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Abstract: This study aimed to estimate the amount of biomass energy that can be acquired from crop residues in Eritrea, a country in 

the horn of Africa with a population of 6 million and having a national income per capita is around 150 US dollars. It’s an agricultural 

country. The energy potential of crop residues was calculated by considering the calorific values and the amount of available residue. 

For the year 2015, the total calorific value of agricultural residues was estimated approximately 1332.34TJ. According to the amount of 

agricultural residues, the most contributing crops were sorghum (50%) and millet (27%).  Thus, it can be inferred that knowing the 

particular and general biomass energy potential of agricultural residues could help in managing energy sources and planning projects. 
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1. Introduction 
Energy supply, specifically the issue of alternative energy 

sources, has seized the thoughts of people worldwide and 

has stimulated more research, dispute and action: 

personal, political and commercial; perhaps as equal as 

any other environmental issue in the course of time 

(Onochie et al., 2015). The ever-rising energy demand is 

directly related to the increase in the standard of living 

and the advancement of new technologies (Demirel et al., 

2014). Considering renewable energy sources such as 

biomass energy has been one of the principal solutions to 

the depletion of fossil fuels.  

The use of biomass energy dates back to the dawn of 

history. Followed by food crops, grassy and woody 

plants, residues from agriculture or forestry, oil-rich 

algae, and the organic component of municipal and 

industrial wastes, wood has been the largest source of 

biomass energy. Every organic matter existing in the 

biosphere is regarded as biomass. It constitutes of plant 

and animal origin including the materials obtained as a 

result of their natural and artificial transformation 

(Perea-Moreno et al., 2019). Biomass exists in diversified 

forms such as wood, sawdust, straw, seed waste, manure, 

paper waste, household waste, and wastewater (Long et 

al., 2013). By virtue of their nature, some biomass energy 

sources are used directly as fuel. However, others should 

be subjected to certain treatments, requiring various 

technologies before they are used. Converting into a 

range of valuable biofuels, chemicals, and other products, 

the application of biomass energy has the potential to 

significantly minimize the emission of greenhouse gases, 

reliance on fossil fuels, and eventually support 

agricultural industries (Mohtasham, 2015). Due to its 

local abundance and low price biomass appears to be 

encouraging renewable energy resource. As the main 

bioenergy resource, it can be produced from natural 

materials, such as harvest residues, energy crops, algae, 

and agricultural wastes (Mirkouei et al., 2017). 

Sustainable bioenergy sources have the capacity to 

promote economic opportunities, energy security, and 

environmental benefits (Yang et al., 2017). Bioenergy has 

been suggested as a sustainable source of energy that has 

a higher potential to displace the dominant fossil-based 

energy (Mirkouei et al., 2017). 

Employing alternative energy sources is a key factor in 

improving the livelihood of needy societies and make 

economic sustainability achievable (Kaygusuz, 2011). 

Production of charcoal is one common domestic practice 

of meeting the requirement of energy. When used as fuel 

this has the potential of reducing indoor air pollution. 

Furthermore, it has a direct impact on economic growth 

because people can market the extra charcoal (Zulu and 

Richardson, 2013). 

In Eritrea, like in most developing countries, a major 

proportion of energy is contributed by biomass sources. 

A report from the Department of Energy shows that out 

of the total energy supply 66.3% was derived from local 

biomass fuels (Semere, 2001).  With the growth of the 

Research Article 
Volume 4 - Issue 3: 103-106 / July 2021 



Black Sea Journal of Agriculture 

BSJ Agri / Gürkan Alp Kağan GÜRDİL et al.                                                                     104 
 

population in rural areas, it is obvious that the reliance 

on biomass energy sources will continue. Consequently, 

the demand for these sources will also keep on increasing 

(Zemenfes, 2001). Therefore, exploring and evaluating a 

country’s potential energy sources is highly significant so 

as the standard of living is improved by providing a 

sufficient source of energy to society. Thus this study 

aimed to estimate the amount of biomass energy that can 

be acquired from crop residues in Eritrea. 

 

2. Material and Methods 
In the assessment of biomass resources two ways namely 

resources focused and demand-based approaches are 

used (Van den and Vis, 2014). From the aforesaid 

methods, the resource-based approach is the most 

customary approach used worldwide for the calculation 

of biomass and bio-energy potential. In this method, 

specific biomass types like agricultural residue, forest 

residue, and their byproducts are put into consideration 

(Long et al., 2013). Thus, this study follows the resource-

based approach to evaluate the biomass energy potential 

in Eritrea. 

Despite the fact that crop residues have different 

categories (gross residue sand surplus residues), in this 

study, only the surplus residues are considered since the 

farmers use the others for different purposes. Data from 

the annual report of the Ministry of Agriculture (MOA) of 

Eritrea for the year 2015 were used to compute the 

amount of residue from the seasonal year production of 

main crops cultivated in Eritrea. The formula used for 

calculating the bio-energy potential from crop residues is 

adopted from (Hiloidhari and Baruah, 2011; Terrapon-

Pfaff et al., 2012). The total residue has to be determined 

first as the remaining residue depends on it (equation 1). 

 

AAR = AAP * RPR* A                                                                  (1) 

 

Where (AAR) is the available amount of agricultural 

residues of the crop in tons, (AAP) the amount of 

agricultural product in tons, (RPR) residue-to-product 

ratio, and (A) the availability of residues relevant for 

developing countries (Elias and Shabbir, 2018). The RPR 

values are obtained from different published research 

works conducted in developing countries in the Sub-

Saharan region of Africa as it is represented in Table 1. 

 

Table 1. Parameters and their values used in estimation 

FC R RPR A (%) LHV(MJkg-1) Reference 

Sorghum Straw 1.75 60 12.38 (Kimutai et al., 2014) 

Maize Cob 0.3 100 15.5 (Singh et al., 2008) 

Millet Straw 1.75 60 18.16 (Friedl et al., 2005) 

Barley Stalks 2.7 60 18.6 (Friedl et al., 2005) 

Wheat Straw 0.8 15 17.15 (Singh et al., 2008) 

Hanfez Straw 1.75 60 17.88 (Friedl et al., 2005) 

Sesame Straw 0.5 56 14.35 (Zabaniotou et al., 2008) 

Groundnut Shells 0.48 40 15.56 (Jekayinfa and Scholz, 2009) 

FC= field crops, R= residue type, RPR= residue to product ratio, A= availability, LHV= lower heating value. 

 

The portion of available residues from crop production 

after other parts are used for different purposes is known 

as the surplus availability (Hiloidhari and Baruah, 2011). 

Finally, the bio-energy crop residue potential is 

estimated from equation (equation 2) as follows; 

 

THV = AAR * LHV                                                   (2) 

 

Where (THV) the total heating value of agricultural 

residues of the crop in TJ, (AAR) is the available amount 

of agricultural residues of the crop in tons, and (LHV) 

lower heating value of air dry residues of the crop in 

MJ.kg-1. 

 

3. Results and Discussion 
Using the resource focused approach the total amount of 

agricultural residues of major crops Barley, Groundnut, 

Wheat, Hanfez (combination of wheat and barley), 

Sorghum, Millet, Sesame, and Maize was estimated to be 

85265.28 tons in Eritrea (Table 2). 

As it has been represented in Fig 1, out of the total 

residue sorghum and millet comprise about 50% and 

27% respectively being the major ones.     

 

Table 2. Amount of agricultural product and available 

residues in tones of selected field crops in Eritrea 
 

FC R AAP AAR 

Sorghum Straw 32091 33695.6 

Maize Cob 34019 10205.7 

Millet Straw 17412 18282.6 

Barley Stalks 12209 19778.6 

Wheat Straw 8495 1019.4 

Hanfez Stalks 2923 1918.2 

Sesame Straw 1061 297.1 

Groundnut Shells 355 68.2 

TOTAL  85265.28 

FC= field crops, R= residue type, AAP= amount of agricultural 

residues, AAR= amount of agricultural product. 
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In calculating the total amount of heating value, although 

the total amount of crop residues is estimated to be 

85265.28tons, it should be noted that since residues are 

used for various purposes the surplus availability factor 

was considered to estimate the reliable amount of 

energy. Hence, as shown in Table 3, the total heating 

value of residues for the year 2015 was estimated to be 

1332.34TJ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Amount of available residue (AAR) of major 

field crops. 

 

Table 3. Total heating values of agricultural residues in 

Eritrea 
 

FC R THV (TJ) 

Sorghum Straw 417.15 

Maize Cob 158.19 

Millet Straw 332.01 

Barley Stalks 367.88 

Wheat Straw 17.48 

Hanfez Stalks 34.30 

Groundnut Shells 4.26 

Sesame Straw 1.06 

TOTAL   1332.34 

FC= field crops, R= residue type, THV= total heating value 

 

4. Conclusion 
The study was done to estimate the biomass energy 

potential in Eritrea. Like many other countries, Eritrea’s 

source of energy depends on the import of fossil fuels. 

The subject of energy demand remains to be a solution-

seeking challenge. Energy scarcity and energy-related 

cases are problems that need to be addressed at the 

soonest possible. In facilitating the possible solutions 

knowing the capacity and potential of every alternative 

source of energy is crucial. Thus, knowing the biomass 

energy potential could help in managing energy sources, 

planning projects, and policymaking as a whole. The total 

heating value of crops in Eritrea was found to be 

1332.34TJ. It is easy to infer that this considerable 

amount of energy is significantly contributing to the 

energy demand of the country. Additionally, establishing 

systems to change this potential into other kinds of 

energy sources such as biogas would definitely pay off. 
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