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Exploring the Capacity of Agricultural Residue
as a Sustainable Energy Resource to Enhance

Madagascar's Energy Security

VITA Michelle Anicaelle, WANG Feng, WANG Tao

Abstract: Biomass represents a significant and emerging energy
source. This study assessed and compared the potentiality of
agricultural waste to be converted into renewable energy sources
in Madagascar. A model for estimating biomass energy potential
was exploited, and relevant data about crop and animal
populations was extracted from the Food and Agriculture
Organization’s statistics database (FAOSTAT). Five types of crop
residue were considered, including rice, sugarcane, corn, beans,
and cassava, and four animal species like cattle, pigs, chickens,
and sheep. Diverse conversion actors; the Ratio Product (RPR),
Surplus Availability Factor (SAF), and Low Heating Value
(LHV), were obtained from various literature sources and were
used to assess the potential energy from agricultural residue.
Subsequently, all collected data were meticulously compiled
utilizing Microsoft Excel and subjected to comprehensive
descriptive analysis facilitated by the OriginLab software,
enabling advanced data manipulation and visualization. Our
findings reveal that Madagascar generates approximately 27.78
million tons of agricultural residue annually, with the potential to
produce 181.91 petajoules (PJ) of energy, primarily derived from
crop residue, estimated at 128.75 PJ annually, which constitutes
70.8% of the total energy potential. With appropriate technology,
the estimated energy potential could fulfill 48.7% of total energy
consumption in Madagascar. Consequently, future investigations
should prioritize research efforts to identify and implement
optimal conversion technologies.

Keywords: Madagascar, Agricultural Waste, Energy Potential,
Crop Residue, Livestock Waste.

I. INTRODUCTION

The agricultural sector is one of the most significant

producers of solid waste [1] and is responsible for 21% of
greenhouse gas emissions [2, 3], which has negative impacts.
According to the FAQ, in 2022, the agricultural sector made a
significant contribution to the GDP, accounting for 4% of the
global GDP. Furthermore, it constitutes 26.81% of the global
workforce and 38.14% of the total land area [4]. Notably, in
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developing countries like Madagascar, agriculture is crucial
to political development. The sector plays a significant role in
poverty reduction and is a major source of income [5],
accounting for around 30% of national GDP and 40% of
merchandise export earnings [6]. As actual demographic
growth continues to increase, the demand for agricultural
production and waste generation rises accordingly [7]. This
further contributes to a substantial portion of worldwide solid
waste generation. Managing this waste constitutes a global
solid waste management challenge. The improper
management of agricultural residue can lead to severe
environmental consequences, including land degradation,
groundwater contamination, and greenhouse gas emissions.

Fig. 1. Dumping Site in Madagascar

Burning and landfilling remain the most common ways to
dispose of agricultural residue, which harms the surrounding
environment [8]. In Madagascar, where waste management
systems are inadequate, the practice of burning agricultural
residue is a common practice [9], which leads to air pollution
and soil degradation. Over one million tons of crop residue
are burned yearly in Madagascar [10], contributing
significantly to environmental pollution [11]. The Ministry of
Environment estimates 1549 dumping sites, with 1477 being
in rural areas. Over 50% of the waste is thrown away, 20%
burned, and 10% buried [12], which resulted in the emission
of potent pollutants that lead to humanity's health
vulnerability and climate change [13]. Globally, 16% of
deaths were caused by pollution, while in Madagascar, about
31.3% of annual deaths in 2016 [11]. On the other hand,
Madagascar has abundant sustainable energy sources, like
hydropower wind, solar, and biomass [14, 15]. Due to the
lack of proper technology, biomass derived from forests
constitutes the highest part of the energy source in
Madagascar, accounting for approximately 80 % of the total
energy supply; however, non-renewable sources contribute
around 20% [16].
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As Fig.2. shows, that wood biomass from forests
constitutes the primary source of biomass [15], which
constitutes the primary source of dry forest degradation,
climate change [17], and air contamination environment [11].

Coal

Electricity

Oil

Biomass

(0] 20 40 60 80

Energy sources share in Madagascar (%)
Fig. 2. Share in Energy Source in Madagascar

The country generated 2.09 TWh of electricity in 2021, and
per capita consumption was about 67.6kwh/cap [18].
According to World Bank data, electricity access in
Madagascar is about 35.1% [19] and 5% in rural areas [16].
Fig 3 shows that over 60% of electricity is generated from
non-renewable sources, like oil and coal fossil fuels [20].
Addressing both agricultural waste and energy challenges in
Madagascar and promoting alternative methods is crucial for
sustainable development. Shifting from non-renewable to
renewable sources has been recognized as a viable solution
within the energy sector. Several investigations have been
carried out to address the challenge of agricultural waste
management, particularly between 2000 and 2018 [21], with
the United States, China, and India leading in this research
area [22]. Various authors affirmed that, with proper
management like recycling and energy recovery [23, 24],
agricultural residue can be considered a potential renewable
resource material. Thus, converting agricultural waste into
energy is one of the promising solutions [25]. This approach
can positively contribute to the achievement of various
Sustainable Development Goals (SDGs) such as access to
affordable and clean energy, environmental pollution

reduction, and climate change mitigation [26] through the
concept of circular economy.
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Fig. 3. Electricity Source in Madagascar
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In Madagascar, Tolessa, Bélieres [27][60] mentioned that
the available livestock manure and crop residues could
produce substantial volumes of methane and heat energy per
agricultural household in Vakinankaratra. This energy could
not only substitute domestic fuels but also serve as fertilizer
for crops. R., Rajaonahy [28] confirmed that zebu manure
and rice straw present the most suitable technology [28].
Those previous investigations advanced the idea that
anaerobic digestion is an appropriate technology for
agricultural waste conversion [29]. Yet, no scientific paper
reflected how much biomass is generated and available for
energy conversion in Madagascar. This study aims to fill the
Gap and provide a clear understanding of the potentiality of
Madagascar to implement the technology for agricultural
waste to energy conversion by assessing the potential
agricultural waste available for energy conversion. The study
will also explore the potential energy from Agricultural waste
by each type of residue. Agricultural waste generation
depends on several factors, such as farming practices and
geographical location. Thus, each assessment step will use a
common model and different conversion parameters from
various literature. The results of this investigation will serve
as a guide for stockholders in decision-making regarding the
implementation  of  agricultural  waste  valorization
technology.

Il. METHODOLOGY

A. Study Areas

The study area is Madagascar, an island in the Indian
Ocean, geographically separated from Africa by the
Mozambique Canal. With an area of 587,040 km2, it ranks as
the fourth-largest island on the planet [30]. The island
features tropical climates, substantial arable land, and diverse
agricultural activities. With 30.3 million inhabitants [31],
agriculture plays a vital role in the country's economy and
generates abundant waste residues to be recycled.

B. Data source and Collection

All data, including the type and quantities of crop and
livestock generation for Madagascar, were obtained from the
FAOQ database. Different parameters obtained from different
scientific papers were applied in this study including,
Residue Ratio Product (RPR), Surplus Availability Factor
(SAF), and Low Heating Value (LHV).

C. Energy Potential Assessment from Crop Residue

Crop residues are the leftovers from crop harvesting. The
quantity of crop waste is directly linked to crop yield and
production[32]. However, the quantity of crop residue varies
depending on factors such as location, plant variety, climate
conditions, and agricultural practices [27]. Some studies
classified crop waste into gross residue and surplus.

= Gross Residue Estimation

The gross residue constitutes the total waste generated
from a particular crop. The amount of crop residue generated
depends on the crop specificity.
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Three crucial factors, including the crop area, crop yield,
and RPR value, are used to determine the potential crop
residue for a specific crop. For Madagascar, the gross residue
will be assessed by applying the equation below.

T

GR = Si= Zi= RPRi
i=1 1)
Where:
— GR: the gross residue or total waste generated by
crop.

Si: is the area of plantation of each type of crop.

Zi: is the production yield of each type of crop.

— RPRI: is the residue-to-product ratio of each type of
crop.

= Surplus Availability Assessment

The surplus residue constitutes the quantity of the waste
available for the conversion process. It consists of the total
crop waste after typical applications, such as livestock
bedding and household cooking fuel. Based on the value
obtained from the previous equation, the surplus available is
calculated by the following equation:

n

SRA = Z GRi = SAFi
i=1 (2)
Where:

SRA: is the surplus availability
— GRi: the gross residue or total residue the crop
generates.
SAFi: is the surplus availability factor for crop
residue.
= Energy Potential from Crop Residue
n

EPc = SRAi = LHVi

i=1 3
Where:
— EPc: is the bio-energy potential from crop residue,
— SRA.: is the surplus residue available for each
crop,
— LHVi: is the lower heating value for each type of
crop residue.

D. Livestock Residue Energy Potential

Livestock waste is generated from animal husbandry, like
manure, urine, bedding materials, feed residues, and other
byproducts [33]. This study has assessed four types of
animals: cattle, sheep, chicken, and pig.

n
EPl = 365 Ni=Di=C(Ci*=LHVI
i=1 (@)

Where:
— EPI: the bio-energy potential from livestock manure
Ni: the population of each animal or species,
— Di: the daily dry manure coefficient of each animal
species
Ci: the collection efficiency of animal excrement
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— LHVi is the lower heating value of livestock
excrement.

I11. RESULTS AND DISCUSSION

A.Significance of the Agricultural sector in Madagascar

Globally, maize, wheat, rice, and sugarcane are significant
crops grown [34]. About 47% of crop residue is generated
from Asia and 6% from Africa [25]. Like all other developing
countries, Madagascar’s economy is primarily agricultural,
with 83.2% of households engaged in farming [35].

The agricultural sector is crucial both socially and
economically since it employs about 80% of the active
population and accounted for 27% of the country's national
GDP in 2020 [36]. Over 90% of agricultural output is
directed towards the domestic market. In Madagascar, the
cultivation landscape is remarkably varied, influenced by the
country's diverse geographical and climatic conditions.
Approximately 75% of the food produced by rural
households is designated for local consumption [37].

According to the data in Fig.4., rice, sugarcane, and
cassava share a large part in crop production, while chickens
and cattle are in livestock farming. Madagascar produces
around 4 MT of rice, 3 MT of sugarcane, and 2.8 MT of
cassava per year.

Rice is a staple food in Madagascar and is practiced by
68% of households, with cultivation occupying 1.3 ha (FAO,
2022) [35]. This indicated a significant reliance on the crop
and potentially favorable conditions for higher vyields,
resulting in greater residue biomass. According to
INSTAT2021, 77.9% of agricultural households actively
engaged in farming activities. Due to their high energy value
resulting from their significant starch content, the cultivation
of cereals such as rice, corn, and wheat, as well as roots and
tubers like potatoes and cassava, yams, taro, and sweet
potatoes, is widely grown in the country [36].

On the other hand, animal husbandry is practiced by 71.3%
of agricultural households; cattle constitute the main
important husbandry in Madagascar, with an average amount
of 9.7 million head (FAO,2022). Poultry farming is also
spread throughout the territory of Madagascar.
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B. Crop Residue Generation Assessment

Crop residue is the leftover plant material after the
harvesting period. Generally, cassava peeling, cassava stalk,
rice straw, rice stalk, sugar cane bagasse, sugarcane top, and
leaves are the typical composition of crop residue in West
Africa [38].

Energy production depends on crop and residue
availability, which is the portion that remains after other
components are consumed for different purposes [39]. This
work has considered five types of crops, including rice,
maize, cassava, sugarcane, and beans.

The finding in Fig. 5 estimated that Madagascar generates
approximately 19.24 million tons (MT) of gross agricultural
residue annually from these crops: 46.13%, 39.23%, 9.52%,
4.17%, and 0.95 for cassava, rice, sugarcane, maize, and
beans, respectively. These crops generate approximately
9.554 MT of surplus residue, representing 49.7% of the total
residue.

A closer examination of the composition of agricultural
waste reveals that rice, sugarcane, and cassava are the
predominant contributors, accounting for approximately 94%
of total residue in Madagascar.

Maize

Rice
Bl sugarcane
B Becans
Bl cassava

4.2%

46.1% 39.2%

-
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Fig. 5. Crop Residue Share in Madagascar

Crop wastes are commonly used as animal feed,
composted, disposed of in landfills, and sometimes burned,
constituting a veritable environmental threat [39]; health
disease and climate change constitute the world's challenges.

In 2020, according to the Food and Agriculture
Organization, Madagascar accounted for approximately
1.1106 MT tons of crop waste burned annually. This practice
produced approximately 4.0567 kilotons (kt) of methane
(CH.4) and 0.1053 kt of nitrous oxide (NO,). Additionally,
direct emission from manure left in pastures contributed
approximately 12.058 kt of nitrous oxide (NO2) in 2020 and
is expected to be 20.50 kt in 2050 [40]. However, biofuel
production from biomass is a potential solution to address the
energy demands and reduce the use of non-renewable energy
sources [25]. This can be done by applying appropriate
technology, including thermochemical conversion [41] that
combines thermal and chemical reactions to produce a
valuable product like syngas, bio-oil, and biochar from the
organic residue [42]. Additionally, the biochemical
conversion process is another technology that involves the
breakdown of organic matter into biofuel by using enzymes
from bacteria and other microorganisms [43]. The
technology efficiency and the biofuel quality depend on the
composition of available residue [32]. Understanding the
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composition of agricultural waste is crucial for developing
efficient management strategies and energy conversion.

C. Manure Generation Assessment

Four animal types have been assessed: cattle, sheep,
chicken, and pig. Those animals generate various kinds of
waste like urine, bedding materials, feed residues, and other
byproducts of animal production [33], but only manure is
considered in this study. The availability of livestock waste
relies on the size of the livestock operation, the type and
number of animals, and management practices. In this case,
animal waste was obtained by applying factors including the
coefficient of dry excreta and collection.

The result in Fig.6. shows that more than 8.239 MT of dry
manure is produced annually. Cattle generate an average of
6,375 MT of manure annually, representing 76.5% of total
manure. Pig and chicken manure represent 12.7% and 9.3%
of the annual manure production. The finding demonstrated
the importance of cattle in manure generation.
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Fig. 6. Livestock Manure Generation in Madagascar

In terms of collection, the dung collection efficiency depends
on the farming method. In free-range systems, the collection
efficiency is lower than that in advanced farming operations.
Logistics, like collection and transportation, is also crucial in
waste management and energy valorization [44]. This study
employed the typical coefficient of the dung collection ratio
to determine the amount of dung collected. It was evaluated
that for cattle, sheep, chickens, and pigs, the dry dung
collection ratio is about 45%, 35%, 70%, and 80%,
respectively [45].

For Madagascar, the collected dung was evaluated at 4.2
MT, representing 51.2% of annual manure generation. Cattle
manure was about 66.7% of total dung collected, 19% for
pigs, 12% for chicken, and 1% for sheep. Thus, cattle and
pigs constituted most of the animal residue available for
energy conversion. This collected dung represents a potential
residue available for energy generation. Thus, livestock
manure is continually generated on farms where animals are
raised. Livestock manure consists primarily of 75% water
and 25% solid matter (organic or inorganic), as well as
various pathogenic microorganisms [46].
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Animal dung provides multiple environmental and
economic benefits. Several studies affirm different ways to
manage livestock waste, such as biofuel production and
composting [33, 47].

Nitrogen, phosphorus, and potassium in animal dung
benefit soil properties [33, 48]. It can also be converted into
biofuel by various pathways, like pyrolysis, charcoal
briquette, and biogas by anaerobic digestion.

Manure presents a significant opportunity for bioenergy
conversion due to its abundance, renewable nature, and
properties. Thus, the generation and availability of livestock
waste play crucial roles in determining the feasibility and
efficiency of bioenergy conversion processes. However, the
existence of pathogenic organisms, antibiotics, and biosolids
in livestock excrement can potentially harm the animal's
health. Improper management of that waste may result in
carbon emissions in the atmosphere, which may cause
environmental contamination and the spread of diseases, and
also contribute to greenhouse gas emissions, which leads to
climate change [47].

D. Potential Energy from Agricultural Waste

The energy potentiality from agricultural waste refers to its
ability to be converted as an energy source through different
technologies and processes.
= Crop Residue Energy Potential Assessment

Table- I: Crop Residue Energy Conversion Parameters

Indian Journal of Environment Engineering (IJEE)
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= Livestock Manure Energy Potential Assessment

The study concentrates on four key animal species. Thus,
the finding in Table -Il indicates that Madagascar can
produce 53 PJ of energy from livestock waste. These findings
highlight the substantial contribution that livestock-based
energy generation could offer to Madagascar's energy
landscape, emphasizing the importance of further exploration
and strategic utilization of this renewable resource.

Table- 11: Animal Manure to Energy Conversion

Parameter[45]
Livestock Dry Collection LHV Energy
dung(kg/d) eff% (GJh) (PJly)
Cattle 18 45 13 37.29
Sheep 04 35 14 0.61
Chicken 0.06 70 11 5.94
Pig 0.8 80 11 9.31
Total 53.16

Cattle generate the most energy, followed by pigs and
chickens. Together, cattle, pigs, and chickens contribute
70%, 17%, and 11% of the energy potential.

Moreover, the study of livestock manure as a viable source

[45, 49, 50]

Crop Residue RPR; SAF; LHV Energy
residue type (MJ/kg) (PJly)
Maize Stalks 2 0.8 15 7.70

Cobs 0.3 1 155 1.49

Husks 0.2 1 12 0.77

Rice Straw 1.54 0.72 13.45 59.28
Husks 0.36 0.62 16 14.19

Sugarcane Bagasse 0.29 1 13 11.32
Tops 0.32 0.8 15.8 12.15

&leaves

Cassava Stalk 0.062 0.41 16.99 1.24
Peelings 3 0.2 10.61 18.46

Beans Straws 2.23 0.80 14.70 2.14
Total 128.75

PJ: Petajoule, MJ: Megajoule.

The result elucidated in Table -1 reveals that the total crop
residue energy potential in Madagascar is approximately
128.75PJ, with rice, sugarcane, and cassava demonstrating
the most pronounced energy potentials at 73.47 PJ, 23.47 PJ,
and 19.70PJ, respectively. However, beans and maize exhibit
comparatively lower energy potential values. Specifically,
maize presents a moderate energy output at 9,97 PJ, while
beans yield a residual energy value of approximately 2.14 PJ.

Thus, rice and sugarcane are the most promising bioenergy
sources, boasting significant residue outputs. Due to their
substantial  residual biomass, these crops warrant
prioritization in bioenergy development initiatives.

This comprehensive analysis illuminates these crops'
significant role in the country's energy landscape,
highlighting avenues for further exploration and utilization of
agricultural residues to meet energy demands sustainably.
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of bioenergy potential highlights the significance of cattle,
pigs, and chickens. These distinct livestock categories
emerge as pivotal elements within Madagascar's agricultural
sector, indicating their crucial contribution to the broader
framework of bioenergy production from agricultural waste.
Such insights underscore the need for targeted initiatives to
harness the bioenergy potential inherent in these livestock
categories, thereby fostering sustainable energy production
practices in Madagascar.

E. Madagascar Energy Supply and Agricultural Waste
Energy Potential

As presented in Fig. 2., biomass, oil, coal, and electricity
are the primary sources of energy in Madagascar, and
biomass constitutes the primary source of energy supply.
However, the country is characterized by a lack of electricity
access. The country's principal energy uses are household
cooking, electricity, lighting, and industrial sectors. Cooking
represents 93% of energy consumption, wood fuel represents
82% of the energy source for cooking, and 17% of charcoal
is from wood forests [51]. In 2021, 1.4% of the population
has access to clean fuel for cooking [20].

According to the International Renewable Energy Agency
(IRENA), Madagascar's total energy supply is about 373,529
terajoules (TJ), of which 85% is from biomass sources [52].
Wood represents approximately 85% of all biomass,
followed by charcoal at 12% and another source at 3% [16].
This leads to environmental pollution.

According to the findings in Tables | and I, crop residue
and livestock waste can generate a considerable bioenergy
potential of 181.91 PJ, predominantly sourced from crop
residues (128.75 PJ), followed by livestock waste (53.16 PJ).

Thus, the estimated potential energy from agricultural
waste is to fulfill 48.7% of total energy consumption in
Madagascar.
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Fig. 7. Share of Potential Energy

The finding in Fig. 7 shows that crop residue generates
70.8% of energy, and livestock manure generates 29.3% of
energy potential from agricultural waste. This presents a
promising solution to diversify the energy source and reduce
reliance on non-sustainable sources in Madagascar.

F. Agricultural Waste Management and Policy in
Madagascar

Agricultural waste constitutes a large part of global waste
and presents a global challenge. In Madagascar, waste
management strategies include waste reduction, source
separation, reuse, recycling, composting [12], and eventual
landfilling. However, these methods are still in the
experimental in the country. Also, there is a lack of waste
treatment facilities in Madagascar [53]. Various regulations
have been established regarding waste management [9]:
—Decree n° 2012-753 issued on 07 August 2012, related to

the Ban on waste under the Basel Convention in
Madagascar until a suitable treatment center is installed.

—Decree n° 2012-754, issued 07 August 2012, related to the
End-of-Life Products, Waste Sources, and Hazardous
Waste Management Procedures for implementing the
Basel Convention.

—Decree n° 2012 -900, issued 23 January 2013, prohibits the
importation, distribution, sale, use, and production of
pesticide-active ingredients in agriculture and
chemicals for industries in the framework of the
application of the Rotterdam Convention and the
Convention of Stockholm Madagascar.

—Decree n° 2014-1587 issued 2014 October 07 related to
Prohibiting the production, importation, marketing, and
use of plastic bags on the Malagasy national territory.

—Decree n° 2015-930 Classification and environmentally
sound management of waste electrical and electronic
equipment in Madagascar.

—Decree n° 2017-010 prohibits the production, importation,
marketing, stockpiling, and use of plastic bags and bags
made with plastic on the national territory.

Nonetheless, the regulation and structure concerning
agricultural waste management are still missing. Traditional
burning and landfilling crop residue are common ways to
treat waste in Madagascar. An annual 1 MT/year of crop
residue is estimated to be burned and contributes
significantly to environmental pollution [10].

Madagascar faces a significant challenge in waste
management. Additionally, there is still no specific
regulation or framework for agricultural waste management.
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G. Clean Energy Initiative and Energy Policy in
Madagascar

Madagascar is among the low-income countries [54] with
low electricity access rates. For instance, in 2021, only 35.1%
of the population had access to electricity [55]. In the rural
zone, 5% of the population has access to electricity [56].
Moreover, wood is the country's most essential energy source
[57].

As part of the Stockholm Convention on persistent organic
pollutants ratified by Madagascar in August 2005 [9], and
also part of the commitment of the Parish Agreement in 2015
to address the issue of climate change. Madagascar has tried to
address environmental problems through various policies and
regulations.

The Madagascar government aims to improve the use of
clean energy, increase electricity access to 70%, and ensure
that 20% of households use biological fuels by 2030 [58]. It
also aims to increase clean and sustainable energy use by
incorporating 85% of energy generated from renewable
sources.

Art 10 Law n°2017- 020, related to the Madagascar
Electricity Code, defined Renewable Energy Sources (RES)
as natural and continuous energy flows in our surroundings,
including renewable sources, solar heat, wind, water, ocean,
waste, and biomass.

Furthermore, through recent reforms, the Madagascar
government has sought collaborations and encouraged
investments in the energy sector [59]. Various international
partners actively support Madagascar's energy sector
development:

—Since 1972, following the establishment of ambassadorial
diplomatic relations between China and Madagascar, a
range of initiatives have been put in place to bolster
renewable energy development in Madagascar. This
commitment is underscored by a substantial investment
totaling $71.20 million in 2017.

—In 2018, the World Bank implemented biogas in rural
households in Madagascar, which led to 3,642 tons of
COge due to the use of biogas instead of wood fuel and
also reduced the country's consumption of
non-renewable dry wood by 2,084 t per year or 4,168 t
of green wood each year[51]. Furthermore, in February
2023, the Digital and Energy Connectivity for Inclusion
in Madagascar (DECIM) project was initiated to
enhance the country's access to renewable energy and
digital services.

IV. CONCLUSIONS AND RECOMMENDATIONS

Madagascar has significant potential for renewable energy
sources. Despite the absence of appropriate technology,
biomass from wood accounts for the largest portion of energy
consumption. Biofuel from biomass presents a promising
source of energy that respects the global environmental
policy. This study demonstrates that Madagascar has the
potential to generate 181.91 PJ of energy via crop residue and
livestock manure, Where crop residue shares 70.8% of total
energy potential.
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The finding estimated that potential

OPEN aACCESS

energy from

agricultural waste could fulfill 48.7% of total energy
consumption in Madagascar. This presents a promising
opportunity to diversify the energy mix and reduce the
dependence on fossil fuels in the country. Energy conversion
efficiency and energy output composition depend on
technology efficiency. Thus, future investigations should
identify the most suitable technology for different residues.

In addition, it is imperative to implement a regulatory

framework governing sustainable management practices of
agricultural waste within the nation. This study underscores
the critical importance of promoting opportunities for
renewable energy in Madagascar, addressing the pressing
need for sustainable development in the energy sector, and
providing valuable visions for policymakers. These visions

offer

direction for  well-informed  decision-making

procedures, aiding in the creation and execution of efficient
policies and strategies aimed at advancing sustainable energy
development.
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