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Introduction

On the one hand, fossil fuel-based sources are limited and they are being consumed faster than they can be reproduced [START_REF] Ghadiryanfar | A review of macroalgae production, with potential applications in biofuels and bioenergy[END_REF]Moheimani and Parlevliet, 2013). On the other hand, the environmental consequences of consumption of fossil fuel resources are huge (Nikkhah et al., 2016a). Thus, replacement of a portion of fossil fuel with renewable-based resources is an urgent necessity [START_REF] Fiala | Model for the economic, energy and environmental evaluation in biomass productions[END_REF][START_REF] Pedraza | The Current Situation and Perspectives on the Use of Renewable Energy Sources for Electricity Generation[END_REF].

In this regard, biomass is considered as one of the most promising renewable energy resources [START_REF] Arumugam | Mini review on Corncob biomass: A potential resource for value-added metabolites[END_REF][START_REF] Kim | Energy recovery from mushroom culture waste and the use of its ash as fertilizer[END_REF], which accounted for 59% of total renewable-based resources in 2015 in the European Union [START_REF] Scarlat | Renewable energy policy framework and bioenergy contribution in the European Unionan overview from National Renewable Energy Action Plans and Progress Reports[END_REF]. The globally produced biomass energy equivalent was estimated 8 times higher than the world total energy requirement (Alavijeh and Yaghmaei, 2016).

Energy crops are one of the main resources of biomass [START_REF] Testa | Giant reed as energy crop for Southern Italy: An economic feasibility study[END_REF]. There are many ways to generate energy from this resource [START_REF] Eryilmaz | Biodiesel production potential from oil seeds in Turkey[END_REF][START_REF] Moreda | The potential of biogas production in Uruguay[END_REF][START_REF] Karimi-Alavijeh | Biochemical production of bioenergy from agricultural crops and residue in Iran[END_REF], but the main commercial types are biogas, biodiesel and bio-ethanol [START_REF] Hijazi | Review of life cycle assessment for biogas production in Europe[END_REF]. Comparing various energy crops (feedstock) systems in terms of energy efficiency and greenhouse gas (GHG) emissions can help in deciding how to transform to sustainable biofuel production systems. In this study, biogas generation from corn silage, Journal Pre-proof J o u r n a l P r e -p r o o f 3 bioethanol generation from corn, and biodiesel fuel production from peanuts in Iran (as a case study) were studied.

Biogas generation

Biogas-a renewable fuel-is generated from anaerobic breakdown of various biological feedstocks through synergistic metabolic activities of hydrolytic, acidogenic, and methanogenic microorganisms ( 1.

Corn is cultivated largely for biogas production in some countries all over the world [START_REF] Nkemka | Bioaugmentation with an anaerobic fungus in a two-stage process for biohydrogen and biogas production using corn silage and cattail[END_REF]. Germany and Italy cultivate more than 2,282,000 and 1,172,000 hectares of corn a year, respectively in order to be co-digested in large farm biogas plants [START_REF] Casati | Annatadavverodifficile urge risalire la china[END_REF]Bacentti et al., 2014).

Table 1

The status of biogas generation in some countries [START_REF] Kummamuru | WBA Global Bioenergy Statistics[END_REF] [START_REF] Canakci | Evaluating waste cooking oils as alternative diesel fuel[END_REF]. Biodiesel can be produced from oil seeds like peanut, canola, soybeans and sunflower through the process of transesterification [START_REF] Ardebili | Biodiesel production potential from edible oil seeds in Iran[END_REF].

It could be an optimum alternative fuel in some countries such as Germany, Italy, France and Turkey [START_REF] Eryilmaz | Biodiesel production potential from oil seeds in Turkey[END_REF]. Fig. 1 demonstrates the largest biodiesel producers in the world in 2014.

Oil seeds are one of the remarkable resources for biodiesel generation [START_REF] Gui | Feasibility of edible oil vs. non-edible oil vs. waste edible oil as biodiesel feedstock[END_REF]. In this regard, peanut is known as one of the main resources of oilseeds for biodiesel production and peanut-based biodiesel was the first biofuel to power a diesel engine [START_REF] Hogan | Peanut based biodiesel production in georgia: an economic feasibility study[END_REF].

The advantages of biodiesel are biodegradability, renewability, higher flash point, and absence of sulfur and aromatic compounds [START_REF] Kralova | Biofuels-renewable energy sources: a review[END_REF]. However, when the source of its production is oil seeds, production of feedstock necessitates consumption of some inputs such as diesel fuel and chemical fertilizers that can contribute to the GHG emissions (Nikkhah et al., 2016b). 

Comparing the green technologies to generate energy

The yields of corn silage, corn and peanuts production were adapted from literature review which are cited in Table 3. After that, the conversion coefficients were used to calculate the amount of biofuel and energy generation per hectare of farm. , respectively. The results clearly illustrated that the net energy from biogas generation using corn silage was higher than that of the two other systems of biofuel production.

Table 3

The potential of different technologies to energy generation from energy crops Fig. 3. The distance a car can travel using various biofuels (average fuel consumption was assumed to be 10 L/100km)

Net energy comparison

Table 4 summarizes the energy inputs for energy crops production. Agricultural machineries were the greatest energy consumers during corn production. Bacentti et al., (2013) reported that diesel fuel consumption is the main contributor to global warming in corn production systems in Italy. The greatest energy consumption of peanut production in Iran was attributed to diesel fuel, followed by chemical fertilizers.

The energy productivity to generate biogas, bioethanol and biodiesel were 0.15 m 3 MJ -1 , 0.05 LMJ -1 and 0.04 LMJ -1 , respectively. The net energy for producing biogas, bioethanol and biodiesel were determined to be 198,156, 6,629 and 7,379 MJha -1 , respectively. The results
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where R(i) is the amount of input i consumption per hectare, and EF(i) is the GHG emission coefficient of input i (kgCO 2 eq).

Table 5 shows the GHG emissions calculated in this study from the investigated energy crop production systems. The results highlighted that the total GHG emissions footprint from potential feedstock production of biogas, bioethanol and biodiesel production were 2989, 2159 and 822 kgCO 2 eq ha -1 , respectively. The GHG emissions for each MJ energy generation of biogas, bioethanol and biodiesel were determined to be 0.01, 0.04 and 0.03 kgCO 2 eq ha -1 , respectively. It implies that the total GHG emissions to generate one MJ of biogas were lower than those of bioethanol and biodiesel technologies. Moreover, the GHG emissions per net energy ratio of biogas, bioethanol and biodiesel production were determined to be 0.02, 0. 

Potential of biogas production from corn silage

Table 6 shows the amounts of corn silage production in various provinces of Iran and their biogas yields. The greatest potential for biogas production were attributed to Fars (14%), followed by Khuzestan province (12%). Tehran province with a share of 11% was the third largest potential producer of biogas from corn silage. Figure 5 displays an atlas of annual potential biogas generation from corn silage in Iran.

The results showed that total potential yield of biogas was 3954 million m 3 and its energy content was 98,843,613 GJ. The amount of biogas production from corn in Poland was reported to be 551 million m 3 per annum [START_REF] Igliński | Biogas production in Poland-Current state, potential and perspectives[END_REF] 

Conclusions and future work

This study evaluated the potential of energy production from some energy crops feedstocks and their GHG emissions. It can be concluded that biogas production from corn silage is the most energy efficient way for energy generation compared to the other investigated approaches.

This study also provided an atlas of annual potential biogas production from corn silage in Iran.

Accordingly, total potential yield of biogas from corn silage in Iran was 3954 million m 3 , equal to 15.94 million barrels of oil. Further studies should be carried out on the economic analysis of biofuel production from corn silage in this region. 
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 1 Fig. 1. World's largest biodiesel producers in 2014 (Hajjari et al., 2017)

Figure 2

 2 Figure 2 illustrates the barrels of oil equivalent (BOE) for each biofuel. The energy yield per
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 2 Fig. 2. Potential barrels of oil equivalent per hectare for each biofuel

  r n a l P r e -p r o o f 9 Thus, application of upgraded biogas instead of fossil fuels in the transportation sector could contribute to GHG emissons mitigation. In Sweden, biogas consumption since 2002 in urban transport alone has mitigated CO 2 emissions by 9000 t per year (Makareviciene et al., 2013).

Figure 4

 4 Figure 4 displays the net energy for different technologies per hectare of energy crops. The net

Fig. 4 . 7 .

 47 Fig. 4. The net energy produced by different technologies (per each hectare)

  33 and 0.11 kgCO 2 eq MJ -1 , respectively. González-García et al. (2013) evaluated three different energy crops such as corn, wheat, and triticale to generate biogas in Italy. The best results were reported for corn in most impact categories (González-García et al., 2013). Börjesson et al. (2015) studied the crop-based biogas production from six agricultural crops to be used as vehicle fuel. The results showed that ley crop-based biogas systems contributed to the largest GHG mitigation followed by corn, wheat, hemp, triticale and sugar beet. Overall, in all the studied cases, biogas consumption in the transportation sector has led to mitigation of GHG emissions compared to fossil transportation fuels (Uusitalo et al., 2014). Journal Pre-proof J o u r n a l P r e -p r o o f 13
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 5 Fig. 5. Atlas of annual potential biogasproduction from corn silage in Iran.* the figure was generated using the data calculated in this study
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  [START_REF] Kaur | Enhancement of paddy straw digestibility and biogas production by sodium hydroxide-microwave pretreatment[END_REF][START_REF] Sheets | Development and evaluation of a trickle bed bioreactor for enhanced mass transfer and methanol production from biogas[END_REF]. Biogas consists of around 60% methane (CH 4 ), 40% carbon dioxide (CO 2 ), and around 2000 ppm hydrogen sulphide (H

2 S) as the main impurity

[START_REF] Villadsen | The Potential of Biogas; The Solution to Energy Storage[END_REF]

. Capturing methane in the biogas production process contributes positively to reduction of CH 4 emissions and also the captured methane could be used as a renewable energy source to all applications designed for natural gas

(

Atelge et al., 2018; Kapdi et al., 2005; Noorollahi et al., 2015). Global biogas production in the world increased from 0.28 EJ in 2000 to 1.28 EJ in 2014, with the volume of 59 billion m 3 biogas (equaling 35 billion m 3 methane) (Scarlat et al., 2018). The biogas generation status in some leading countries is shown in Table

  Table 3 displays the possible amounts of biofuel production from various technologies based upon cultivation of one hectare of different energy crops. The produced volumes were 10,683.36 m 3 of biogas, 2.53 m 3 of bioethanol and 0.70 m 3 of biodiesel. The energy content of biogas generation from corn silage, bioethanol from corn and biodiesel from peanut were determined to be 267084.00, 26786.58 and 59,204.61 MJha -1

Table 5

 5 GHG emissions from the production of energy crops to generate energy

		Corn silage	Corn		Peanut
	Inputs	Average (kg CO 2 eq ha -1 )	Percentage (%)	Average (kg CO 2 eq ha -1 )	Percentage (%)	Average (MJ ha -1 )	Percentage (%)
	Diesel fuel	624	21	632	29	476.12	57.90
	Agricultural machineries	2055	69	1106	51	155.04	18.86
	Chemical fertilizers	310	10	326	15	71.61	8.71
	Electricity	-	-	-		105.27	12.80
	Biocide	-	-	18	1	14.26	1.73
	Farmyard manure	-	-	77	4	-	-
	Total GHG emissions	2989	-	2159		822	-
	Energy productivity	0.01	-	0.04	-	0.03	-
		0.02	-	0.33	-	0.11	-

  -279.4 million m 3 of biogas could be produced from food industries in Iran (Iran Renewable Energy Organization, 2013). 74,946 tons of animal-based wastes are available each year in Iran and It could generate 8,668 million m 3 of biogas (Mohammadi Maghanaki et al., 2013). There are different views about energy generation from different resources in Iran. On the one hand, Iran is considered as the world's fourth highest producer of crude oil and natural gas (Nikkhah et al., 2015). It has large amount of non-renewable energy resources and 99 percent of energy generation of Iran comes from non-renewable resources (Nikkhah, 2018). On the other hand, Iran was reported as the biggest CO 2 emitter among the Middle East countries (Alshehry and Belloumi, 2014; Alizadeh et al., 2015), and environmental impacts are a major in Iran.
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	claimed that the amount of biogas production from animal wastes, agricultural wastes, municipal
	wastes and industrial and municipal wastewater in Iran can generate 16146 million m 3 . Annually
	14

Renewable energy generation fromenergy cropscan increase the share of renewable-based energy in Iran's energy production and contributing to the environmental impacts mitigation.

Table 6

 6 Amounts of corn silage production in various provinces of Iran, and their potential biogas yield

	Province	Cultivated area	Production (t)	Biogas yield	Energy content	
		(ha) (Ministry of	(Ministry of	(m 3 )	(GJ)	Percentage
		Jihad-e-	Jihad-e-			
		Agriculture of	Agriculture of			
		Iran, 2019)	Iran, 2019)			
	Alborz	8,433	418059	168561389	4214035	4.26
	Ardabil	10,892	434204	175071053	4376776	4.43
	Bushehr	388	25385	10235232	255880.8	0.26
	Chaharmahal and Bakhtiari	3,060	167986	67731955	1693299	1.71
	East Azerbaijan	3,565	159439	64285805	1607145	1.63
	Fars	23,435	1334748	538170394	13454260	13.61
	Golestan	8,650	334574	134900237	3372506	3.41
	Guilan	36	567	228614	5715.36	0.01
	Hamedan	2,850	156750	63201600	1580040	1.60
	Hormozgan	148	8310	3350592	83764.8	0.08
	Illam	2,491	70577	28456646	711416.2	0.72
	Isfahan	17,595	912638	367975642	9199391	9.31
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