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ABSTRACT
In developing countries, minimal progress has been made towards the attainment of Sustainable 
Development Goals (SDGs). This is because of low investment in innovations towards this endea
vor. In this paper, 143 peer-reviewed journal articles and non-journal sources were reviewed to 
explore the potential of Black Soldier Fly (BSF) rearing as a cost-effective innovation for achieving 
SDGs 1, 2, 3, 7, and 13. Uganda was chosen for its median position among developing countries, 
making its practices adaptable to countries on either side of the scale. BSF can contribute to the 
attainment of the five SDGs through its products and/or services, including environment-friendly 
waste management, larvae for animal feeds, frass for organic fertilizer, and chitin for pharmaceu
tical use. This review discusses the significant potential of integrating BSF into strategies to achieve 
the selected SDGs in a developing country. However, the limited data on organic waste generation 
could not permit precise statistical estimates of BSF’s potential contribution to each SDG. Future 
studies, supported by reliable data, should precisely assess the feasibility of BSF rearing as a cost- 
effective innovation for attaining the SDGs. Future research should also explore the influence of 
policy and consumer behavior on the adoption and utilization of BSF-based products.
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Introduction

The 17 Sustainable Development Goals (SDGs) were for
mulated to ensure ‘good life’ for mankind, today and 
tomorrow (Barua, 2020; Houssam et al., 2023; Koch & 
Krellenberg, 2018; Leal-Filho et al., 2019). Each goal 
includes sustainability to provide long-lasting solutions to 
human problems with minimal impact on natural 
resources (Barua, 2020). The ultimate aim is to achieve an 
inclusive approach to sustainable development (Mayanja & 
Nkata, 2019), which leaves no one behind in global devel
opment efforts (Annan-Aggrey et al., 2021). To ensure the 
attainment of this global endeavor, the efforts of individual 
countries are paramount, and different countries have set 
localized strategies within their means. Setting country- 
specific strategies is important, because there are differ
ences in resource endowments across nations. Thus, the 
priorities set by different nations differ, although the defi
nitive goal is to holistically and sustainably improve the 
livelihoods of their citizens (Halisçelik & Soytas, 2018).

Unfortunately, a recent assessment showed that the 
world is still far from achieving the SDGs (United 
Nations, 2024). In particular, the meagre progress reported 
was primarily in developed economies, which leaves a gap 
between these economies and the developing world 
regarding the attainment of the SDGs (Chaparro-Banegas 
et al., 2024; Paprotny, 2021). This difference is attributed to 
the fact that developed countries have allocated more 
resources to innovations that contribute to the attainment 
of the SDGs (Chaparro-Banegas et al., 2024; Shulla & Leal- 
Filho, 2023). However, the poor infrastructural system in 
different sectors has limited investment in innovations 
towards achieving SDGs in the developing world (Davies 
et al., 2019; Hickmann et al., 2023; Hinson et al., 2019).

Notably, it has been quite challenging for the devel
oping countries to utilize their natural resources to 
achieve the SDGs with minimal impact (Indiana & 
Pahlevi, 2023), and some of these countries have regis
tered high levels of depletion of their natural resources 
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(Barbier & Burgess, 2023). In these countries, there is 
also remarkable inequality in access to basic resources 
(Medina-Hernández et al., 2023), whose equal distribu
tion would otherwise create a unified impact in the 
efforts to achieve the SDGs. Developing countries have 
to mobilize resources to enable them achieve the SDGs 
while also ensuring good welfare of their population 
(Arora & Sarker, 2023). Thus, the developing world 
must embrace innovations that would help them 
achieve the SDGs and improve the welfare of their 
citizens. Achieving these two endeavors would only be 
possible if developing economies invested in cost- 
effective innovative approaches. The resources to be 
mobilized might, therefore, not necessarily be tagged 
as resources to contribute to attaining the SDGs, but 
will have to be invested in innovations that may directly 
or indirectly contribute to the attainment of the respec
tive SDGs.

Among the potential cost-effective innovations is 
insect farming, which has gained global importance 
owing to its diverse uses in sustaining human livelihood 
(Hlongwane et al., 2021; Selaledi et al., 2021). For exam
ple, insects are appraised for their potential contribution 
to improving global food security (Sogari et al., 2019), 
directly as food and indirectly as ingredients in the food 
sector. However, in the developing world, where regula
tions on insect use are limited (Chia et al., 2020), insects 
remain largely understudied. Black Soldier Flies (BSF) 
and their larvae (BSFL) have received particular atten
tion from the research community because of their 
diverse roles and products these insects can provide 
(Bessa et al., 2020; Popa & Green, 2012; Siddiqui et al.,  
2022; Wang & Shelomi, 2017). In this regard, the cur
rent review seeks to consolidate the diverse body of 
research on BSF and its potential to contribute to the 
attainment of the selected SDGs in a developing country 
context.

The review uses Uganda as a case because it has 
a favorable environment that supports the growth of 
insects, including BSF. In addition, Uganda is in the 
median position of the least developed countries, and 
most importantly, in Sub-Saharan Africa (SSA) 
(Guerrero-Ruiz et al., 2021). Most importantly, 
Uganda’s organic waste management system is at stake 
following the recent ‘mysterious fire outbreak’ at Kitezi, 
one of the biggest waste dump sites in Uganda. Using 
BSF as an alternative organic waste management strat
egy could save the potential future tragedy from 
increased poor organic waste disposal. Since the country 
holds a median position among the least developed 
countries in SSA and faces challenges in waste manage
ment, development solutions applicable to Uganda 
could be feasible for other developing countries with 

similar organic waste management issues. We are con
vinced that venturing into BSF as a development vehicle 
could be a sustainable option in Uganda, given the 
increasing population and the resulting rise in genera
tion of organic wastes, which are substrates for BSF 
larvae growth (Aryampa et al., 2019). The review first 
delves into assessing the status of SDGs in the develop
ing world, then narrows its focus to Uganda , highlight
ing the strategies the Uganda government has put in 
place to achieve the SDGs, as well as the weaknesses in 
these strategies. The review then offers insights into how 
embracing the BSF can contribute to the attainment of 
some of the selected SDGs. The SDGs discussed are 
1,2,3,7 and 13. The first four SDGs (1,2 3 and 7) were 
recently reported to be critical for Africa (Danladi et al.,  
2023). However, for Uganda, we also examined the 
potential contribution of BSF rearing to the attainment 
of SDG 13, which is particularly important for a green 
Africa in the future. The potential limitations to using 
BSF in attaining these SDGs, and policy implications are 
also discussed. The need for regulation in the use of BSF 
is also highlighted to ensure that the goal of attaining 
‘good life’ for all ‘today and tomorrow’ is not compro
mised. This review is an eye opener to developing coun
tries that the ‘over-looked’ innovations could actually 
hasten their efforts towards attaining some of the 
SDGs by 2030.

It is important to mention that there was an earlier 
attempt by Raman et al. (2022) to align BSF production 
with the attainment of several SDGs. However, their focus 
was on BSF larvae, particularly with regard to animal feed 
production. Thus, they lightly reported other aspects that 
BSF could contribute to in sustainable development. 
Therefore, this review comprehensively explores the 
potential role of BSF in the attainment of the above- 
mentioned SDGs. Although a few selected SDGs are dis
cussed here- those to which BSF could directly contribute 
—it is noteworthy that there is no stand-alone SDG 
(Wanyana et al., 2024). Thus, BSF could play an indirect 
role in the achievement of all other SDGs.

Methodology

Although work has been done on the different products 
and services offered by the BSF, their contribution to the 
attainment of SDGs is scanty. Thus, we examined studies 
on the different products and/or services provided by BSF 
and applied them to the respective SDGs. The BSF pro
ducts considered in this review were larvae, frass, and 
chitin. In our search, however, one study by Kaczor et al. 
(2022) highlighted the extraction of antifungal com
pounds from the eyes of adult flies. Thus, although lim
ited work has been published on this subject, we have 
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included this article, since it reported on a product that 
we believe could be explored for future use in the context 
of the developing world. However, studies on the biology 
of BSF, such as its life cycle, were excluded.

It was found that the direct contribution of BSF aligns 
with five SDGs (1,2,3,7 and 13), which formed the basis for 
our review and search for articles. In our search, we first 
considered information from the United Nations website 
on SDGs (https://sdgs.un.org/goals) to ascertain in detail 
what the five SDGs entail. In addition, we reviewed reports 
from the SDG secretariate, office of the Prime Minister of 
Uganda (https://sdgs.opm.go.ug/sdg-secretariat/), to 
obtain current updates on the five SDGs. From this infor
mation, we carefully searched for studies relating to: (1) the 
current state of SDGs globally and locally, and efforts to 
ensure the attainment of the same, and (2) services and/or 
products provided by BSF that could apply to Uganda in its 
pursuit to attain the five SDGs. These were obtained from 
Google Scholar and websites of publishing houses, parti
cularly Springer Nature, Springer Link, Elsevier, and 
Taylor and Francis, among others. To this end, we 
reviewed 128 peer-reviewed journal articles and 15 pub
lications that were related to the subject but were not 
journal articles.

Status of SDGs in the developing world

Generally, the progress of developing countries towards 
achieving the SDGs has been poor, and it is believed that 
the COVID-19 pandemic worsened the situation (Medina- 
Hernández et al., 2023). Although no comprehensive 
report quantifying the effect of the pandemic on the attain
ment of SDGs exists in the developing world, its effect is 
undeniable. Gonzalez and Ebbesson (2021), for example, 
highlighted that global food systems have been distorted by 
the pandemic, with the developing world being the most 
affected. Regarding SDG 3, a general report showed that 
minimal progress has been made in the developing world 
(Strong et al., 2020). In addition, the pandemic reduced the 
amount of aid to developing countries, yet an initial look 
into the possibilities of these countries achieving the SDGs 
showed the necessity of additional aid to supplement their 
public finances (Hoy, 2024).

According to the SDG dashboard, Africa regressed in 
SDG 13 (climate action) and achieved the least progress 
in SDG 2 (zero hunger), SDG 8 (decent work and 
economic growth), SDG 10 (reduced inequality), and 
SDG 12 (responsible consumption and production) 
(SDG Knowledge Hub, 2022). A report by Leal-Filho 
et al. (2020) is more benumbing as they postulate that 
not achieving the SDGs could put the developing world 
in a more desperate state of aggravated poverty and 
disease outbreaks. This calls for strategic actions by the 

developing world towards more feasible alternatives 
owing to the reduction in foreign aid.

Status of SDGs in Uganda and strategies by the 
government to attain them

In an effort to achieve sustainable development, Uganda 
integrated some of the SDGs into its National 
Development Plans (NDPs). For example, Uganda 
established agro-industrialization as one of the 18 
national programs in NDP III, which encompasses 
SDGs 1, 2, 8, and 9 (United Nations Department of 
Economic and Social Affairs, 2020). Similarly, SDGs 
12, 13, 14, and 5 are part of the program on climate 
change and natural resource management. With these 
and other SDGs included, 95% of NDP III was aligned 
with SDGs (Office of the Prime Minister [OPM], 2024a).

Furthermore, Uganda sought to operationalize the UN’s 
‘Leave No One Behind (LNOB)’ concept to allow for inclu
siveness in obtaining sustainable development (Office of 
the Prime Minister [OPM], 2024b). Some of the national 
strategies to operationalize the LNOB strategy include the 
Parish Development Model (PDM), Youth Livelihood 
Fund, Women Empowerment Program, and Disability 
Fund, among others (OPM, 2024a, 2024b). However, 
even with these inclusive programs, a more recent report 
on the status of SDGs shows that for the past six years, 
Uganda has only achieved SDGs 12 and 13 (P. Mugambe & 
Avogo, 2024).

Weaknesses in Uganda’s strategies to achieve the 
SDGs

In contrast to developed economies, where the attainment 
of SDGs has been driven by investment in innovations 
(Chaparro-Banegas et al., 2024), Uganda’s strategy in the 
above initiatives involves giving money to people with no 
clear roadmap to invest it. Such funds contribute to mak
ing people lazy with the idea that ‘the government will 
provide for them.’ Consequently, such efforts have always 
been labelled according to the government programs, for 
example ‘PDM money.’ On the contrary, encouraging 
individuals to become involved in cost-effective initiatives 
and providing funds to boost their already established 
enterprises could be a more sustainable approach, as it 
would also stimulate innovation among people.

The position of BSF in Uganda’s pursuits of 
sustainable development

One of the key challenges against Uganda’s pursuit 
of improving the livelihoods of its citizens is poor 
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solid waste management. However, it is unlikely that 
citizens will invest money obtained from any govern
ment program to manage waste. Thus, the govern
ment must either directly invest in innovations to 
manage waste or fund these initiatives, rather than 
give money to citizens. And, with the increasing 
waste generation levels, the cost of managing these 
wastes could as well go beyond the cost of producing 
them. Castellani et al. (2022) proposed a circular 
economy to fit Uganda’s waste management system. 
In this regard, we postulate that embracing the use 
of BSF could be a more viable venture in efforts to 
‘utilise wastes’ to achieve some of the SDGs discussed 
here. This could be one strategy to supplement 
donor funds, as Uganda’s economy largely depends 
on external funding (Mwangu, 2023). Embracing 
BSF could also promote a more inclusive participa
tory approach to achieving the SDGs to allow for the 
involvement of all Ugandans (Ahimbisibwe & 
Kontinen, 2021).

SDG1- No poverty: Ending poverty in all its forms 
everywhere

Initiatives set by government of Uganda towards 
eradicating poverty
Currently, over 40% and 20% of Ugandans live 
below the international (US. $ 1.90 per day) and 
national (US. $ 1.77 per day) poverty lines, respec
tively (OPM, 2024a). The Uganda Poverty 
Eradication Action Plan (PEAP) clearly spells out 
in one of its pillars that it aims to ‘increase the 
ability of the poor to raise their incomes.’ This and 
other poverty eradication initiatives such as 
Emyooga, Entandiikwa, and PDM all spell out on 
paper the intended efforts to eradicate poverty 
among the poorest of the poor. Nonetheless, these 
initiatives have been politicized, which has con
strained their ability to achieve the intended goals 
(Oburu, 2023). Holistic and inclusive social and eco
nomic policies, the efficient use of natural resources 
through innovative approaches, government invest
ment in advancing technological development, and 
pro-poor leadership that seeks to address the needs 
of the poor (Ayoo, 2022) could address poverty 
challenges in developing countries like Uganda. 
Onen (2023) advised that development initiatives 
should shift from providing aid to supporting inno
vations that use local knowledge to contribute to 
uplifting the livelihoods of Ugandans. This has, how
ever, been lightly adopted in Uganda, yet it would 
contribute to a reduction in politicizing government 
programs.

The potential role of BSF in poverty eradication
As a circular economy has been proposed as 
a sustainable waste management approach that could 
also improve the livelihoods of Ugandans (Castellani 
et al., 2022), we are convinced that waste management 
using BSF is suitable in this pursuit. All stages of the BSF 
can be used to generate different products. Thus, rearing 
Black soldier flies yields no waste. For example, in addi
tion to larvae that are feed for animals, use of frass, 
which is a biofertilizer from BSFL biodegradation, 
resulted in equal crop performance compared to when 
synthetic fertilizers were used (Quilliam et al., 2020). 
Therefore, this initiative could reduce the cost of syn
thetic fertilizers and their negative effects on the soil. 
Fortunately, operations leading to these products 
require low capital and space investment, making the 
enterprise a viable option for low-income earners in 
developing countries (Gold et al., 2018; Singh & 
Kumari, 2019).

Based on studies on larval and frass production from 
biowaste conversion, the amount of frass and larvae 
depends on the substrate used (Basri et al., 2022; 
Quilliam et al., 2020; Salomone et al., 2017). Thus, the 
choice of substrate will depend on the purpose of the 
enterprise, whether it is primarily for frass or larvae. 
Nonetheless, in Uganda, fruit and vegetable wastes are 
as high as 40% before reaching the final consumer (Food 
Rights Alliance, 2020). With their high frass (25%) and 
larvae (12.5%) production capacity (Ahmad et al., 2021), 
farmers could take on ‘dual-purpose BSF enterprises’ 
owing to the fact that most households practice inte
grated crop-livestock systems. Because of the diversity 
in operations that yield waste among households, it is 
possible that individuals or groups (several even at the 
village level) could set up BSF-rearing enterprises and 
sustain them with waste from their households.

Abro et al. (2022) estimated the potential contribu
tion of BSF to poverty eradication and reported both 
direct and indirect effects (Table 1). The direct contri
bution of BSF-rearing is the increase in earnings. This 
could be either through the sale of primary products 
(larvae and frass) or cuticles of pupae after the emer
gence of the adults and dead flies for extraction of chitin 
and subsequently chitosan for use in the food and phar
maceutical industries. Alternatively, farmers raising 
livestock and crops would use larvae and frass in their 
respective enterprises to increase productivity and con
sequential income. The indirect contribution could be 
through lowering the prices of inputs (larvae and frass), 
which would reduce production costs and, conse
quently, reduce the price of the final product. This 
would ultimately increase consumer savings on pro
ducts from the BSF-based systems. Another indirect 
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contribution to poverty eradication reported by Abro 
et al. (2022) was providing employment to different 
actors along the BSF valve chain. In the authors’ calcu
lation, they realized that replacing conventional animal 

feed with BSF could create over 500,000 jobs annually. 
Since operations regarding BSF are not limited only to 
feeds, it is evident that embracing BSF in totality could 
contribute more jobs than the above estimates.

Table 1. Summarised discussion of the applications of BSF that could contribute to achieving the different SDGs in Uganda
Author (s) and year SDG Application Remarks

Abro et al. (2022) ● BSF rearing could contribute to poverty era
dication, directly and indirectly.

● The direct contribution could accrue, for 
example, from the sale of BSF larvae and 
frass, or the use of these in animal and crop 
production to increase farm productivity and 
incomes.

● The indirect contribution could be due to 
reduced costs of inputs (larvae and frass) 
which lowers production costs and prices of 
final products. In addition, the authors’ cal
culations realised potential of creating about 
500,000 jobs annually in Uganda, if BSFL is 
used as animal feed

● Since there are other services (environmental) 
and products from BSF production than ani
mal feeds, we postulate that more jobs could 
be created if BSF rearing is embraced for the 
different products and services it offers

Application in crop production 
Gärttling and Schulz (2022) 
Klammsteiner et al. (2020) 
Gebremikael et al. (2022)  

Urrutia et al. (2023) 
Kaczor et al. (2022)   

Application in Animal production 
Biasato et al. (2019) 
Hong and Kim (2022)

● Frass from BSFL biodegradation has a high 
nutrient profile suitable for use in crop pro
duction. No difference in growth performance 
was observed when BSFL-frass was compared 
with NH4NO3 for growing rye grass.

● In maize only N supplementation was recom
mended by (Gebremikael et al., 2022) to avoid 
shortage during the growth period of the 
plant.

● Frass also has pesticidal properties, particu
larly antifungal properties which were also 
reported to be present in the BSF eye (Kaczor 
et al., 2022).

● BSFL are a potential cost-effective protein 
source to replace conventional protein 
sources (fish and soybean meals).

● This initiative could enhance crop production 
by enhancing yield, but also offering cost- 
effective crop production, affordable to 
smallholder farmers

● Similarly, this could counteract the challenge 
of high feeding costs which has constrained 
the growth of livestock production in Uganda. 
Consequently, consumption of animal source 
foods would be increased.

Geng et al. (2022) 
Lv et al. (2023); Olza et al. (2023);  
H. Wang et al. (2020)

● Use of BSFL frass on soils containing heavy 
metals reduces concentration in the crops. 
This could reduce cases of heavy metal toxi
city since some agricultural soils in Uganda 
are rich in heavy metals

● Chitin from BSF can be used in pharmaceuti
cal industries since it has biomedical 
properties

● Since biodiesel is a clean energy, using it for 
cooking could also reduce respiratory cases 
accruing from use of wood fuel for cooking

● Using Chitin in manufacturing pharmaceutical 
products could be sustainable cost-effective 
option for Uganda’s health sector owing to 
the recent cuts on aid, for example, from the 
United States government

Park et al. (2022)Liew et al. (2023a) ● Fuel properties of biodiesel from BSFL raised 
on food wastes met most of the Korean fuel 
standards.

● BSFL raised on thermally treated sewage 
sludge at a low temperature yielded biodie
sel which met the EN 14,214 and ASTM D6751 
standards for biodiesel, except for the flash 
point.

● Biodiesel is clean energy, and could be afford
able in Uganda if produced on large scale. 
From our estimates (following calculations 
and assumptions by Koyunoğlu (2024)), 
Ugandan bus companies could save 0.39 US$ 
per litre of fuel if they were to embrace the 
use of biodiesel instead of the traditional 
diesel.

Ahmad et al. (2023); 
Pang et al. (2020a); 
Perednia et al. (2017); 
Lindberg et al. (2022)

● Using a locally fabricated BSFL bin where 
households can dump organic wastes could 
aid in managing organic wastes. Since 
separation of wastes among Ugandans is 
partly driven by incentives, we postulate that 
the sale of larvae and frass from the BSFL 
bioconversion would stimulate individuals to 
sort wastes and only include organic wastes 
in the bins

● BSFL bioconversion results in reduce CH4 and 
N2O emissions when BSFL are raised on food 
wastes.

● In comparison with aerobic microbial degra
dation which emitted 48.6% carbon, emis
sions during BSFL biodegradation was only 
28.5%. Pre-treatment of fruit and vegetable 
wastes was realised to further reduce CH4 and  
N2O during BSFL biodegradation.

● Uptake of BSFL bins could be high with the 
possibility that households can harvest larvae 
and frass for sale, or even for use on their 
farms.

● Embracing organic waste management using 
BSFL will not only reduce emissions from 
waste degradation, but also the effects of 
dependence on wood fuel for cooking
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SDG2- Zero hunger: End hunger, achieve food 
security and improved nutrition and promote 
sustainable agriculture

The current status of food security in Uganda
Food insecurity and the consequential frequent hunger 
cases have remained a challenge in many parts of 
Uganda. As of January 2023, for example, more than 
16 million Ugandans were reported to have insufficient 
food (Mpuuga, 2023). A third of school-going children 
go hungry every school day, which affects their health 
and performance at schools (Taufiq & Ismail, 2020). 
Among rural Ugandan adults, the effects of food inse
curity are far-reaching, even resulting in mental health 
issues (Perkins et al., 2018). This has a negative effect on 
food supply since most of the food in Ugandan markets 
is produced by rural farmers.

Besides the reduced productivity of the soil due to 
poor management of crop fields (Nabyonga et al., 2022), 
postharvest losses and food waste also contribute to the 
high hunger cases in the country (Mpuuga, 2023). For 
vegetables, for example, about 40% are rejected in the 
export market because of poor quality, excluding on- 
farm losses and losses during transportation. The poor 
management of these wastes also exacerbates produc
tion challenges by enhancing climate change processes, 
which in turn contribute to food insecurity (Taufiq & 
Ismail, 2020).

Potential role of BSF rearing in attaining zero hunger 
in Uganda
Black soldier fly larvae frass and its potential of increas
ing crop production. The advantage of embracing BSF 
rearing in this multi-faceted challenge is that it grows on 
waste, producing a biofertilizer (frass), a product of 
BSFL bioconversion processes (Lopes et al., 2022; 
Susilo et al., 2024; Visvini et al., 2022). The frass 
obtained from waste degradation by BSFL has a higher 
nutrient profile and organic matter content than animal 
manure and organic fertilizer produced by conventional 
composting practices (Gärttling & Schulz, 2022). When 
BSFL frass was compared with NH4NO3 in growing 
ryegrass, which is a perennial plant, no difference in 
growth was observed, and neither was the soil hygiene 
compromised (Klammsteiner et al., 2020). Broadly, 
Lopes et al. (2022) presented the micro- and macronu
trient composition of frass from the degradation of 
different wastes by BSFL. Although the substrate influ
ences the nutrient levels required by plants, a general 
outlook on the composition shows that the frass is rich 
in most of the relevant nutrients, and most importantly, 
the NPK nutrients. However, in maize, Gebremikael 
et al. (2022) recommended supplementing frass with 

a readily available N source to avoid shortages during 
plant growth.

Fortunately, frass from BSFL biodegradation is low in 
heavy metals, even when the concentration is high in the 
substrates (Basri et al., 2022). When grown on substrates 
enriched with mercury, for example, the resulting frass 
had lower mercury concentrations below the minimum 
recommendation of 0.7–10 mg Hg/kg by the European 
Union (Attiogbe et al., 2019). Thus, BSFL biodegrada
tion allows for the incorporation of waste from areas 
with high heavy metal loads into the food system in the 
form of frass, with minimal impact of heavy metal 
leaching into the soils. Such an innovation is especially 
important in using organic wastes in these areas, as 
a recent report by Mpewo et al. (2023) highlighted 
increasing heavy metal loads in some agricultural com
munities in Uganda.

When brown rice was grown on cadmium- 
contaminated soils on which frass from BSFL was 
added as a fertilizer, the frass reduced Cd concentration 
in the different parts of rice and significantly increased 
yield (Geng et al., 2022). Exploring this potential in 
heavy metal-contaminated soils could be a means of 
reducing the heavy metal burden in Uganda’s crop 
products, which has been reported in different parts of 
the country (Kasozi et al., 2021; Mongi & Chove, 2020; 
Tagumira et al., 2022). This could reduce the potential 
health effects of consuming foods laden with heavy 
metals. For example, cadmium toxicity has been asso
ciated with the development of itai-itai disease (Mitra 
et al., 2022) and a higher carcinogenic risk (Masereka 
et al., 2022).

In addition, it has been reported that frass from 
bioconversion by BSFL have pesticidal properties 
(Urrutia et al., 2023). The BSFL frass and the eyes of 
flies have antifungal properties (Kaczor et al., 2022) and 
the use of the former inhibits the growth of mycelia of 
a number of plant pathogens (Arabzadeh et al., 2022). 
Therefore, the use of BSFL frass would reduce crop loss 
due to pest infestation. However, more research on this 
effect should be conducted, as differences in the effec
tiveness of frasses in controlling fungal diseases have 
been reported (Arabzadeh et al., 2024).

Potential contribution of BSFL to production of 
animal source foods
There is a relationship between the aptness of con
suming animal source foods (ASF) and ownership of 
livestock in Uganda and other sub-Saharan African 
countries (Hetherington et al., 2017). This was parti
cularly reported for poultry in Uganda, which is the 
most common livestock species (Azzarri et al., 2015; 
Hetherington et al., 2017). The consumption of ASF is 
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increasing because of the increasing number of house
holds keeping livestock, although it is still below the 
recommended level. However, non-ruminant animal 
production is primarily constrained by the expensive 
protein ingredients used in formulating their diets 
(Nampijja et al., 2023). Conventional protein sources 
such as soybean and fish meals are coupled as protein 
sources in human diets, which threatens nutritional 
security. With increasing global nutrition insecurity 
concerns, FAO (2022) proclaimed an urgent need to 
search for alternative protein sources for use in animal 
diets to reduce competition for fish with humans. The 
most reliable candidate for this substitution is BSFL, 
which has proven to be a low-cost alternative protein 
source in livestock diets (Biasato et al., 2019; Hong & 
Kim, 2022) (Table 1). BSFL has a high crude protein 
(CP) content of 40–61% (Addeo et al., 2021; Crosbie 
et al., 2020; Hong & Kim, 2022) comparable to fish 
meal with a CP content of 60%. A large body of 
research exists on the subject of BSFL as an alternative 
protein source, and we do not intend to go deep into 
this in this review. However, since these larvae grow 
solely on organic wastes, sustainable waste generation 
would sustain the production of BSFL for preparing 
animal feeds which would reduce the cost burden on 
feeding livestock and probably contribute to increas
ing ASF consumption in Uganda and other developing 
countries.

SDG3- Good health and wellbeing

Despite efforts to ensure the good health of its citizens, 
nutrition-related diseases have remained persistently 
high in Uganda (Republic of Uganda, 2024). BSF pro
ducts primarily present preventive measures, although 
chitin can also be used in the pharmaceutical industry 
because of its biomedical properties (Lv et al., 2023; Olza 
et al., 2023; Wang et al., 2020). First, biodiesel (elabo
rated under SDG 7) is a clean energy option that can be 
used to reduce respiratory illness due to the use of wood, 
for example, as cooking energy (Bede Ojimadu & 
Orisakwe, 2020; Pallegedara & Kumara, 2022). 
Embracing the use of biodiesel is a preventive strategy 
to ensure good health, especially for women who are 
always involved in cooking. In addition, the use of frass 
on heavy metal-contaminated agricultural soils, such as 
those around the steel and iron industries (Mpewo et al.,  
2023), could reduce heavy metal circulation in the food 
system (Table 1). This is because the application of BSFL 
frass to soils with high heavy metal loads results in crops 
with low heavy metal concentrations (Geng et al., 2022).

In addition, because BSFL bioconversion has mini
mal negative effects on climate (discussed in detail 

under SDG 13), we postulate that health-related 
cases associated with climate change could also be 
reduced. Recently, Palinkas and Wong (2020) 
reported that heat stress is one of the direct effects 
of climate change. In an overview of systematic 
reviews of the health effects of climate change con
ducted by Rocque et al. (2021), the authors realized 
that weather extremes were among the common 
causes of heat stress. The immediate micro-impact of 
increasing temperatures in Uganda has been experi
enced through increased cases of malaria due to war
mer nights that favor the activities of mosquitoes 
(Obubu et al., 2021). With these climate-related health 
issues, we hypothesize that integrating BSF into 
Uganda’s circular economy policies could contribute 
to slowing down, or even reversing (in the longer 
run), climate change processes related to waste man
agement, and consequential health issues.

SDG7- Affordable and clean energy

‘ . . . . . . . . . . The world is not on track to achieve universal 
access to clean . . . energy by 2030’ (IEA, IRENA, UNSD 
World Bank and WHO, 2024). This is a statement in the 
recent energy progress report by custodian agencies in 
ensuring the attainment of SDG 7. The report also 
shows that less than 10% of Ugandans have access to 
clean cooking energy, despite being among the coun
tries that have recently received financing for renewable 
energy. However, sustainable access to clean low-cost 
energy (both for cooking and other purposes) is impor
tant for the different sectors in the country, its economic 
growth, and that of Africa at large (Fashina et al., 2018).

In Uganda, there is a high dependence on forest 
resources for fuel, especially cooking energy (Katutsi 
et al., 2020). Even sawdust-based briquettes which 
have been embraced by several communities as alter
native energy sources, are not environment-friendly 
because they result from deforestation (Oteu et al.,  
2024). Earlier research has appraised BSF larvae for 
biodiesel production (Ishak and Kamari 2019; Ishak 
et al., 2018; Liewet al., 2023a; 2023b; Mohan et al.,  
2023; Park et al., 2022; Wong et al., 2019). Some uses 
of biodiesel include electricity generation, heating, and 
fuel in diesel engines. Park et al. (2022) assessed the 
fuel properties of biodiesel from BSFL raised on food 
waste, and reported that all parameters satisfied the 
Korean fuel standards, except for oxidation stability 
(Table 1). However, even for oxidation stability, it 
necessitated the addition of a meager quantity of tert- 
butylhydroquinone to meet the Korean standards. 
Similarly, Jung et al. (2022) reported that biodiesel 
from BSFL produced from food waste and extracted 
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by non-catalytic transesterification met the European 
Union and Korean standards. In addition, biodiesel 
from BSFL raised on thermally treated sewage sludge 
at a low temperature met the EN 14,214 and ASTM 
D6751 standards for biodiesel, except for the flash 
point (Liewet al., 2023a). Nonetheless, the flash point 
was still higher than that of petroleum diesel and was 
considered safer. Fortunately, biodiesel from BSFL is 
more environment-friendly than diesel from other 
sources (Liewet al., 2023b), making it an outstanding 
clean energy alternative.

Research on the choice of energy sources among rural 
Ugandan communities has shown that household income 
is one of the driving factors (Gebru & Elofsson, 2023; 
Mainimo et al., 2022; Katutsi et al., 2020). We cannot 
conclude that if biodiesel from BSFL bioconversion is 
embraced, it will ultimately be of a lower price. 
However, we postulate that this could contribute to 
increasing access to clean energy among households 
and, with favorable policies, might slightly lower the 
price of fuel. In addition, the multiple benefits of BSF 
rearing could outsmart the resultant prices of biodiesel. 
Furthermore, because BSFL biodiesel is safer than the fuel 
sources used in Uganda and other developing countries, 
embracing this innovation could reduce expenditure on 
health cases stemming from the use of other fuel sources. 
In a study in Sri Lanka, for example, it was found that 
using firewood for cooking increased the probability of 
household members suffering from asthma (Pallegedara 
& Kumara, 2022). A systematic review of research show
ing the association between wood fuel use and health in 
SSA (Uganda inclusive) revealed that exposure to smoke 
from wood fuel is associated with acute respiratory illness 
and impaired lung function (Bede Ojimadu & Orisakwe,  
2020). To reverse this trend, investing in innovative 
approaches to scale up the use of BSFL-based biodiesel 
could save the country on these health issues.

Estimate of potential savings in using biodiesel in 
running diesel engines
With the current Kampala metropolitan population of 
over 4 million people, daily waste production can go 
over 3,000 metric tons (MT). This estimate is based on 
the daily waste generation reported by Ojok et al. 
(2013), which surpasses the estimates used by 
Koyunoğlu (2024) to calculate the potential biodiesel 
yield of a large-scale production plant.

The volume of biodiesel generated from 3,000 MT of 
organic waste was determined based on the following 
assumptions (Koyunoğlu, 2024):

● Dry matter 70 wt%
● Moisture content 30 wt%

● Biochemical oxygen demand (BOD) 50000 mg/L
● Biodiesel conversion efficiency 40%
● Biodiesel density 0.88 g/mL

Thus, total dry 
matter¼ 70

100 � 3; 000 ¼ 2; 100 MT=day
Biodiesel conversion efficiency (%)¼ Massoutput

Massinput � 100.
Thus, mass of biodiesel produced ¼ 40

100� 2100 ¼
840MT=day
Volume of biodiesel produced= Mass

Density litres 

= 954,545,454.5 mL
= 954,545.5 L/day

Although minimal information exists on the unit 
consumption of fuel by the MetuTM buses which 
are assembled in Uganda, we estimated (basing on 
our knowledge) that about 16 L could cover a total 
distance of about 100 km. Thus, the 954,545.5 L pro
duced per day would cover a total distance of 59,659  
km which is equivalent to fueling 180 buses moving 
about 330 km from Kampala (Uganda’s capital city) 
to Gulu, one of the biggest cities in Northern 
Uganda. Kovbasenko and Simonenko (2023) tested 
biodiesel on PAZ-32054 buses and found biodiesel 
consumption to be averagely 14% higher than the 
traditional diesel. If we are to adopt this level of 
biodiesel consumption (although it may vary) this 
lowers to 820,909 L of useable biodiesel which can 
travel 51,307 km, an equivalent of fuelling 155 buses 
from Kampala to Gulu.

When using seed oils as the feedstock in biodiesel 
production, Tibesigwa et al. (2023) estimated the 
final price of a litre of biodiesel at US $ 1.5. 
However, we estimate that BSFL biodiesel would 
cost lower since the oil is a by-product (after defat
ting the larvae for use in animal feeds). Thus, assum
ing the cost of a litre of oil to be US $ 1, a bus 
company would save about US $ 0.39 per litre of 
diesel using the current price of tradition diesel in 
Uganda (US $ 1.39). Assuming equal performance 
(though it might not be the case), it is postulated 
that using BSFL biodiesel would offer a cost-effective 
alternative for diesel engine vehicles in the country.

SDG13- Climate action: Take urgent action to 
combat climate change and its impact

Climate change and adaptation strategies in Uganda
Climate change is a universal current and long-term 
constraint for achieving sustainable development 
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(Apollo & Mbah, 2021). The impacts of climate change 
in Uganda are currently more evident than two decades 
earlier. Floods, droughts (Twinomuhangi et al., 2021) 
and unpredictable seasons are among the clearest indi
cators of climate change in Uganda. This puts Uganda’s 
food security at stake since, even with the adaptation 
measures, the impacts of climate change will soon cir
cumvent all adaptation strategies. The appraised adap
tation strategies suggested by Atube et al. (2021), such as 
planting drought-tolerant varieties do not reduce the 
contribution of agriculture to climate change processes. 
Indirectly, opening up new land for agriculture inter
feres with the natural ecosystem, thereby affecting nat
ural regenerative processes (Jakovac et al., 2021). 
Agriculture is one of the primary contributors to green
house gas (GHG) emissions in the atmosphere (Gołasa 
et al., 2021), thereby enhancing climate change pro
cesses (Ortiz et al., 2021).

Agriculture’s contribution to GHG emission is 
through production and related activities, and through 
waste disposal (Tubiello et al., 2021), with Africa having 
the largest share of GHGs from Agriculture (FAO,  
2020a, 2020b). A further synthesis by FAO (2020b) on 
individual contributions to non-CO2 agriculture-related 
emissions, for example, revealed a 20% contribution 
from livestock manure, 4% from crop residues, and 6% 
from manure management. Although data on Uganda’s 
emissions from crops, animals, and other organic wastes 
are scarce, the quantity of waste generated indicates 
a significant contribution to climate change catastrophe. 
A precise estimate, though not very current, revealed 
that every individual in Uganda generates 0.55 kg of 
wastes per day (Okot-Okumu & Nyenje, 2011). 
Among these, the authors reported that over 0.4 kg are 
biodegradable. In Kampala, Uganda’s capital, an even 
higher waste generation of food wastes alone was 
reported at 0.75 kg/capita/day (Ojok et al., 2013). 
Although uncategorised, the above waste generation 
data provide a snapshot of the potential climate change 
effects accruing from Uganda’s waste generation. In 
addition, because waste generation increases with an 
increase in population, it is most likely that the current 
quantities could be almost twice the above figures.

Uganda’s waste collection and management system is 
very inefficient due to limited financing (GIZ, 2023) and 
a low level of community awareness of the importance 
of managing waste (Mugambe et al., 2022). The study by 
Mugambe et al. (2022), assessing the behavior of indi
viduals on segregating wastes, realized that this depends 
on the availability of segregation containers in close 
proximity to the individuals. However, even with segre
gation, the inefficiency in collection by the responsible 

bodies might not achieve the desired waste management 
level.

How BSF rearing could contribute to reducing climate 
change processes
In search of innovative waste management practices, 
Ahmad et al. (2023) developed a BSFL bin. This is 
placed in the open and allows for BSF from the wild to 
lay eggs, which on hatching into larvae, will grow on the 
waste, turning them to frass, while the larvae can be 
harvested for use in animal feeds. Fortunately, the bin 
can be fabricated locally. Since individuals opt to segre
gate waste when expecting incentives (Mugambe et al.,  
2022), the income from the sale of frass and larvae could 
be an incentive to let farmers segregate waste. 
Embracing this initiative could possibly lead individuals 
to recycle organic waste at will. In assessing the potential 
use of BSFL as a waste management initiative among 
rural housewives, Nadeak (2023) reported that eco
nomic and social benefits attached to the initiative 
would be pivotal in influencing its uptake. For example, 
the benefits of either direct use or sale of frass and larvae 
as animal feed could influence the uptake of BSFL bins if 
introduced to communities. This could be a strategy to 
manage waste and thus reduce climate change processes 
owing to poor waste handling.

Concerning the environmental effects of waste bio
degradation using BSFL, Panget al. (2020a) reported 
a significant reduction in CH4 and N2O emissions 
from food waste. When compared with aerobic micro
bial biodegradation, Perednia et al. (2017) realized that 
degradation by BSFL emitted 28.5% of the carbon in 
the atmosphere, as opposed to the 48.6% emission 
when aerobic microbes were used (Table 1). Pre- 
treatment of fruit and vegetable wastes with ammonia 
prior to BSFL bioconversion was found to further 
reduce CH4 and N2O emissions during the process 
(Lindberg et al., 2022). A more critical assessment of 
GHG emissions from BSFL bioconversion by Parodi 
et al. (2020) reported relatively higher values than 
those reported in previous studies. However, the 
study acknowledged higher moisture losses from the 
substrates during rearing and realized that with opti
mal moisture content, a lower level of GHG emissions 
could be realized. In addition, because the carbon-to- 
nitrogen ratio (C/N) influences BSFL growth, 
Panget al. (2020b) found that the same influences the 
level of GHG emissions from BSFL bioconversion. In 
addition, balancing the C/N ratio in the substrate is 
important when using BSFL to biodegrade organic 
wastes. Chen et al. (2019) also reported a positive 
correlation between the CH4 emissions and moisture 
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content. Thus, providing the optimal moisture content 
for BSFL bioconversion would reduce the level of 
GHG emissions. Notwithstanding the reported varia
tions in findings, BSFL presents a more environment- 
friendly alternative to organic waste management and 
a higher global warming potential reduction (Mertenat 
et al., 2019).

Potential limitations to the contribution of BSF 
towards SGD attainment
Even with insects that are considered edible among 
insectivorous communities of Uganda, there is still 
some level of neophobia against these species (Olum 
et al., 2021). Therefore, there is also a high likelihood 
that the use of these ‘maggots’ as they are always referred 
to- and rightly so- in some products might be hindered 
by neophobia against consumption of products raised 
from them. Despite several studies reporting higher 
consumer preference and willingness-to-pay for bakery 
products with BSFL as one of the ingredients (Delicato 
et al., 2020), eggs from chickens fed BSFL-based diets 
(Khaemba et al., 2022), organic fertilizer from BSFL 
bioconversion of waste (Kragt et al., 2023) and crops 
produced using BSFL frass (Traore et al., 2024), their 
direct consumption as food for humans has gained 
minimal acceptance (Higa et al., 2021). Concerning the 
acceptance of bakery products containing BSFL, loca
lized studies should be conducted; otherwise, it is inap
propriate to generalize the findings to all countries. This 
is because some studies have reported that some con
sumers still take BSFL as a yucky organism (Adetunmbi,  
2023), which might hinder their acceptance, especially 
as food for humans in the developing world.

Policy implications

Although the above attributes put BSF rearing at the 
forefront in sustainable development efforts, policy
makers need to strike a compromise between benefits 
and public acceptance. Thus, a well-thought and 
informed decision-making process should be employed, 
involving all stakeholders in decisions regarding the use 
of BSF and their products as food for humans or in the 
production of human food from animals and/or crops. 
Individual countries should establish what their citizens 
would primarily accept from the BSF and promote 
economic development in their economies. Otherwise, 
generalized information might not yield a unified out
come when using insects in development efforts.

With regards to Uganda, the use of BSF products is 
still unregulated. This puts the consumers of foods 
produced using BSF products at stake. We recommend 
the formulation of policies to guide the use of these 

products in the food system. Particularly, policies to 
guide production of feed-grade BSFL and frass will 
contribute to realisation of premium markets for these 
products locally and internationally. This would 
enhance the incomes of farmers and other actors within 
the BSF value chain. It will also protect the lives of 
consumers of food products produced using BSFL and 
frass.

Need for regulations

Despite its potential to lead the way to better economies 
in the developing world, unregulated use of BSFL could 
predispose the population to health risks. As they degrade 
organic matter, the BSFL accumulate microorganisms 
that can enter the food chain with insufficient postharvest 
treatment (Bessa et al., 2021). A study by Grisendi et al. 
(2022) showed that, although BSFL reduced the concen
tration of Salmonella typhimurium in contaminated 
wastes, the larvae did not completely eliminate them 
and also appeared in the larvae tissue. Furthermore, 
BSFL can thrive within living vertebrates if either con
sumed alive or through openings such as wounds (Rojo,  
2024). Many farmers are unaware of this and give live 
larvae to their animals, predisposing the animals to the 
risk of death as the larvae feed on animal tissues. In 
addition, the potential of the larvae to bioaccumulate 
heavy metals such as Cd and Pb within the tissues 
(Purschke et al., 2017) also predisposes consumers of 
BSFL-based products to health risks. To this end, the 
Uganda National Bureau of Standards should establish 
standards to regulate the use of BSFL-based products. 
This should also align with existing standards, for exam
ple, the minimum acceptable concentration of heavy 
metals and microbial load for products to be included 
in human diets, livestock feeds, and fertilizer use.

Limitations to this review

Due to inconsistencies and the scarcity of reliable data 
on the current volumes of organic wastes generated in 
Uganda, we could not precisely and statistically extra
polate the contribution of BSF to the achievement of the 
SDGs discussed here. This is particularly true because 
the success of any BSF operation is largely dependent on 
organic waste generation. Thus, our review provides 
a starting point to simulate the potential contribution 
of BSF to the attainment of SDGs in case the data on 
waste generation is available. Furthermore, we are aware 
that the success of these innovations partly depends on 
the will of policymakers in the developing world. Thus, 
although our study might theoretically portray BSF 
rearing as actually ‘forerunner’ to the attainment of the 
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discussed SDGs, policymakers must weigh and ensure 
that if this is a feasible option, it is put into practice. To 
allow for a precise estimate of the potential contribution 
of BSF rearing to achieving the SDGs discussed, we 
recommend periodical update of the volumes of organic 
wastes produced in the different parts of the country. 
For the case of wastes from crop production systems, for 
example, this could be done by tracking losses along the 
different value chains, right from production to the final 
consumer.

Conclusion

This review highlights the significant potential of integrat
ing BSF into strategies aimed at contributing to the achieve
ment of SDGs 1, 2, 3, 7, and 13 in the context of developing 
countries. With a decline in funding from the developed 
world to developing economies, the individual efforts of the 
developing countries will be pivotal in attaining the SDGs. 
It is important for the developing world to invest in cost- 
effective innovations that could contribute to efforts to 
attain SDGs. Herein, we review the potential of BSF as 
a cost-effective initiative to contribute directly to the attain
ment of the selected SDGs using BSFL in organic waste 
management. Although we have only discussed the above 
SDGs, we are sure that since no SDG is independent of the 
other, embracing BSF rearing has the potential to contri
bute to the attainment of other SDGs indirectly. 
Nonetheless, policymakers will be pivotal in the pursuit of 
embracing BSF rearing as a tool for economic development 
in developing countries. Once reliable data on organic 
waste generation is available, we recommend further 
research to establish the feasibility of the proposed inter
vention in the face of factors such as policy, consumer 
behavior, and seasonal variations. Since BSF rearing is 
still in its infancy in Uganda and other developing coun
tries, we also recommend that farmers and other actors 
along the BSF value chain be trained in production (rear
ing) and processing into different products.
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