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Abstract. Hilmi E, Wintarti F, Effendi M, Sastranegara MH, Rahab, Prayogo NA, Junaidi T, Hendrayana, Cahyo TN, Dewi R. 2025. 

Assessing the potential of alternative energy from mangrove species in Segara Anakan, Central Java, Indonesia. Biodiversitas 26: 2832-

2842. Mangroves have the potential to be developed for alternative energy to support the utilization of non-renewable energy because 

mangrove species have high carbon content, high caloric value, and high bulk density. This research aimed to analyze the potential of 

mangrove species as alternative energy resource to reduce non-renewable energy using the analysis of carbon percentage, caloric value, 

and fuel fumes. This research used destructive approach and laboratory analysis to analyze energy properties of mangrove species in 

Segara Anakan, Cilacap District, Central Java, Indonesia. The energy properties included percentage of fixed carbon (%), percentage of 

charcoal (%), wood density (gr/cm3), fuel fumes (ppm), total Sulphur (%), caloric energy value (cal/gr) and class of energy using SNI 

(Indonesian National Standards) and American Society for Testing and Materials (ASTM) systems. This study also analyzed 

relationship between carbon percentage and energy properties. Mangroves in Segara Anakan contained biomass between 341.90-493.93 

ton/ha with carbon percentage between 50.8-63.2% (average 59.1%), fuel fumes between 512.3-640.0 ppm (average 589.0 ppm) and 

caloric energy value between 6235-7230 cal/gr (average 6796.3 cal/gr). Lanscape scale analysis revealed that Rhizophora apiculata, 

Rhizophora mucronata, Bruguiera gymnorrhiza, and Ceriops tagal had the highest potential to produce alternative energy as a substitute 

for non-renewable energy. These species are recommended for mangrove rehabilitation and reforestation if aiming to generate 

renewable energy resource. 

Keywords: Alternative energy, caloric value, fixed carbon, mangrove landscape  

INTRODUCTION  

Mangrove forest provides numerous ecosystem 

services, from serving as habitat of biodiversity to 

providing livelihoods to local communities, sequestering 

carbon to mitigate climate change (Hilmi et al. 2017, 2019; 

Dai et al. 2018; Azman et al. 2021; Selvaraj and Pérez 

2023; Ariyanto and Pringgenies 2024)  and especially 

supporting alternative energy to substitute non-renewable 

energy sources, such as fossil fuels (Valsan et al. 2024). 

The potential of mangroves as the substitute of non-

renewable resources is based on the high caloric value 

contained in its wood biomass (Swangjang and Panishkan 

2021) since mangrove wood has high carbon content 

(Hartoko et al. 2015; Hilmi et al. 2017; Swangjang and 

Panishkan 2021), which is influenced by its high wood 

density and high organic matters like as celluloses and 

others (Ray et al. 2011; Qaro and Akrawee 2020). Thu et 

al. (2023) revealed that charcoal produced from several 

wood species, such as Leucaena, Acacia, Eucalyptus, and 

bamboos, have high heating values, high fixed carbon 

content, and lower volatile compounds, but they are still 

lower than charcoal made from mangrove wood (Hilmi et 

al. 2019). Beside affected by species, the potential of 

alternative energy features also has related with the 

dimensional sizes (e.g., diameter) of wood charcoal 

(Ameen et al. 2016; Azman et al. 2021).  

Despite the high potential of mangrove as renewable 

energy resources, Nascimento et al. (2023) warned that 

increasing mangrove utilization as energy alternative (as 

wood fuel or wood charcoal) might reduce the extent of 

mangrove forest in the world, including in Indonesia. The 

utilization and production of wood charcoal are considered 

among the main drivers of forest degradation, especially in 
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developing countries (Owuor et al. 2019; Lulandala et al. 

2023). Forest degradation will impact hydrological 

processes, accelerate climate change, and reduce water 

availability. On the other hand, heavily exploiting, 

producing, and using non-renewable energy resources, such 

as coal, are problematic since they might produce more 

negative impacts including high levels of air pollution and 

environmental degradation as the results of mining 

extraction (Lai et al. 2023; Zhang et al. 2023). There is 

increasing global concern regarding the energy utilization 

from coal which reaches 86.17 Exajoules (EJ), or 

equivalent to 53.8% of global energy consumption, and 

currently holds the major contributor in energy source. If 

the trend of very high exploitation of coal continues 

unabated, it will result in extensive destruction of 

ecosystems and environment due to coal mining activities 

(Zhang et al. 2023; Marrin et al. 2024).  

Mangrove charcoal is produced as an alternative energy 

to support the demand and trade across the world, 

especially in the culinary sector (Oppong et al. 2024). The 

high utilization of mangrove charcoal as an energy 

alternative is caused by high calorific value, high fire 

suppression ability, cost-effectiveness and non-toxic fumes 

(Sitoe et al. 2014; Hilmi et al. 2017; Lai et al. 2023). The 

production of wood charcoal in a region is determined by 

education level of the community, household activities, 

ethnicity, available land for charcoal production and 

regulation. A study showed that the direct utilization of 

energy from wood charcoal by farmers reached 28.30 per 

50 kg. Nevertheless, as a global trade commodity, the 

utilization of wood charcoal in a region has transnational 

impacts as in the case of high wood charcoal use in Europe 

which caused forest degradation and deforestation in Africa 

(Rocchi et al. 2023). At a local level, Lulandala et al. 

(2023) found that charcoal consumption by urban 

communities is a major driver of forest degradation in rural 

areas.  

The problem of energy consumption must be solved to 

build efficiency in the use of non-renewable energy 

(Bogachov et al. 2022). One of which is by exploring 

alternative renewable energy resources including from 

mangrove charcoal. This study aims to analyze the energy 

potential of mangrove species occurring in Segara Anakan, 

Cilacap District, Central Java Province, Indonesia, by 

measuring carbon percentage analysis, caloric energy 

potential, and fuel fumes potential. Based on the value of 

caloric energy, wood density, fuels fumes, total Sulphur, 

self-heating, carbon percentage, total moisture, ash content 

and volatile matter (Santosa et al. 2021), it can be 

hypothesized that the mangrove species in Segara Anakan 

have the high potential to be developed as an alternative 

energy. The results of this study might be useful to inform 

strategies to reduce non-renewable energy utilization, 

especially from fossil fuels by sustainably utilizing 

renewable energy resources from mangrove charcoal. 

MATERIALS AND METHODS 

Study area and period 

This study was conducted in Segara Anakan Lagoon 

(SAL), Cilacap District, Central Java Province, Indonesia 

(Figure 1 and Table 1). Data were collected from 29 

stations divided into two mangrove regions, namely (i) East 

Segara Anakan, consisted of the Donan River, Donan-

Kalipanas River, Donan Pertamina, Kembang Kuning 

River 1, Kembang Kuning River 2, the estuary of East 

Pelawangan 1, the estuary of East Pelawangan 2, Sapuregel 

River 1, Sapuregel River 2, Sleko and Tritih), and (ii) West 

Segara Anakan, consisted of: Ujung Gagak area, Lorogan, 

Majingklak Village, Mauara Cawitali, Kebuyutan, Batu 

Macan, Jongor, Muara Legok, Kayu Mati, Langkap, 

Karang Braja, Klaces, Inti Ujung Gagak, Muara Bagian, 

Muara Masigitsela, Pertigaan Ujung Alang, Ujung Alang, 

the domestic port of Ujung Alang, Kali Semak, and 

Pertigaan Sudiro (Hilmi et al. 2021b). The mangrove 

ecosystem in West Segara Anakan and East Segara Anakan 

were dominated by Rhizophora spp., Bruguiera spp., 

Avicennia spp., Sonneratia spp., Ceriops spp. and Nypa 

fruticans (Hilmi et al. 2021a, 2023). 
 

 

 

Table 1. The geographical location of study station in Segara 

Anakan Lagoon, Cilacap District, Central Java Province, 

Indonesia 

 

Stations 
Coordinates 

Latitude (S) Longitude (E) 

1 Batu Macan 108o47'46" 07o41'38" 

2 Dermaga Ujung Alang 108o51'53" 07o42'60" 

3 Inti Ujung Gagak 108o49'47" 07o40'34" 

4 Jongor 108o48'20" 07o40'23" 

5 Karang Braja 108o48'47" 07o40'59" 

6 Kayu Mati 108o48'27" 07o39'50" 

7 Kebuyutan 108o47'45" 07o41'13" 

8 Klaces 108o49'47" 07o41'50" 

9 Langkap 108o48'44" 07o38'48" 

10 Lorogan 108o48'30" 07o40'44" 

11 Majingklak 108o48'1" 07o40'32" 

12 Estuary of Ciawitali 108o47'41" 07o41'46" 

13 Estuary of Bagian 108o51'42" 07o40'58" 

14 Estuary of Legok 108o48'13" 07o39'48" 

15 Estuary of Masigitsela 108o50'46" 07o41'24" 

16 Pertigaan Ujung Alang 108o51'39" 07o41'44" 

17 Ujung Alang 108o51'42" 07o42'01" 

18 Ujung Gagak 108o48'43" 07o40'13" 

19 Donan 108o59'57" 07o40'34" 

20 Donan Kalipanas 108o59'24" 07o42'10" 

21 Donan Pertamina 108o59'43" 07o41'15" 

22 Kembang Kuning 1 108o55'42" 07o43'13" 

23 Kembang Kuning 2 108o54'53" 07o42'25" 

24 Estuary of East Pelawangan 1 108o59'11" 07o43'48" 

25 Estuary of East Pelawangan 2 108o58'07" 07o43'21" 

26 Sapuregel 1 108o57'42" 07o42'54" 

27 Sapuregel 2 108o57'38" 07o41'53" 

28 Sleko 108o59'29" 07o42'46" 

29 Tritih 109o00'34" 07o40'22" 
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Figure 1. Map of geographic location of the study area in Segara Anakan Lagoon, Cilacap District, Central Java Province, Indonesia. 1: 

Batu Macan; 2: Dermaga Ujung Alang; 3: Inti Ujung Gagak; 4: Jongor; 5: Karang Braja; 6: Kayu Mati; 7: Kebuyutan; 8: Klaces; 9: 

Langkap; 10: Lorogan; 11: Majingklak; 12: Estuary of Ciawitali; 13: Estuary of Bagian; 14: Estuary of Legok; 15: Estuary of 

Masigitsela; 16: Pertigaan Ujung Alang; 17: Ujung Alang; 18: Ujung Gagak; 19: Donan; 20: Donan Kalipanas; 21: Donan Pertamina; 

22: Kembang Kuning 1; 23: Kembang Kuning 2; 24: Estuary of East Pelawangan 1; 25: Estuary of East Pelawangan 2; 26: Sapuregel 1; 

27: Sapuregel 2; 28: Sleko; 29: Tritih 

 

 

 

Study procedures 

Destructive analysis 

This study used destructive method to collect wood, 

root, and leaf samples (Chabi et al. 2016). The destructive 

method was carried out by cutting parts of the tree sample 

and then collecting them using plastic bag (Hartoko et al. 

2015; Chabi et al. 2016). The samples were then brough to 

laboratory to analyze carbon percentage, caloric energy 

value, wood density, and fuel fumes (Chabi et al. 2016; 

Amiruddin and Saismana 2020; Thu et al. 2023; Zhang et 

al. 2023). 

Carbon percentage 

The carbon percentage was calculated based on volatile 

value and ash value using Eq. 1 (Piponiot et al. 2016; Hilmi 

et al. 2017): 

Carbon percentage (%) = 100%-(A+B)  [1] 

Where, 

A is volatile value, (%) =  

B is ash value, (%) =  

a₁ is the initial sample weight, gram 

a₂ is the sample weight after heating, gram 

b₁ is residual ash, gram 

b₂ is the sample weight, gram 

Caloric value 

Caloric value of mangrove wood was measured using 

calorimeter and calculated using Eq. 2 (SNI 01-6235, 2000; 

SNI 06-3730, 1995; SNI 8021, 2020): 

Caloric value (Cal/g) =   [2] 

Where, 

ΔT is the temperature rise using a thermometer 

w is 2426 cal/oC 

I1 is mL Na2CO3 used for titration 

I2 is 13.7x1.02xsample weight 

I3 is 2.3xlength of burnt fuse wire 

m is the sample weight, gram 

Wood density 

Wood density of mangrove wood (gram per centimeter 

cubic (g/cm3)) was also calculated using Eq. 3 (SNI 01-

6235, 2000; SNI 06-3730, 1995; SNI 8021, 2020): 

Wood density =   [3] 

Fuels fumes 

Fumes are gas formed from incomplete combustion 

reactions because burning firewood can produce toxic 

gases such as CO as a result of a negative oxygen 

imbalance. In this study, fumes is measured through the 

potential amount of carbon monoxide (CO) and carbon 

dioxide (CO2) (Amiruddin and Saismana 2020; Tjan et al. 
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2021). Smoke analysis was conducted through oxygen 

balance analysis at a laboratory scale (SNI 01-6235, 2000; 

SNI 06-3730, 1995; SNI 8021, 2020).  

Data analysis 

Classification of coal energy 

The classification of coal energy used two systems, 

namely American Society for Testing and Materials 

(ASTM) and Indonesian National Standard (SNI). The 

ASTM classified coal energy into four categories: a) Low 

calorific coal is a type of coal with the lowest rank, soft-

hard, easy to press, contains high water content (10-70%), 

shows a woody structure, calorific value <5100 calories per 

gram (Cal/g) in air-dried basis (AD); b) Medium calorific 

coal is a type of coal with a higher rank, harder in nature, 

easy to squeeze-cannot be squeezed, relatively lower water 

content, generally the wood structure is still visible, 

calorific value is 5100-6100 Cal/g (AD); c) High calorific 

coal is a type of coal with a higher rank, harder in nature, is 

not malleable, relatively lower water content, generally, the 

wood structure is not visible, and the calorific value is 

6100-7100 Cal/g (AD); d) Very high calorific coal is the 

highest ranking type of coal, generally influenced by 

intrusions or other structures, very low moisture content, 

and calorific value >7100 Cal/g (AD). This grade was 

created to limit high calorific coal.  

The SNI system was based on energy level according to 

SNI 13-6011-1999 where coal energy is grouped into two 

categories, namely a) Low energy coal (brown coal) is a 

type of coal with the lowest rank, easily brittle, soft, has a 

high water content (10-70%), consists of soft low energy 

coal (soft brown coal) and lignite coal that shows a woody 

structure with a calorific value <7000 calories per gram (in 

dry form-ASTM); b) High energy coal (hard coal) is all 

types of coal that rank higher than brown coal, compact, 

difficult to brittle, harder in nature, has a relatively low 

moisture content, generally the wood structure is no longer 

visible when handling (coal handling) is relatively resistant 

to physical damage, calorific value >7000 calories per 

gram (in dry form-ASTM). 

Correlation analysis 

The data was tabulated to produce the average value 

and standard deviation. Correlation analysis was conducted 

using trendline in Excel to investigate the relationship 

between carbon content and fuel fumes, and carbon content 

and caloric value (Nascimento et al. 2023; Sangsuk et al. 

2023). 

RESULTS AND DISCUSSION 

The potential of biomass and carbon percentage of 

mangrove species 

The mangrove ecosystem in Segara Anakan had a 

potential biomass between 341.90-493.93 tons/ha. 

Rhizophora apiculata had the biggest biomass with a 

potential of 170.45±16.14 tons/ha, Rhizophora mucronata 

136.71±25.90 tons/ha, while Xylocarpus granatum, 

Xylocarpus mollucensis and Aegiceras floridum had the 

lowest biomass between 0.47-1.82 tons/ha (Figure 2). The 

potential biomass in Segara Anakan is lower potential than 

that in Rangsang Island and Merbau Island (Hilmi et al. 

2017) with dominant species of R. apiculata, Sonneratia 

alba, Lumnitzera racemosa and Metroxylon sagu (Hilmi et 

al. 2017). 

The percentage of carbon in mangrove species ranged 

between 50.8-63.20% (Table 2). Bruguiera gymnorrhiza, 

Bruguiera sexangula, R. apiculata, and R. mucronata were 

the mangrove species with high percentage of carbon. 

Species with the lowest carbon percentage was N. fruticans 

(50.80-51.84%). A study in Indragiri Hilir and Meranti 

Island found that species with the highest of carbon 

percentage were R. apiculata, R. mucronata, B. 

gymnorrhiza and Aegiceras corniculatum with 51.10-

55.55%, while the lowest were N. fruticans, M. sagu, 

Terminalia catappa, and Heritiera littoralis with carbon 

percentage between 43.5-49.9% (Hilmi et al. 2017).  

The potential of energy resource from the mangrove 

ecosystem is influenced by potential stand-level growth, 

tree diameter (Obeyed et al. 2020) and rate of tree growth 

as a response to climate change, environmental factors 

(such as salinity, soil, and sea tide), and climate change 

(Boongaling and Azcuna 2022). These factors have an 

impact on mangrove diversity, above-ground biomass, and 

below-ground biomass (Ahmed et al. 2021, 2023). The 

potential of biomass correlates with the potential of carbon 

storage both in stem, leaves, and roots (Adame et al. 2017) 

and mangrove are productive forest which has a large 

capacity of carbon sequestration (Adame et al. 2017). 

Potential carbon sequestration of mangroves is estimated 

up to 1.71±0.17 megagram carbon per hectare per year 

(MgC/ha/y) (Kandasamy et al. 2021). Mangrove has a 

higher carbon per-unit area than terrestrial forests because 

mangroves have an ecosystem that is highly productive and 

stores large carbon (Kandasamy et al. 2021). Such figures 

suggest the potential of mangroves as an energy alternative 

to reduce coal energy utilization. 
 

 

 

 
 

Figure 2. The potential biomass of mangrove ecosystem (ton/ha) 

in Segara Anakan, Cilacap District, Central Java, Indonesia 
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Table 2. The carbon percentage of mangrove species in Segara Anakan, Cilacap District, Central Java, Indonesia 

 

Mangrove species 
Carbon potential 

Total moisture (%) Ash content (%) Volatile matter (%) Carbon percentage (%) 

Aegiceras floridum 3.70-3.80 7.67-7.81 28.67-28.81 59.58-59.96 

Aegiceras corniculatum 3.40-3.52 7.81-8.91 27.33-29.15 58.42-61.46 

Avicennia alba 3.91-4.01 10.25-10.40 26.83-28.20 57.39-59.01 

Avicennia marina 3.60-3.75 8.43-9.77 27.19-27.70 58.78-60.78 

Bruguiera gymnorrhiza 3.21-3.56 7.25-8.62 27.20-29.08 58.74-62.34 

Bruguiera sexangula 3.63-3.66 7.55-7.56 27.74-28.90 59.88-61.08 

Ceriops decandra 3.59-3.77 9.31-10.40 29.20-31.28 54.73-57.72 

Ceriops tagal 3.11-4.33 6.26-9.44 28.70-32.27 56.32-60.71 

Heritiera littoralis 3.87-4.09 7.66-8.25 29.33-29.76 58.49-58.55 

Hibiscus tilaceus 3.46-4.10 6.33-7.08 27.78-29.30 59.52-61.43 

Nypa fruticans 5.63-5.73 10.91-11.73 30.81-32.56 50.80-51.84 

Rhizophora apiculata 4.11-4.24 7.47-9.03 25.78-27.16 58.13-62.64 

Rhizophora mucronata 3.26-3.83 7.82-8.40 25.72-29.13 59.22-63.20 

Rhizophora styllosa 4.30-4.68 8.50-9.94 26.65-31.90 59.78-60.55 

Sonneratia alba 4.37-5.01 6.76-8.23 27.16-28.21 59.55-60.71 

Sonneratia caseolaris 3.88-4.00 7.13-7.23 28.39-29.21 59.56-60.60 

Xylocarpus granatum 3.90-4.20 7.87-9.59 26.50-28.60 58.91-60.43 

Xylocarpus mollucensis 4.21-4.50 8.56-8.94 29.38-31.77 54.79-57.85 

 

 

 

The energy properties of mangrove species  

Mangrove wood charcoal is a potential alternative 

energy source to substitute non-renewable energy resources 

because the high-quality energy characteristics it has 

(Riungu et al. 2022; Samson et al. 2023; Li et al. 2024), 

and has the economic potential to support energy 

consumption (Siregar et al. 2024). For example, mangrove 

wood has a high bulk density, high carbon percentage, and 

potential carbon stock between 166.97-370.58 tonC/ha, 

medium-high calorific value (like brown coal and hard 

coal), and low Sulphur but high fumes (Larekeng et al. 

2024). 

The result of our study showed that the mangrove a had 

high carbon percentage (between 50.80-63.20%), high 

wood density (between 0.70-0.99), and moderate to high 

caloric value (between 6235-7230 Cal/g) as presented in 

Tables 2 and 3. For comparison, according Istomo and 

Tristiasti (2019), the caloric value of coal is between 5836-

7192 Cal/g while another study by Afin and Kiono (2021) 

found that the potential caloric energy of coal is lower than 

6100 Cal/g. Table 3 shows that B. gymnorrhiza, Ceriops 

tagal, R. apiculata and R. mucronata are the mangrove 

species with very high caloric energy. Based on the SNI 

system these species are classified as hard coal. Mangrove 

charcoal has the characteristic of brown coal-hard coal 

(high to very high caloric value). Mangrove species in this 

study had total Sulphur between negative values to 0.03%, 

fuel fumes of CO between 23.40-33.25 ppm and CO2 

between 512.3-640.4 ppm. 

The consumption of wood charcoal in the European 

Union (EU) reaches one million tons per year. Rocchi et al. 

(2023) state that many developing countries use wood 

charcoal to supply the energy needs of consumption. 

Another rationale for the utilization of charcoal is that this 

energy resource can support industry and urban activities 

(Amiruddin and Saismana 2020). Based on data of 

Geology Department of the Ministry of Energy and 

Mineral Resources (ESDM), Indonesia has potential coal 

reserves of 186 billion tons which could be exhausted 

within 83 years. Most of the coal reserves are young coal 

with low quality with potential caloric content of only 

6,100 Cal/g. For this reason, efforts need to be made to 

reduce the use of coal as an energy source by prospecting 

alternative energy resources including charcoal (Istomo and 

Tristiasti 2019; Afin and Kiono 2021). 

One negative impact of the utilization of coal and 

charcoal as energy resources is the fumes, they produced 

which can harm the environment. However, the fumes 

produced by charcoal are generally lower than those from 

coal which might reduce the negative impacts to the 

environment (Amiruddin and Saismana 2020). Fumes are a 

toxic gas that is very dangerous because it is formed from 

incomplete combustion reactions (Tjan et al. 2021; Lai et 

al. 2023). Based on the result of this study, coal produced 

from mangrove species produced fumes between 20.40-

34.29 ppm of CO and 530.7-640.5 ppm of CO2. One of the 

gases formed due to incomplete combustion is carbon 

monoxide (CO) gas, which is very dangerous because it is 

flammable, odorless, tasteless, and colorless, so it is very 

difficult to detect (Tjan et al. 2021; Lai et al. 2023). 

Nonetheless, wood burning generally has carbon-emitting 

properties with non-toxic characteristics, cost-effectiveness, 

and high fire extinguishing ability (Lai et al. 2023).  

The energy potential of mangrove species  

The potential of mangrove species to be developed as 

alternative energy is shown in Table 4. The data shows that 

the mangrove species had fuel fumes between 405,270.0-

119,508,062.0 ppm/ha, caloric value between 

5,280,445,945-1,349,013,721,182 Cal/g/ha, and carbon 

potential between 0.17-116.88 ton/ha. The result of our 

study suggests that R. apiculata, R. mucronata, B. 

gymnorrhiza, and C. tagal have the greatest potential to be 

developed as energy alternative to substitute coal energy. 
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Table 3. Energy properties of mangrove species in Segara Anakan, Cilacap District, Central Java, Indonesia 

 

Mangrove species 
Percentage of 

charcoal (%) 

Wood density 

(g/cm3) 

Fuel fumes (ppm) 
Total Sulphur 

(%) 

Self-

heating 

Caloric 

energy value 

(cal/g) 

Energy classification 

CO CO2 SNI SNI 

Aegiceras floridum 17.20-19.73 0.76-0.79 25.21-26.31 580.5-588.4 Negative Negative 6567-6735 Brown coal High caloric energy 

Aegiceras corniculatum 18.20-20.39 0.72-0.77 26.30-27.82 613.5-628.0 Negative Negative 6753-6835 Brown coal High caloric 

Avicennia alba 16.20-17.15 0.76-0.82 28.01-30.11 588.1-590.5 0.01-0.02 Negative 6680-6745 Brown coal High caloric 

Avicennia marina 18.67-19.21 0.80-0.84 30.10-33.78 574.3-588.5 0.01-0.02 Negative 6635-6830 Brown coal High caloric 

Bruguiera gymnorrhiza 20.21-23.21 0.72-0.81 28.33-30.21 578.9-603.2 Negative Negative 6898-7109 Brown-Hard coal High-very high caloric 

Bruguiera sexangula 20.12-22.91 0.77-0.81 27.91-29.22 563.2-580.1 Negative Negative 6882-6982 Brown coal High caloric 

Ceriops decandra 19.44-19.51 0.74-0.76 28.63-29.33 547.7-567.0 Negative Negative 6793-6840 Brown coal High caloric 

Ceriops tagal 21.19-23.05 0.77-0.87 20.40-22.90 605.7-620.7 0.01-0.02 Negative 6829-7215 Brown coal High-very high caloric 

Heritiera littoralis 19.86-20.20 0.70-0.77 31.29-33.25 590.5-607.8 Negative Negative 69030- 6978 Brown-Hard coal High caloric 

Hibiscus tiliaceus 20.88-22.09 0.80-0.83 23.40-25.69 512.3-589.3 0.02-0.03 Negative 6554-6580 Brown coal High caloric 

Nypa fruticans 17.26-17.40 0.73-0.78 33.20-34.03 632.8-640.4 0.02-0.03 Negative 6380-6455 Brown coal High caloric 

Rhizophora apiculata 20.59-23.60 0.85-0.99 29.03- 34.29 622.7-640.5 0.02-0.03 Negative 6852-7230 Brown-Hard coal High-very high caloric 

Rhizophora mucronata 18.90-21.82 0.94-0.99 28.70-31.73 620.1-633.2 0.02-0.04 Negative 6775-7030 Brown-Hard coal High caloric 

Rhizophora styllosa 19.60-20.25 0.83-0.87 23.56-25.35 617.4-625.7 0.02-0.03 Negative 6780-6929 Brown coal High caloric 

Sonneratia alba 18.89-20.83 0.72-0.82 25.61-26.17 550.8-560.7 0.01-0.02 Negative 6655-6770 Brown coal High caloric 

Sonneratia caseolaris 19.01-21.27 0.70-0.76 26.33-28.19 530.7-556.7 0.01-0.03 Negative 6652-6829 Brown coal High caloric 

Xylocarpus granatum 18.92-19.65 0.70-0.73 27.11-29.08 533.1-567.4 Negative Negative 6909-6946 Brown coal High caloric 

Xylocarpus mollucensis 24.05-24.78 0.72-0.80 23.40-26.35 550.3-602.4 Negative Negative 6235-6670 Brown coal High caloric 
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Table 4. Energy potential of mangrove species in Segara Anakan, Cilacap District, Central Java, Indonesia 

 

Mangrove species 
Potency fuel (ppm/ha) Caloric value (Cal/g/ha) Carbon (ton/ha) 

min max min max main max 

Aegicera floridum 1,029,829.09 1,097,932.01 11,650,107,935 12,567,253,671 1.06 1.12 

Aegiceras corniculatum 1,966,724.24 4,391,136.46 21,648,392,508 47,792,066,444 1.87 4.30 

Avicennia alba 2,756,827.38 5,390,270.18 31,313,733,843 61,570,486,651 2.69 5.39 

Avicennia marina 6,585,376.64 11,792,781.71 76,082,141,766 136,864,399,474 6.74 12.18 

Bruguiera gymnorrhiza 4,538,562.66 5,608,768.56 54,080,161,077 66,102,015,451 4.61 5.80 

Bruguiera sexangula 2,097,568.68 3,759,603.23 25,631,157,053 45,250,042,660 2.23 3.96 

Ceriops decandra 1,332,504.25 2,055,426.61 16,526,750,725 24,795,622,553 1.33 2.09 

Ceriops tagal 1,430,680.86 1,993,670.51 16,130,294,843 23,174,372,031 1.33 1.95 

Heritiera littoralis 3,641,949.89 5,578,649.96 43,037,301,107 64,524,365,270 3.61 5.37 

Hibiscus tilaceus 1,179,580.76 3,705,801.54 15,090,713,047 41,378,201,445 1.37 3.86 

Nypa fruticans 2,449,310.79 5,429,892.51 24,694,378,677 54,731,349,403 1.97 4.40 

Rhizophora apiculata 96,089,100.45 119,508,062.02 1,057,335,018,897 1,349,013,721,182 91.38 116.88 

Rhizophora mucronata 68,715,938.05 102,967,185.33 750,766,780,048 1,143,176,425,880 66.24 102.77 

Rhizophora styllosa 8,393,380.33 16,265,246.49 92,172,203,830 180,121,292,841 8.10 15.74 

Sonneratia alba 4,131,518.08 11,896,405.21 49,918,759,672 143,639,492,160 4.47 13.09 

Sonneratia caseolaris 2,528,844.77 6,252,606.66 31,697,522,896 76,700,289,004 2.84 6.81 

Xylocarpus granatum 405,270.05 610,401.02 5,280,445,945 7,540,184,577 0.45 0.66 

Xylocarpus mollucensis 174,135.01 378,044.25 1,972,981,628 4,185,848,491 0.17 0.36 

 

 

 

The utilization of mangrove wood as an alternative 

energy to substitute non-renewable energy can reduce the 

utilization of coal to minimize the negative impacts of 

mining on environment and air pollution (Nascimento et al. 

2023; Thu et al. 2023; Zhang et al. 2023). Since mangrove 

charcoal has similar characteristics to coal energy (Ahmad 

et al. 2023; Lai et al. 2023), the utilization of mangroves 

can reduce the consumption of coal energy as happening in 

China, Europe, and America (Rocchi et al. 2023; Zhang et 

al. 2023). The utilization of mangrove wood to support 

charcoal demmand and trade requires marketing strategies 

to support global energy needs, because charcoal is a solid 

residue made primarily of wood, which is renewable 

resource (Oppong et al. 2024).  

Nevertheless, the utilization of charcoal might drive 

forest degradation (Kantharajan et al. 2018; Lapolo et al. 

2018; Lulandala et al. 2023). The production and utilization 

of charcoal must be done sustainably with low negative 

impact on the environment to achieve forest management 

sustainability (Rocchi et al. 2023). There is difference of 

the utilization of charcoal, including those from mangrove, 

between developing and developed countries. In 

developing countries, charcoal is used for households and 

small industries while in developed countries, charcoal is 

generally used during leisure time. More than 90% of 

Africans use either firewood or charcoal to support the 

energy sector in cooking and heating purposes (Oppong et 

al. 2024). Charcoal consumption from urban activities uses 

tree species with high calorific value and suitable 

dimensions (Wolswijk et al. 2020; Lai et al. 2023).  

The potential of mangrove ecosystem in Segara Anakan 

for alternative energy resource 

Table 5 and Figure 3 show the potential of mangrove 

ecosystem in Segara Anakan if utilized for alternative 

energy resources through the production and utilization of 

mangrove charcoal. The data shows that the alternative 

energy potential was between 883.155,70 and 

21.858.650,00 Cal/g/ha assuming that the mangrove 

density between 533 and 3300 trees/ha. The potential of 

alternative energy in mangrove ecosystems provides high 

benefits to support the substitution of energy utilization. 

Using the variable of caloric value suggests the high 

potential of mangrove ecosystem to substitute coal energy 

because mangrove vegetations have high wood density, 

high carbon percentage, high cellulose, high hemicellulose, 

and high extractive matter (Hilmi et al. 2017, 2019; Azman 

et al. 2021; Chen et al. 2021).   

Mangrove density significantly affected the potential 

utilization of mangrove ecosystem to be developed as 

alternative energy to substitute coal energy as indicated by 

mangrove ecosystems in Ujung Alang, Batu Macan, 

Sapuregel and Donan which have higher density compared 

to the other stations. Figure 3 shows that mangrove 

ecosystem in East Segara Anakan has higher potential 

compared to West Segara Anakan since the mangrove 

density is higher in East Segara Anakan (Hilmi et al. 2017, 

2019a; Azman et al. 2021; Chen et al. 2021).   

The relationship between energy properties  

The relationship between energy properties is presented 

in Figure 4. Figure 4.A show the relationship between 

carbon percentage and fuel fumes while Figure 4.B shows 

the relationship between carbon percentage and caloric 

value (cal/g). There is weak relationship between carbon 

percentage and fuel fumes (Figure 4.A) while Figure 4.B 

shows that carbon percentage has positive linear 

relationship with caloric value. This finding suggests that 

increasing carbon percentage will increase the caloric value 

of mangrove charcoal. This is because carbon percentage is 

influenced by cellulose, hemicellulose, and extractive 

compounds (Hilmi et al. 2017, 2019). The higher cellulose 

and hemicellulose will increase the potential caloric value 

of charcoal (Hilmi et al. 2019; Cooray et al. 2021). 
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Table 5. The potential of mangrove ecosystem in Segara Anakan to be developed as alternative energy resource 

 

Location Mangrove density (trees/ha) Potential as alternative energy measured as caloric value (Cal/g/ha) 

Average St.dev Average St.dev Grade /class 

Batu Macan 2399 1328 15,892,762 1,380,882 class 3 

Dermaga Ujung Alang 3300 917 21,858,650 953,571 class 4 

Inti Ujung Gagak 533 235 3,530,503 244,825 class 1 

Jongor 1233 118.09 8,167,187 122,780 class 2 

Karang Braja 1400 305.02 9,271,181 317,138 class 2 

Kayu Mati 133 47.14 883,156 49,017 class 1 

Kebuyutan 600 57.74 3,974,366 60,030 class 1 

Klaces 400 120.33 2,647,347 125,108 class 1 

Langkap 2133 785.52 14,130,889 816,737 class 3 

Lorogan 833 77.17 5,515,467 80,242 class 1 

Majingklak 400 90.14 2,647,347 93,727 class 1 

Estuary of Ciawitali 500 145.29 3,311,917 151,068 class 1 

Estuary of Bagian 366 95.71 2,422,137 99,518 class 1 

Estuary of Legok 600 329.75 3,972,114 342,851 class 1 

Estuary of Masigitsela 2000 468.94 13,249,919 487,578 class 3 

Pertigaan Ujung Alang 333 50.92 2,207,989 52,942 class 1 

Ujung Alang 500 212.13 3,311,917 220,563 class 1 

Ujung Gagak 767 23.57 5,078,294 24,505 class 1 

Donan 2617 549.30 17,332,364 571,137 class 4 

Donan Kalipanas 1733 541.94 11,481,311 563,484 class 3 

Donan Pertamina 2633 639.18 17,442,761 664,588 class 4 

Kembang Kuning 1 1489 311.86 9,862,152 324,252 class 2 

Kembang Kuning 2 2467 487.65 16,338,789 507,035 class 3 

Estuary of East Pelawangan 1 1700 321.46 11,260,517 334,232 class 2 

Estuary of East Pelawangan 2 1967 717.18 13,026,872 745,688 class 3 

Sapuregel 1 1780 206.85 11,790,423 215,071 class 3 

Sapuregel 2 2588 472.23 17,139,169 491,002 class 4 

Sleko 1633 346.73 10,818,928 360,512 class 2 

Tritih 1850 575.10 12,253,356 597,954 class 3 

 

 

 
 

Figure 3. Spatial distribution of alternative energy potential in mangrove ecosystem in Segara Anakan, Cilacap District, Central Java, 

Indonesia 
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Figure 4. The relationship between carbon percentage and: A. Fuel fumes; B. Caloric value 

 

 

 

 
 

Figure 5. Clustering of mangrove landscape in Segara Anakan, 

Cilacap District, Central Java, Indonesia, based on potential 

energy. Notes: Aa: Avicennia alba; Am: Avicennia marina; Ac: 

Aegiceras corniculatum; Af: Aegiceras floridum; Bg: Bruguiera 

gymnorrhiza; Bs: Bruguiera sexangula; Cd: Ceriops decandra; 

Ct: Ceriops tagal; Hl: Heritiera littoralis; Ht: Hibiscus tiliaceus; 

Nf: Nypa fruticans; Ra: Rhizophora apiculata; Rm: Rhizophora 

mucronata; Rs: Rhizophora styllosa; Sa: Sonneratia alba; Sc: 

Sonneratia caseolaris; Xg: Xylocarpus granatum; Xm: 

Xylocarpus mollucensis 

 

 

 

Based on the results above, mangrove landscape in 

Segara Anakan can be clustered based on the potential of 

mangrove species for alternative energy resources using the 

parameters of caloric value, bulk density, and fixed carbon 

percentage (Figure 5). The first cluster consists of R. 

apiculata, R. mucronata, C. tagal, and B. gymnorrhiza 

which produce the highest energy potential. The second 

cluster consists of B. sexangula, Ceriops decandra, H. 

littoralis, Rhizophora styllosa, X. granatum and X. 

mollucensis. The last cluster consists of A. floridum, A. 

corniculatum, Avicennia alba, Avicennia marina, Hibiscus 

tiliaceus, S. alba and Sonneratia caseolaris. Nevertheless, 

the potential of mangrove landscape for alternative energy 

resource is determined by mangrove regeneration (Das et 

al. 2019), mangrove biomass (Jakovac et al. 2020; 

Swangjang and Panishkan 2021), and mangrove ability to 

absorb, sequestrate and store carbon (Hilmi et al. 2019; 

Azman et al. 2021; Chen et al. 2021). 

In conclusion, mangroves have the great potential to be 

developed as renewable energy sources as an alternative for 

non-renewable resources such as coal. This is because 

mangrove species have high carbon percentage (50.80-

63.20%), high wood density (0.70-0.99), and moderate to 

high caloric value (6235-7230 cal/g) with species having 

with the highest values are B. gymnorrhiza, B. sexangula, 

R. apiculata, and R. mucronata. Compared with coal, 

mangrove charcoal is classified as brown coal-hard coal 

(high to very high caloric value). Mangroves in Segara 

Anakan have fuel fumes between 405,270.0-119,508,062.0 

ppm/ha, caloric value between 5,280,445,945-

1,349,013,721,182 Cal/g/ha, and carbon storage of 0.17-

116.88 ton/ha. This study revealed that R. apiculata, R. 

mucronata, B. gymnorrhiza, and C. tagal are the mangrove 

species with the highest potential to be developed as 

alternative energy to substitute coal. Such species are 

recommended for mangrove rehabilitation in Indonesia if 

aiming to produce energy resources.  
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