
 

Abstract— Increased in energy demand due to the increase in 

population, global industrialization and urbanization has become a 

serious crisis in the world. Excessive utilization of fossil fuel as a 

primary source of energy brings about environment pollution, global 

climate change and health hazard.  Therefore, an alternative source of 

energy, preferably renewable, is needed in order to reduce the 

dependency on fossil fuels. Biogas production via anaerobic 

digestion technology has been reported as the best solution for these 

energy issues and a promising prospect for future use. Its application 

and production optimization has been widely recommended due to 

that biogas is sustainable renewable source of energy, eco-friendly 

and cost effective. Preceding researchers have focused mainly on 

optimizing the process by studding the mechanical and physical 

aspects of the process while ignoring biological component of the 

system. Hence, any factor that affects the growth and metabolic 

activities of the bacteria responsible for the digestion of the organic 

matter can limit the biogas production and efficiency of the system. 

Growth factors such as micro-nutrients and macro-nutrients can have 

a direct effect on the growth of the microbial biomass and ultimately 

the biogas production. 
 

Keywords— Biogas, Methane, micro-nutrients, macro-nutrients, 

trace elements   

I. INTRODUCTION 

IOGAS technology via anaerobic digestion is considered 

today as one of the most popular topics within the field of 

renewable energy [1].  In fact, biogas is estimated as 

fourth largest energy producer in the world covering about 10-

15% of energy demand globally [2]. In addition, biogas 

technology provides energy, which is sustainable, renewable 

and cost effective. Biogas is produced when bacteria convert 
organic matter to methane gas in the absence of oxygen [3].  

Although biogas can be produced easily, numerous researches 

have shown that the efficiency of methane production can be 

affected by several factors operating independently and in 
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combination [4], [5]. According to Wilkie et al. [6] during 

AD, mineral nutrients are one of the significant factors for 

micro-organisms growth and activity. Nges et al. [13] reported 

that the characteristics of crops (grass or maize), including 

lack of essential nutrient, have resulted to problems such as 

low methane yields, acidification and process instability 

during mono- AD of energy crops. Therefore, adequate 

supplementation of nutrients in the digester is very important 

for the enhancement of biogas and methane production and 

process stability [7]. Nutrients are categorized as micro-

nutrients and macro-nutrients. In this review, the influence of 

nutrients on biogas production is presented. 

II.  MACRO-NUTRIENTS 

Microbial metabolic activity during biologic process [8] is 

highly dependent on macronutrients such as (C, H, N, O and 

S) [9]- [10].  Microorganism use carbon for cell structure, 

nitrogen for protein biosynthesis, and sulphur during the 

methanogenesis phase [8]. According to Banks et al.[10], 

during AD, CH4 and CO2 are mainly the product from the 

conversion of C, H and O. On the other hand, N and S are 

normally converted to ammonia and H2S. Ammonia can be 

used for process buffering [11]. While excessive amount of N 

in the feedstock may results in methanogens inhibition, too 

little may also results in a process destruction due to its 

insufficiency to meet the required level the growth of micro-

organism [14], [15]. Ammonium nitrogen is normally 

available as ammonia ion HN3
+4

 and free ammonia (NH3]; 

however, the formation of free ammonia component is 

dependent on the pH level, temperature and total ammonia 

nitrogen (TAN) (demonstrated in Eq. 1)[16]. Free ammonia is 

more toxic in comparison to HN3
+4

as it can pass through the 

cell membrane, causing potassium deficiency and proton 

imbalance [15].  

A report by Fernandes et al. [18] showed that concentration 

of TAN in a range of 2.4-7.8 g NH4-N/L (283-957 mg 

NH4/NL did not inhibit the hydrolysis of tribytrrin or 

cellulose. Strik et al. [19] reported the possibility of reducing 

ammonia by controlling pH value, though biogas production 

was affected.  Furthermore, Rajagopal et al.[20]  pointed out 

that a stable and undisturbed  anaerobic digestion of material 

with high ammonia can  be achieved by operating the process 

under  controlled pH,  temperature, C/N ratio and utilization of 

acclimatized microflora to higher  ammonia concentration set 

points.  FAN of 1.1g/L which resulted in depletion of bacteria 

growth rate was observed at the pH level of 8 during anaerobic 

digestion of swine manure [21]. Free ammonia can be 

calculated using Eq. 6 and Eq.7 [22] 
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Where FAN (NH3) is free ammonia, TAN is total ammonia 

nitrogen, T is the temperature (
o
C) , pKa is dissociation 

constant ammonia ion. TAN in the digester can be predicted 

by using Bushwell equation (eq 1)[17]. Wang et al., [23] 

investigated the effect of TAN concentration on solid-state 

AD of corn stover in a batch reactor at 37
o
C. These authors 

observed that methane yield was reduced by 50% at a TAN 

concentration of 6.0g/Kg. Furthermore, at the concentration of 

4.3g/Kg, reduction in the rate of reaction and microbial 

activities during hydrolysis of cellulose and methanogenesis 

were detected. Other suggestion on the ammonia 

concentration and other inhibitors are presented (Table1). 

Ammonia can be removed or reduced in the digester by using 

pre-treatment techniques including: Struvite precipitation, 

biological ammonia oxidation and air stripping etc. Air 

stripping is a common method used for slurries [24]. The 

optimal C/N ratio required by micro-organism for methane 

yield optimization is 20:1-30:1 [8].  High C/N ratio favors 

ammonia production, while low C/N ratio limits the growth of 

microorganism [8].  

Previous researchers have reported that C/N can be 

optimized by mixing two or more substrate, one with high 

carbon content and another with high nitrogen content [11]. 

Though H2S inhibition in methanogenesis is not clear, its 

removal or prevention is recommended for further usage of the 

product gas, especially if the gas will be used for vehicle fuel. 

According to Wang and Banks [12], H2S production can be 

prohibited by addition of combined trace element with iron 

and acid (BDP, Kemina kemi AB, Sweden). Diaz et al. [27] 

divulge that H2S present in biogas may reduce the lifespan of 

pipes used to transport biogas  by corroding their internal and 

other installations  such as pumps when biogas is utilized  as a 

vehicle fuel. It has also been observed that the presence of 

3.5% H2S in biogas may make it inapplicable for energy 

recovery without specific treatment [28]. Watson and Watson 

et al. [29] investigated the effect of sulfide on α – glucosidases 

on starch anaerobic digestion. They reported that addition of 

sulphate and increasing its concentration decreased the activity 

of α- glucosidase .In contrast, Li et al. [30] reported that an 

addition of 500mg/l sulphate on the digester with an MBR and 

co-substrate (coffer grounds, milk, waste activated sludge) 

resulted in accumulation of propionic acid being completely 

degraded to methane, due to the bacteria. Several techniques 

including oxygen dosing [31], sodium molybate [33] and 

addition of Fe in the digester have been proven to be suitable 

for the removal of sulfide.  

III. MICRO-NUTRIENTS 

Micro-nutrients, also known as trace elements, may be used 

to improve the AD process performance. Commonly used 

trace elements include zinc, iron, cobalt, tungsten, and 

molybenum. According to Chan et al. [27], the capability of 

population to synthesise enzymes is dependent on the bio- 

availability of trace elements. Though addition of trace 

elements has been found to optimize the growth of 

methanogenic bacteria, an excess of their availability in a 

digester may lead to methane inhibition [34], [35].Therefore,   

the amount of trace element required for microorganism intake 

need to be calculated. Table 1 shows nutrients concentration 

needed by micro-organism for optimal process performance. 

Khanal et al. [36] reported that the needed trace elements 

may be estimated using the empirical formula  of intact 

microorganism cell, as shown in eq 3  [36]. 

 
 

 
TABLE I 

MICRO-NUTRIENTS AND MICRO-NUTRIENTS CONCENTRATION 

SUITABLE FOR MICRO-ORGANISM  

Parameter Concentration of inhibition (g/L) 

Volatile fatty acid >2 (as acetic acid) 

 > 6.8 ( as overall volatile acids) 

Total ammonia nitrogen 1.5-3 (at pH> 7.6) 

Free ammonia 0.6 

Sulfide 0.25 (as H2S at pH 6.4-7.2) 

 0.09 (as H2S at pH 7.8 -8.0) 

Sulfide >0.1 (as soluble sulfide) 

Calcium 2.5-4.5 

 8 ( strong inhibitory) 

Magnesium 1-1.5 

 3 ( strongly inhibitory) 

Potasium 2.5-4.5 

 12 ( strongly inhibitory 

Sodium 3.5-5.5 

 8 ( strongly inhibitory) 

Heavy metals  

Copper(Cu) 0.0005 (soluble metal)  

 0.15* 

Cadmium(Cd) 0.15 

Iron(Fe) 1.71* 

Chromium (Cr3+) 0.003 

Chromium (Cr6+) 0.5 

Nickel 0.002 
 

Amongst trace elements, cobalt and nickel has shown 

positive influence in anaerobic digestion of energy crops 

including grass silage. Cobalt contains vitamin B12, which is 

involved in the transferring of methyl during methogenesis 

[36]. The effect of adding trace element to mono-digestion of 

grass silage at high organic loading rates was investigated by 

Wall et al. [37]. This was done by comparing two reactors, 

one operated in mono-digestion and other in co-digestion at 

the VS of (80% grass silage and 20% dairy slurry) for 65 

weeks and trace elements were added for 5weeks. The authors 

reported higher methane yield in co-digestion reactor 

compared to mono-digestion reactor. However, they further 

noted an increase by 12% specific methane yield (SMY) with 

biomethane efficiency of (1.01) was observed when cobalt, 

iron and nickel were added into a mono-digestion reactor. Co 

was further reported to stimulate the acetogenesis and 
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methanogenes [38].  Pobeheim et al. [39] analyzed the impact 

of Ni and Co on AD of maize silage in semi-continuous 

reactor. These authors reported that the limitation of Co and 

Ni results to process instability and biogas production 

inhibition. Nevertheless, increasing the level of Co upto 

0.05mg/kg FM and Ni up to 0.6mg/kg Fm increased the OLR 

to 4.3 g ODML/d with process being stable and high 

metabolism of acetic and propionic acid. Although addition of 

trace elements has been identified as co-factor in AD, 

overdosing of some trace elements may results in methane 

inhibition, as some nutrients are stimulatory at low 

concentration but toxic at high one [40].  Javis et al. [40] 

optimized biogas production from grass clover silage by 

adding cobalt on the digester. However, they were 

encountered with a problem of process stability and efficiency 

when a concentration of cobalt was increased to 0.02mg/l. 

Furthermore, reduction of these trace elements has been 

reported to form excessive production of volatile fatty acids 

(VFAs) such as propionic, acetic acid, butyric and veric acid. 

These VFAs are regarded as major intermediate product in 

anaerobic digestion [42]. They are mainly produced during 

hydrolysis and acedogenises phase [43]. VFA are normally 

converted to acetate, hydrogen and carbon dioxide, which may 

be used for methane production, however at high 

concentration they are capable of causing inhibition in 

methanogens metabolism [44]. Schmidt et al. [40] reported an 

increase in VFAs production during anaerobic digestion of 

wheat during Fe, and Ni deficiency. Espinosa  et al. [41] also 

observed a reduction of propionic acid (5291mg/l to 251 mg/l) 

and increased COD removal from 44% to 58 when the 

digester was supplemented with Fe (100 mg/l), Ni( 15 mg/L), 

Co(10 mg/L) and Mo (0.2 mg/l) during anaerobic degradation 

of VFA in molasses silage . For this methane was increased 

from 10.7 to 14.8 l/d (NTP). The excessive accumulation of 

VFA may cause pH declination [47], [48], which may results 

in toxicity, reactor failure and consequently a reduction in 

methane production [48]. Sieger and Banks [50] observe the 

inhibition of the cellulolytic activity at VFAs concentration of 

2g/l and ultimately cellulose hydrolysis decrement. 

IV. CONCLUSION  

The impact of nutrients addition in anaerobic digestion of 

energy crops have been reviewed in this paper. All reviewed 

papers showed that addition of nutrients enhance biogas 

production and leads to process stability. The optimal C/N 

ratio required by micro-organism for methane yield 

optimization is 20:1-30:1.  High C/N ratio favours ammonia 

production, while low C/N ratio limits the growth of  

microorganism. Commonly used trace elements include Zinc, 

Iron, Cobalt, tungsten, and Molybenum, however Cobalt and 

Molybenum has been reported as the most preferable. 

Although trace elements are essential for bacterial growth, an 

overdose of these nutrients may result in methane inhibition. 

This is attributed to the fact that some trace elements are 

effective at low concentrations but toxic at higher ones. 

Therefore, the required trace elements may be calculated by 

using Bushwell equation (eq 3).  
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