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Abstract

:

Agricultural policies should be aimed at enhancing production per unit area and help to reduce the cultivated area. To that end, it is critical to conserve soil fertility, promote ecological agriculture, employ climate change adaptation technology, significantly enhance irrigated agriculture, and decrease agricultural production risks. Sustainable agricultural production requires optimized land usage, increased energy efficiency, reduced use of fossil fuels, and minimized environmental consequences. Energy has been used in agriculture in a dramatically increased manner, and the agri-food chain now accounts for 30% of the total global energy use. Energy analysis quantifies the amount of energy used in agricultural production, so it may be used to optimize energy consumption and boost energy efficiency, further propelling the sustainable development of agriculture. Recently, the Mongolian government has expressed concerns about how to realize food sustainability and self-sufficiency in wheat production and agriculture, while also maintaining environmental sustainability. However, there is a substantial study gap between agriculture and energy analysis in Mongolia. This study investigated energy consumption and the effects of energy inputs and energy types on the agricultural production of Mongolia from 2005 to 2018. The output was calculated based on the annual wheat equivalent for the 14 major provinces as a whole. The output level is given as a function of human labor, machinery, electricity, diesel fuel, fertilizers, pesticides, irrigation water, and seed energy, and the yield and different energy inputs are determined using the ordinary least squares of the Cobb–Douglas function. Total energy input grew from 2359.50 MJ ha−1 in 2005 to 3047.61 MJ ha−1 in 2018, while total output energy increased from 2312.08 MJ ha−1 to 4562.56 MJ ha−1. During this period, the energy use efficiency (input–output ratio), energy productivity, and net energy of wheat production were studied. The fertilizer inputs were statistically significant. The contribution of nitrogen, diesel, and irrigation water towards the production level was 3.52, 3.09, and 2.33, respectively. As a result, the data indicated that non-renewable, direct, and indirect energy sources all had a positive impact on the output level. Furthermore, non-renewable energy in Mongolian agriculture has been used in a significantly increased manner.
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1. Introduction


With the growth of the population, agriculture has developed, especially the production of various crops. However, the supply of arable land and environment is limited. Because of these limitations, humans face significant challenges regarding how to provide sufficient food supplies for large-scale production. Long-term energy usage in agri-food systems is unsustainable [1]. The sustainable agriculture movement originated from several reform movements in the United States, Canada, and Western Europe to address concerns about the impact of agriculture, such as the depletion of non-renewable resources, soil degradation, the health and environmental effects of agricultural chemicals, inequity, declining rural communities, loss of traditional agrarian values, food quality, farmworker safety, declining self-sufficiency, and a decreasing number of farmers. These concerns were related to “conventional agriculture, which was deemed unsustainable” [2]. The term “conventional agriculture” is used to define and justify many agricultural processes. Conventional agriculture is characterized as “capital-intensive, large-scale, highly automated one with monoculture, extensive use of chemical fertilizers, herbicides, and pesticides, as well as intense animal husbandry” [3,4].



Terms used to describe the various farming types include organic farming, biological agriculture, alternative agriculture, ecological agriculture, low-input agriculture, biodynamic agriculture, regenerative agriculture, permaculture, and agroecology [3,4,5,6].



Agricultural sustainability is one of the highest priorities in all countries, whether they are developed or developing countries [7].



The food system now utilizes 30% of the world’s available energy, of which more than 70% is used outside the farm gate, and contributes more than 20% of global greenhouse gas (GHG) emissions (around 31%, if the land-use change is included). At the same time, around one-third of the food we produce is lost or wasted. Furthermore, current food systems are significantly reliant on fossil fuels. It is predicted that there will be considerable and simultaneous increases in the demand for water, energy, and food over the next few decades.



Such increases will result in reduced and degraded natural resources, as well as further climate change issues [1]. The agri-food industry is both an energy consumer and a potential energy generator. While ensuring full access to modern energy services along agri-food chains should be the top priority, this should be achieved by improving energy efficiency and gradually increasing the use of renewable energy in order to decouple the development from the current high reliance on fossil fuels. These issues are addressed by the FAO’s Energy-Smart Food for People and Climate Programme.



The combination of energy efficiency and increased usage of renewable energy will reduce agriculture’s dependence on fossil fuels and reduce the sector’s GHG emissions. This research aimed to evaluate the energy inputs required for wheat yield and to compare the energy output–input ratio.



Mongolia is one of the most coal-dependent developing members of the Asian Development Bank (ADB), and its energy sector is the major contributor to its greenhouse gas emissions, accounting for almost two-thirds of the total emissions, according to James Lynch, Director General of ADB’s East Asia Department (EARD). “In order to decarbonize Mongolia’s energy sector, the government wants to increase the share of renewable energy, particularly wind and solar energy, and Mongolia has a lot of potential in these aspects” [8]. The total wind and solar power in the country is expected to reach 2600 GW of installed capacity or 5457 terawatt-hours of renewable electricity output per year. The amount is sufficient to meet the country’s energy needs (about 1.2 GW as of 2018). Moreover, with appropriate transmission infrastructure, it can even meet the energy needs of Northeast Asia. As stated in the State Policy on Energy from 2015 to 2030, the government aims for renewable energy to account for 20% of the total installed capacity by 2023 and 30% by 2030.



“For various reasons, the country’s abundant renewable energy resources have yet to be fully utilized,” says Sujata Gupta, Director of the Asian Development Bank’s Sustainable Infrastructure Division in the East Asia Department. “One of the difficulties is the unpredictability of renewable energy supply and the lack of regulatory reserve or flexible generation” [9].



The use and management of various forms of energy in irrigated crop production systems are affected by many factors, such as the farming community’s socioeconomic conditions, the size of the farmers’ holdings, the physical condition of the systems, the availability of the various factors of production, the mode of irrigation, agronomic practices, transportation, and processing. The production of wheat yield systems is not only desired from an economical perspective, but it is also detrimental to the environment. The significance of energy shortages and environmental challenges requires a comprehensive investigation, but due to time and financial constraints, it is difficult to examine all of these broad themes in just one study. The energy used by gravity flow in the study area is not within the scope of this study, and farmers do not know how much water they consume. Central Mongolia is famous for its high wheat yield and intensive agricultural production. Different types and sources of energy used in the wheat farming system must be properly defined; otherwise, the study will become very complicated because there are different types of energy, such as direct, indirect, and embodied energy, as well as physical, chemical, and biological energy. As a result, the study only focuses on determining how many MJ of energy are spent at the farm level to create one MJ of wheat-based input.



After mining, agriculture is the second leading pillar of the Mongolian economy [10]. In particular, wheat and grain are important staple crops in Mongolia’s agricultural productions [11]. As an outcome, the Mongolian government implemented a number of agricultural projects to increase the food production in the study area to meet people’s food needs and to drive economic development. Monitoring wheat-growing areas is thus critical for developing regional food security strategies.



One of the most important projects is the third agricultural land restoration project, named “Atar”. This initiative aims to accelerate agriculture on Mongolia’s fertile land by providing legally and economically favorable agricultural circumstances, and gradually providing people with safe products (thereby reducing the dependency on imports) [12]. Nonetheless, we continue to rely on imported crops for crop production, for example wheat, flour, potatoes, vegetables, and fruits.



In 2017, the total sown area of Mongolia was 524.3 thousand hectares. Wheat accounts for about 75% of the total sown area, and potatoes, vegetables, and other crops account for the remaining 25% [13]. Wheat output was 231.4 thousand tons—a twofold decline from the same period the previous year, and a 42% decrease from the five-year average [14].



Furthermore, the national average yield for 2017 was an estimated 0.6 t ha−1, down from 1.34 t ha−1 in 2016. The reduced production was caused by meteorological conditions similar to drought. The previous year’s protracted period of extreme dry weather, coupled with abnormal high temperatures, affected wheat crops throughout important growth phases, such as heading and flowering [15]. In 2017, wheat imports reached 13.6 thousand tons—10 times less than in 2016. Crop output has grown since the third land rehabilitation project in 2008. Despite a 0.75-fold increase in domestic wheat output, Mongolia still imports a large amount of wheat [8]. In a study in Mongolia in 2017, Natsagdorj et al. [16] used remote sensing data to set up the soil moisture index in Mongolia and compare it to the plant index. In the study, the moisture index for April–August 1982–2002 was calculated based on the EMT+VS model. The model calculates the precipitation and potential evaporation, and uses the precise multispectral data during the phenological stages of wheat cultivation. Amar and Robert [14] examined the factors behind the total function of wheat import demand in Mongolia from 1997 to 2017 based on a double log-linear regression model. In its sustainable development vision for 2050, the Mongolian government focuses on national policies in the field of agricultural sustainable development. It is necessary to implement strategic objectives so as to achieve sustainable development in the field of crop production, such as the efficient use of land resources, improving soil fertility, reform in the seed supply system, expanding irrigation farming, and introducing advanced techniques and methodologies that are adaptable to climate change [17]. Considering the limited natural resources and the impact of alternative energy sources on environmental and human health, energy usage patterns in agriculture need to be studied [18].



Similarly, Mongolia’s agricultural sector often focuses on how to achieve a high level of food security, while providing enough income for food producers [7]. Modern agricultural systems involve agriculture sustainability and can be divided into three dimensions: economy, society, and environment. Each dimension has its own sustainability indicators [19]. The environmental dimension has an energy balance indicator. Farm energy balance, measured in energy units, can be calculated using an input–output focus. The higher the value of this indicator, the more sustainable the farm is from an environmental perspective. Improving self-sufficiency in the production of strategic crops (wheat, barley, potatoes, and vegetables) is one of the objectives for Mongolian policymakers [20]. Currently, Mongolia mainly satisfies its need for these crops by importing them. For economic and social reasons, it is necessary to increase national production and self-sufficiency. Since the advent of mechanization, chemical fertilizers, high-yielding crops, and pesticides, Mongolia’s agricultural production model has developed significantly, resulting in major changes in crop energy flows and an excessive dependence on fossil fuel. As a result, it is important to analyze energy consumption patterns and energy efficiency in alternative production systems [21]. There are few energy flow studies in Mongolia and other developing countries because the research area of agricultural energy use has drawn less attention from the public [22,23]. This research aimed to determine the relationship between wheat yield and input–output energy efficiency. The current study examined the energy input–output of Mongolian agriculture’s wheat yield based on the data from 2005 to 2018. Furthermore, this study investigated the ratio of energy input and output, energy use efficiency, net energy, and energy use for various sources, such as renewable, non-renewable, direct, and indirect sources [24].



Mongolian officials have recently expressed concern about how to achieve food sustainability and self-sufficiency in wheat production and other agricultural needs, while remaining environmentally considerate. Nonetheless, there is a substantial study gap between Mongolian agriculture and energy studies. As a result, this study aimed to define the objective and scope of energy analysis on agricultural production systems, analyze input and output characteristics, allocate energy equivalents, and quantify energy consumption indicators. Because of our survey of agricultural energy use in manufacturing, it is essential to develop more efficient production processes. Various agricultural production activities, such as cultivation, harvesting, and post-harvest logistics, use energy either directly or indirectly. The data interpretation can help policymakers, farmers, and manufacturers improve energy efficiency and the long-term profitability of agricultural production.




2. Materials and Methods


Mongolia is located in East Asia, between latitudes 41° and 52° N and longitudes 87° and 102° E (Figure 1). Mongolia has a total of 21 provinces, and the study was completed in 14 main wheat harvesting provinces. These provinces are located in the western (Zavkhan, Khovd, Uvs), west-central (Orkhon, Uvurkhangai, Bulgan, Arkhangai, Khuvsgul), central (Tuv, Selenge, Darkhan-uul), and eastern (Dornod, Sukhbaatar, Khentii) parts of Mongolia (Figure 1). The remaining seven provinces are located in the south and belong to the Gobi desert and semi-desert areas.



Table 1 was used to calculate the inputs used in wheat production (manpower, machinery, diesel, pesticides, chemical fertilizers, irrigation water, electricity, and seeds) and to calculate the energy equivalent in the study. The amounts of the inputs were calculated per hectare, and then multiplied by the coefficient of energy equivalents coefficients given in MJ per unit [25].



For growth and development, energy forms in agriculture can be classified as direct and indirect, and renewable or non-renewable energies [26]. Indirect energy includes chemical fertilizers, pesticides, seeds, and machinery. Direct energy includes human labor, diesel fuel, electricity, and water for irrigation. Non-renewable energy includes chemical fertilizers, pesticides, machinery, electricity, and diesel fuel, whereas renewable energy includes human labor, seeds, and water for irrigation [27].



2.1. Data Sources


The data used in this study were based on annual data from 2005 to 2018, as well as secondary data obtained from various sources [13,19,28]. The data on agricultural human labor, electricity consumption, and total wheat yield in each province were gathered from the publications of the Mongolian State Institute of Statistics [13]. Human labor in agriculture was calculated using the assumption that each person works 210 days per year for 8 h per day [28]. Individual farmers provided information on the equipment used, wheat use allocation, depreciation schedules, and so on. The following formula was used to calculate the annual energy of machinery per hectare (for machinery energy) [28]:


  M e =   g × e   t ×  C a     



(1)




where Me is the energy of machinery (MJ ha−1), g means the machine weight (kg), e refers to the energy conversion coefficient constant, taking 64.8 MJ kg−1, t is each machine’s economic life of usage (h), and Ca is the capacity of effective field (ha h−1), calculated as:


   C a  =  (  S × W ×  E f   )  / 10  



(2)




where S means the machine’s work speed (km h−1), W indicates the machine width (m), and Ef refers to the field efficiency capacity. The amount of diesel fuel used per hectare was calculated as 10 L [19]. The average nitrogen, phosphorus, and potassium use per hectare for conventional farmers was 40.40, 38.07, and 39.39 kg, respectively [19]. The average sowing rate for conventional farmers was 152.05 kg per hectare, while for organic farmers it was 151.71 kg per hectare. In addition to the energy contained in one gram of wheat, a supplemental 25% of energy was added to illustrate the effort involved in producing, handling, transporting, and packaging certified seed [19]. Electricity is mainly used in wheat production for seed cleaners and repairs. Wheat needs 34.46 kilowatt hours of electricity per hectare [13].




2.2. Calculation Method


The following formulas [27] show the calculations based on the energy input–output amount, energy use efficiency (EUE), energy productivity (EP), specific energy (SE), and net energy (NE):


  E U E =   E n e r g y   o u t p u t    (     MJ   ha    − 1    )    E n e r g y   i n p u t    (     MJ   ha    − 1    )     



(3)






  E P =   W h e a t   y i e l d    (     kg   ha     - 1     )    E n e r g y   i n p u t    (     MJ   ha    − 1    )     



(4)






  S E =   E n e r g y   i n p u t    (     MJ   ha     - 1     )    W h e a t   y i e l d    (     kg   ha     - 1     )     



(5)






  N E = E n e r g y   o u t p u t    (     MJ   ha     - 1     )  − E n e r g y   i n p u t    (     MJ   ha     - 1     )   



(6)







The Cobb–Douglas production function a form of production function widely used in economics and econometrics to represent the technological relationship between the number of two or more inputs (particularly physical capital and labor) and the amount of output that can be produced by those inputs. It is used to establish the optimal fitness relations between the yield and various energy inputs [29]. The Cobb–Douglas production function is expressed in the general Formula (7) and then simplified to Formula (8), because crop production is zero when the energy input is zero [26]:


  ln  Y t  =  b 0  +   ∑   i = 1  n   b i  ln  (   h  i t    )  +  e t   



(7)




where b0 is the constant, bi denotes coefficients, and et is an error term with a mean of 0 and a constant variance s2:


  ln  Y t  =   ∑   i = 1  n   b i  ln  (   h  i t    )  +  e t   



(8)







Formula (8) would be exposed in Formula (9), and where Yt is the output, lnhn = (h1, h2, ... , hn) is a vector of input variables affecting output such as fertilizer, diesel fuel, or electricity, and et is the error term:


      ln  Y t  =  b 1  ln  h  s e e d   +  b 2  ln  h  d i e s e l   +  b 3  ln  h  e l e c t r i c i t y   +  b 4  ln  h  f e r t i l i z e r s         +  b 5  ln  h  h u m a n l a b o r   +  b 6  ln  h  m a c h i n e r y   +  b 7  ln  h  p e s t i c i d e   +  b 8  ln  h  w a t e r   +  e t       



(9)







Moreover, we considered different energy forms as renewable or non-renewable, and as direct or indirect. As a functional form, the Cobb–Douglas production function is selected and specified in Formula (11):


  ln  Y t  =  f 1  ln  D E  +  f 2  ln  I  D E   +  e t   



(10)






  ln  Y t  =  m 1  ln  R E  +  m 2  ln  N  R E   +  e t   



(11)




where renewable and non-renewable refer to renewable and non-renewable energy types, and direct and indirect energy [30]. Using the marginal physical productivity (MPP) technique, the study provided a sensitivity analysis of input energy on wheat yield based on the response coefficients of the inputs [31]. A factor’s MPP shows the amount of variance modified by a unit change in the factor input question, while keeping all other factors at their geometric mean. MPP was calculated using Formula (12) based on this method [32]:


  M P  P  x j   =   g e o m e t r i c   m e a n   o f   o u t p u t   g e o m e t r i c   m e a n   o f   i n p u t s   ×  a j   



(12)




where geometric mean (inputs) is expressed in each input per hectare. Scales of operation are modifications in output caused by the proportional change of all inputs in production (in which all inputs increase with a constant coefficient). The total of the elasticity derived in the form of regression coefficients is represented in the Cobb–Douglas production function. If the sum of the coefficients is greater than one, then


    ∑   i = 1  n   a i  > 1 ,  











If the latter parameter is less than unity, it can be concluded that there are increasing returns to scale.


    ∑   i = 1  n   a i  < 1 ,  











The decreasing returns to scale are then indicated; and if the outcome is unity,


    ∑   i = 1  n   a i  = 1 ,  











It demonstrates that the constant returns to scale [33].



All estimations were carried out using Stata12 software [34], and basic information on inputs, energy, and wheat yields was input into Excel spreadsheets.





3. Results and Discussion


3.1. Energy Use for Wheat Production


As shown in Figure 2, in 2014, an all-time high of 489.29 thousand tons of wheat were registered, based on the average of 1.3 tons per hectare. However, the total wheat yield was 230.36 thousand tons in 2017, which is a two-fold decrease from the previous year’s yield. Due to the implementation of the national agricultural production support project by the Mongolian government, the wheat sowing area gradually increased from 2013 to 2018, increasing the number of hectares 1.2 times (Figure 2).



Wheat output and production in Mongolia’s agricultural sector changed dramatically from 2005 to 2018. The total energy inputs used in agriculture increased over the inspection period from 2359.50 MJ ha−1 to 3047.61 MJ ha−1, and the greatest energy input was 3989.75 MJ ha−1 in 2016, with the lowest reaching 1973.70 MJ ha−1 in 2006, as shown in Table 2. The results revealed that the highest energy input in 2005 was diesel fuel with 445.06 MJ ha−1, but in 2018, phosphate energy was the highest with 777.43 MJ ha−1. The lowest energy input from seed energy was 30.63 MJ ha−1 in 2005, but in 2018, human labor energy was the lowest at 35.83 MJ ha−1, as shown in Table 2.



We found that Yildiz [35] obtained similar results in terms of the energy input and output of wheat yield, emphasizing that the average value of the total energy input was 35,737.13 MJ ha−1, and then the maximum energy consumption of diesel fuel was 44.61%, chemical fertilizers were 23.54%, irrigation water was 10.58%, seed was 10.11%, and machinery was 9.86% in the Samsun Province in Turkey. Furthermore, Sara et al. [36] calculated the total energy input of wheat yield to be 34,430.97 MJ ha−1. In terms of the energy inputs, chemical fertilizers were most used, accounting for 45.56%, followed by diesel fuel at 20.22%, and electricity at 7.9% in Pakistan.



We found that the total output energy increased from 2312.08 MJ ha−1 in 2005, to 4562.56 MJ ha−1 in 2018. The total wheat yield per hectare in 2005 was 159.67 kg ha−1, increasing to 315.09 kg ha−1 in 2018. It shows an increase in wheat yield of almost 1.9 times from 2005 to 2018 (Table 2). Yildiz [35] asserted that the total energy output of wheat yield was found to be 3987.72 kg ha−1, but the total energy output per hectare was 84,427.33 MJ ha−6. However, according to Sara et al. [36], the total energy output of the wheat yield was 3712.85 kg ha−1 and was expressed as 48,267.05 MJ ha−1.



Figure 2 depicts the energy consumption efficiency, specific energy, energy productivity, and net energy of wheat production. During 2005–2018, the average energy consumption efficiency (input–output energy ratio) rose dramatically from 0.98 to 1.50. This indicates that the quantity of wheat energy per unit of energy input has risen. Wheat’s energy productivity rose from 0.68 kg MJ−1 in 2005 to 1.03 kg MJ−1 in 2018, which indicated an increase in production per unit of energy. In 2005, net energy production was mostly negative, at −47.4 MJ ha−1, but in subsequent years, it has increased to 1515.0 MJ ha−1 (Figure 3). Sara et al. [36] in Pakistan discovered that the main computed energy indices, such as energy consumption efficiency, energy productivity, and net energy, were similar to our findings. For example, the energy consumption efficiency was calculated at 1.40 and the energy productivity was 0.10 kg ha−1, resulting in an average energy productivity of wheat yield of 0.85 in Mongolia, which is higher than the results in some other nations. The energy consumption efficiency in Iran was determined by Nabavi-Pelesaraei [37] to be 3.51, more than twice our figure.



In order to better understand the direction of agricultural energy usage, it is important to analyze the tendency of energy types. Mongolia’s agricultural usage of renewable and non-renewable energy sources was also studied for this purpose. As shown in Figure 4, Mongolian agriculture relied on non-renewable energy sources during the study period. Furthermore, this dependence was found to increase, as the use of non-renewable energy increased from 51.6% to 82%. However, renewable energy use decreased slightly [38]. Likewise, according to Sara et al. [36], non-renewable energy and renewable energy accounted for 70% and 30% of the total energy consumption in Pakistan, respectively. Fertilizer and diesel were the main sources of wheat production in Pakistan, just like Iran and Turkey [26].



During the study period, direct energy use decreased from 48% to 30.2%, while indirect energy use rose from 52% to 69.8% (Figure 4). In Turkey, indirect energy use was 44.43% and direct energy use was higher at 55.57%, based on the calculations of Yildiz [35]. However, according to Sara et al.’s [36] study in Pakistan, the results were the same: indirect energy accounted for 65% and direct energy 35% of the energy use. Similarly, various researchers found that the contribution rate of indirect energy (82.35%) to wheat production was higher than that of direct energy (17.65%) in Iran [24].




3.2. The Econometric Results for Energy Use


One of the main objectives of this study was to examine the relationship between total energy output and input. The Cobb–Douglas production function was calculated using the ordinary least square estimation method. One of the properties of this production function is elasticity, which is represented by the calculated coefficients. The Cobb–Douglas production function also sets a priori limitations on input substitution patterns. All of the inputs’ elasticity of substitution must be equal to unity. Formula (9) demonstrates the usage of ordinary least squares estimation (the results are provided in Table 3). As this study employed time series data, autocorrelation may be an issue and should be evaluated using the Durbin–Watson test. Formulas (9)–(11) determined Durbin–Watson values of 1.65, 1.71, and 1.79, indicating that there was no autocorrelation in the estimated models at the 5% significance level. For Formulas (9)–(11), R2 values of 0.496, 0.406, and 0.407 were obtained, showing that these models explain about 32% of the variability in the total wheat production. As shown in Table 3, machinery, diesel fuel, nitrogen fertilizer, and irrigation water all had a statistically significant effect on the wheat yield at the 1% level. The results show that a 1% increase in nitrogen fertilizer energy input resulted in a 4.45% increase in these conditions. Diesel fuel had 3.52% elasticity, irrigation water had 3.09% elasticity, and machinery had 2.33% elasticity (Table 3). According to the research on wheat production in Turkey, the Durbin–Watson value calculated at the time of input, and then the seed energy had statistical significance. The elasticity of the total physical energy was estimated to be 0.24, indicating that an increase of 10% of the total physical energy would increase the total grain equivalent by 2.4% [26].



The sensitivity of the energy inputs was examined based on the MPP values from Formula (12), and the results showed that machinery, diesel fuel, potassium fertilizer, and water energy all had significant MPP values. According to the results in Table 3, more MJ for each machinery energy input would result in an increase of 0.19 MJ, and diesel fuel, potassium fertilizer, and water for irrigation energy were found to be at 1.69, 0.27, and 0.77, respectively. A negative MPP value indicates that additional units of input contribute to production, i.e., less output with more input.



Table 3 displays the regression findings for Formulas (10) and (11). The findings demonstrated that all types of energy input, whether direct, indirect, renewable, or non-renewable, had a significant impact on the 1% level. Direct, indirect, and non-renewable energy all had a greater influence on production yield. Direct, indirect, renewable, and non-renewable MPP values were 1.03, 1.42, 0.16, and 3.50, respectively. The impact of renewable, non-renewable, and direct and indirect energy on output was investigated, and the non-renewable energy variable showed expected symbols and statistical significance, with an elasticity value of 0.18 in Turkish wheat production [26], which was consistent with our findings. On the other hand, in terms of the direct and indirect energy on the output level, the regression findings indicated that both parameters were positively statistically significant. Our results showed that the elasticity estimates of direct and indirect energy were 0.24 and 0.19, respectively. These elasticity metrics indicated that the yearly wheat output equivalent was not proportional to the changes of these energy forms.





4. Conclusions


There is considerable agreement on the need for sustainability and its attractiveness as an agricultural aim. However, in Mongolia, its commitment as a criterion for directing agriculture as it adapts to change has not been fulfilled. The characteristics need to be described before the concept of sustainability to bring about changes is defined. Literal conceptions of sustainability refer to the abilities of future sustainable development, including quantitative, comprehensive criteria for its definition. Our study findings make up for some of the gaps between sustainable agriculture and energy analysis; in the future, the analysis of greenhouse gas emissions, renewable energy, and non-renewable energy may provide more recommendations for the Mongolian government’s official activities.



After 1990, the agricultural area essentially leveled off. Total energy intake more than quadrupled between 2005 and 2018. As a consequence of the input intensity of fertilizer (particularly nitrogen, which increased over 1.75-fold during that time period), power, and diesel fuel, Mongolian agriculture has grown more input-intensive. Increased fertilizer usage is currently restrained by environmental and energy limits (in developed nations). In 1999, agricultural energy use ranked third place among major industrial consumers in the United States [7]. Based on the present study, observations can be made. The total energy inputs used in agriculture showed a slight increase from 2359.50 MJ ha−1 to 3047.61 MJ ha−1. During this 13-year period, the total energy output also increased from 2312.08 MJ ha−1 to 4562.56 MJ ha−1, which is a two-fold increase. Even if the increase in energy input can be observed, it still fluctuates for some years.



The econometric estimation results showed that machinery, diesel fuel, nitrogen fertilizer, and irrigation water energy had statistical significance on wheat yield at the 1% level. Diesel fuel had 3.52% elasticity, irrigation water had 3.09% elasticity, and machinery had 2.33% elasticity. Direct, indirect, and non-renewable energies had more impact on the output energy of wheat production. The MPP values of direct, indirect, renewable, and non-renewable energies were 20.56, −20.31, 2.57, and 11.90, respectively. All of these indicators show that there has been a significant rise in energy use in Mongolian agriculture during the last 13 years.



Reducing diesel fuel consumption and fertilizer use, particularly nitrogen use, is critical for energy savings. Direct and local marketing maximizes producers’ revenues while lowering the amount of energy required for transporting items [39]. It is feasible to boost agricultural output by raising the partial productivity of energy inputs and reducing the reliance on non-renewable energy sources, which pose major environmental problems. Thus, the government should take obligatory measures to provide more environment-friendly energy patterns in Mongolian agriculture.



Energy analysis may be the most practical approach in regular economic analysis [40]. This will help us with long-term, national-level planning, rather than just acting as a guide for daily decision making.



The higher total energy input of traditional farmers is mainly due to their use of nitrogen fertilizer. Although it is commonly known that nitrogen fertilizer enhances crop yields, it is also important to remember that crop yield performance is influenced by a variety of factors, including soil conditions, weather, and seed type. Fertilizer is just one of these factors. In the future, we will use this research to measure agricultural energy use throughout Mongolia. Mongolia’s agricultural development depends on this study. To conclude, we recommend that, instead of increasing business for limited environmental supply or moving to low value areas, it is better to reduce business costs.



	(1)

	
Utilize innovative and technological machinery and equipment (which may have a higher price than old machinery, but will reduce diesel fuel use and save working hours).




	(2)

	
Make use of newly tested seeds (disease resistance and drought tolerance have to be high).




	(3)

	
Expand the use of green manures (leverage the high number of livestock).




	(4)

	
Reduce the need for chemical fertilizer. It is feasible to boost agricultural output by increasing renewable energy inputs; authorities should focus on ensuring environmentally sustainable energy usage in Mongolian agriculture.
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Figure 1. Location of the studied provinces on the map of Mongolia. Notice: Mongolia consists of 21 provinces, but only 14 maps of special agricultural provinces exist; desert and desert steppe provinces are omitted. 
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Figure 2. From 2005 to 2018, Mongolia’s wheat yield and wheat planted area both increased. (On the y-axis, the wheat sown area is shown in thousands of hectares and the harvested wheat yield in thousand tons; on the x-axis, the years are from 2005 to 2018. The black dots represent the sown area, and the black squares represent the wheat yield). 
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Figure 3. Energy efficiency, productivity, and net energy of wheat output in Mongolian agriculture from 2005 to 2018. (Energy efficiency and productivity are provided on the y-axis, and net energy on the second y-axis, expressed as MJ per hectare; the x-axis represents the years from 2005 to 2018). 
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Figure 4. Renewable and non-renewable energy usage of wheat yield from 2005 to 2018 (the y-axis represents the renewable and non-renewable energy values expressed as MJ per hectare; the x-axis provides the years from 2005 to 2018). 
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Table 1. Energy equivalents for various input–output in agricultural production. Note: the input unit of wheat yield is per hectare, and the energy equivalent used is MJ per hectare with references.
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	Inputs (Per Hectare)
	Unit
	Energy Equivalents (MJ)
	Reference





	Human labor
	h
	1.96
	[1,2,3]



	Machinery
	kg
	64.8
	[4]



	Diesel fuel
	L
	47.8
	[4,5]



	Pesticide
	kg
	101.2
	[4,6]



	Nitrogen (N)
	kg
	66.14
	[4,6,7]



	Phosphate (P2O5)
	kg
	12.44
	[4,6,7]



	Potassium (K2O)
	kg
	11.15
	[7,9]



	Water for irrigation
	m3
	1.02
	[10]



	Electricity
	kW·h−1
	11.93
	[11]



	Seed
	kg
	20.10
	[2]



	Output
	
	
	



	Wheat yield
	kg
	14.48
	[3]
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Table 2. Estimated input–output energy variables from 2005 to 2018. (From 2005 to 2018, when calculating the output of wheat yield, inputs are individually calculated as an energy form).
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	Years
	Human Labor

(MJ ha−1)
	Machinery Energy

(MJ ha−1)
	Electricity Energy

(MJ ha−1)
	Diesel Fuel Energy

(MJ ha−1)
	Nitrogen Fertilizer Energy

(MJ ha−1)
	Phosphate Fertilizer Energy

(MJ ha−1)
	Potassium Fertilizer Energy

(MJ ha−1)
	Pesticide Energy

(MJ ha−1)
	Water for Irrigation Energy

(MJ ha−1)
	Seed Energy

(MJ ha−1)
	Total Input Energy

(MJ ha−1)
	Output Energy

(MJ ha−1)





	2005
	160.80
	42.92
	292.04
	445.06
	405.99
	300.09
	399.10
	49.33
	233.51
	30.63
	2359.50
	2312.08



	2006
	159.99
	53.35
	286.41
	474.44
	273.94
	259.38
	203.93
	47.66
	193.29
	21.26
	1973.70
	3217.10



	2007
	147.46
	53.21
	273.42
	547.89
	416.42
	275.47
	286.26
	37.15
	179.16
	19.91
	2236.41
	3133.74



	2008
	176.70
	44.06
	338.28
	470.61
	398.40
	308.88
	247.22
	51.28
	212.88
	31.51
	2279.88
	3947.13



	2009
	202.28
	47.33
	441.80
	339.32
	521.51
	301.46
	443.76
	65.84
	273.93
	37.21
	2674.48
	5301.67



	2010
	180.59
	54.15
	400.16
	391.23
	641.41
	351.80
	357.77
	55.80
	288.96
	32.60
	2754.51
	4523.95



	2011
	198.42
	61.82
	442.71
	452.19
	574.90
	389.58
	470.56
	46.37
	328.64
	34.54
	2999.76
	4916.04



	2012
	201.70
	65.98
	480.40
	579.78
	662.89
	550.69
	488.39
	50.12
	368.34
	38.71
	3487.05
	4984.01



	2013
	170.54
	99.455
	418.37
	452.3
	389.33
	396.19
	372.89
	49.81
	316.93
	34.32
	2700.26
	4504.28



	2014
	181.12
	123.83
	483.45
	594.2
	502.67
	515.40
	448.90
	60.40
	372.65
	39.16
	3321.84
	6141.88



	2015
	202.86
	111.79
	532.34
	631.62
	723.18
	767.87
	509.51
	56.81
	392.97
	51.57
	3980.56
	4204.65



	2016
	183.89
	126.56
	504.49
	544.57
	835.60
	859.04
	427.23
	60.80
	383.46
	64.07
	3989.74
	6417.05



	2017
	194.62
	121.59
	556.59
	519.43
	495.79
	768.599
	572.17
	58.42
	382.50
	50.84
	3720.58
	3974.89



	2018
	35.83
	128.40
	37.77
	497.25
	577.97
	777.42
	537.36
	60.20
	349.66
	45.70
	3047.60
	4562.56
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Table 3. Econometric estimation results of energy inputs in wheat.
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Endogenous Variable: Wheat Yield

	

	

	




	
Exogenous Variables

	
Coefficient

	
t-Ratio

	
MPP






	
Formula (9):   ln  Y t  =  b 1  ln  h 1  +  b 2  ln  h 2  +  b 3  ln  h 3  +  b 4  ln  h 4  +  b 5  ln  h 5  +  b 6  ln  h 6  +  b 7  ln  h 7  +  b 8  ln  h 8  +  e t   




	
Constant

	
4.01

	
23.76 **

	




	
Human labor

	
−0.02

	
−0.31 ns

	
−0.09




	
Machinery

	
0.08

	
2.33 **

	
0.19




	
Diesel fuel

	
0.13

	
3.52 **

	
1.69




	
Pesticide

	
0.03

	
1.51 ns

	
0.03




	
Nitrogen (N)

	
0.16

	
4.45 **

	
2.31




	
Phosphate (P2O5)

	
−0.01

	
−0.17 ns

	
−0.06




	
Potassium (K2O)

	
0.02

	
0.64 ns

	
0.27




	
Water for irrigation

	
0.11

	
3.09 **

	
0.77




	
Electricity

	
0.04

	
0.92 ns

	
0.49




	
Seed

	
0.03

	
1.13 ns

	
0.03




	
Durbin-Watson

	
1.65

	

	




	
R2

	
0.49

	

	




	
Formula (10):   ln  Y t  =  f 1  ln  D E  +  f 2  ln  I  D E   +  e t   




	
Constant

	
3.16

	
13.32

	




	
Direct energy

	
0.24

	
4.04 **

	
1.03




	
Indirect energy

	
0.29

	
5.25 **

	
1.42




	
Durbin-Watson

	
1.71

	

	




	
R2

	
0.41

	

	




	
Formula (11):   ln  Y t  =  m 1  ln  R E  +  m 2  ln  N  R E   +  e t   




	
Constant

	
2.98

	
10.5

	




	
Renewable energy

	
0.10

	
1.73 ns

	
0.16




	
Non-Renewable energy

	
0.45

	
5.61 **

	
3.50




	
Durbin-Watson

	
1.79

	

	




	
R2

	
0.41

	

	








Notes. The variables are mean n ± standard deviation, with ** denoting p < 0.01, and the Durbin–Watson multiple range test result.
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