only 5.45 MPa, which
is much lower than that of the cattail board.

Figure 4 Compressive Strength test of composite panels from the leaf waste

Table 4 Mean Compressive Strength Values of Leaf-Waste Composite Panels from Triplicate Tests

Sample Compressive Strength (N) Compressive Strength (MPa)
CP1 12,600.00 5.04
CP2 15,600.00 6.36
CP3 12,400.00 4.96

Average 13,533.33 5.45

Note: The compressive strength values are calculated by dividing the maximum load (in Newtons)
by the cross-sectional area (in square millimeters) of each sample.
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Besides mechanical performance, using
leaf waste in composites offers environmental
benefits by reducing waste and diverting organic
matter from landfills, thereby reducing
greenhouse gas emissions, such as methane [23].
Valorizing this biomass also supports the circular
economy and sustainable waste management.

From an economic perspective, producing
such composite panels can lower waste
management costs and reduce dependence
on virgin raw materials. By incorporating
locally available leaf waste, transportation and
procurement expenses are minimized, resulting
in more cost-effective and environmentally
sustainable production of building materials [24].
Although the leaf-waste panels did not satisfy
industrial requirements for structural (load-
bearing) applications, their current composition,
manufacturing form, and measured mechanical
behaviour indicate clear suitability for non-load-
bearing uses, such as interior decoration, wall
cladding (coverings fixed to walls), partitioning
(dividing interior spaces), and certain furniture
components. Evidence from recent literature
shows that biomass-derived panels and natural-
fiber composites (materials made from plant
fibers and resins) have been successfully applied
in lightweight interior panels and decorative
elements when mechanical demands are
moderate and surface treatment or lamination
(applying a protective or decorative layer) is
applied [25, 26]. Such applications capitalize on
the low density (light weight), thermal, and
acoustic (Sound-insulating) benefits, as well as
the lower embodied carbon (total greenhouse
gases emitted during production), of biomass
panels compared with many conventional
materials [27].

To improve applicability and marketability
for interior, non-structural roles, several
development pathways are recommended. First,
mechanical reinforcement and hybridization,
blending leaf fiber with higher-strength
fibers or wood particles, or incorporating
particulate reinforcements, have been shown
to increase stiffness and compressive/tensile
performance without excessively increasing
density [28, 29]. Hybrid panel formulations
and optimized particle size distributions can
substantially reduce thickness swelling and
improve modulus of rupture. Second, adhesive
chemistry and pre-treatments (e.g., fiber surface
modification, alkaline treatments, or coupling

agents) can significantly enhance fiber matrix
bonding and long-term durability, thereby raising
tensile and bending strengths and improving
moisture resistance [28]. Third, process and
finishing improvements, including hot-press
parameter optimization, the addition of suitable
binders or thermoset/thermoplastic matrices, and
the application of surface laminates or coatings,
enhance surface aesthetics, abrasion resistance,
and dimensional stability, rendering panels
suitable for visible interior applications [25, 27].

Beyond technical performance, valorizing
leaf waste into panels delivers notable
environmental and economic co-benefits.
Life-cycle and environmental assessments of
upcycled panel products indicate reductions
in landfill demand and associated methane
emissions, lower embodied carbon relative to
many conventional materials, and potential
operational cost savings from reduced waste
hauling and lower raw-material procurement
needs, outcomes that strengthen the circular-
economy case for on-site or municipal
valorization programs [27]. For example, one
life-cycle assessment (LCA) study of wood
waste panels showed cradle-to-grave GHG
emissions of approximately 321 kg CO, - eq per
tonne of panel, compared to ~1,610 321 kg CO; -
eq for conventional disposal routes (Al-Saadi
etal.,, 2022). Another bio-based multilayer panel
study reported a ~12% reduction in climate-
change impacts compared to a fossil-based
benchmark [29].

In summary, while further R&D is
needed to enhance mechanical properties for
structural use, current evidence supports a
practical approach: utilizing leaf-waste panels
initially in non-structural interior applications
(such as decorative panels, partitions, and
furniture), while pursuing improvements in
reinforcement, finishing, and processes to
broaden their use and acceptance. This staged
strategy balances short-term environmental and
economic benefits with ongoing performance
advances [25, 28].

Conclusions and Recommendations

This study demonstrates that the
substantial amount of leaf waste from
government green areas in Bangkok represents
an underutilized resource of great value. The
tests showed that panels made from leaf waste
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are not yet strong enough for building
structures, but they are firm and suitable for
indoor uses, such as room dividers, wall
coverings, and decorative furniture. Besides
being useful, making these panels helps lower
greenhouse gas emissions, reduces city waste
costs, and aligns with Thailand’s goals for
improved waste management and the United
Nations' Sustainable Development Goals.
Future research should aim to enhance the
material's strength and appearance by
combining fibers, treating the leaves with
chemicals, and refining the surface, as recent
studies suggest these steps are highly
beneficial. Turning leaf waste into panels
presents a practical and creative approach to
supporting the circular economy in cities,
yielding  positive  outcomes  for  the
environment, economy, and society.
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