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Introduction 

The vegetal pulp or lignocellulosic biomass does not escape from the economic principle of scarcity. 

Agricultural residues, like all resources in society, are limited; therefore, it is necessary to find the best 

alternative use for them, for example, as animal feed or for the production of bioenergy. The 

agricultural residues are limited in quantity, so their owners are faced with some assorted choices to 

optimize consumption (Mankiw, 2020). The lignocellulosic biomass -particularly agricultural and agro-

industrial residues- faces diverse trade-off situations between its use as livestock feed (traditional use), 

as raw material to generate electricity and/or heat at home, and likewise generation for some 

industries such as sugar mills, brick making, craft industries, among others processes, residential 

heating by metal pellets, elaboration of biofuels (liquid, solid and gaseous), injection into the soil 

(nutrition and erosion prevention) or simply for hazardous-waste incinerators (Rincón Martínez et al., 

2014). 

The importance of each of the alternative uses of lignocellulosic biomass depends on its quantity, type, 

energy density, geographic concentration, harvesting costs, legal framework and, in general, on the 

existence of relevant markets in which its commercialization takes place (Becerra-Pérez et al., 2022). 

For example, agro-industrial waste usually has a high geographic concentration (sugar mills, sawmills, 

liquor industry, mezcal, coffee, fruits, etc.) so that their utilization has a profitable payout given their 

relatively low handling costs and nearly zero transportation costs. 

https://opinion.atmosfera.unam.mx/the-trade-off-situation-of-agricultural-residues-in-mexico/	                                                          1

DOI: https://doi.org/10.20937/ATM.53493 Publication date: 12 may 2025

https://doi.org/10.20937/ATM.53493


	  

In the case of agricultural residues, their high dispersion in the field and their low energy density raises 

the amount of transportation costs, which inhibits their use. In addition, the recent growing 

improvements in agricultural productivity have also increased the amount of residual biomass, which 

has caused problems in the incorporation of agricultural waste into the soil through the biological 

process of mineralization and humification, perhaps due to the short span to prepare land and grow 

crops on it, too. Among the relative disadvantages of excess agricultural residues are the weed control 

required, the formation of wet and cold soils, and poor seed placement and support (Linden et al., 

2000); as well as the increased costs required for the elimination of excess residues, which implies the 

persistence of bad practices such as incineration, affecting the environment, public health and, in 

regions where the incineration of agricultural residues is prohibited; violating the legal framework 

(Becerra-Pérez et al., 2023). 

In the central region of Mexico the corn, sorghum, wheat, and barley producers leave more than 50% 

of the residues on the cultivation site, using only 24% for animal feed, while 20% is incinerated (Reyes-

Muro et al., 2013). Overall, an average of 23% of agricultural residues available in Latin America are 

burned in open fields (Aghaei et al., 2022). 

Despite the damage provoked, burning of agricultural residues is still practiced in some regions and 

specific crops, e.g. sugarcane where 90% of the harvested area in Mexico still uses the traditional 

method of burning leaves before harvesting the stalk (CNPR, 2021). A range between 15% and 25% of 

total agricultural residues are used for livestock feed, while the rest is simply left in the field or 

incinerated on site, or otherwise (Reyes-Muro et al., 2013). Also Mexico there is a forage-livestock ratio 

of 1.6, which means that even discounting the biomass required for animal feed, there remains a high 

percentage (60%) of agricultural residues on the cultivated area, which can be used for bioenergy 

(Becerra-Pérez et al., 2019). 

Trade-off situation of agricultural residues 

Below is an analysis of the prevailing trade-off situation in agricultural residues when one of the two 

alternative uses is chosen: animal feed or cellulosic ethanol. Based on the theory of Tittonell et al. (2015), 

an explanation of the trade-off situation of agricultural residues is offered, using a diagram to facilitate the 
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explanation. Figure 1 represents on the ordinate axis the utility provided by the stubble when used as 

livestock feed (LF), while the abscissa axis shows the utility of using it as an input for cellulosic ethanol 

(CE). In this, three possible scenarios are represented (1, 2, and 3) and, in addition, that the quality of the 

residues is uniform and does not change over time, at least in the short term, it is assumed. 

The convex curve to the origin (red color, Fig.1) represents scenario 1, in which we assume develops in an 

environment of high competition for agricultural residues, what implies the existence of different 

exchange rates, depending on the point to be analyzed. For example, at point "13,1" the stubble 

represents, on the one hand, a highly appetible input as livestock feed and, on the other hand, as a low 

utility input for cellulosic ethanol. For a complete context, a livestock farming region where the primary 

activity is more highly valued; on the contrary, point "11,3" represents a low utility for livestock feed and a 

high valuation for ethanol, similarly to a more industrialized region and/or with low livestock farming 

activity. Please, note that if we start from point "13,1" and the aim is to produce a certain amount of 

ethanol (e.g. CE2), one oneself  has to be willing to reduce the amount of residue destined for livestock 

feed by an amount of (LF3 – LF2) and increase the residue destined for ethanol by an amount of (CE2 – 

CE1), which implies an exchange rate of less (ΔLF/ΔCE) between the two alternative uses of stubble. 

 

Figure 1. Some possible trade-off situations between livestock feed and cellulosic ethanol in the agricultural resid 

markets. Furthermore, three scenarios (1, 2, 3) and two paths (P1, P2) to reach the social optimum point (33,3) are 

conceived. Source: adapted from Tittonell et al., 2015. 
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The linear curve (blue color, Fig. 1) represents scenario 2, which assumes conditions under perfect 

substitution of stubble between the two alternative uses. Let us assume that such a trade-off is 

equivalent from the point of view of the economic utility generated by the biomass. For example, if we 

start from point "23,2" in which the consumption of agricultural residues as livestock feed produces a 

utility of "LF3", and the objective is to produce an amount of ethanol of "CE3", we will have to give up a 

quantity of the stubble as livestock feed of (LF3 – LF2) and increase the stubble for ethanol use in an 

amount of (CE3 – CE2), which implies a volume of the same amount, expressed in an rate of exchange of 

minus (LF3 – LF2) / (CE3 – CE2) = -1 (in economic terms, that means perfect substitution i.e., an axiomatic 

exchange of equivalent utility). 

The curve concave to the origin ( green color, Fig. 1) represents scenario 3, which depicts conditions of 

economic complementarity between the two alternative uses of agricultural residue. Anybody could 

think of consumption points below the optimum level, both for livestock feed and cellulosic ethanol; or 

else, at points where there is excess consumption in one of the uses, such that, by reducing 

consumption in that use, the utility through alternative uses increases more than proportionally. For 

example, moving from point "34,2" to "33,3" would imply reducing the utility of stubble for livestock feed 

by the amount of (LF4 – LF3) and increasing the utility of stubble for cellulosic ethanol by the amount of 

(CE3 – CE2), which shows a greater utility gained in cellulosic ethanol (CE) than the utility lost in 

livestock feed (LF), therefore there is a net economic benefit to society. 

The rectangular area (shaded and marked with arrows, Fig. 1) shows the alternative routes that can be 

followed if the producing region is in scenario 1 (convex curve to the origin) and at a point such as 

"12,2", from which it is desired to move towards an optimal point (scenario 3, point "33,3"). Given this 

assumption, one possibility is to travel along route "P1", passing first through the point "22,3" of 

scenario 2, and then detour to the optimal point. Another possibility is to move along route "P2", 

passing first through point "23,2" of scenario 2, and then moving towards the optimal point. Of course, 

society, throughout the sum of individual decisions of economic agents, can move along "n" number of 

routes, technically demarcated by the area shaded of the central rectangle in Figure 1. 
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Conclusion 

Considering the alternative applications of resources can lead us to complement their sustainability 

analysis. Furthermore, by carrying out a techno-economic weighing of cellulosic ethanol, a more 

affordable and sustainable scenario can be achieved, allowing for the design of fairer and more 

appropriate public policies for each region of Mexico. When resources are limited in quantity (even if 

they were typified as agricultural waste), any decision to use them in a specific economic activity 

implicitly implies the cost of not allocating them to another production option (opportunity cost) 

whatsoever. 
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