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Abstract. One of the strategies to improve acidic and nutrient-poor mine land is using organic fertilizers.
Considering the large demand for fertilizers in reclamation, it is essential to reuse wastes and residues as
resources to produce new products—a concept known as the “circular economy” approach. Fly ash, bottom
ash, and local organic waste are abundant materials with the potential for organic fertilizer. Therefore, this
study aims to optimize the utilization of fly ash, bottom ash, and local organic material to support the circular
economy in the reclamation of coal mine land. The method used is aerobic composting with a passive aerated
windrow. Turning and passive pipe aeration are used in this procedure. The results showed that the local
organic materials mixed with FABA met the Indonesian National Standard (SNI) quality requirements.
Adding 20%-40% FABA is an acceptable dose to meet SNI criteria. This innovation of reutilizing residual
organic and non-hazardous waste is useful to extend the life cycle of waste.

1 Introduction

One indicator of successful coal mine land
reclamation is characterized by revegetation plants
that can be adaptive and grow optimally according to
the reclamation plan. However, vegetation
adaptability is often strongly influenced by highly
acidic soil conditions caused by high levels of sulfide
minerals. This causes a high need for liming to
increase soil pH.

Mine-Mouth Coal-Fired Power Plant is a power
plant that utilizes low-calorie coal and contains
relatively high-water content. The waste generated
from the combustion process is Fly Ash and Bottom
Ash (FABA). Approximately 5% of solid pollutants are
formed during coal burning as FABA, of which 85-
95% are fly ash and 5-15% are bottom ash of the total
ash produced [1], [2], [3]The latest Government
Regulation (PP) 22/2021 explains that FABA has
become a non-B3 (Hazardous and Toxic Material)
waste category. Previous research has shown that
FABA can increase the pH of acidic soil. [4]. In
addition, FABA can also be used as a fertilizer, but it
is not able to provide enough essential elements.
Therefore, organic materials remain an addition as the
main source of nutrients for plants.
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Abundant local organic materials can be
sustainably managed for fertilizer to support
accelerated reclamation. Potential organic materials
on former coal mine land are Gliricidia sepium (local
name “Gamal”) and green waste. Material from G
sepium is harvested from pruning activities to
increase canopy closure afterward. Canopy full
coverage (100%) is an aspect of reclamation success
assessment [5]. Meanwhile, green waste is residual
organic material from revegetation maintenance in
the form of weeds (grass, sedges, cogongrass, and
herbs) removal from revegetation areas [6], [7].

The utilization of FABA and residual organic
materials is an initiative activity of circular economy
in coal mine reclamation. A circular economy is
reusing "waste" as a resource to produce new products.
The application of fertilizer derived from this circular
economy supports the success of revegetation efforts.
Given the vast area of reclaimed land, it is necessary
to identify the potential for quality fertilizers and
their independent and sustainable use [8]. Therefore,
it is necessary to know how the quality of FABA and
local organic materials as fertilizers and their quality
according to SNI 7738: 2024 about Organic Solid
Fertilizers.

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons Attribution
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2 Materials and Method

2.1 Location, materials, and tools

Composting was conducted at PT Bukit Asam
Tanjung Enim, South Sumatra from August to
November 2023. Analysis of quality of compost was
analyzed at the Coal Testing Laboratory of PT Bukit
Asam, and the Laboratory of the Department of Soil
Science and Land Resources, IPB University.

The organic materials used in this study were
young stems and leaves of Gliricidia sepium from
pruning activities, green waste from removal weeds
(grass, sedges, and cogongrass and herbs), and fly ash
- bottom ash from Power Plant PT Bukit Asam
Tanjung Enim. In addition, local microorganisms
from rice were used. Composting tools include a
chopping machine to chop the compost materials, a 4-
inch PVC pipe as a perforation pipe (placed at the base
of the pile), a l-inch PVC pipe for measuring
temperature (vertically placed on the pile), and a
thermometer.

2.2 Research Design

The composting method used was the passively
aerated windrows, which is conducted by piling all
the compost materials and allowing them to
decompose naturally using aeration settings and
turning [9], [10]. This study utilized aerobic
composting, with no additional nutrients introduced.
The composting treatment combined organic
materials and FABA dosage (% w/w). The 6
composting piles were treated as follows:
1. GS 80/20 = G. sepium 80% and FABA 20%
GS 70/30 = G. sepium 70% and FABA 30%
GS 60/40 = G. sepium 60% and FABA 40%
GW 80/20 = Green waste 80% and FABA 20%
GW 70/30 = Green waste 70% and FABA 30%
GW 60/40 = Green waste 60% and FABA 40%

2.
3.
4.
5.
6.

ig. 1. The piles of green waste with passively aerated
windrows
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Fig. 2. The piles of sepium with passively aerated

windrows

2.3 Research Procedure and Data Analysis

The composting procedure begins with collecting fly
ash, bottom ash, G. sepium (young stem and leaf), and
green waste. Fly ash-bottom ash was collected from
the waste stockpile, while young stems and leaves
were obtained from pruning in G. sepium stands
during the vegetation maintenance. When workers
clear weeds, the green waste collected may include
cogongrass, sedges, grass, and herbs.

Furthermore, organic materials are cut using a
chopper machine and weighted. Then, each organic
material and FABA was stacked according to the
treatment by placing 5-6 perforated pipes at the base
of the pile. The perforation pipe aims at the aeration
path to decompose the compost material.

On the first day of stacking, materials piles are
irrigated with water that has been combined with
local microorganisms (MOL) to a wetness level of 45
to 60% of the total weight or enough wet conditions
if squeezed by hand [9]. In addition, three spot
standpipes of temperature-measuring pipes were
placed to measure the temperature inside the pile
(Figures 1 and 2). The pile was turned every 2 weeks.

Research data collection was collected for 8 weeks,
including color changes, temperature changes, and
some of the quality of compost products such as water
content, pH, C-Organic, C/N ratio, and N, P20s Total,
total K20 Total referring to the Indonesian National
Standard - SNI 7763: 2024 [11].

3 Result and Discussion

3.1 Characteristics of Fly Ash and Bottom Ash

The pH of fly ash and bottom ash is alkaline.
Generally, lime is used to increase the pH. Fly ash
contains a large amount of CaO, it can substitute for
lime [12]. In addition, it is also cheaper than lime [13].
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Table 1. Characteristics of Fly Ash and Bottom Ash

(FABA)
Parameter Fly Ash Bottom Ash
Water Content (%) 6.33 0.94
pH 8.28 7.46
N Total (%) 0.44 0.46
P20s Total (%) 0.29 0.06
K20 Total (%) 0.09 0.08
SiO2 (%) 46.44 88.29

Table 1 shows that SiOz represents the dominant
composition in FABA, especially in bottom ash. The
high content of SiO2 is beneficial for increasing pH in
acidic soils [2], [13]. Metallic oxides represent the
majority of the components. Principal oxide contents
are often shown in  descending order:
Si02>A1203>Fe203>Ca0>MgO>K20 [14].

Fly ash and bottom ash from Bukit Asam showed
very low macronutrients (N, P, K). The total P20s
value is lower than the FABA from Suge Steam Power
Station, Belitung Island, with values of 5.42 (fly ash)
and 3.89 (bottom ash) [1]. Although the coal raw
material used by PLTU Bukit Asam is sub-bituminous,
PLTU uses bituminous and sub-bituminous.

3.2 Color Changes

Fresh organic material is characterized by a green
color, and after mixing FABA, it becomes black, due
to fly ash turning darker or blackish. Figures 3 and 4
show changes in the color of green waste and different
G. sepium at the 1%, 4%, and 8" weeks. The color of
the compost material changes gradually towards a
more solid black or solid brown [15].

GW 60/40 GW 80/20

Fig. 3. Color change of composting green waste at 1%, 4,

GW 70/30

and 8 weeks

The compost's degree of maturity can be ascertained
using value Y as a criterion. Value Y, which is
associated with the perception of brightness,
characterizes the greenish part of a color [16], [17].
Additionally, its constant value, Y, indicates the
maturity threshold and not full maturity [16].

The darker appearance also shows that the
particle size towards the 8" week showed a crumbly
compost particle size. Aerobically produced compost
is indicated by a darker brown or black color, crumb,
and normal temperature (following room
temperature) [10].

GS60/40 | GS70/30 | GS80/20

Fig. 4. Color change of composting G. sepium at 1%, 4®, and
8% weeks

3.3 Composting Temperatures

The composting temperature of a mixture of G
sepium and FABA significantly increased compared to
the compost pile made from green waste (Figure 5), as
indicated in Figure 6. This is evident from the fact
that the temperature temperature of the GS 80/20
(80% G. sepium + 20% FABA) compost reached 61°C,
while the GS 70/30 (70% G. sepium + 30% FABA) and
GS 60/40 (60% G. sepium + 40% FABA) compost
reached 51°C. The optimal temperature for initiating
composting in the substrate is below 55°C, and the
peak microbial activity in composting waste occurs
when the temperature is less than 58°C [18].
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Fig. 6. The composting temperature of G. sepium and FABA
Table 2. Quality of compost of G. sepium dan green waste mixed FABA
Parameter GS 60/40 | GS 70/30 | GS 80/20 | GW 60/40 | GW 70/30 | GW 80/20 SNI*
Water Content (%) 22.15 31.37 32.37 23.12 29.05 28.37 8-25
pH 8.51 9.00 8.36 8.34 8.08 8.36 4-9
C-Organic (%) 14.73 18.64 17.18 18.53 18.65 17.76 Min. 15
N-Total (%) 0.86 1.03 1.03 1.03 1.06 0.99
P20s-Total (%) 0.29 0.27 0.28 0.27 0.28 0.24 Total Min. 2 %
K20-Total (%) 0.85 1.06 0.82 1.14 1.35 1.05
C/N ratio 17.1 18.1 16.7 18.0 17.6 17.9 Maks. 25

*Indonesian National Standards (SNI) 7763:2024 about Organic Solid Fertilizers

The temperature peak observed in G. sepium
aligns with Rynk et al.'s theory that 48-60°C supports
the activity of thermophilic bacteria involved in
material decomposition [10]. Composting processes
typically consist of three main phases: initial,
thermophilic, mesophilic, or mature [19]. The
thermophilic phase represents the peak phase, as
depicted in Figure 6. In the case of GS 80/20 (G
sepium 80% and 20% FABA), temperatures ranging
from 45 to 61.3°C were reached, indicating the
activity of thermophilic organisms in degrading
organic compounds.

The graph illustrates a temperature increase in the
green waste pile (from day 1 to 5), signaling water
evaporation and accelerating the microorganisms'
activity rate in decomposing raw materials. However,
the peak temperature point
composting reached 43°C, which is presumed to
represent the thermophilic phase, despite some
literature suggesting that thermophilic temperatures
should reach values of 55-60°C [10]. Subsequently,
there is a gradual temperature decrease until it
reaches ambient temperature. The extended phase,
known as the maturing phase, is characterized by a

in green waste
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temperature reduction until it stabilizes at around
23°C, allowing the organic material to stabilize [20].

3.4 Quality of Compost

The pH values of the G. sepium compost and green
waste at the end of the observation were 8.08-9.00,
which follows quality standards. FABA influences the
final pH value when mixed with organic materials.
The content of FABA can increase the pH in acidic
soil. FABA, which is more dominated by high SiO2
(Table 1), is a component that can improve soil pH.
This will greatly assist in supporting the acceleration
of reclamation. The combination of compost made
from organic materials (G. sepium and green waste)
plus FABA is an appropriate, simple, and quick-
maturing mix (easy to decompose and support the
reuse of waste).

The C/N ratio is particularly essential in
establishing the eventual quality of compost [21].
Fresh grass typically has an initial C/N ratio of 20-25
[15], [22], whereas green waste (residues from
mimosas, palm, pine, and olive trees) has a C/N ratio
of 30—40 [23]. However, fresh G. sepium leaves have
a lower C/N ratio of roughly 10-15 [24]. According to
the final data, the C/N ratio dropped to 16-18 during
60 days. In comparison, this involved 105 days of
composting green waste and 6.2%-12.4% fly ash [19],
[25].

According to the research of Khasanah et al. [26]
and Zuhriansah et al. [27], the optimal compost
treatment was found at 15% fly ash. Nonetheless, the
study's findings indicate that a fly ash-bottom ash
concentration of up to 40% is sufficient to speed up
composting. This is consistent with a study by Wong
et al. that suggested adding CFA (5-10%) + lime to the
system at 1.88% CaCOs equivalent to achieve pH
buffering and encourage organic decomposition [28].

Therefore, when the topsoil has been removed,
both organic fertilizers should be applied to increase
the likelihood of successful restoration in scenarios
with low or severely low fertility, given the current
circumstances. When compared to artificial
fertilizers, the fertilizer made from composted G.
sepium can also more successfully lower economic
expenses [6].

4 Conclusion

The quality of G. sepium and green waste compost
added with FABA follows SNI, such as pH, C-Organic,
Total N, Total P20s, Total K20, and C/N ratio. This
shows that local organic materials added with FABA
at a dose of 20-40% still provide quality that follows

SNI. The mining industry is reassessing its position as
the circular economy gains traction as it understands
that it must continue to produce the minerals
necessary to complete the clean energy transition
while also increasing community value for the future.
Optimizing FABA and green waste means seeking
circular initiatives to recover value from waste.
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