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Abstract: Energy is an essential need of people; however, people living in displacement settings are
often deprived of this basic need. Connecting refugee camps through the main grid is challenging
due to their locations. Biogas is an energy source that can be implemented to address the energy need
of refugee camps. Implementation of biogas technology can help to reach sustainable development
goal-7 (SDG 7) and its synergies in refugee camps. Therefore, in this study, the contribution of biogas
in achieving sustainable development goals is presented to address the current gap in the literature.
For this, Rohingya refugees in Bangladesh were considered as a case study. The waste situation in
Rohingya refugee camps is highlighted and considered. Generated biogas from the organic fraction
municipal solid (OFMSW) was used to determine the LPG cylinder reduction potential in Rohingya
refugee camps. Approximately 497,587 LPG cylinders can be replaced if biogas is used in cooking
activities. Moreover, compared to wood fuel, biogas used in cookstoves emits 85% less greenhouse
gas. This study underlines the importance of further research to determine the prospective use of
biogas in clean cooking in refugee camps.

Keywords: Rohingya refugee; biogas; sustainable development goals; displacement settings; Bangladesh;
clean cooking

1. Introduction

The number of people forced to flee their houses due to violence, conflicts, human
rights violations, and fear of persecution was 89.3 million in 2021. This number is more
than double that of people forcibly displaced a decade ago, and is likely to increase in
the near future [1]. These people have a variety of needs, but one of the most crucial for
preserving a respectable standard of living is food security. Humanitarian actors generally
focus on addressing these challenges by focusing on food access and availability, whereas
food utilization, a vital pillar of food security is frequently overlooked [2]. Malnutrition
and poor health are caused by a lack of technology for using food appropriately and safely.
Additionally, this contributes to the rising case of mortality and creates a situation of
ongoing emergency.

Food safety and security are the main concerns of humanitarian emergency responses.
However, most of the food supplied by these organizations must be prepared before
consumption. Nutrition is greatly influenced by how food is cooked. In Niger, for instance,
the supplied food is cooked in the hot water (3 or 4 times a day). Rations are either
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consumed dry (reducing the nutritional content) or cooked in un boiled water (increasing
the danger of diseases) because traditional boiling typically needs a large amount of fuel
and takes time [2].

Sustainable energy solutions in this context can be crucial in ensuring effective, con-
sistent, and fair access to fundamental services such as cooking and food preservation.
In humanitarian settings, the problem of having access to adequate cooking energy or
fuel is directly or indirectly related to other problems, such as protection, host-displaced
relationships, ecological damage, and excessive use of natural resources. [3]. A report
found that 97% of refugees are deprived of electricity, and at least 80% of people depend
on firewood for cooking purposes [4]. In a refugee camp, people, especially women and
children, have to travel long distances to gather firewood for cooking purposes, exposing
them to physical and sexual attacks and abuses. Women generally handle fuel collecting
activities, which increases their security concerns due to the unsafe environment in refugee
camps [5]. Women and children suffer from respiratory diseases such as pneumonia and
asthma due to smoke created by inefficient cooking appliances [3]. Additionally, refugees
frequently sell or trade some of their food allotments to get firewood for cooking the left-
over food. In regions where fuelwood is the primary resource, such as Sub-Saharan Africa,
rivalry for access to fuel can lead to conflicts between the host populations and refugees.
The collection of firewood may result in the deforestation or the destruction of green spaces,
having a long-term impact on the ecosystem in the area [3,6]. More than 64,000 acres of
land are burnt annually by refugees residing in camps worldwide [3]. The deforestation
rate in some of the host countries due to the refugee influx can be seen in Table 1.

Table 1. Deforestation rate due to refugee influx in host countries [3].

Location Origin Number Reference Period Deforestation Rate
The firewood consumption rate
Sudan (Darfur) Sudan 2 million 2003-2008 is calculated at 1500 tons
per day.

DRC (Virunga
region)

The firewood consumption rate

Rwanda ~730,000 1994-1996 is estimated at 1000 tons per day

The firewood consumption rate
Rwanda 524,000 1994-1996 is measured at 585,000 m3
per year in Ngara district

Tanzania
(North-Western)

. . 58% reduction in woodland
Zimbabwe Mozambique - 1985-1994 cover around the camps
The firewood consumption rate
Malawi Mozambique >1 million 1985-1995 is estimated between 500,000

and 700,000 m3 per year.

The global community is pushing hard to remove these significant burdens and achieve
worldwide energy access until 2030. One of the three aims of sustainable development
goal 7 (SDG 7) is to “ensure access to reliable, affordable, and sustainable energy for
all”. This is also linked to several other SDGs [7]. Thus, achieving SDG 7 will secure the
accomplishment of other related SDGs [8]. The goals of SDG 7 have been recently updated
to provide clean energy in these settlements to address the energy demand and needs
of these displaced people and refugees [9]. The United Nations High Commissioner for
Refugees (UNHCR) and other organizations and governments have launched an ambitious
goal of providing electricity in all displacement settings by 2030 and achieving SDG 7.
However, meeting this goal is challenging as many camps are set up in rural and off-grid
places [10]. Therefore, the only option is to use the locally available resources of the refugee
camps. Renewable energy resources such as biogas can play an essential role in meeting
the cooking demands of these refugees. Meeting the cooking demands of these refugees
can ensure the UNHCR's goal of achieving SDG 7 for refugees. There has been however, a
lack of research on these issues in previous studies. To fill this gap, this study shows how
biogas can ensure the achievement of SDG 7 for refugees. The energy situation of Rohingya
refugees is highlighted, which has also been lacking in previous studies. Preference has
been given to the camp’s waste situation, which can be utilized to produce biogas. For this,
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we used the data in our previous research that deals with waste generation and biogas
production in different Rohingya refugee camps [11]. This present study highlighted the
role of biogas in cooking activities and future LPG cylinder replacement potential from
biogas. A comparison was made between biogas and wood fuel cookstoves to determine
the emission reduction potential of biogas. No literature is available to discuss biogas
technology’s role in fulfilling the SDG 7 and its synergies in refugee camps. Therefore, we
believe that this is the first study linking SDG goals and small-scale biogas technologies for
refugees. Moving forward, host communities must formulate alternative energy policies
for refugees. The results of this study will be helpful for other displacement settings to
frame policies regarding clean and sustainable cooking.

2. Current Cooking Energy Situation in Rohingya Refugee Camps

More than 671,000 Rohingya fled from the Rakhine state of Myanmar in 2017 due to
armed violence and political instability. This led to an increase in the Rohingya population
in Bangladesh from 225,000 to 850,000 [12]. Several makeshift camps were established in
Coxsbazar, Bangladesh, to provide shelter for these people (Table 2). Recently, many of
these refugees have been relocated to an island named Bashan char [5]. This population
is projected to increase, as seen in Table 2. Several national and international agencies are
working to provide the basic needs of these people. However, the energy condition of these
refugees remains unknown. A report claimed that in 2018 the refugees collected 80% of their
fuel from nearby forests [13]. The daily fuel demand for Rohingya refugees is estimated
to be 800 tonnes of fuelwood, considering an average of one kilogram of fuelwood per
day. On average, 4 ha of forest area is cleared daily, resulting in colossal deforestation [14].
Approximately 95,000 households were provided with compressed rice husks (CRH) as
an alternative fuel, and by early 2020, 200,000 LPG stoves were supplied among Rohingya
households to ensure clean energy access in the camp [13]. There is a plan to expand the
LPG distribution project in the future. A survey reported that the present distribution of
LPG does not fulfil refugee’s needs [15]. However, firewood remains a significant source of
primary energy in the camp. The health and climate impact of using LPG fuel has been
highlighted in previous literature [16]. In addition to environmental problems, ecological
and biodiversity damage from deforestation has resulted in a staggering financial loss of
USD 285 million for the Bangladesh Government [17]. Biogas can be used to fulfil the
cooking demand of this camp. However, the current problems that hinder the development
of biogas in Rohingya refugee camps are the greater space requirement required for biogas
tank technology, making it less suitable in the denser parts of the camps, and the higher
investment cost in comparison to on-site sanitation options [15].

Table 2. Rohingya populations in different camps of Cox’sbazar [11].

Projected Population

Camp Population (2019) (2025)
Kutupalong-Balukhali Expansion1 (Case 1) 439,623 545,618
Kutupalong Registered Camp (Case 2) 25,743 31,950
Leda Makeshift (Case 3) 24,026 29,819
Nayapara Registered Camp (Case 4) 34,557 42,889
Shamlapour (Case 5) 26,326 32,674
Hakimpara (Case 6) 55,181 68,486
Thangkhali (Case 7) 29,704 36,866
Unchiprang (Case 8) 30,384 37,710

Jamtoli (Case 9) 33,298 41,327
Moynarghona (Case 10) 21,464 26,640

Chakmarkul (Case 11) 10,500 13,032
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3. Material and Methods

This study presents a strategy to determine the benefits of biogas in achieving sus-
tainable development goals in Rohingya refugee camps in Bangladesh. Different scientific
articles, reports, and websites were accessed to collect the necessary data, and numerical
analysis was applied afterwards.

3.1. Household Digesters

In Bangladesh, the most used household digesters are fixed dome digesters [18].
In the Rohingya refugee camp, the average number of household members is 6.4 [19].

3
mbiogas

Considering an average of 1.3-1.95 Tousehold — day

is required to supply the cooking demand

in a household, a digester of 13 m? is required in a Rohingya refugee household.
The needed capital costs to establish a digester on households depending on firewood
are estimated as [20].
CAPEXtp = CAPEXp x Hg 1)

where H = households depending on firewood, CAPEXp = Capital costs of the digester
(USD/digester), and CAPEXTp = Capital costs of digesters for households depending on
firewood (USD).

The number of households having access to electricity is also unknown. Although
the area has a grid connection, the families are not connected [21]. It has been reported
that diesel generators are powered to supply electricity to two health centres in refugee
camps, and cost 200 USD daily [21]. Therefore, it is assumed that 80% of households do not
have access to electricity. Small-scale generators can be deployed to the camps to provide
electricity to these families.

The capital expenditure required to build household digesters for the people depend-
ing on firewood is estimated from the following equation [20].

CAPEXrg = H,(CAPEXp + CAPEXE) @)

where: H,—families without electricity.

CAPEXg—Capital cost of biogas generator (USD/generator).

CAPEXtg—Capital costs of electric generator units for households without access to
electricity (USD).

In our previous studies, the estimation of biogas was made from OFMSW), as seen
in Figure 1 (please check Supplementary File for details). From the figure, it can be seen
that about 14 Mm? biogas is available in the refugee camps. This biogas can be used
for cooking and energy generation purposes. Considering 1 kg of fuel (firewood) per
person, a refugee household’s monthly average fuel consumption is 198 kg. To replace
the consumption of firewood, biogas energy required (WM) is estimated from the
following equation [20].

(12 mpLHVy )

x 1077 3)
Tbiogas

€hiogas —

m g—mass of firewood (198 kg/month).
11 f—efficiency of firewood cooking stove or system (4.4%).
piogas—efficiency of biogas cooking stove or system (57%).
LHVy—Lower heating value of firewood (16.9 MJ/kg).

T]

year
of firewood at a community level can be estimated from Equation (4) [20].

Furthermore, the necessary biogas energy required (--) to replace the consumption

Ecook = Hf X €hiogas 4)
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Biogas potential (Mm?3)

10

8.684

Figure 1. Biogas potential at Rohingya refugee camps.

Basic subsistence consumption (BSC) is the monthly average electricity consumption
needed to fulfil basic human needs. According to the UN, the annual minimum energy
requirements to meet basic human demand are 100 kWh of electricity and 100 kg of oil
equivalent fuels, which match the emission threshold of 0.41 tCO; eq. per capita [22].

Therefore, the average energy (%) required to meet the BSC of the refugee community

can be estimated from Equation (5) [20].
Eujeet = BSC x 12 x 3600 X Hye x 1077 (5)
Hy.—Households having no access to electricity.

3.2. Environmental Analysis

In our analysis, the global warming potential (GWP) of firewood and biogas was
determined. A comparison was made between substitute fuel and biogas to determine the
GHG emission from biogas production and application. Consequently, a comparison was
made between the combustion of biogas and substituted firewood to calculate the GWP of
CHy,, CO,, N2O, and CO emissions. The amount of methane that must be produced per
unit of energy supplied to heat water was calculated using Equation (6) [23].

1
My(fi) = SECch, x 0.57(1 — f7) ©

where:

M, (fi)—amount of methane that is required to be generated per unit of energy
supplied to heat water (kg MJ~1);

fi—f{raction of biogas lost through intentional releases or leakages;

SEC—specific energy content of CHy (59 MJ/kg).

Value of 0.57—Dbiogas stove efficiency.

It was reported that from small-scale biogas plants, 40% of biogas could be lost through
leakage [23-25]. This study considered this worst-case and took 40% as a reference.

Subsequently, the amount of lost CHy per unit of energy delivered is as follows:

M;(f1) = fiMp(f1) 7)
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After that, the method from Bruun et al. was followed to calculate the GWP per unit
of energy delivered (g CO,-eq. MJ 1), highlighted in Equation (8) [23,24].

IPBow (fi) = Mi(fi)CFcn, + ECBcn, CFen, + ECBN o, CPn + ECBcoCFeo + ECBco,CFeo, 8)

Avoided GHG emissions =

where:

ECB—(g GHG) GHG emissions during fuel combustion.

CF—(g COz-eq. g’l) characterization factor of CO,, CHy, N,O and CO. For CO, CO,,
N,O, and CHy, the values are 1.9, 1, 295, and 25 g CO-eq. g~ !, respectively [23-25].

Equation (9) was employed to estimate the impact potential of emissions from the
replaced fuels (g CO,-eq. MJ 1) since the GWP emissions of substituted fuel (wood) are
not linked to the losses of CHy of biogas plants:

IPRgw = ECRCH4CFCH4 + ECRNZO CFNZO + ECRcoCFco + ECRCOZCFCOZ 9)

where:

CF—(g COy-eq. g’l) characterization factor of CO,, CHy, N,O and CO

ECR—(g GHG) GHG emissions during replaced fuel combustion

Then, Equation (10) was utilized to measure the emission prevented due to the use of
biogas instead of firewood.

GHG emissions of firewood — GHG emissions of biogas
GHG emissions of firewood

x 100 (10)

4. Results and Discussion
4.1. Present Waste Situation and Economic Benefit of AD

Generally, 2 and 10 m? biogas digesters with a 40-90 days retention time are built
in a household [26,27]. The average cooking demand of a household for biogas ranges

3
ms.
between 0.2 to 0.3 %, while the volumetric production rate of biogas typically

varies from 0.15 to 0.30 %

igester
market. Tubular designs }g1ave lower costs, and floating drum designs have the highest
capital cost among biogas digesters. Fixed dome designs have a higher cost than tubular
designs, but their lifespan is longer [28,29].

In the previous analysis, we estimated that in 2019, 110.98 Mt of waste was generated
in the eleven refugee camps hosting Rohingya refugees, and it was also predicted that
the camps would see an alarming rise in waste generation soon [11]. The expected waste
increase was estimated to be 136.56 Mt in 2025. Municipal solid waste (MSW) has a
devastating effect on the environment since it can contaminate air, soil and water. The
poor management of MSW poses a significant danger to human health. This situation
is observed in the Rohingya refugee camps. A report published by UNDP highlighted
the waste situation in the refugee camps as severe [30]. Therefore, the best way to handle
this situation is to use this waste to produce sustainable bioenergy effectively. Generally,
MSW constitutes 46% of organic fraction, trailed by paper waste (17%), plastics waste
(10%), glass 5%, metal 4%, and other miscellaneous waste (18%) [31]. If the Organic
Fraction MSW (OFMSW) can be utilized systematically, it could be a valuable feedstock
for generating renewable bioenergy. Various technologies are adopted to use OFMSW,
and anaerobic Digestion (AD) has emerged as the most suitable way to utilize this waste
and other substrate for bioenergy production. AD is a feasible and economical technology
for waste management. AD converts OFMSW into biogas which can be further used
to generate electricity or heat. It is a well-established technology since over 560 plants
are running worldwide currently. OFMSW has a high bioenergy production potential
of up to 200 m® (400 kWh) per ton; and is highly biodegradable. About 330 L CHy can
be produced per kg of volatile solids [32]. Furthermore, AD of organic waste produces
energy and biogas and has the advantage of preventing odor release and minimizing

[22]. There are several biogas digesters available on the
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pathogens. Refugee camps are taken as a temporary solution to existing circumstances.
Moreover, their transitory nature usually discourages the execution of multiple critical
concepts such as sustainability, environmental impact, and the circular economy, among
many others. Nevertheless, some refugee camps remain in operation for several years
while some eventually transform to provide permanent living conditions. Implementation
of AD can help towards sustainability and a circular economy in these refugee camps, and
setting up an AD plant requires little investment and cost. Figure 2a shows the cost of
pretreatment technologies, while Figure 2c shows the price of composting technologies
in Bangladesh.

1400000 1275500 700000 - 665600
600000 - 529000
1200000 __ 500000 -
1000000 < 400000 - 264400
g 300000 496514 159000159000
800000 © 200000 -
& 600000 & °35360 100000 -
% 331320 0 - !
o 400000
© & @& &
200000 & & & S
& XL @ \©
0 _\ql 6\0 Q g Y
o . » © &
Preliminary Sorting area  Storage (o) é:@ «z"’
storage area area ¢
Pretreatment technology Anaerobic Digestion Technology
(a) (b)
7000000 6439424
6000000
5000000
& 4000000
k73
8 3000000
2000000
1000000 100000 185000 360000 5.,
0 — N
Civil Buldozer  Sieving Crusher Turner
Engineering equipment equipment

Composting Technology

(c)
Figure 2. Costs related to pretreatment, anaerobic digestion and composting in Bangladesh [33].

Figure 2b shows the cost of setting up an anaerobic digestion plant in Bangladesh. As
stated earlier, the Rohingya refugee camps’ waste situation is getting worse, and small-scale
AD plants can be used to transform this waste into bioenergy. In total, 137,426 households
will be dependent on firewood if no other alternative is proposed. Considering 6.6 person
in every household, a 13 m? biodigester will be needed per household. It will require
a capital investment of USD 510, USD 1243, and USD 2383 to build up a polyethylene,
geomembrane and fixed dome digester, respectively, for a single-family (based on the data
from Table 3). Therefore, capital expenditure of 327.48 million USD will be required to build
up fixed dome digesters for every household, while 70 million and 170.82 million USD
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will be necessary for polyethylene and geomembrane digesters. Determining repair and
maintenance expenses during the lifespan of digesters is also needed to evaluate factors
that presently cause the limited success of this technology in rural families globally. In some
cases, the availability of organic waste probably justifies considering large-scale communal
digesters to supply several households. Moreover, the number of households without
electricity will be 109,941. A 5 m? digester will be needed considering a BSC of 100 kWh
electricity /month [20], and 198 USD will be required to build up a polyethylene digester.
The cost of different digester technologies is shown in Table 3.

Table 3. Capital and operational expenditures of different digesters [20].

Digester CAPEX OPEX Total
Size (m3) (USD) (USD/year) (USD)
Poly. Geo. Fixed Poly. Geo. Fixed Poly. Geo. Fixed
4 - - 1083 - - 43 - - 1949
5 198 480 - 794 961 - 992 1441 -
6 - - 1333 - - 53 - - 2399
8 - - 1583 - - 63 - - 2849
10 392 956 1833 1568 1912 73 1960 2868 3299
15 585 1431 - 2341 2863 - 2926 4294 -

Geo.—Geomembrane, Poly.—Polyethylene.

Furthermore, to produce 0.85-1 KW of power, a biogas generator is needed at an
average expense of 100 USD per unit. Accordingly, 32.76 million USD will be required to
build an electricity generator combined with a digester system in the Rohingya refugee
community lacking electricity (Equation (2)). However, it should also be noted that this cost
will increase considering the cost of training facilities and labour in refugee camps. The
proposed biogas plant will not only cover treatment of organic waste but also will support
recycling and composting facilities because there is a vast market potential for recyclable
materials in Cox’sbazar. The cost of setting up these facilities is provided in Figure 2. The
collection rate of materials was 75% in Coxsbazar in 2020, and this is projected to be 90% in
2025 [33]. Metals, textiles, and plastic are mostly recoverable materials (Table 4) and can be
sold to earn revenue. Each household’s estimated revenue after selling these materials is
186 taka/month [33]. Compost can be generated from the surplus of organic waste. This
compost can be sold to local markets to earn revenue. From one ton of organic waste,
0.25-ton compost can be produced [34]. An estimated 10-11 USD can be earned annually
from selling this compost.

Table 4. Recoverable materials and revenue earned from waste collection.

Recyclable Recovery . Collection Fee
Materials Cost (USD/kg) Rate (%) Revenue Earning (USD/month)
Paper 0.16-021 40 Normal Collection 137
rate
Plastic 0.25-0.29 50 Collection rate (CR) + 1.44
5% increase
Glass 0.21-0.22 Not available CR + 15% increase 1.58
Metal 0.39-0.43 80 CR + 30% increase 1.78
Others (textile) 2 0.17-0.18 75 CR + 50% increase 2.06

1 Taka—0.011 USD; *—Textile is generally collected at cities, so the cost will come down to 10 tk/kg.

However, the implementation of AD requires overcoming several obstacles. For
energy production, any biodegradable organic material can be digested. However, the
physical and chemical properties of feedstock often pose a significant challenge in selecting
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the appropriate technology. Moisture content and feedstock size need to be considered
when selecting technology. Excessive or low moisture content affects bacterial growth in
the system and creates problems in digester feeding. The primary feedstock candidate is
animal manure and agricultural residues containing cellulose, hemicellulose, and lignin-
based materials. However, the biodegradability of the organic substrate is decreased with
increased lignin content resulting in a slower hydrolysis stage. However, different chemical,
thermal and mechanical pretreatment processes are available to enhance the solubility or
hydrolysis of the digester’s organic materials. For example, conventional heating of organic
materials improves their hydrolysis [35]. Piping in the AD process is subjected to freezing
during the winter season. Any piping that regularly contains even tiny amounts of water
should be heat-traced and properly insulated to avoid freezing [36]. Moreover, pumps in
the AD process are vulnerable to failure. Pumps can be damaged due to a lack of fluid
movement (blocked discharge). A pressure gauge on each side of the pump can help to
avoid this situation [36].

4.2. Emission and LPG Reduction Potential

Our previous analysis estimated the biogas production from OFMSW in several
Rohingya refugee camps. In 2019, approximately 7.16 million m3 (Mm?) of biogas could
have been produced, which will rise to 14.43 Mm?3 in 2025. From Kutupalong- Balukhali
Expansion 1 camp, an average of 4.31 Mm? of biogas can be generated annually, rising to
8.68 Mm?/ year in 2025 [11]. Since the collection factor has a significant effect on waste
collection and thus leads to biogas production, increasing the collection rate can significantly
boost biogas production. It has been found that a 25% increase in collection rate would
yield 50% more biogas than before. This biogas can be used to meet the Rohingya’s
cooking demand. Considering 29 m3 biogas equivalents in a 1 LPG Cylinder of 14.2 kg,
an estimated 497,587 LPG cylinders can be replaced in 2025 (a sample calculation is given
in the Supplementary File). Among eleven camps, approximately 299,435 LPG cylinders
can be replaced from Kutupalong- Balukhali Expansion camp 1 alone (Figure 3). From
camp 6, 87% fewer LPG cylinders can be removed compared to camp 1. Considering
the CO, emission factor and the calorific value for LPG (63 g/M] and 46.4 MJ/kg [37,38],
respectively), we estimated the total CO, avoidance if biogas is used instead of LPG. The
analysis found that a total of 20.69 million kg of CO, could be avoided from these camps
if biogas were used in cooking activities (Figure 4). Approximately 12.43 M kg of CO,
could be reduced from the first camp, which would be 88% higher than camp 6. The lowest
CO;, avoidance would be from camp 11, at 0.3 M kg. The global warming potential of the
biogas of firewood was also determined. To determine the global warming potential of
biogas instead of wood fuel, we followed and applied the methodology of [23-25] (detailed
calculation in the Supplementary File). Around 3 T]/year of energy is required for a single-
family to replace firewood consumption, while to guarantee BSC to the energy-deprived
people, 474.94 T] of energy is needed annually. It was also observed that 85% of greenhouse
gas can be avoided if biogas is used in a standard biogas stove rather than wood fuel (based
on the data from Table 5). From Table 5, it can be seen that the emission of GHG is very high
when wood fuel is combusted instead of biogas. If wood fuel is used instead of biogas, this
results in 90% greater emissions of CHy. The combustion of biogas also generates carbon
dioxide, but there is no net increase in atmospheric carbon dioxide because the amount of
carbon dioxide fixed in the biodegradable feedstock equals the amount released through
biogas combustion. Nevertheless, AD is associated with several greenhouse gases, namely
methane, carbon dioxide, and nitrous oxide. Drastic steps should be taken to decrease
these emissions. Several measures such as avoiding leakage, use of flares to avoid methane
discharge, enhancement of efficiency of combined heat and power units, proper use of
cover, and enhancement of an electric power utilization strategy, can be used to exploit as
much thermal energy as possible [39].
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Figure 3. LPG cylinder reduction in refugee camps.
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Figure 4. CO; avoidance from different camps after using biogas as cooking fuel.

Table 5. Emission of GHG gas during the combustion of wood and biogas [23].

Emission of Gas during per

M] of Supplied Energy Co CO: (®) N0 (mg) CH, (mg)
Biogas 0.1 81.5 5.4 57
Wood 14 532 43 600

5. Biogas for Meeting SDG in Refugee Camps

This section highlights the contribution of biogas in obtaining three pillars of sustain-
able development such as environmental, economic and social. Details of biogas and its
contribution can be found in Table 6.
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Table 6. Endowment and interrelations of biogas to sustainable development dimensions (SDDs) and
sustainable development goals (SDGs).

Sustainable Development Goals

Contribution of Biogas

Sustainable Development

SDG 1: No poverty

Generating jobs.

Economic

Eliminates the complex issue of fertilizer supply chain
and assists the smallholder by providing valuable
fertilizer [40,41]

SDG 2: Zero hunger

Enrich yields by supplying fertilizer.

Economic

Recirculating nitrogen (N), phosphorus (P), potassium
(K) throughout the digestion process [40,42].

Improving the soil condition by retrieving carbon,
organic matter, and lost nutrients.

SDG 3: Good Health and Well-being

Diminishing methane emission [40,43]

Social

Decreasing the vulnerability to hazardous materials by
burning the biogas [40,44]

SDG 4: Quality Education

Growing energy accessibility in rural areas will
enhance the rate of education [40].

Social

SDG 5: Gender Equality

Supplies an inexpensive source of energy to the local
residents in the rural area, which leads to enhancing
the quality of life of women and children [45]

Social

SDG 6: Clean Water and Sanitation

Wastewater treatment facilities are enhanced due to
energy availability, and thus, water quality is
upgraded [46].

Environment

In remote locations, decentralized wastewater
treatment facilities can be provided.

SDG 7: Affordable and Clean Energy

Enhancing overall energy storage capacity, energy
supply reliability, sustainability, and affordability [47].

Environment

SDG 8: Decent work and Economic
Growth

Reusing waste materials reduce the carbon footprint
and increases the GDP [48,49].

Economic

SDG 9: Industry, Innovation, and
Infrastructure

Enabling sustainable infrastructure. Value-added to
waste materials as it converts into energy.

Economic

Acts as a renewable energy resource for a small-scale
industrial farm [50].

SDG 11: Sustainable Cities and
Communities

Improvement of waste management processes
enhances air quality as bad odors are decreased [40].

Social

Access to electricity is increased [51].

SDG 12: Responsible Consumption
and Production

Enhance in waste utilization improves the resource
utilization efficacy, and thus, air and water pollution
are decreased [52].

Environment

SDG 13: Climate Action

Reduce GHG and methane emissions from landfills
and livestock industries [40,53].

Environment

SDG 14: Life Below Water

Reduced land-based pollutions contribute to lower
marine pollutions.

Environment




Sustainability 2022, 14, 11842 12 of 15
Table 6. Cont.
Sustainable Development Goals Contribution of Biogas Sustainable Development
SDG 15: Life on Land . Replacem(.ent of solid fuels contribute to lower Environment
deforestation rate [40].
e Improvement in both freshwater ecosystem and

land-use productivity [54].

SDG 16: Peace and Justice Strong e Increase in power accessibility and affordability is Social

Institutions

interconnected to peace in some extent [40]

From Table 6, it is clear that biogas has a considerable role to play in fulfilling the sus-
tainable development goals in refugee camps. Among these goals, biogas has a significant
effect on SDG 7. Generated biogas in refugee camps can be used to either provide electricity
or cooking fuel. Refugee camps not connected to the grid can become self-sufficient in terms
of energy by utilizing biogas. Biogas can be stored in a small-scale gas holder and a digester
when excess gas is available, or injected into an existing grid with other energy sources to
fulfil base and peak loads. Unlike other fossil fuels, biogas has fewer environmental effects.
The burning of biogas causes less environmental damage than diesel. Land-use change
and fossil fuels contribute 38 x 10> and 33 x 10'° tons, respectively, of GHG annually.
Greenhouse gas emissions, depletion of cultivated area and desertification can be reduced
if a household digester is used. Using biogas in cooking activities can ensure health benefits
for children and adults. According to Zhang et al., the primary cause of premature death
in China is indoor air pollution [55]. More than 420,000 premature deaths occur each year
due to indoor air pollution. Exposure to indoor air pollution increases the risk of pneumo-
nia, responsible for 45% of the deaths of children under five years [56]. This situation is
very severe in a refugee camp since fewer ventilation facilities exist. In Rohingya refugee
camps, almost 200,000 households need to change their cooking facilities [56]. A bottle gas
scheme using biogas can be highly beneficial in this regard, as clearly outlined with SDG 3
and 13. As previously stated, the impact of refugees on firewood collection can increase
desertification and deforestation. The incoming of Rohingya have increased the possibility
of deforestation in Coxsbazar, and soil quality and land cover were altered after the arrival
of refugees [57,58]. After the production of biogas, the leftover liquid and solid fractions
could be used as fertilizer to improve the fertility rate of the soil. This would improve
agriculture productivity and will ensure SDG 2 and 15.

Furthermore, biogas can help achieve SDG 5 and 6 in refugee camps. Rohingya in
refugee camps have fewer facilities for pure drinking water [59]. Biogas produced from
wastewater AD can be used to run a desalination plant to produce clean water. Access
to electricity will also ensure the security of women, which can improve their lifestyles.
Setting up a biogas plant in a refugee camp can ensure employment opportunities. In 2019,
23,000 full-time operational positions and about 335,000 temporary construction jobs had
been created by the biogas business. In China, 209,000 workers are supported by the biogas
business [60]. Therefore, setting up a biogas plant in refugee camps can help achieve SDG 8
and 9.

6. Conclusions

Biogas is the most promising fuel to provide electricity in refugee camps. The con-
tribution of biogas in achieving sustainable development goals in refugee camps was
investigated in detail in this study. Expected waste generation in the Rohingya refugee
camp in 2025 will be 136.56 Mt. From this waste, 14.43 Mm? of biogas can be generated
in 2025. A significant contribution of biogas was found in achieving SDGs 2, 3,7, 8 and
9,11, 12, 13 for refugees. The environmental benefits of using biogas in cooking activities
instead of wood were observed in this study. It was found that 85% of emissions can be
avoided if biogas is used for cooking activities rather than wood fuel. Moreover, if biogas
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is used in cooking activities, 20.69 million kg of CO, will be avoided, making it a positive
option for policymakers. Furthermore, 497,587 LPG cylinders will be replaced if biogas
is used in refugee camps. Using biogas in cooking will also protect women'’s health, and
a reduction in air pollution will avoid premature deaths. To build an electric generator
combined with a digester system in the Rohingya refugee community lacking electricity
would cost 32.76 million USD. Despite the availability of mini-scale bio-digesters in rural
households, the application of these plants for energy generation and clean cooking in
refugee camps have not been thoroughly investigated. Thus, it is recommended to adopt a
holistic approach to collect more data to estimate actual biogas generation and application
in refugee camps. Future studies should determine the applicability of hybrid cookers
consisting of biogas and solar in these camps.

Supplementary Materials: The following supporting information can be downloaded at: https://www.
mdpi.com/article/10.3390/su141911842 /s1, Table S1: Emission of GHG gas during the combustion of
wood and biogas.

Author Contributions: Data curation, H.C. and T.C.; Formal analysis, H.C. and T.C.; Methodology,
H.C. and T.C.; Writing—original draft, H.C. and T.C.; Writing—review & editing, supervision, A.S.,
R.C. and S.M.S. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

Nomenclature

LPG Liquefied petroleum gas

MSW Municipal Solid Waste

SDG Sustainable Development Goals

UNHCR  United Nations High Commissioner for Refugees

References

10.

UNHCR-Global Trends. Available online: https:/ /www.unhcr.org/globaltrends.html (accessed on 5 September 2022).

Haver, K.; Harmer, A.; Taylor, G.; Khara Latimore, T. Evaluation of European Commission Integrated Approach of Food Security and
Nutrition in Humanitarian Context; European Commission: Luxembourg, 2013.

Barbieri, J.; Riva, F; Colombo, E. Cooking in Refugee Camps and Informal Settlements: A Review of Available Technologies and
Impacts on the Socio-Economic and Environmental Perspective. Sustain. Energy Technol. Assess. 2017, 22, 194-207. [CrossRef]
UNHCR Northern Europe. Available online: https://www.unhcr.org/neu/unhcr-and-sustainable-development-goals (accessed
on 30 January 2022).

Rafa, N.; van To, T.T.; Gupta, M.; Uddin, S.M.N. The Pursuit of Energy in Refugee Contexts: Discrimination, Displacement,
and Humanitarian Energy Access for the Rohingya Refugees Displaced to Bangladesh. Energy Res. Soc. Sci. 2022, 83, 102334.
[CrossRef]

Mandelli, S.; Barbieri, J.; Mattarolo, L.; Colombo, E. Sustainable Energy in Africa: A Comprehensive Data and Policies Review.
Renew. Sustain. Energy Rev. 2014, 37, 656—686. [CrossRef]

Transforming Our World: The 2030 Agenda for Sustainable Development | Department of Economic and Social Affairs. Available
online: https://sdgs.un.org/2030agenda (accessed on 30 January 2022).

Fuso Nerini, F,; Tomei, J.; To, L.S.; Bisaga, I.; Parikh, P; Black, M.; Borrion, A.; Spataru, C.; Castan Broto, V.; Anandarajah, G.; et al.
Mapping Synergies and Trade-Offs between Energy and the Sustainable Development Goals. Nat. Energy 2018, 3, 10-15.
[CrossRef]

UNHCR; IOM; UNITAR; UN Environment; Global Alliance for Clean Cookstoves; Chatham House. A Policy Brief on Energy in
Situations of Displacement. 2018, pp. 1-7. Available online: https://sustainabledevelopment.un.org/content/documents/1756
1PB_17_Draft.pdf (accessed on 22 July 2022).

Neves, D.; Baptista, P; Pires, ].M. Sustainable and Inclusive Energy Solutions in Refugee Camps: Developing a Modelling
Approach for Energy Demand and Alternative Renewable Power Supply. J. Clean Prod. 2021, 298, 126745. [CrossRef]


https://www.mdpi.com/article/10.3390/su141911842/s1
https://www.mdpi.com/article/10.3390/su141911842/s1
https://www.unhcr.org/globaltrends.html
http://doi.org/10.1016/j.seta.2017.02.007
https://www.unhcr.org/neu/unhcr-and-sustainable-development-goals
http://doi.org/10.1016/j.erss.2021.102334
http://doi.org/10.1016/j.rser.2014.05.069
https://sdgs.un.org/2030agenda
http://doi.org/10.1038/s41560-017-0036-5
https://sustainabledevelopment.un.org/content/documents/17561PB_17_Draft.pdf
https://sustainabledevelopment.un.org/content/documents/17561PB_17_Draft.pdf
http://doi.org/10.1016/j.jclepro.2021.126745

Sustainability 2022, 14, 11842 14 of 15

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Chowdhury, H.; Chowdhury, T.; Miskat, M.I.; Hossain, N.; Chowdhury, P.; Sait, S.M. Potential of Biogas and Bioelectricity
Production from Rohingya Camp in Bangladesh: A Case Study. Energy 2021, 214, 118837. [CrossRef]

Hassan, M.M.; Smith, A.C.; Walker, K.; Rahman, M.K.; Southworth, J. Rohingya Refugee Crisis and Forest Cover Change in
Teknaf, Bangladesh. Remote Sens. 2018, 10, 689. [CrossRef]

Bangladesh Refugee Emergency Factsheet: Energy and Environment (as of August 2018)-Bangladesh | ReliefWeb. Available
online: https:/ /reliefweb.int/report/bangladesh/bangladesh-refugee-emergency-factsheet-energy-and-environment-august-
2018 (accessed on 30 January 2022).

Sustainable Energy Sources for Rohingya Refugees in Kutupalong—Children on the Edge. Available online: https://www.
childrenontheedge.org/latest-stories /kutupalong-sustainableenergy (accessed on 30 January 2022).

Dignifying Sanitation Services for the Rohingya Refugees in Cox’s Bazar Camps-Www.Rural21.Com. Available online:
https:/ /www.rural21.com/english/news/detail /article/dignifying-sanitation-services-for-the-rohingya-refugees-in-coxs-
bazar-camps.html?no_cache=1 (accessed on 18 May 2022).

Rosenthal, J.; Quinn, A.; Grieshop, A.P; Pillarisetti, A.; Glass, R.I. Clean Cooking and the SDGs: Integrated Analytical Approaches
to Guide Energy Interventions for Health and Environment Goals. Energy Sustain. Dev. 2018, 42, 152-159. [CrossRef]

Refugee Crisis, Green Energy, and Climate Responsibility | The Daily Star. Available online: https://www.thedailystar.net/
opinion/news/refugee-crisis-green-energy-and-climate-responsibility-2095797 (accessed on 30 January 2022).

Khan, E.U.; Martin, A.R. Review of Biogas Digester Technology in Rural Bangladesh. Renew. Sustain. Energy Rev. 2016, 62,
247-259. [CrossRef]

Morris, B.; Chopyak, E.; Gray, A. October 2017 Assessment Report: Undocumented Myanmar Nationals Influx to Cox’s Bazar, Bangladesh;
International Rescue Committee: New York, NY, USA, 2017.

Sagastume Gutiérrez, A.; Mendoza Fandifio, ].M.; Cabello Eras, J.J.; Sofan German, S.J. Potential of Livestock Manure and
Agricultural Wastes to Mitigate the Use of Firewood for Cooking in Rural Areas. The Case of the Department of Cordoba
(Colombia). Dev. Eng. 2022, 7, 100093. [CrossRef]

Solar Improves Living Standards for Rohingya Refugees in Bangladesh—Pv Magazine International. Available online: https:
/ /www.pv-magazine.com/2021/06/02/solar-improves-living-standards-for-rohingya-refugees-in-bangladesh/ (accessed on 26
February 2022).

Deng, L.; Liu, Y.; Wang, W. Biogas Technology; Springer: Singapore, 2020; ISBN 9789811549403.

Bruun, S.; Jensen, L.S.; Khanh Vu, V.T.; Sommer, S. Small-Scale Household Biogas Digesters: An Option for Global Warming
Mitigation or a Potential Climate Bomb? Renew. Sustain. Energy Rev. 2014, 33, 736-741. [CrossRef]

Roubik, H.; Barrera, S.; van Dung, D.; Phung, L.D.; Mazancova, J. Emission Reduction Potential of Household Biogas Plants in
Developing Countries: The Case of Central Vietnam. J. Clean. Prod. 2020, 270, 122257. [CrossRef]

Lemma, B.; Ararso, K.; Evangelista, P.H. Attitude towards Biogas Technology, Use and Prospects for Greenhouse Gas Emission
Reduction in Southern Ethiopia. J. Clean. Prod. 2021, 283, 124608. [CrossRef]

Nguyen, D.; Nitayavardhana, S.; Sawatdeenarunat, C.; Surendra, K.C.; Khanal, S.K. Biogas Production by Anaerobic Digestion:
Status and Perspectives. In Biomass, Biofuels, Biochemicals: Biofuels: Alternative Feedstocks and Conversion Processes for the Production
of Liquid and Gaseous Biofuels; Elsevier: Amsterdam, The Netherlands, 2019; pp. 763-778. ISBN 9780128168561.

Jegede, A.O.; Zeeman, G.; Bruning, H. A Review of Mixing, Design and Loading Conditions in Household Anaerobic Digesters.
Crit. Rev. Environ. Sci. Technol. 2019, 49, 2117-2153. [CrossRef]

Yasar, A.; Nazir, S.; Rasheed, R.; Tabinda, A.B.; Nazar, M. Economic Review of Different Designs of Biogas Plants at Household
Level in Pakistan. Renew. Sustain. Energy Rev. 2017, 74, 221-229. [CrossRef]

Ferrer-Marti, L.; Ferrer, I.; Sanchez, E.; Garfi, M. A Multi-Criteria Decision Support Tool for the Assessment of Household Biogas
Digester Programmes in Rural Areas. A Case Study in Peru. Renew. Sustain. Energy Rev. 2018, 95, 74-83. [CrossRef]

UNDP Bangladesh and UN WOMEN Bangladesh. Report on Environmental Impact on Rohingya Influx; UNDP: Dhaka, Bangladesh,
2018; p. 106.

Mishra, A.; Kumar, M.; Bolan, N.S.; Kapley, A.; Kumar, R.; Singh, L. Multidimensional Approaches of Biogas Production and
Up-Gradation: Opportunities and Challenges. Bioresour. Technol. 2021, 338, 125514. [CrossRef]

Tyagi, VK,; Fdez-Giielfo, L.A.; Zhou, Y,; Alvarez—GalIego, CJ.; Garcia, L.LR.; Ng, W]. Anaerobic Co-Digestion of Organic Fraction
of Municipal Solid Waste (OFMSW): Progress and Challenges. Renew. Sustain. Energy Rev. 2018, 93, 380-399. [CrossRef]
SREDA. Feasibility Study on Waste to Energy Conversion in Six Municipalities in Bangladesh; UNDP: Dhaka, Bangladesh, 2018;
Available online: http:/ /www.bd.undp.org/content/bangladesh/en/home/library/environment_energy/waste-to-energy.html
(accessed on 22 July 2022).

Bhaiya, R. Community Based Solid Waste Management through Public-Private-Community Partnerships: Experience of
Waste Concern in Bangladesh. Available online: https://www.academia.edu/36828164/Community_Based_Solid_Waste_
Management_Through_Public-Private-Community_Partnerships_Experience_of_Waste_Concern_in_Bangladesh (accessed on
22 July 2022).

Uddin, M.M.; Wright, M.M. Anaerobic Digestion Fundamentals, Challenges, and Technological Advances. Phys. Sci. Rev. 2022.
[CrossRef]


http://doi.org/10.1016/j.energy.2020.118837
http://doi.org/10.3390/rs10050689
https://reliefweb.int/report/bangladesh/bangladesh-refugee-emergency-factsheet-energy-and-environment-august-2018
https://reliefweb.int/report/bangladesh/bangladesh-refugee-emergency-factsheet-energy-and-environment-august-2018
https://www.childrenontheedge.org/latest-stories/kutupalong-sustainableenergy
https://www.childrenontheedge.org/latest-stories/kutupalong-sustainableenergy
https://www.rural21.com/english/news/detail/article/dignifying-sanitation-services-for-the-rohingya-refugees-in-coxs-bazar-camps.html?no_cache=1
https://www.rural21.com/english/news/detail/article/dignifying-sanitation-services-for-the-rohingya-refugees-in-coxs-bazar-camps.html?no_cache=1
http://doi.org/10.1016/j.esd.2017.11.003
https://www.thedailystar.net/opinion/news/refugee-crisis-green-energy-and-climate-responsibility-2095797
https://www.thedailystar.net/opinion/news/refugee-crisis-green-energy-and-climate-responsibility-2095797
http://doi.org/10.1016/j.rser.2016.04.044
http://doi.org/10.1016/j.deveng.2022.100093
https://www.pv-magazine.com/2021/06/02/solar-improves-living-standards-for-rohingya-refugees-in-bangladesh/
https://www.pv-magazine.com/2021/06/02/solar-improves-living-standards-for-rohingya-refugees-in-bangladesh/
http://doi.org/10.1016/j.rser.2014.02.033
http://doi.org/10.1016/j.jclepro.2020.122257
http://doi.org/10.1016/j.jclepro.2020.124608
http://doi.org/10.1080/10643389.2019.1607441
http://doi.org/10.1016/j.rser.2017.01.128
http://doi.org/10.1016/j.rser.2018.06.064
http://doi.org/10.1016/j.biortech.2021.125514
http://doi.org/10.1016/j.rser.2018.05.051
http://www.bd.undp.org/content/bangladesh/en/home/library/environment_energy/waste-to-energy.html
https://www.academia.edu/36828164/Community_Based_Solid_Waste_Management_Through_Public-Private-Community_Partnerships_Experience_of_Waste_Concern_in_Bangladesh
https://www.academia.edu/36828164/Community_Based_Solid_Waste_Management_Through_Public-Private-Community_Partnerships_Experience_of_Waste_Concern_in_Bangladesh
http://doi.org/10.1515/psr-2021-0068

Sustainability 2022, 14, 11842 15 of 15

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

AgSTAR Program, E.; United States Environmental Protection Agency (EPA). Anaerobic Digester/Biogas System Operator
Guidebook A Guidebook for Operating Anaerobic Digestion/Biogas Systems on Farms in the United States. 2020. Available
online: https://www.epa.gov/agstar /anaerobic-digesterbiogas-system-operator-guidebook (accessed on 22 July 2022).
Lohani, S.P.; Dhungana, B.; Horn, H.; Khatiwada, D. Small-Scale Biogas Technology and Clean Cooking Fuel: Assessing the
Potential and Links with SDGs in Low-Income Countries—A Case Study of Nepal. Sustain. Energy Technol. Assess. 2021,
46,101301. [CrossRef]

Weyant, C.L.; Thompson, R.; Lam, N.L.; Upadhyay, B.; Shrestha, P.; Maharjan, S.; Rai, K.; Adhikari, C.; Fox, M.C.; Pokhrel, A.K.
In-Field Emission Measurements from Biogas and Liquified Petroleum Gas (LPG) Stoves. Atmosphere 2019, 10, 729. [CrossRef]
Paolini, V.; Petracchini, F.; Segreto, M.; Tomassetti, L.; Naja, N.; Cecinato, A. Environmental impact of biogas: A short review of
current knowledge. J. Environ. Sci. Health A Toxic Hazard. Subst. Environ. Eng. 2018, 53, 899-906. [CrossRef]

Obaideen, K.; Abdelkareem, M.A.; Wilberforce, T.; Elsaid, K.; Sayed, E.T.; Maghrabie, H.M.; Olabi, A.G. Biogas Role in
Achievement of the Sustainable Development Goals: Evaluation, Challenges, and Guidelines. J. Taiwan Inst. Chem. Eng. 2022,
131, 104207. [CrossRef]

Herrmann, A. Biogas Production from Maize: Current State, Challenges and Prospects. 2. Agronomic and Environmental Aspects.
Bioenergy Res. 2013, 6, 372-387. [CrossRef]

Arthurson, V. Closing the Global Energy and Nutrient Cycles through Application of Biogas Residue to Agricultural Land—
Potential Benefits and Drawbacks. Energies 2009, 2, 226-242. [CrossRef]

Zeng, J.; Xu, R; Sun, R;; Niu, L.; Liu, Y.; Zhou, Y.; Zeng, W.; Yue, Z. Evaluation of Methane Emission Flux from a Typical Biogas
Fermentation Ecosystem in China. J. Clean. Prod. 2020, 257, 120441. [CrossRef]

Ilo, O.P; Simatele, M.D.; Nkomo, S.L.; Mkhize, N.M.; Prabhu, N.G. The Benefits of Water Hyacinth (Eichhornia Crassipes) for
Southern Africa: A Review. Sustainability 2020, 12, 9222. [CrossRef]

Tamburini, E.; Gaglio, M.; Castaldelli, G.; Fano, E.A. Biogas from Agri-Food and Agricultural Waste Can Appreciate Agro-
Ecosystem Services: The Case Study of Emilia Romagna Region. Sustainability 2020, 12, 8392. [CrossRef]

Adnan, A.I; Ong, M.Y.; Nomanbhay, S.; Chew, K.W.; Show, P.L. Technologies for Biogas Upgrading to Biomethane: A Review.
Bioengineering 2019, 6, 92. [CrossRef]

Ullah Khan, I.; Hafiz Dzarfan Othman, M.; Hashim, H.; Matsuura, T.; Ismail, A.F.; Rezaei-DashtArzhandi, M.; Wan Azelee, 1.
Biogas as a Renewable Energy Fuel—A Review of Biogas Upgrading, Utilisation and Storage. Energy Convers. Manag. 2017, 150,
277-294. [CrossRef]

Okoro, O.V.; Sun, Z. Desulphurisation of Biogas: A Systematic Qualitative and Economic-Based Quantitative Review of
Alternative Strategies. ChemEngineering 2019, 3, 76. [CrossRef]

Hansupalak, N.; Piromkraipak, P.; Tamthirat, P.; Manitsorasak, A.; Sriroth, K.; Tran, T. Biogas Reduces the Carbon Footprint of
Cassava Starch: A Comparative Assessment with Fuel Oil. J. Clean. Prod. 2016, 134, 539-546. [CrossRef]

Abdul Aziz, N.I.H.; Hanafiah, M.M.; Mohamed Ali, M.Y. Sustainable Biogas Production from Agrowaste and Effluents—A Promising
Step for Small-Scale Industry Income. Renew. Energy 2019, 132, 363-369. [CrossRef]

Kelebe, H.E.; Ayimut, K.M.; Berhe, G.H.; Hintsa, K. Determinants for Adoption Decision of Small Scale Biogas Technology by
Rural Households in Tigray, Ethiopia. Energy Econ. 2017, 66, 272-278. [CrossRef]

Lewis, J.J.; Hollingsworth, J.W.; Chartier, R.T.; Cooper, E.M.; Foster, W.M.; Gomes, G.L.; Kussin, P.S.; Maclnnis, ].J.; Padhi, B.K,;
Panigrahi, P; et al. Biogas Stoves Reduce Firewood Use, Household Air Pollution, and Hospital Visits in Odisha, India. Environ.
Sci. Technol. 2016, 51, 560-569. [CrossRef]

Lima, RM.; Santos, A.H.M.; Pereira, C.R.S.; Flauzino, B.K.; Pereira, A.C.O.S.; Nogueira, EJ.H.; Valverde, ].A.R. Spatially
Distributed Potential of Landfill Biogas Production and Electric Power Generation in Brazil. Waste Manag. 2018, 74, 323-334.
[CrossRef]

Tamburini, E.; Gaglio, M.; Castaldelli, G.; Fano, E.A. Is Bioenergy Truly Sustainable When Land-Use-Change (LUC) Emissions
Are Accounted for? The Case-Study of Biogas from Agricultural Biomass in Emilia-Romagna Region, Italy. Sustainability 2020,
12,3260. [CrossRef]

Zhang, J.; Mauzerall, D.L.; Zhu, T.; Liang, S.; Ezzati, M.; Remais, ].V. Environmental Health in China: Progress towards Clean Air
and Safe Water. Lancet 2010, 375, 1110-1119. [CrossRef]

Indoor Air Pollution a Huge Problem in Rohingya Camps | Dhaka Tribune. Available online: https:/ /archive.dhakatribune.
com/bangladesh/nation/2018/08/27 /indoor-air-pollution-a-huge-problem-in-rohingya-camps (accessed on 13 February 2022).
Mahmood, H.; Saha, C.; Paul, N.; Deb, S.; Abdullah, S.M.R,; Tanvir, M.5.S.I; Bashar, A.; Roy, S.; Rabby, F.; Ahmed, S.N; et al. The
Soil Quality of the World’s Largest Refugee Campsites Located in the Hill Forest of Bangladesh and the Way Forward to Improve
the Soil Quality. Environ. Chall. 2021, 3, 100048. [CrossRef]

Sakamoto, M.; Ullah, S.M.A.; Tani, M. Land Cover Changes after the Massive Rohingya Refugee Influx in Bangladesh: Neo-Classic
Unsupervised Approach. Remote Sens. 2021, 13, 5056. [CrossRef]

Akhter, M.; Uddin, SM.N.; Rafa, N.; Hridi, S.M.; Staddon, C.; Powell, W. Drinking Water Security Challenges in Rohingya
Refugee Camps of Cox’s Bazar, Bangladesh. Sustainability 2020, 12, 7325. [CrossRef]

Renewable Energy and Jobs—Annual Review 2020. Available online: https://www.irena.org/publications/2020/Sep/
Renewable-Energy-and-Jobs- Annual-Review-2020 (accessed on 13 February 2022).


https://www.epa.gov/agstar/anaerobic-digesterbiogas-system-operator-guidebook
http://doi.org/10.1016/j.seta.2021.101301
http://doi.org/10.3390/atmos10120729
http://doi.org/10.1080/10934529.2018.1459076
http://doi.org/10.1016/j.jtice.2022.104207
http://doi.org/10.1007/s12155-012-9227-x
http://doi.org/10.3390/en20200226
http://doi.org/10.1016/j.jclepro.2020.120441
http://doi.org/10.3390/su12219222
http://doi.org/10.3390/su12208392
http://doi.org/10.3390/bioengineering6040092
http://doi.org/10.1016/j.enconman.2017.08.035
http://doi.org/10.3390/chemengineering3030076
http://doi.org/10.1016/j.jclepro.2015.06.138
http://doi.org/10.1016/j.renene.2018.07.149
http://doi.org/10.1016/j.eneco.2017.06.022
http://doi.org/10.1021/acs.est.6b02466
http://doi.org/10.1016/j.wasman.2017.12.011
http://doi.org/10.3390/su12083260
http://doi.org/10.1016/S0140-6736(10)60062-1
https://archive.dhakatribune.com/bangladesh/nation/2018/08/27/indoor-air-pollution-a-huge-problem-in-rohingya-camps
https://archive.dhakatribune.com/bangladesh/nation/2018/08/27/indoor-air-pollution-a-huge-problem-in-rohingya-camps
http://doi.org/10.1016/j.envc.2021.100048
http://doi.org/10.3390/rs13245056
http://doi.org/10.3390/su12187325
https://www.irena.org/publications/2020/Sep/Renewable-Energy-and-Jobs-Annual-Review-2020
https://www.irena.org/publications/2020/Sep/Renewable-Energy-and-Jobs-Annual-Review-2020

	Introduction 
	Current Cooking Energy Situation in Rohingya Refugee Camps 
	Material and Methods 
	Household Digesters 
	Environmental Analysis 

	Results and Discussion 
	Present Waste Situation and Economic Benefit of AD 
	Emission and LPG Reduction Potential 

	Biogas for Meeting SDG in Refugee Camps 
	Conclusions 
	References

