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INTRODUCTION

The production of biogas from organic wastes 

through anaerobic digestion processes has been 

used in wastewater treatment plants for on-site 

co-generation of electrical energy and heat (Zi-

tomer et al. 2008). This method can dramatically 

lower the wastewater treatment facility operating 

costs while also stabilizing the sludge generated. 

It is also possible to achieve substantial reduc-

tions in the greenhouse gas emissions (Li et al. 

2011). The energy content of the gas can also dif-

fer depending on the type of substrate being used.

Anaerobic digestion with the addition of co-

substrates (co-digestion) can be used to boost the 

biogas production and aid in municipal organic 

waste management. Co-digestion has long been 

regarded as a low-cost, commercially versatile 

method of reducing process limitations and in-

creasing methane yields (Alatriste-Mondragón et 

al. 2006). 

Recently, many research works have been car-

ried out to study the effect of co-digestion using 
several types of organic wastes on the amount and 

methane content of the produced biogas. Prabhu 

et al. (2016) investigated the anaerobic co-diges-

tion of food waste (FW) and sewage sludge. They 

concluded that mixing FW with sewage sludge 

in the ratio of 1:2 increased the biogas produc-

tion up to 823 ml/gVS (21 days). Gelegenis et 

al. (2007) studied the anaerobic co-digestion of 

diluted poultry manure and whey in the ratio 

Anaerobic Co-Digestion of Domestic Sewage Sludge with   
Food Waste: Incorporating Food Waste as a Co-Substrate   
Under Semi-Continuous Operation

Salah H. Aljbour1*, Husam Al-Hamaiedeh2, Tayel El-Hasan3, Bassam O. Hayek4, 

Khalid Abu-Samhadaneh5, Salam Al-Momany4, Ayman Aburawaa4

1 Chemical Engineering Department, Mutah University, Al-Karak, Jordan
2 Civil and Environmental Engineering Department, Mutah University, Al-Karak, Jordan
3 Chemistry Department, Mutah University, Al-Karak, Jordan
4 Decentralized Integrated Sludge Management Project, implemented by Deutsche Gesellschaft fuer 

Internationale Zusammenarbeit GmbH, on behalf of Federal Ministry for Economic Cooperation and 

Development
5 Prince Faisal Center, Mutah University, Al-Karak, Jordan

* Corresponding author’s email: saljbour@yahoo.com

ABSTRACT

Anaerobic co-digestion of domestic sewage sludge with food waste as a substrate for biogas production and 

as a mean for waste management was conducted. The food waste was incorporated into the bioreactor as a co-

substrate semi-continuously via replacement mode and addition mode of operations in ratios up to 50%. The 

methane gas yield under the replacement mode of operation ranged from 295 to 1358 ml/gVS
added

 and from 192 

to 462 ml/gVS
added

 for the replacement mode of operation and the addition mode of operation, respectively. The 

results indicate that the methane gas yield increases along with the percentage share of food waste in the feed. 

Anaerobic co-digestion under semi-continuous operation enabled handling large organic loadings compared to 

batch co-digestion processes.

Keywords: biogas, co-digestion, sludge, food waste, semi-continuous operation, methane
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INTRODUCTION

The information of sediment load applied in 

designing reservoirs and dams, sediment trans-

portation and pollutants in rivers and lakes, de-

signing stable channels and dams, preservation 

of aquatic life and wildlife, watershed manage-

ment, and assessment for environmental impact 

(Cigizoglu, 2004). The nature of suspended sedi-

ment is non-linear, which necessities applica-

tion of a non-linear method for the forecasting 

and predicting study. The prediction of sediment 

is critical because it tends to affect the hydrau-

lic river structures (Kisi et al., 2009; Kisi, 2010). 

Sediment transport is one of the most significant 
issues in surface water resources (Gericke and 

Venohr, 2012). In the previous study, rainfall and 

stream flow were reported as primary factors that 
influenced the suspended load (Jie-Lun and Yu-
Shiue, 2011).

These phenomena attract researcher attention 

to develop direct and also indirect simulation and 

prediction models that could be accepted by op-

erators worldwide; however, there is a demand 

to look into each catchment for better forecast-

ing (Abrahart et al. 2008 and Khan et al. 2019). 

The estimation of suspended sediment is chal-

lenging because it is closely related to flow and 
the mechanism of their non-linear relationship 

and their complex interactions with each other. 

Several kinds of research were conducted to es-

timate and understand the mechanism sediment 

A Performance Comparison of Various Artificial Intelligence 
Approaches for Estimation of Sediment of River Systems

Gasim Hayder1,2, Mahmud Iwan Solihin3, Khairul Faizal Bin Kushiar4

1 Institute of Energy Infrastructure, Universiti Tenaga Nasional (UNITEN), 43000 Kajang, Selangor, Malaysia
2 Department of Civil Engineering, College of Engineering, Universiti Tenaga Nasional (UNITEN), 
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3 Faculty of Engineering, Technology and Built Environment, UCSI University, Jalan Puncak Menara Gading, 

Taman Connaught, Kuala Lumpur 56000, Malaysia
4 Asset Management Department, Generation Division, Tenaga Nasional Berhad, 59200 Kuala Lumpur, 

Malaysia
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ABSTRACT

Sediment is a universal issue that is generated in the river catchment and affects the river flow, reservoir capacity, 
hydropower generation and dam structure. This paper aims to present the result of experimentation in sediment 

load estimation using various machine learning algorithms as a powerful AI approach. The data was collected 

from eight locations in upstream area of Ringlet reservoir catchment. The input variables are discharge and sus-

pended solid. It was found that there is strong correlation between sediment and suspended solid with correlation 

coefficient of R = 0.9. The developed ML model successfully estimated the sediment load with competitive 
results from ANN, Decision Tree, AdaBoost and SVM. The best result was produced by SVM (v-SVM version) 

where very low RMSE was generated for both training and testing dataset despite its more complicated hyper-

parameters setup. The results also show a promising application of machine learning for future prediction in 

hydro-informatic systems.

Keywords: sediment estimation, artificial intelligence, machine learning prediction, river systems, visual pro-

gramming, hydro-informatics systems

Journal of Ecological Engineering

Received: 2021.05.15

Accepted: 2021.06.15

Published: 2021.07.01

Journal of Ecological Engineering 2021, 22(7), 20–27

https://doi.org/10.12911/22998993/137847
ISSN 2299–8993, License CC-BY 4.0



28

INTRODUCTION

Crop production is intensely constrained by 

poor soil conditions in the areas characterized by 

low water shortage, which results in the degrada-

tion of agricultural territories (Perez-Esteban et 

al., 2012, Mills et al., 2014, Amini et al., 2016). In 

fact, the south of Morocco is subject to severely 

dry arid climate which hinders the plant growth 

(Badraoui et al., 2000, Schlesinger et al., 2015). 

Under these hard climate conditions, addition of 

mineral fertilizers did not have a profitable effect 
(Agegnehu et al., 2016). Hence, biochar and com-

post, two organic amendments, can be applied 

for improving the soil structure and as a nutrient 

source for plant biomass production (Solaiman 

and Anawar, 2015, Lim et al., 2016, Ramzani et 

al., 2016, Li et al., 2018). However, biochar and 

compost-biochar combination in some studies 

revealed the negative effects which have been 
related to the type of biochar and soil proper-

ties (Jones et al., 2012, Rajkovich et al., 2012, 

Schmidt et al., 2014, Butnan et al., 2015, Haider 

et al., 2017). Moreover, to determine the most ad-

equate biochar percentage, it could be necessary 

to investigate the effects of different doses prior to 
carrying out large scale field experiments. 

Thus, the soil was treated with argan biochar, 

compost and compost–biochar mixture before be-

ing vegetated with quinoa (Chenopodium quinoa), 

sugar beet (Beta vulgaris) and alfalfa ( Medicago 

sativa). The purpose was to verify whether using 

argan biochar and compost in mixtures amelio-

rates plant biomass production.

Positive Effect of Biochar Derived from Argan Waste     
on Soil Nutrients and Growth of Three Plants

Laila Bouqbis1*, Salma Daoud2, Moulay Cherif Harrouni3

1 Faculty of applied sciences, Ibn Zohr University, Agadir, Morocco
2 Faculty of sciences, Ibn Zohr University, Agadir, Morocco
3 Hassan II Agronomic and Veterinary Institute, Agadir, Morocco
* Corresponding author’s e-mail: l.bouqbis@uiz.ac.ma 

ABSTRACT

The lack of organic matter content in deteriorated soils in drought stricken areas is a serious problem for vegetation 

cover. The use of organic amendments like biochar and compost to agricultural soils could be a good remedy for 

poor soil, water deficiency and plants growth. The comparative analysis of the effects of biochar produced from 
argan shells, compost and their mixture on the growth of quinoa (Chenopodium quinoa), sugar beet (Beta vulgaris) 

and alfalfa (Medicago sativa) was the main objective of this research. It was assumed that the addition of biochar 

mixed with compost could enhance soil fertility and then improve crop productivity of plants. For this purpose, 
three treatments (2%, 4% and 6%) of biochar (B), compost (C) and biochar–compost (B–C) mixture were applied 
to soil. The samples for different treatments were collected, incubated and then analyzed. In order to evaluate the 
plant growth, the greenhouse experiments were conducted for three months in the pots filled with untreated and 
treated soils. The results showed that the addition of biochar and compost to soil increased pH, electrical conduc-

tivity, exchangeable cations, total nitrogen, phosphorus, total organic matter and cation exchange capacity. A sig-

nificant improvement of the biomass of plants has been observed when applying a mixture of biochar and compost 
at 6% for quinoa and sugar beet and at 4% for alfalfa. According to the obtained results, mixing argan biochar with 
compost has a positive impact on soil nutrients and growth of plants. 
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