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Abstract

Taking into consideration the food security needs, research are concentrating on reducing food waste (FW) and food loss
(FL) in the Sub-Saharan African region (SSAR). Practically, FW cannot be eliminated fully, thus it is also important to
implement proper FW management systems to eliminate the environmental and health hazards created due to its unscientific
disposal. Taking into consideration the technological and socio-economic condition of SSAR, FW management is essential.
The study found that huge quantity of food material is being wasted in the upstream of the food supply chain (FSC) and needs
urgent attention for both ensuring food security and avoiding the pollution caused due to its unscientific disposal. Agriculture is
the major employer of the SSAR, the production levels are low due to the unavailability of essential farm inputs. In addition to
this, major portion of the people in the SSAR are facing energy crisis. Anerobic treatment of FW can solve both their energy
and farm nutrient requirement. To effectively implement the anerobic treatment system, it must be both effective in cost and
operation. Taking into consideration the quantity of FW produced by different centers, the heterogenic nature of the waste,
logistic problems, and the socio-economic condition of the people in SSAR. The study proposes a two-system approach in
managing FW in the region. Small-scale biogas plants for homes, small hotels, canteens, restaurants etc., to treat the FW
generated at source and phase-separated biogas plants for larger installations treating FW collected from centres that cannot
treat the FW generated by them.
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AHHOTaNMA

[lpyHuMasi BO BHHUMaHWe TIOTPeOHOCTH TIPOZOBOJILCTBEHHON 0€30MacHOCTH, HCC/IeJOBAaHUS COCPEAOTOUeHBl Ha
cokparrjenun mumeBbix otxozioB ([TOO) u mumeBbix noteps (III1) B permone Adpuku K tory ot Caxapsl. IIpakTiuecku
MOTHOCThIO U36aBUTHCS OT [ITO HEBO3MOXKHO, MO3TOMY Ba)KHO BHEAPUTHL HajyieXkalljde cuctembl yripasieHus: [TTO, utobbi
yCTPaHUTh yTPO3bI [/1 OKPY>Karolllel cpefibl U 3[J0POBbsI, BOHUKAIOIMe B pe3y/bTaTe X HeHayyHol yTunv3anuu. [IpuHrmas
BO BHMMaHHe TEeXHOJIOTMYeCKOe M COLMaibHO-3KOHOMHUYecKoe cocTosiHhe SSAR, ympasneHne FW mMeeT BaKHOe 3HaueHHe.
VccneoBaHue 10Kasano, YTO OrPOMHOE KOJIMUECTBO IMILEBBIX MaTepvanoB BbIOpachIBaeTCsl BIIYCTYHO B BePXHUX 3BeHbSIX
Llery 1ocTaBokK IpogoBonbcTBUs (LIIIIIIT) u TpebyeT cpouHOro BHMMaHHUs Kak [Jis obecrieueHUs INPOZAOBO/IbCTBEHHON
Oe3omacHOCTH, TaK W [JJis1 TIpe/lOTBpALlleHUs] 3arpsisHeHUs] OKpY)KarolLlleld cpezibl, BbI3BAaHHOTO MX HEHAyuHOH yTH/IM3ariviei.
CenbCKoe XO35IHCTBO SIB/SIETCS OCHOBHBIM pabotopartesieM B FOAP, HO ypoBeHb MPOMW3BOACTBA HU3KWM M3-3a OTCYTCTBUS
HeoOXOZUMBIX CpEe/CTB TIPOM3BOACTBAa. B fomonHeHwe K 3Tomy, Oosblias uacTb HaceneHws FOAP crankuBaetcsi ¢
SHepreTHUeCKNM Kpu3ucoM. AHaspoOHast 06paboTka @B MOXKeT pPeIluTh KakK SHepreTHYecKylo, Tak U CelbCKOX03SHCTBeHHYO
MOTPeOHOCTh B MUTATe/IbHBIX BellecTBax. UToObl 3p(heKTHBHO BHEPUTL CUCTEMY aHA3POOHON 00pabOTKH, OHa A0/KHA ObITh
3¢ deKTHBHON KakK 1O CTOMMOCTH, TaK M TIO 3KCIUlyaTaly. [IpyHUMasi BOo BHHMMaHue KonndectBo DB, MpoM3BOAMMBIX
pas3/MUHBIMK IL|eHTPaMH, TeTepPOreHHYI0 IIPUPOAY OTXOZOB, JIOTMCTHYeCKHe IpobneMbl U COLManbHO-3KOHOMUYeCKoe
nonokeHue HaceneHust B FOAP. B uccnefoBaHuu InpejyiaraeTcst IByXCUCTeMHBIN MOAXof K ynpasiaeHuto JKO B permoHe.
MarorabaputHble 6HOTa30BbIe YCTAHOBKH [JIs1 JOMOB, HEOOJIBILIMX FOCTUHUL, CTOJIOBBIX, PECTOPAHOB U T.[. [JIs repepaboTKu
@®OB, obpa3ymlolUMXcsa y WCTOYHUKA, U (a30BO-pa3jesieHHble OMOra30Bble YCTAaHOBKU [ijiss Oosiee KPYMHBIX OOBEKTOB,
niepepabarsiBaroiiie ®OB, cobpaHHbIe U3 [IEHTPOB, KOTOPBIE He MOTYT rnepepabareiBatb @POB, 06pa3syromuecs y HUX.

KmoueBble c/i0Ba: MulleBble OTXOABI, MOTepsl MPOAYKTOB MUTAHMs, Liell0YKa MOCTABOK INPOAYKTOB MUTaHWS, CBasKa,
TIapHUKOBBIN ras.

Introduction

Globally, about 33.3% of the food produced is being wasted [1]. The wastage starts from the initial stage of production,
continues during the processing and consumption process [2]. Going through the research publications, it was found that there
are a lot of ambiguities among the researchers while FL. and FW while in consideration of the guidelines interpreted by the
FAO [3], [4], [5]. Food material is being wasted throughout the FSC, right from harvesting, on-field and off-field processing
process, transportation, handling, retailing, storage during different stages, preparation for consumption and consumption [4].
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In addition to this, peels and rinds which are part of the food materials but generally not consumed by human should also be
considered as they are also part of the waste that requires proper management [6]. Thus, taking into consideration the waste
management point of view any loss in nutritional value of food material can be considered as FL and any loss in food quantity
(both intentional and unintentional) can be considered as FW. Thus, in this study, loss in food quality is considered as FL and
loss in food quantity is called as FW.

Few decades ago, FW was not considered as a problem, as they were used as animal feed, dumped as landfill, or used for
composting. As the population density started increasing, the waste which was once not considered as a problem started
creating serious environmental problems and affecting human health globally [7], in fact globally FW is responsible for 8%
contribution to the climate change inducing gasses [8]. In addition to this, it is estimated that nearly 820 million people will
suffer from food shortage by 2050 [9], [10], [11]. Taking into consideration the current consumption and FW, to feed the
people the agricultural production by 2050 has to be increased by 70% [12] which is a high ask. It was found that the food
wasted in the marriage ceremonies in Pakistan was sufficient enough to feed the entire population of Somalia and Haiti [13].
This in simple terms highlights the practical implication with regard to the quantity of food being wasted and has attracted the
attention of both researchers and policy makers globally in finding solutions for both management and reduction of FW [14].
When analysing ways for curbing FW, one should acknowledge the fact that, practically, FW cannot be totally eliminated but
can be reduced [15]. Thus, reducing the FW will help in reducing the pressure on the production sector by reducing the gap
between the production and demand [16], [17] and treating the FW generated will help in reducing the environmental and
health hazards caused by it [18].

Major portion of the food wasted in retail and consumption phase is mainly due to the irresponsible behaviour of society
[19], [20]. It is not only the quantity of material that they waste, but the total energy, time and resources used to produce it. In
addition, their attitude results in environmental effects caused by the Green House Gas (GHG) emitted and other associated
pollution caused by FW decomposition on landfills [21]. Due to the poor infrastructural facilities, the developing countries
have their major losses (about 40%) during production and post-harvest operations, while the same quantity is wasted during
consumption phase in the developed countries due to consumer behaviour. The SSAR is wasting food material worth 4 billion
USD every year, while the food producing farmers are earning around 2 USD per day [22]. The SSAR comprises 46 countries
with a total population of 1.14 billion [23]. It accounts for 16.35% of the world land area and 80.34% of the African continent
[24], but still 38.3% of its population is living in poverty [23] and have the highest global hunger index score (27.1) than the
rest of the world [25].

In SSAR, both rural and urban population is highly dependent on food production [4], it is estimated that only 68% of the
food produced is reaching the consumer, accounting for an annual per capita loss between 120-170 kg. The seriousness of this
wastage raises concern knowing the fact that more than 230 million in SSAR is undernourishment [26]. In addition, it is
estimated that the decomposition of organic wastes from cultivation and FW accounts for about 7% of the total Green House
Gas (GHG) contribution towards climate change. The SSAR is found to be more vulnerable to climate change than the rest of
the world due to their lower adaption capability. The population in the SSAR is growing at a faster rate and so is the FW but is
lacking proper waste management facilities and increasing health problems among the people. Considering the limited
healthcare facilities, lower economic status of the people, urgent attention must be given in implementing proper FW
management systems in a way that can be adopted and beneficial for the people of the region.

This paper analyses in SSAR the type and quantity of FW generated along the food supply chain (FSC), the environmental
effects caused by the improper FW management, the nature and physicochemical properties of the food waste generated along
the FSC, the possible method of managing the FW and the appropriate method of FW management suitable for SSAR.

Methodology adopted

This study focuses on the quantity of food material loss in SSAR and not the quality loss. The FW generated from
production to consumption for different food commodity groups (FCG) based on published data is considered for the study. To
analyse any problem and propose suitable interventions, systems and technologies, sufficient data of the region regarding the
problem considered for the study should be available. Availability of in sufficient data is the major problem with regard to
studies related to SSAR and same is in the case of FW [3], [4], [27], [28].
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Figure 1 - The methodology adopted for the study
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It was found that almost all the studies published in peer-reviewed journals used the data published by FAO and the same
was also used for the present study. In addition to the FAO reports, to give a comprehensive understanding about the quantity,
problems created and the possible solution for managing FW, published peer reviewed literatures were also analysed. The way
in which the available data was collected and analysed is portrayed in figure 1.

Status of FW generation in SSAR

The FW generated during different stages of the food supply chain (FSC) in SSAR as a whole and South Africa (SA) in
particular is displayed in figure 2. Generally, in SSAR the major wastage occurred during production and processing of food
material, while in SA the FW was higher than SSAR during post-harvest handling, storage, processing, and consumption
phase. Considering losses during production for different FCG, the maximum loss was seen in meat (15%), fish and seafood
had the lowest loss (5.7%) and four out of the seven FCG had losses above 10% in SSAR, while in SA it was only the loss in
roots and tubers reached 10% and 4 out of the seven FCG had losses < 1%. During post-harvest handling and storage phase the
major FW was produced by roots and tubers (18%) and Milk (11%) in the SSAR, while oil seeds and pulses (38.4%), Fruits
and vegetables (18.3%) and milk (12%) contributed more to SA. In the processing and packaging phase, there was
considerable difference in FW between SSAR and SA, with SA producing huge wastage than SSAR. In SSAR only two out of
the seven FCG produced losses greater than 10% (fruits and vegetables 25% and roots and tubers 15%) while in SA four out of
the seven FCG had losses greater than 30% (cereals 36.5%, oil seeds and pulses 60%, fruits and vegetables 31.6% and fish and
seafood 31.1%). In the distribution phase the losses were below 10% (7% maximum) on all FCG in SA, while three out of the
four had losses < 10% in SSAR (milk 10%, fish and seafood 15% and fruits and vegetables 17%). SSAR displayed
considerably lower losses than SA in the consumption phase, with six out of the seven FCG wasting < 2%, while six out of the
seven FCG wasted < 10% in SA.
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Note: source: [29], [30]

The amount of FW indicates the extent of inefficiency of the FSC of the country [31], [32]. The initial three stages of the
FSC (agricultural production, post-harvest handling and storage and processing and packaging) are called as the upstream and
the remaining stages are called as the downstream of the FSC [33]. The increased losses in the upstream is a common
phenomenon in the developing countries [33] like those in the SSAR. This is mainly due to the lower technological adoption,
higher dependence on human labour, larger amount of small scale farmers and poor marketing facilities [34]. The difference in
waste pattern of SA with that of the whole of SSAR describes the food consumption pattern and preferences. SA is far ahead in
developments concerned with the rest of SSAR so will be the consumption behaviour. The huge increase in the waste
generated by the processing and packaging sector indicates that the people in the country prefers processed food and the
presence of low-profile sectors lacking proper technology in producing finished products with lower FW. In addition, the FW
in the consumption phase is almost like the developed countries. This explains the consumer behaviour and lack of proper
commitment to the society and environment, which must be removed through proper education and awareness. This sort of
consumer behaviour in wasting food material during the consumption phase is also explained by Akram and Javed [13].

It was reported by Aragie [35] that the FW produced in SSAR during the production and post-harvest handling stages are
respectively 38% and 34% and if the avoidable losses are recovered, the farm income will be enhanced by 20%. Further it was
found that in Benin, Chad, Ethiopia, Kenya, Madagascar, Malawi, Mali, Mozambique, Niger, and Rwanda FW in production
was 38%, 34% in post-harvest handling and 18% in processing stages. It was inferred by Cronjé et al. [36] that the FW in SA is
mainly caused due to the lack of planning and bulk purchasing of food materials. This behaviour of the people resulted in the
production of 0.15 kg per person per day of FW in SA [8], while the whole of SSAR recorded a FW of 0.02-0.03 kg per person
per day [37]. The data obtained by the above cited studies support the results used in the present study and that can be
effectively used to plan management systems for FW generated in the SSAR.

Environmental effects caused by FW

Presently in SSAR, a large portion of the FW is used as landfill. This forms the source of huge GHG emissions, unhealthy
surrounding, bad odour and key nutrients present in the organic not being used, which in turn is making the farmer more
dependent on chemical fertilizers leading to land degradation and associated pollution [37]. It is estimated that about 22% of
water used for irrigation is wasted in SSAR taking into consideration the FW [35]. The overall GHG emissions in SSAR has
increased by four-fold between 1994-2014 [38] and is estimated that it will increase by additional 30% by 2030 [39]. The
uncontrolled decomposition of organic matter results in the emission of nitrous oxide and methane into the atmosphere, which
respectively have 196 and 25 times more atmosphere warming potential than CO2 [40]. Among all the regions in the world,
SSAR is highly vulnerable to climate change as it is highly dependent on agriculture, which in turn is highly dependent on
natural resources due to low technological advancements [41]. The agricultural sector in SSAR is the major employer [42], it is
estimated that climate change will result in production decline of cereals by 3.2%. Thus, climate change not only affects the
environment but also the economy of SSAR [43]. The other problem associated with the improper waste management is water
pollution and bad order [44]. This will lead to the water as a reservoir of bacteria, viruses and other pollutants, making it unsafe
for drinking without treatment [45]. This unhealthy condition not only affects human but also the other lives of the ecosystem.
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The lack of proper infrastructure, sanitation and health facilities worsen the situation further. This situation mainly affects the
poor and the middleclass population of the region [46].

Properties of FW generated in FSC and their influence in its management

The waste produced from the FSC is highly heterogeneous nature, creating complicity in its management. It is essential to
know the physicochemical properties of FW for proposing possible interventions in its management [37]. The physicochemical
property in turn depends on nature and type of FW generated. The nature, quantity and type of FW produced in the FSC of
SSAR is described in figure 3. Knowing the amount of volatile solids (VS), fixed carbon and ash content are useful for
estimating the energy that can be generated from the FW [47], moisture content (MC) indicates the suitability for different
treatment technologies and chemical properties such as pH, EC, COD, total phosphorus, total potassium [37], total organic
carbon (TOC), total Kjeldahl nitrogen (TKN) indicate the suitability for microbial activity [48]. In addition, knowing the
quantity of carbohydrate, protein, and lipid in FW are helpful to estimate the pace of degradation, toxicity and help in setting a
proper balance between the nutrients and selecting suitable treatment strategies [37].
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Figure 3 - Type and nature of the FW produced
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Note: source: [37], [49]

Depending on the source and nature of FW, MC varies between 48-95%. Generally, the FW from households have an MC
of 70%, those generated from hotels, restaurants and canteens range between 75-85% and in rare cases MC goes beyond 90%
[50], [51]. The higher MC of FW from hotels and restaurants is due to the mixing of water used for cleaning, this results in
increasing of the bulk volume of the waste generated. The bulk density of FW is correlated with the MC and in general it is
found to Varey between 505-860 kg/m3, TS and V'S respectively range between 5.4-51.5% and 73-98% [37]. It was found that
the calorific value of FW also depends on the MC, and as the MC increases, the calorific value decreases. There can be a
reduction up to 78.3% of the calorific value of FW with the increase in MC [52]. The pH (4.5) of the FW is generally found to
be in the acidic range, with an EC about 1.9 mS/cm. Thus, making it different from the other organic wastes such as animal
manure, blood meal, green waste, and sewage sludge [53], [54], [55]. The total COD of FW ranges between 868-1522 g/kg,
having a soluble fraction in the range between 58-1085 g/kg. Generally, the ratio of total to soluble COD of FW is in the range
between 35-85% [56]. The TOC and TKN respectively ranged between 29.7-56.3% and 1.3-3.25% [51]. Similarly, TP, TK
[57], C/N ratio, Ca, Mg, Na [58], C, H, O, N, and S [37] contents in FW in general ranged between 0.05—0.98%, 0.29-1.43%,
9.3-24.5, 1.3-30.0 mg/g, 0.5-2.0 mg/g, 7.8-23 mg/g, 39.5-53.3%, 5.53-7.3%, 29.1-47.7%, 1.7-5.7% and 0.1-47.2%
respectively.

Feasible methods of FW management

The FW produced from the upstream of the FSC is generally associated with higher MC, while the downstream is
associated with lower MC [37]. The MC below 50% is preferable for incineration. Thus, FW produced from the upstream of
the FSC has to be mixed with other wastes to satisfy the MC requirement for incineration [59]. Composting is another
technique that can be adopted for the management of FW [60], which is also hindered by higher MC posing the requirement of
bulking agents. The bulking agents used should also not hinder the optimum CN ratio and the pore space required for
composting. pH lower than the neutral value can highly affect the composting process. Generally the pH of the FW from the
upstream of the FSC is found to be acidic which can result in inhibiting the microorganisms involved in the composting
process, unless amendments are provided for increasing the pH to neutral value [61]. Protein is needed for cell differentiation
and C forms the energy source for the microorganisms, 25-35 is considered as the optimum CN ratio range for composting. In
general, the CN ratio of FW is lower or near the optimum range, thus composting FW having high TKN (FW with high protein
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content) will result in increase ammonia emission, thus high protein FW has to be mixed with high C wastes for better
composting and reducing ammonia emission [37].

Though the higher MC of FW produced from the upstream FSC hinders the process of incineration and composting, it is
favourable for anaerobic digestion process [37]. In addition to MC, the percentage of VS present in FW also favours the
process of anaerobic treatment [62]. But the presence of high number of soluble COD generally associated with FW will affect
the feeding rate to the digester. The feeding rate has to be reduced to avoid the digester from being acidic and in turn inhibit the
working of the methanogenic bacteria [53], [63]. Similar is the case when using feed stock containing high carbohydrates and
FW generally contains high amount of carbohydrates [64], [65]. In these circumstances, adopting two-phase system in which
acidogenic and methanogenic phase are separated is more appropriate. The two-phase system of approach is gaining popularity
globally [53], [63]. The CN ratio between 10 and 30 is considered optimum for anaerobic digestion, the CN ratio of FW
satisfies this requirement, making it a suitable feed stock [66], [67]. The presence of Na+, Ca2+, and Mg2+ are reported to
enhance the toxicity posed by ammonia in anaerobic digester. But it is also found that the presence of Na+ and K+ or Na+ and
Mg?2+ combinations can enhance methane production by 10% [58]. In addition, the toxicity imposed by these ions depends on
the microorganisms involved in the process and variations have been reported by many studies [37].

FW management suitable for SSAR

The SSAR accounts for about 13% of the global population and lacks far behind in terms of development and energy
supply [68]. Agriculture is the major livelihood of the population, but the productivity is very low due to the lack of basic
inputs such as fertilizers [69]. The success of adoption and sustainably of any FW management system will depend on the
benefits the common population can get. Energy is the basic demand of the people in SSAR and plant nutrients is their
sustainability requirement [70], [71].

Thus, FW management using biogas technology will result in providing the people with clean cooking fuel, benefit the
environment by reducing the GHG emissions and get value added manure which can be used as fertilizer for crop production
[72], [73]. As the methane in the biogas produced is consumed totally, it eliminates the environments effects that it can cause.
Taking this aspect into consideration, biogas technology is promoted by both developed and developing countries for bio-
stabilizing their fermentable organic waste [74]. While methods like incineration, gasification and pyrolysis are more
complicated and have lower benefits than anaerobic digestion [75]. The other commonly adopted methods such as landfill and
composting have more area and labour requirements and produces

lesser energy than anaerobic digestion [76]. Anaerobic digestion of FW is being successfully adopted by many countries,
both developed and developing [77], [78], thus can be effectively used in SSAR also.

Due to the prevailing logistic problems in SSAR, implementing only a large-scale anaerobic treatment facility will not
solve the problem [79]. The waste treatment facilities must be divided into two as treatment at source using small scale bigas
plants (for waste generated from homes, small hotels, canteens, restaurants, and processing units) and large-scale biogas plants
for treating FW collected from centres which cannot implement treatment facility. Small scale biogas plants will have higher
demand in SSAR [80]. Taking the socio-economic situation of SSAR into consideration, for wider acceptance the cost of the
biogas plant has to be in the affordable range. Portable biogas plants similar to the ones studied by Augastian et al. [81] can be
effective. Taking the heterogeneous nature of the FW, biogas plants with phase separation system will be successful for large-
scale units.

Conclusion

Taking into consideration the type, nature, quantity, and the physicochemical properties of the FW generated in SSAR and
the socioeconomic conditions and requirements of the people in the region, the present study found that anaerobic digestion of
FW is the feasible, suitable, and sustainable method of FW management in SSAR. Adopting the proposed system of FW
management, it not only eliminates the problems caused by the FW, but also provide the people with clean cooking fuel,
healthy cooking environment, reduce their dependence on firewood for cooking and chemical fertilizers for cultivation. In
addition, it will create a hygienic environment and improve socioeconomic status through better job opportunities.
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