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Abstract
Objectives: This article aims to analyze the economic effects 
of bioethanol policies in Mexico, where there have been 
several attempts to introduce biofuels into the market but 
so far, no success.
Methodology: Technically, an endogenous-price mathema-
tical programming model is developed emphasizing the 
agricultural and fuel sectors, which are embedded in a mul-
ti-region, multi- product, spatial partial equilibrium model. 
Bioethanol can be produced both from a dedicated crop and 
from agroindustrial residues. Three policy alternatives are 
considered as well as a base case in which, as now, liquid 
fuels are all derived from fossil sources. The first alternative 
consists of subsidies to biofuel producers, the second of 
blending mandates and the third of both combined.
Results: Results show some losses for fuel and agricultural 
consumers, that are not offset by both ethanol producer and 
environmental gains.
Limitations and implications: The base year data should be 
more recent, but it is very difficult to gather all this amount 
of information for a more recent year. Like any partial equi-
librium model, the analysis ignores the effects outside the 
markets included in the model.
Originality and value: Model developed for this research, 
and it is the first economic study on bioethanol in Mexico 
that reaches such a detailed analysis.
Conclusions: This research suggests that it is possible to de-
velop a bioethanol market in Mexico, but some compensa-
ting redistribution among economic groups may be needed 
if these policies are to be seen as politically sustainable.
Keywords: Mexico, Agricultural Sector, Bioethanol, Gasoli-
ne, Fuel Policies.
JEL classifications: C61, Q10, Q47, Q48, Q54.

Resumen
Objetivo: Analizar los  efectos económicos de las políticas  
de bioetanol en México, donde ha habido varios intentos de 
introducir biocombustibles en el mercado sin éxito.
Metodología: Se desarrolla un modelo de programación  ma-
temática de precios endógenos con énfasis en los sectores 
agrícola y de combustibles, que están integrados en un mo-
delo de equilibrio parcial espacial, multirregional y multipro-
ducto. El bioetanol se puede producir a partir de un cultivo 
específico y de residuos agroindustriales. Se consideran tres 
alternativas de política, así como un caso base en el que, como 
ahora, los combustibles líquidos se derivan todos de fuentes 
fósiles. La  primera alternativa consiste en  subsidios a los  
productores de biocombustibles, la segunda en mandatos de 
mezcla y la tercera en una combinación de ambas políticas.
Resultados: Los resultados muestran algunas pérdidas para 
los consumidores de combustibles y productos agrícolas, 
que no se compensan con las ganancias ambientales y de 
los productores de etanol.
Limitaciones e implicaciones:  Los datos del año base debe-
rían ser más recientes, pero es muy difícil reunir toda esta  
cantidad de información para un año más reciente. Como  
cualquier modelo de equilibrio parcial, el análisis ignora  
los  efectos  fuera de los mercados incluidos en el modelo.
Originalidad y valor: Modelo desarrollado para esta investi-
gación y es el primer estudio económico sobre el bioetanol 
en México que llega a un análisis tan detallado.
Conclusiones: Es posible desarrollar un mercado de bioeta-
nol en México, pero se requiere alguna redistribución para  
compensar a los grupos que pierden si se quiere tener estas 
políticas sostenibles en el largo plazo.
Palabras clave: México, Sector Agrícola, Bioetanol, Gasoli-
na, Políticas para combustibles.
Clasificación JEL: C61, Q10, Q47, Q48, Q54
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Introduction
About 80% of Mexican energy consumption 
comes from fossil fuels, including that of the 
whole transportation sector (sener, 2018). This 
makes the country the 13th largest Greenhouse 
Gas (ghg) emitter in the world, contributing 
with about 1.5% of the global ghg emissions 
(The World Bank, 2018). The country’s environ-
mental goals, in accordance with the Intended 
Nation- ally Determined Contribution, require 
that 35% domestic energy should come from re-
newable sources by 2024 and a 22% GHG reduc-
tion by 2030 with respect to a business-as-usual 
scenario. Meeting these goals is likely to require 
a domestic biofuel industry. The 2013 energy 
reform, however, was mostly designed to in-
crease fossil fuels production in the transporta-
tion sector (Fernandez Madrigal, 2015), and the 
new proposed counter-reform goes in the same 
direction in these respects (sener, 2020).

There have been several attempts to intro-
duce biofuels into the market. The most recent 
plan was to require gasoline be blended with 
5.8% bioethanol (hereafter referred as ethanol) 
in all the country but the three main metropoli-
tan areas11, but so far, no success, and it is not in 
the top priorities of the current federal adminis-
tration. Anecdotal evidence suggests potential 
producers are unwilling to bear the fixed costs 
of setting up production systems because they 
doubt policies will endure. There has been a sur-
plus of sugarcane in several recent years, but no 
industrial-scale fermentation or distillation faci-
lities to turn it into ethanol. Thus, it is required 
that whatever policies the country implements 
to promote biofuels be seen as sustainable. This 
article is aimed directly at that goal, developing 
a framework to project and assess policy impacts 
on the biofuel market in the following years.

1 See details at http://www.dof.gob.mx/nota_detalle.
php?codigo=5450011&fecha=29/08/2016

According to Rendon-Sagardi et al. (2014) the-
re is an interest by the Mexican government for 
the development of a domestic biofuel industry, 
in particular to promote the growth of second and 
third-generation biofuels. However, efforts have 
not been enough, since currently biofuels replace 
only 0.8% of domestic demand for fuel, and not 
necessarily in the transport sector. This low rate 
of participation can be attributed to the low costs 
of fossil fuels. Ethanol can become almost twice as 
expensive than the average cost of gasoline impor-
ted by Mexico, which makes difficult to develop an 
economic and sustainable domestic biofuel indus-
try (Maldonado-Sanchez, 2009). So this research 
provides additional analysis to assess the potential 
of the domestic biofuel industry and how it can 
evolve in the international markets, given that 
Mexico shares a long land border with the world 
largest biofuel market.

Mexico is the fourth largest economy in the 
West hemisphere, after the u.s., Canada, and Bra-
zil (The World Bank, 2018), but México is the sma-
llest biofuel producer in the region, while the u.s. 
and Brazil are the first producers worldwide (eia, 
2019). The u.s. developed its biofuel industry, in 
particular the ethanol one, since 2005 thanks to 
setting ambitious goals of fuel mixes (136 billion 
liters to be mixed by 2022), along with tariffs to 
imported biofuels and tax credits to biofuel pro-
ducers (epa, 2010). Brazil build this industry 
in an longer period, since 1975 when the Brazi-
lian government embarked on an ambitious pro-
gram known as Programa Nacional do A´lcool to  
produce  large  quantities  of  ethanol  from  bio-
mass  (e.g.   sugarcane,  cassava  and sorghum) as 
a substitute for gasoline by providing economic 
incentives to ethanol producers and consumers. 
For a variety of reasons, including low internatio-
nal prices for sugar and idle capacity for distilla-
tion, sugarcane became the sole source of ethanol. 
After several years of a significant production, it 
came down throughout the 1990s, in part due to 
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the elimination of subsidies and price supports, 
the deregulation of the ethanol industry, low 
international crude oil prices, high sugar prices in 
world markets, and oil discoveries off the Brazi-
lian coast (Rosillo-Calle and Cortez, 1998; Salvo 
and Huse, 2011). It was only in March 2003, when 
the Brazilian automotive industry introduces to 
the market of the flex-fuel vehicles, which are 
capable of running on any blend of gasoline and 
hydrous ethanol. Along with this new technology, 
both federal and states governments have provi-
ded lower tax rates to ethanol relative to those 
on gasoline, which have boosted domestic etha-
nol consumption in the last decades. These two 
are good near examples of policy perseverance, 
which has not been the case of México.  Hence, the 
normative analysis in this paper may help policy 
makers to assess policies used in other countries 
and how they would result in México.

Technically, an endogenous-price mathema-
tical programming partial equilibrium model is 
developed emphasizing the Mexican agricultural 
and fuel sectors, which are embedded in a mul-
ti-country, multi-region, multi-product, spatial fra-
mework. Biofuel could be produced both from de-
dicated crops and from agroindustrial residues. 
In the model, ethanol production is only allowed 
from sugarcane and agave industries. The model 
assumes all markets are competitive so that the 
economy maximizes the sum of producer and con-
sumer surplus subject to resource limitations, ma-
terial balance, technical constraints, foreign offer 
surfaces and policy restrictions. Although compe-
titive markets can be a strong assumption since 
the Mexican fuel market is dominated by the sta-
te-owned oil company (pemex), the 2013 energy 
reform allowed the entry of private gas stations 
to the market so they compete with pemex gas sta-
tions. As 2021, approximately 23% of the market 
has been taken up by private gas stations. As such, 
the model allows a competitive market for the fuel 
final user as well as ethanol.

This article contributes to the understanding 
of the interactions between food, feed, and fuel 
sectors under policy and technological changes in 
Mexico. In particular, the model considers three 
policy alternatives as well as a base case in which, 
as now, no policy is intended to promote ethanol. 
The first alternative consists of subsidies to etha-
nol producers, the second of blending mandates 
and the third of both combined. For the scope of 
this article, the optimization considers only two 
specific values for the policy parameters. Ethanol 
international trade is allowed in all three cases.

Projecting market conditions to 2025, which 
is an achievable goal for the biofuel industry, re-
sults show that domestic production would be low 
under all scenarios, and rather this type of policies 
will incentive ethanol trade with the U.S. In addi-
tion, the model results show some losses for fuel 
and agricultural consumers, that are not offset by 
both ethanol producer and ghg emissions re-
duction gains. Most of that benefit will be enjoyed 
abroad because a subsidy by itself will be transfe-
rred abroad in form of ethanol.

The next section provides a brief methodolo-
gical literature review as well as a revision of the 
works done for Mexico. Following that the model, 
the data, and assumptions underlying the analy-
sis are described. A description of the results and 
policy implications concludes the article.

Literature Review
A rapidly growing literature on the economics of 
biofuels discusses the scope of land use changes 
and policy distortions. Rajagopal and Zilberman 
(2007) provide a review of literature on analy- sis 
and modeling aspects of biofuels policy. A more re-
cent review of the literature on modeling aspects 
can be found in Khanna et al. (2011). The model 
developed here follows the modeling strategy of 
a larger and known sectoral partial equilibrium 
model: fasom (Forest and Agricul- tural Sector 
Optimization Model), which is utilized to evaluate  
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agricultural and environmental impacts of the u.s. 
Renewable Fuel Standard (rfs) against a scenario 
with a low production of biofuels (Beach and Mc-
Carl, 2010). The fasom is a programming model 
of endogenous, multisectoral, dynamic, non-linear 
developed for the U.s. agricultural sector prices. 
The model uses the approach of maximizing so-
cial surplus to determine the simultaneous equi-
librium in the markets for agricultural products, 
disaggregating both the agricultural sector in sev-
eral ma- jor producing regions within the U.S. (Mc-
Carl and Spreen, 1980; Norton and Schiefer, 1980; 
Takayama and Judge, 1971).

Following a similar strategy, Chen et al. (2011) 
develop bepam (Biofuel and Environmental Poli-
cy Analysis Model) to evaluate the change in land 
use and prices of food and fuel due to U.S. biofuel 
policies, compared to a stage without any inter-
vention. bepam is an endogenous, multisectoral, 
dynamic, programming model that also uses the 
approach of welfare maximization. The authors ar-
gue that the subsidy to produce second-genera-
tion ethanol is necessary to fulfill the mandate of 
cellulosic biofuels.

With regards to the partial equilibrium models 
that consider emerging economies, most of them 
has focused on the Brazil market (e.g. Elobeid et 
al., 2011; Nassar et al., 2009; Fabiosa  et al., 2010). 
For example, the authors assess all the spectrum 
of policies in Brazil to modify the ethanol market 
in Brazil, that is different mandate rates (15% to 
30%) as well as different rates of reduction to fuel 
taxes (from 0% to 100%), aiming to indicate and 
quantify the implications of alternative choices 
under different market conditions and the socioe-
conomic objective(s) of the public policy makers.

For the Mexican case, it has not been developed 
a model as those described above for the U.S. and 
Brazil. However, some stylized models, descriptive 
studies and cost-benefit analysis can be found in 
the literature (e.g. Sanchez et al., 2013; Sanchez 
and Gomez, 2014; Sanchez et al., 2016). According 

to the simulation made by Rendon-Sagardi et al. 
(2014) is expected fuel demand to increase by al-
most 60% from 2014 to 2030. The authors point 
out that this  will represent a problem for the expect-
ed decline in domestic production oil: today, national 
proven reserves cannot guarantee self-sufficiency. 
Under this scenario, Rendon-Sagardi et al. (2014) 
found in biofuels a possible exit to this problem.  
In this sense,  the choice of biofuels is potentially 
important in Mexico since it is the third largest 
agricultural producer in Latin America, which is 
reflected in the approximately 75 million tons 
of dry matter generated by 20 major crops in 
the country. Of these, corn stover, sorghum and 
wheat straw, as well as leaves of sugarcane rep-
resent more than 80% of that dry matter while 
the rest is mainly bagasse from sugarcane, corn 
cob and coffee pulp (Valdez-Vazquez et al., 2010). 
In this context, in recent years they have tried to 
promote policies that encourage the use and devel-
opment of renewable energies such as the develop-
ment of technologies to obtain second-generation 
biofuels (either through combustion or fermen-
tation). Valdez-Vazquez et al. (2010) explore the 
location and amounts of crop residues that could 
be used in the production of second-generation 
biofuels and find that there are municipalities that 
could reach production of 0.3 million liters of etha-
nol per year (by anaerobic fermentation).

Sugarcane is the crop that has emerged as the 
most promising crop in the medium and long term, 
regarding the production of ethanol, even above 
the corn (SENER et al., 2006). Sugarcane ethanol, 
however, could be profitable only under certain 
economic conditions (SENER et al., 2006), but not 
a complete study of the sugarcane market has 
been done to evaluate its viability. A second and 
relevant source of biomass is the agave, which is 
primarily used for tequila and mezcal production, 
and turns out to be less expensive than sugarca-
ne because of its low water demand, less need for 
fertilizers and their ability to grow in semi-desert 
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areas with lower quality soil. The agave and spi-
rits industry residues have been the subject of 
significant research and are  considered to have  
high potential as biofuel feedstock (e.g. Munoz et  
al., 2008; Cáceres- Farfán et al., 2008; Maldona-
do-Sánchez, 2009; Davis et al., 2011). A study of  
cost-benefit by Maldonado-Sánchez (2009) find 
the sugar content of agave to be greater than that 
of sugarcane or yellow corn from the U.S. Also, 
the authors point out that production of biofuels 
from agave does not compete directly with the dis-
tillation of drinks as for the generation of biofuels 
is to use the waste of agave resulting from the 
production of tequila and mezcal. Additionally, 
the authors argue that, with higher conversion 
efficiency or using sugar that is present in other 
parts of the plant (reaching up to 212 metric tons 
per hectare), can reduce the cost to $0.6 per liter, 
which would make it competitive with ethanol 
made from corn or sugarcane.

At this point, the u.s. rfs can play an important 
role to develop ethanol industry in Mexico. The 
RFS aims to increase the amount of biofuels blen-
ded with conventional fuels to 136 billion liters by 
2022. An important component of this target is 
the ‘advanced’ biofuel mandate , which is set as 79 
billion liters for 2022. According to the RFS provi-
sions, at least 60 billion liters of this amount must 
be derived from cellulosic biomass while the rest 
can be met by biodiesel and sugarcane ethanol. 
Due to the slow progress in advanced biofuel pro-
duction, part of it could be met by sugarcane and 
agave ethanol imported from Mexico. If an econo-
mically competitive cellulosic biofuel technology is 
established by 2022 in Mexico and the rfs is main-
tained as originally designed, Mexico could export 
part of its production to the u.s. Therefore, the rfs 
advanced biofuel mandate may have important 
implications for the Mexican ethanol industry.

The relevance of this advanced mandate is exp-
lained in Figure 1, that shows intuitively some 
expected results under three scenarios: an ethanol 

mandate, a subsidy to ethanol producers, and both 
policies combined. Figure 1(b) shows that impo-
sing a blending mandate shifts gasoline demand 
to the left, but ethanol would be imported from 
the u.s., so no further changes would occur in the 
Mexican sectors. When a subsidy is in place, it 
works the other way around, supply of ethanol 
shifts to the right, but producers prefer to export 
it to the u.s. that needs to satisfy the advanced 
mandate with the Mexican ethanol as shown in 
Figure 1(c). In addition, supply of sugar and spi-
rits shifts to the left. Finally, when both policies 
are combined, gasoline demand shifts to the left, 
and ethanol can move in different directions, for 
instance as shown in Figure 1(d), Mexico could 
export the domestic ethanol production to the 
u.s. for the advanced mandate, and import corn 
ethanol from the u.s.

This article contributes to the related litera-
ture by developing a simultaneous framework 
that incorporates the interactions between food, 
feed, and fuel sectors for analyzing the impacts 
of policy and technological changes on the biofuel 
economy and subsequent land use changes in Mexi-
co. This article differs from the previous studies 
which addressed similar issues in several ways. 
First, to the best of our knowledge it is the first 
programming model developed for these sectors 
in Mexico. In this the model, the simulation aims 
to explore the potential of sugarcane and agave 
as feedstocks for production of first and second-ge-
neration ethanol, respectively, and for the later 
feedstock biomass would come from agave plant 
leaves and trash and agave not harvested for spi-
rits production. The expected result is that Mexi-
co will need high subsidies and mandate blending 
rates to promote ethanol and consolidate a domes-
tic ethanol industry. The advantages of sugarcane 
and agave are that impacts in term of land use 
due to ethanol production will be small. Secondly, 
this article comprises an explicit fuel transpor-
tation component for Mexico that includes fuel 
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transportation among Mexican states and fuel tra-
de with the u.s. and the row. Finally, the model 
in this article includes a fuel market mechanism 
that will allow to understand domestic policies 
and pricing system more accurately, which has not 
been addressed in the biofuel modeling literature.

The Model
The model employs the social surplus maximization 
approach first introduced by Samuelson (1952) 
and later fully developed by Takayama and Judge 
(1971, 1964). McCarl and Spreen (1980) and Mar-
tin (1981) provide a rigorous presentation of the 
methodology and review nu- merous studies that 
used this approach. This optimization model sim-
ulates the formation of simultaneous equilibrium 
in multiple markets by maximizing the social-sur-
plus derived from production and consumption of 
a set of products subject to material balance equa-
tions, resource availability, and other constraints 
related to technical limitations. The social-surplus 
(quasi- welfare) function includes the agricultural 
and fuel markets in Mexico as well as the excesses 
of supply and demand from the u.s. and the row. 
The consumers’ surpluses are derived from con-
sumption of agricultural commodities in all these 
countries, fuel consumption in u.s. and the row 
and Vehicle Kilometers Traveled (VKT) in Mexico. 
vkt demand is produced from gasoline, diesel, 
jetfuel, or ethanol, which in the later case can be 
produced from agave residues and sugarcane. For 
readability, this section provides an overview of 
the model. A detailed mathematical description is 
presented in the Appendix A.

As in similar models presented in the literature, 
the supply and demand functions are all as- sumed 
to be linear and separable. The supply response 
in Mexico agricultural sectors is modeled expli-
citly by using Leontief (fixed input-output) pro-
duction functions. These assumptions im- ply an 
additive quadratic utility function that represents 

the sum of producers’ and consumers’ surplus in 
the three global regions.

The agricultural supply side of the model is 
regionally disaggregated at agricultural district 
level in the Mexico component. The comparative 
advantage between crop and pasture activities in 
each region is modeled explicitly based on the do-
mestic and world prices, costs of production, pro-
cessing costs, costs of transportation, and regional 
yields. The total cost of producing agri- cultural 
commodities in the 193 districts is expressed as 
a linear function of the areas planted assuming 
fixed production costs for individual crops. In the 
Leontief production functions used for crop pro-
duction land is considered as the only primary 
input and crop yields are assumed as the output. 
The land allocated to all crops and pastures is cons-
trained by the total agricultural land availability 
in each district at the base year values, while the 
availability of all other inputs is assumed to be unli-
mited at constant prices observed in the base year.

A difficulty that is often encountered when wor-
king with programming models in agricultural sec-
tor analysis is that optimum solutions generated 
by the model may involve unrealistic and ex- treme 
specialization in crop production. This difficulty 
is addressed here by considering the ‘crop mix’ 
approach (McCarl, 1982; Onal and McCarl, 1991) 
where the land allocation and livestock heads in 
each region are restricted to a convex combina-
tion of the historically observed patterns in that 
region. To allow some flexibility beyond the histo-
rical mixes the model also incorporates ‘synthetic 
crop mixes’ which are generated by use of syste-
matic hypothetical variations in crop prices and 
supply response elasticities (Chen et al., 2012).

The optimal output levels based on the land allo-
cations at district level are aggregated to determine 
the national supply of agricultural commodities 
that can be consumed either in the domestic mar-
ket as food, feed, or exported, all of which are driv-
en by downward-sloping linear demand functions.
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For the u.s. and the row, the model assumes lin-
ear excess supply and demand curves based on 
the quantities traded among the three regions and 
the international prices. Agave biomass and sug-
arcane are the biofuel feedstocks considered in 
the model. In Mexico, the use of agave residues 
and the use of sugarcane as ethanol feedstock is 
related to the endogenously determined domes-
tic and export demand for ethanol as well as the 
domestic and export demands for tequila, mezcal 
and sugar, respectively. Besides primary commod-
ity demands, the model includes processed com-
modities from agave, soybean, and sugarcane in 
Mexico as well as their processing costs.

In the fuel sector, when projecting market con-
dition to 2025 ethanol and gasoline are assumed 
to be substitutes within the specified blending re-
gulations to generate blended fuel and the subsidy 
to ethanol producers is included in the objective 
function. The model assumes upward sloping su-
pply functions for oil, gas, and petroleum products 
(i.e., gasoline, diesel, fuel jet, fuel oil, etc.) in the 
u.s. and row components, since the model wor-
ks only with the demand and supply excesses. 
Upward sloping supply functions for oil and gas 
are assumed in the Mexican component, while the 
supply of petroleum products is driven by pro-
cessing costs and the vkt market in the case of 
gasoline, ethanol, diesel, and jet fuel. For gaso-
line and ethanol, in addition to the processing 
cost, delivery and distribution costs from refine-
ries, ports and storage and distribution facilities 
to states are also considered; and a downward 
sloping demand curve in the case of gas and the 
rest of petroleum products. Because of the long 
transportation distances between the potential 
ethanol production regions, ports and gasoline 
refineries and the consumption locations, a fuel 
transportation module is included in the Mexican 
component. Specifically, each of the 32 states is 

assigned a fuel demand function2 and the gasoline 
or ethanol needed in each state are first delivered 
from the ethanol producing districts, gasoline re-
fineries, or importing ports to the storage points, 
where both fuels are mixed, and then delivered to 
each state at least cost. Ethanol international tra-
de is also considered based on the total supply 
and demand from  the u.s. and row. The model 
determines the optimal supply chain network 
simultaneously with the food and fuel market 
equilibrium.

Data and Assumptions
The data inputs include the base year domestic 
and global commodity prices and quantities de-
manded, historical crop mixes (areas planted to 
individual crops), crop yields, costs of pro- duc-
tion and processing, and cost of transportation. 
Crop mixes are restricted to the 2000-2013 data. 
Mexico is disaggregated into 193 districts. The 
crop sector includes: Agave tequilana Weber va-
riety Blue (hereafter referred to as A. tequilana), 
Agave species for mezcal production (hereafter re-
ferred as A.mezcalero), alfalfa, barley, beans, yellow 
corn, white corn, corn silage, fodder grass, green 
chili pepper, oats, oat silage, orange, sorghum, 
soybeans, sugarcane, and wheat. In addition to 
crops, the model includes the pasture area, where 
cattle are raised and six processed goods: tequila 
and mezcal from Agaves; soybean oil and soybean 
meal from soybean; sugar from sugarcane; and 
ethanol from sugarcane and agaves’ residues.

Historical land use, crop yields and pasture ar-
eas are obtained from Servicio de Información 
Agroalimentaria y Pesquera (siap). Costs of pro-
duction of the crops include variable operating 
costs (seed and treatment, fertilizer, hauling and 
trucking, drying and storage costs, interest on 

2 Actually, only 30 states are assigned fuel demand func-
tions; for the remaining 2, their demand was added to 
close states’ demand by PEMEX (2014)
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operating cost, limestone, chemical costs, fuel, and 
oil, and hired labor costs), fixed operating costs 
(tractor and machinery, crop insurance, marketing 
and miscellaneous, stock quota lease, irrigation), 
and capital and overhead costs. For each state, 
the variable operating costs and interest on in-
vestment are assumed to be yield dependent 
while the remaining costs are fixed. Costs of pro-
duction are gathered at state level from Sistema 
Producto (SisProd).

When specifying the agricultural commodity 
demands, the model uses 2008 as the base year, the 
prices and quantities as reported in siap (2015), 
crt (2015), crm (2015), usda-fas (2015) for 
Mexico, usda-nass (2016), usda-fas (2015), 
Comtrade (2015) for u.s. and row. The price elas-
ticities for Mexico, u.s. and row used in the de-
mand functions   are obtained from various sourc-
es, including usda-ers (2015), fapri (2015), 
Meyers et al. (1991), Rowhani et al. (2010), Euro-
monitor Internacional (2014), Chen et al. (2011), 
IndexMundi (2014), Hoffman and Livezey (1987), 
Summer (2003), Russo et al. (2008), Haniotis et al. 
(1988) Ali (2006), Brown (2010), and Vittetoe 
(2009) . For fuels, elasticities where also gathered 
from different sources (e.g. Galindo, 2005; Crotte 
et al., 2010; Havranek et al., 2012; Reyes and Ma-
tas, 2010).

Since agave has not been explored in this type 
of works, it is useful to deepen on the characte-
ristics and assumptions of the plant used in the 
model. Agave is one of the most typical and popu-
lar crops in Mexico, which has high drought resis-
tance and water-use efficiency and can be grown 
on marginal lands in arid conditions. There are at 
least 200 species worldwide; more than 150 can 
be found in Mexico. The three dominant classes of 
Agave cultivated in Mexico due to their high sugar 
and cellulosic content are A. tequilana, A.mezca-
lero and henequen. According to the Protected 
Geographic Status  for Tequila (Denominación 
de Origen Tequila; dot), tequila ‘100% Agave’ 

must be produced from A. tequilana only in the 
state of Jalisco and some municipalities in the 
states of Guanajuato, Nayarit, Michoacan and 
Tamaulipas (crt, 2015). The largest acreage of 
A. tequilana in a year was in 2008 with 163,000 
Hectares (Ha).  In the case of A.mezcalero, it 
reached the largest acreage in 2011 with 26,895 
Ha planted. The core of agave (piña) is the only 
part used to produce tequila and mezcal. The 
piña represents about 71% of total plant of A. te-
quilana and 50% of A.mezcalero. After the original 
planting, this crop takes at least 6 years  before  
the  pin˜a  can  be  harvested;  during  this  time,  
it  needs periodic maintenance, such as: removal 
of weeds to avoid competition for nutrients, sun-
light, and water, loosening of the soil around the 
plant to facilitate establishment and development 
of young plants, fertilizer application and addi-
tional pests and diseases control.

Respect to agave piña yield, A. tequilana and A.
mezcalero report an average yield of 72.66 Mt/Ha 
and 60.59 Mt/Ha, respectively, while sugarcane is 
77.51 Mt/Ha. The state of Jalisco has shown the 
highest yield with an average of 105 Mt/Ha for A. 
tequilana, while the state of Puebla has reported a 
yield of 106.7 Mt/Ha for A.mezcalero. The tequi-
la and mezcal yields are 133 lt/Mt and 111 lt/
Mt, respectively, while sugar yield is 0.12Mt per 
Mt of sugarcane. The model assumes that agave 
residues and agaves not harvested are used for 
second-generation ethanol production assuming 
that technology will be available in the next years, 
and sugarcane for first-generation production us-
ing the technology widely developed. Fuel sector 
regarding crops transformations from one crop 
to ethanol are the following: 1 Mt of A. tequilana 
or A.mezcalero residues produce 329 lt of ethanol 
(Davis et al., 2011) and 1 Mt of sugarcane produce 
80 lt of ethanol. In the case of the average vari-
able cost of cultivating A.mezcalero, A. tequilana 
and sugarcane in Mexico are mxn$ 397.00, mxn$ 
1,428.00 and mxn$ 221.00 per Ha, respectively. 
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The difference between the two types of agaves is 
because the cost of hauling and trucking for A. te-
quilana is higher than A.mezcalero (SisProd, 2015). 
The processing cost for tequila is 20.67 mxn$/
lt, for mezcal 26.3 mxn$/lt and for sugar 296.1 
mxn$/Mt. The cost of producing ethanol from 
sugarcane is 2 mxn$/lt (Programa de Educação 
Continuada em Economia e Gestão de Empresas 
(pecege)). While the cost of producing it from 
agave is 5.28 mxn/$. Cost of collecting agave res-
idues is also included. Agave residues come from 
agave leaves and plants not harvested.

In the fuel sector module, the Mexico compo-
nents consider the total amount of transporta- tion 
fuel to generate transportation output. Fuel prices, 
demand and supply quantities data are obtai-
ned from eia (2019) for the u.s., which includes 
ethanol, and from Anuario Estad´ıstico for Mexi-
co. For the supply of gasoline, diesel and jet fuel 
in Mexico, the model uses a price at the refinery 
gate of mxn$7.34, $7.72, $7.31 per liter Anuario 
Estadístico (average 2008-2013), respectively. On 
top of these, taxes, subsidies, marketing margins 
and transportation costs are added to build the 
demand curves.

ghg emissions are calculated for all crops, 
fuels, and pasture based on the above-ground CO2 
equivalent emissions (CO2e). GHG emissions for 
crops include CO2e generated from input factors, 
machinery, and transportation. Regards to biofuel 
crops, sugarcane net emissions are 2,807 kg C02e/
Mt, while for agaves, a CO2e net absorption of 
25,000 kg C02e/Mt is assumed.

For presentation purposes, the key supply and 
demand parameters and sources are included in 
the Appendix B section, while the entire data set 
including production costs and yields, and trans-
portation costs between regions can be available 
upon request.

Policy Scenarios, Results and Discussion
The model is calibrated for the base-year condi-
tions in Mexico for the purposes of model valida- 
tion. The main results of the validation are shown 
in Tables C1-C3 at the Appendix C. Overall, valida-
tion results show small deviations, and the mod-
el therefore appears to reasonably repli- cate the 
base-year market equilibrium conditions. When 
examining the impacts of alternative biofuel pol-
icies under future demand and supply scenarios, 
we first update the model parame- ters to reflect 
the projected domestic demand shifts (both do-
mestic and global) and agricultural productivity 
improvements over the period 2008-2025. Up-
dating those parameters is based on the histori-
cal trends in population and income growth rates 
(which together affect the food and transportation 
demands) and crop yield increases. For the scope 
of this paper, we consider only three policy alter-
natives as well as a base case in which, as now, no 
policy is intended to promote biofuels. The first 
alternative consists of a subsidy to biofuel pro-
ducers equivalent to a 50% of the gasoline price, 
the second of a 15% blending mandate in volume, 
and the third of both combined. In all three cases 
biofuel imports are allowed.

The subsequent section presents the numeri-
cal results obtained from the model by projecting 
market conditions to 2025 under different policy 
scenarios. About the target year, it is important to 
point out that among the sustainable alternatives 
to fossil fuels in the transportation sector, biofuels 
and electrification are the most important. Mexico 
has not made any progress in either direction, and 
the latter option will require a significant amount 
of infrastructure investment as well as a change of 
transportation fleet in order to implement. As for 
the first, biofuels can be developed within the 
short and medium term due to a readily available 
technology, and introducing biofuels in the supply 
chain does not require additional infrastructure, 
but only the infrastructure needed to transport 
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ethanol to the blending facilities, which would 
be those local storage points used for gasoline. 
Therefore, the target year for the model projec-
tion in this work still makes sense. Results for the 
different scenarios are reported in Tables 1-5. It is 
worth noting that in a previous step we evaluate 
different blending and subsidy rates within tech-
nical possibilities, and we chose those with the 
highest ethanol production and objective function 
value to be presented in this paper.

Some general deductions can be made based 
on the results for the fuel sector displayed in Ta-
bles 1 and 2. The first and most striking results 
is the weak role of a subsidy in the demand and 
supply of all fuels, in particular on the domestic 
market of ethanol. The third and fourth column 
corresponds to scenarios without and with man-
date, both when subsidy is in place. The results 
show that ethanol production will be low under 
both scenarios, but in the former, there would not 
be any ethanol consumption and all the domestic 
production would be exported to the U.S. When 
blending mandate without subsidy is imposed 
(column 2), producers would make about 1.4 bi-
llion liters of ethanol, most of which will come 
from agave. When mandate is combined with the 
subsidy (column 4), production would be almost 
2 billion liters, of which sugarcane would provide 
most of it. However, under the two later scenarios, 
Mexico would need to import ethanol from ROW 
and the U.S. to fulfill the domestic mandate. If in-
ternational ethanol trade were restricted by Mexi-
co, under the scenario with subsidy and mandate, 
the country would be able only to provide 4% 
of the total fuel demand (gasoline + ethanol). As 
expected under the mandate, gasoline consump-
tion would be reduced and total VKT too since 
consumers would have to pay for a more expen-
sive fuel (i.e., ethanol). The results presented in 
Tables 1 and 2 correspond only to the combina-
tions of the extreme changes in the subsidy and 
ethanol blending rates considered in the analysis. 

Further analysis must inquire for the entire spec-
trum of the model results under all combinations 
of blending and subsidy rates such as the study by 
Nuñez and Önal (2016) for the case of Brazil.

Since not enough domestic ethanol is produced 
even in the presence of a mandate and a subsidy, 
no significant amount of land would be required 
to produce additional ethanol since  a large por-
tion would come from agave,  which would need 
only 1.6% more land as depicted in Table 3, while 
sugarcane would expand about 3%. Similarly, area 
planted for most of crops increases slightly (to-
tal area would increase 0.72%) respect to the 
baseline acreage due to the assumed demand and 
yields projected, which are figures that deserve a 
deeper analysis, but any significant change is un-
likely in the main results. Maps in Figure 2 display 
agave and sugarcane allocation across the country 
under both baseline and the subsidy and mandate 
scenario. When comparing both scenarios, we can 
see that landscape picture for both agave crops 
will remain virtually unchanged, while sugarcane 
will expand in the Gulf and Southern regions (i.e., 
Veracruz, Tabasco, and Oaxaca states). In terms 
of production, surprisingly, mezcal production in-
creases even when ethanol from agave is produced 
such as Table 4 shows, while sugar production 
decreases significantly mainly due to the reduc-
tion of the domestic demand and the higher etha-
nol production.

Finally, Table 5 shows that domestic ghg emis-
sions (in CO2e terms) would decrease only when 
mandate is in place since ethanol emissions are 
lower than those from gasoline, when consider-
ing all the sectors in the model, CO2e reduction 
would reach up to 0.8%. This result also is due to 
more ethanol is imported from the row and less 
land is required, therefore there are lower domes-
tic emissions. However, this reduction does not 
compensate economic surplus losses, which are 
about -0.11% including the environmental gains 
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and fuel and agricultural consumers losses.3 As 
expected, ethanol producers would get most of the 
gains from the subsidy since ethanol will be sold 
either domestically or abroad, in the later case 
Mexican government would make a transfer of the 
subsidy to foreign countries, which Mexican con-
sumers would have to pay.

Conclusions and Policy Implications
Mexico has put a good amount of resources on 
research to develop production of second- gen-
eration biofuels, but very little effort to develop 
a biofuel market for the transportation sector. 
In this article, a subsidy and a blending mandate 
policy scenarios are evaluated by using an endog-
enous-price mathematical programming model. 
The focus is on ethanol made from agave residues 
and sugarcane. Agave is one of the largest crop al-
ready established with the potential to generate 
enough biomass for a significant second-genera-
tion ethanol production in Mexico. However, the 
model results have shown that maximum produc-
tion would be about 2 billion liters when a 15% 
blending mandate is in place and producers re-
ceive a subsidy equivalent to half of the gasoline 
price. When comparing to international experi-
ences such as the U.S. and Brazil, the amount that 
Mexico is less than 14% of the production in these 
countries in the second year of implementing the 
policies (2004 in Brazil and 2006 in the u.s.). Un-
der the policy scenario of the mandate and subsi-
dy together, sugarcane producers will be able to 
provide more ethanol than agave producers. The 
ethanol production from both groups is expected 
since they are getting the subsidy and making a 
significant increase in their economic surplus. 

3 The carbon price is set at $30 per ton of CO2e based 
on the estimates from the Mexican government of the 
marginal external damage from GHG emission in the 
country. See www.worldbank.org/content/dam/World-
bank/ document/SDN/background-note_carbon-tax.pdf

However anecdotal evidence suggests sugarcane 
producers are unwilling to bear the fixed costs of 
setting up production systems because they doubt 
policies will endure. There has been a surplus of 
sugarcane in several recent years, but no indus-
trial-scale fermentation or distillation facilities to 
turn it into ethanol. According to the model re-
sults, losses for fuel and agricultural consumers 
cannot be offset by both ethanol producer and 
environmental gains. This suggests that some 
compensating redistribution may be needed if 
these policies are to be seen as politically sus- 
tainable. Likewise, ethanol maximum production 
is less than 4% of the total projected gasoline de-
mand in the country. Hence it can be concluded 
that biofuel potential in Mexico is not that high 
and a significant change in the fuel transportation 
matrix will require ethanol imports from the U.S. 
and the rest of the world, meanwhile environmen-
tal gains will be low and are far of compensating 
economic surplus losses.

Important topics that are left out in the pres-
ent analysis include relaxing some of compet- itive 
markets assumptions, for instance, in Mexico sug-
ar mills owners are better described as a oligopoly. 
Livestock intensification need also to be explored 
since it is a possibility to release additional land to 
energy crops. Likewise, other biofuel feedstocks 
should be considered such as sorghum, residues 
of corn and sorghum and organic wastes. Other 
new energy crops that are not developed yet such 
as jatropha and some alga species deserve special 
attention too. Other biofuels including biodiesel 
and biogas have been already study separately, 
but the integration to this kind of models is left 
for future research. Regards to biogas, although 
the gas sector is already included in the model 
as aggregate supply and demand curves, it will 
require to model the electricity sector in more 
detail. All this would require some critical data, 
in particular costs and yields, which are still sub-
ject to high uncertainty. It is worth noticing that 

http://www.worldbank.org/content/dam/Worldbank/
http://www.worldbank.org/content/dam/Worldbank/
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most of these biomass and biofuels report sub-
stantially lower ghg emission factors. This makes 
them ad- vanced biofuels and to have a great ex-
port potential to the u.s. since second-generation 
biofuels constitute an important component of 
the RFS mandates.

It is also worth acknowledging some limita-
tions of this type of models used in this research, 
so results should be taken with caution. While 
partial equilibrium models offer a more accurate 
representation of each sector, they do not account 
for the interactions with other sectors related to 
the markets under consideration. Additionally, ad-
justing certain assumptions such as linearity, ratio-
nal expectations, and strategic behavior may lead 
to more accurate results. Modeling them, however, 
requires information that is sometimes not avail-
able, and even if it could be modeled, optimization 
will often fail to converge to a robust solution.

The purpose of this article is not to send a pes-
simistic prospective against the development of 
a domestic ethanol market and it is not either 
to prescribe a single best choice for the policy in-
struments considered here. Rather, the analysis 
aims to call the attention of the industry (e.g., aga-
ve, sugarcane, automotive) and the government to 
start providing incentives and commands to both 
the demand and the supply sides since now. The 
empirical results presented here can provide use-
ful guidance for the government and the industry. 
For instance, these results could guide domestic 
biofuel industry to compensate a reduction in the 
world supply due to changes in trade or environ-
mental policies from other countries. Since etha-
nol production would be low under the policies 
in consideration, the model can become a useful 
tool to assess future policies that aims to develop 
a domestic biofuel market such as international 
trade tariffs, tax policies, law enforcement by reg-
ulatory agencies, or environmental policies.
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Figure 1. 
Effect of alternatives ethanol policies on the Fuel, Sugar and Spirits Sectors

Notes: Blue lines denote the changes under each policy scenario. P denotes price, ES excess supply, ED excess demand, 
S supply, D demand; g denotes gasoline, e ethanol, r sugar, a spirits, w world. Sub-index o denotes the baseline set up 
and 1 the change under each scenario.

(a) Baseline (b) Blend Mandate

(c) Subsidy and U.S. Advanced mandate (d) Blend Mandate, Subsidy and U.S. Advanced mandate

p. 25
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Figure 2. 
Area Sugarcane and Agave simulated in Mexico 2025 (Ha)

Baseline Mandate+Subsidy

24

p. 30
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Table 1. 
Effect of alternatives policies on the fuel sector in Mexico 2025

Fuels Baseline (Gl) Mandate Subsidy (% change) Mand+Subs

Demand

Petroleum 88.70 -0.053 0.00 -0.53

Gasoline 45.28 -20.69 0.00 -20.67

Ethanol* 0.00 14.19 0.00 14.19

VKT (Gkm)** 63.04 -0.25 0.00 -0.25

Supply

Petroleum 120.64 0.00 0.00 0.00

Gasoline 9.22 -71.47 0.00 -71.43

Ethanol* 0.74 0.65 0.00 1.22

Price MXN$/1t

Petroleum 6.56 0.00 0.00 0.00

Fuel+ 19.54 -6.22 0.00 -6.28

*Absolute change (in Gl)

**Vehicle Kilometers Traveled

+Gasoline and Ethanol’s Blend price

p. 30



 39EconoQuantum, volumen 19, número 2, julio-diciembre de 2022, pp. 21-56

Table 2. 
Effect of alternatives policies on Ethanol

Ethanol Baseline Mandate Subsidy (GI) Mand+Subs

Total Demand 0.00 14.19 0.00 14.19

Total Supply 0.745 1.396 0.747 1.965

Sugarcane Eth 0.00 0.649 0.00 1.218

Agave Eth 0.745 0.747 0.747 0.747

Table 3. 
Effect of alternatives policies on land use in Mexico 2025

Crops Baseline (MMHa) Mandate Subsidy (% change) Md+Sb

A. Mezcalero 0.022 0.83 0.43 0.84

A. Tequilana 0.169 0.80 0.00 0.80

Bean 1.743 0.10 0.00 0.05

Sorghum 1.132 -0.12 0.11 0.52

Sugarcane 0.792 1.44 0.00 2.93

White corn 5.062 -0.14 0.00 1.84

Pasture 23.011 -0.05 0.00 0.36

Total cropland 36.036 00-.00 0.00 0.72

p. 30

p. 30
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Table 4. 
Effect of alternatives policies on Ag. Sector in Mexico 2025

Commidities Baseline (MMt) Mandate Subsidy (% change) Mand+Subs

Demand

Bean 1.792 0.04 0.00 0.00

Sorghum 4.170 0.00 0.00 0.00

Sugar 4.375 -7.01 0.00 -12.57

White corn 19.200 0.00 0.00 -0.05

Mezcal (MMlt) 1.490 0.52 0.18 0.65

Tequila (MMlt) 114.208 -0.04 0.00 -0.04

Supply

Bean 1.649 0.05 0.00 0.00

Sorghum 4.709 0.02 0.01 0.03

Sugar 7.724 -11.70 0.00 -21.00

White corn 18.599 0.00 0.00 -0.16

Mezcal 2.431 0.48 0.17 0.60

Tequila 239.571 -0.05 0.00 -0.04

Price MXN$/ton, MXN$/lt

Bean 6,099.91 -0.48 0.01 -0.02

Sorghum 2,882.77 0.00 0.00 -0.07

Sugar 8,627.30 24.54 0.00 44.05

White corn 3,645.85 0.03 0.00 0.62

Mezcal 222.02 -10.07 -3.48 -12.60

Tequila 706.49 0.17 -0.01 0.16

p. 30
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Table 5. 
Effect of alternatives policies on social welfare and greenhouse gas emissions in Mexico 2025

Commodities Baseline (B 
MXN$) Mandate Subsidy (% 

change) Mand+Subs

Agr. producers surplus 900.72 0.876 -0.001 1.116

Agr. consumers surplus 2,605.43 -0.378 0.000 -0.668

Fuel producers surplus 4,142.21 -1.704 >100 >100

Fuel consumers surplus 10,614.86 0.461 0.000 0.468

Eth. Producers surplus 0.000 0.000 >100 >100

Government Revenue 11.71 7.563 <0 <0

Total surplus 11,258.14 -0.087 0.000 -0.118

GHG emissions (Mt CO2e) 2,643.74 -0.763 0.000 -0.791

p. 30
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Appendix A: Algebraic Equations of the 
Model

A simplified version of the algebraic represen-
tation of the model is given below together with 
the description of notation used. The lower-case 
symbols denote exogenous parameters while the 
upper-case symbols represent endogenously deter-
mined variables. The subscripts indicate crop/
fuel/commodity while superscripts are used for 
the type of countries and district.

The objective function represents the sum of 
producers’ and consumers’ surpluses expressed 
as follows:

Maximize

The integrals in the first two lines of (A1) rep-
resent the sum of the areas under the demand 
curves for vehicle kilometer traveled by type of fuel 
(v kt), including the demand per state in the cas-
es of gasoline and ethanol, the demand for the rest 
of the fuels (rf) in Mexico (first and second in-
tegrals), the demand for fuels (fl) in U.S. and the 
row (fourth integral), and the demand curves for 
agricultural commodities and pasture (Com) in 
the three regions (fifth integral). The sets are 
defined as follows: FL include the main fuels, i.e., 
petroleum, natural gas, ethanol, gasoline, diesel, 
jet fuel, lpg, fuel-oil, others; v kt only considers 
gasoline, diesel and jet fuel vehicles; com is agri-
cultural commodities: alfalfa, barley, beans, yel-
low corn, white corn, corn silage, grass, green chili 
pepper, mescal, oat, oat silage, orange, sorghum, 
soybean oil, soybean meal, sugar, soybeans, sug-
arcane, tequila, wheat, and pasture; mx is country 
index used for Mexico; row is country index used 

(A1)

Appendix A: Algebraic Equations of the Model

A simplified version of the algebraic representation of the model is given below together with

the description of notation used. The lower-case symbols denote exogenous parameters while

the upper-case symbols represent endogenously determined variables. The subscripts indicate

crop/fuel/commodity while superscripts are used for the type of countries and district.

The objective function represents the sum of producers’ and consumers’ surpluses expressed

as follows:

Maximize

∑
V KT

∫
Dmx
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∫
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+
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∫
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FL (·) d (·) +
∑
Com,
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∫
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∑
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PG

∫
Smx
PG (·) d (·)−
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∫
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−
∑
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(A1)

The integrals in the first two lines of (A1) represent the sum of the areas under the demand

curves for vehicle kilometer traveled by type of fuel (V KT ), including the demand per state in

the cases of gasoline and ethanol, the demand for the rest of the fuels (RF ) in Mexico (first

and second integrals), the demand for fuels (FL) in U.S. and the ROW (fourth integral), and

the demand curves for agricultural commodities and pasture (Com) in the three regions (fifth

integral). The sets are defined as follows: FL include the main fuels, i.e., petroleum, natural

gas, ethanol, gasoline, diesel, jet fuel, LPG, fuel-oil, others; V KT only considers gasoline, diesel

and jet fuel vehicles; com is agricultural commodities: alfalfa, barley, beans, yellow corn, white

corn, corn silage, grass, green chili pepper, mescal, oat, oat silage, orange, sorghum, soybean

oil, soybean meal, sugar, soybeans, sugarcane, tequila, wheat, and pasture; mx is country index

used for Mexico; row is country index used for U.S. and ROW; and cou is the union of all those

(thus all three regions).

The third line includes the area under the supply curves in U.S. and ROW (first integral), the

area under the supply curves of: petroleum and natural gas (PG) in Mexico (second integral),

and under the agricultural commodities supply in row (third integral). It’s important to mention

30

for u.s. and row; and cou is the union of all those 
(thus all three regions).

The third line includes the area under the su-
pply curves in u.s. and row (first integral), the 
area under the supply curves of: petroleum and 
natural gas (pg) in Mexico (second integral), and 
under the agricultural commodities supply in row 
(third integral). It’s important to mention that 
costs may have been reported in US dollars (for 
u.s. and row) or in mxn (for Mexico). When ne-
cessary, an exchange rate of 12.82 mxn/us was 
used, which was the average one in 2008.

The fourth line is a representation of all costs 
in the model (C(·)) for crops/fuels/commodities 
(z). These terms include all taxes, subsidies, and 
marketing margins for fuel demand in Mexico, 
the cost of producing ethanol, the transportation 
costs of fuel and gasoline (from one place to ano-
ther), from different sources, the cost of marginal 
lands to cropland, the cost of collecting crop resi-
dues for conversion to biofuel, the cost of proces-
sing soybean to soymeal and soy oil, sugarcane to 
sugar, agave tequilana to tequila, agave mezcalero 
to mezcal, and the costs of transportation (within 
and between countries).

Gasoline and ethanol costs in Mexico include 
additionally detailed domestic transportation in-
formation, which allowed the model to optimize 
their distribution from the main sources to their 
destination, as follows:

•	 For gasoline, it goes from refineries to the 
storage points;

•	 For ethanol, it goes from agricultural districts 
that produce this fuel to the storage point;

•	 For both, imports arrive at national ports 
and then are delivered to the storage points;

•	 Each of the states is assigned a vkt demand 
function, and fuel mixed is transported from 
the storage point to each state.

The maximization of equation (A1) is subject 
to several constraints. For brevity, here only the 
most relevant constraints are presented, labeled 

p. 26
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Commodity supply (CSmx) is the sum of dis-
tricts production (   CSm)  variables which depend 
on the Mexican crops (cr), yields (rcyieldmx,dt), 
survival rate (srmx,dt) and the amounts of land 
allocated to that crop (CLmx  ), which is determi-
ned endogenously. The model includes a crop 
land expansion possibility in Mexico, which is re-
presented by NLdt, where dt are the Mexican dis-
tricts (equation A6).

All new land NLmx,dt in Mexico that can be used 
for crop production must come from the pasture 
lands (PLmx,   dt) in each district. Pasturelands 
allocated to cattle production under all systems and 
activities and the converted lands cannot exceed 
the total amount of pastures available (pla) in each 
region as shown in constraint (A7):

The ‘historical and synthetic crop mixes’ cons-
traint are represented by equations (A8) and (A9). 
The symbols λdt and βdt are non-negative endo-
genous variables which represent the weights as-
signed to the historical and synthetic crop mixes, 
respectively, in district dt and year t or n. Equation 
(A8) states that the sum of these weights must be 
less than or equal to 1 (convexity requirement).

(A6)

(A7)

(A8)

(A9)

by (A2)-(A9). Fuel consumers in Mexico consume 
gasoline, diesel, and jet fuel, so the total driving 
distance generation (DV KT) results from the de-
mand of kilometers that can be driven per liter 
(kpl) of each fuel type; DV KT is assumed to be pro-
portional to the amount of fuel consumed by each 
vehicle category (gasoline, diesel, and jet fuel ve-
hicle), as shown in equation (A2).

Where kplV T K a parameter representing the 
energy efficiency (in kilometers per liter of fuel 
equivalent) for each vehicle type in Mexico, and γ 
is the energy content of ethanol (eth) with respect 
to gasoline. When considering the mandate poli-
cy, ethanol must be a percentage of the total fuel 
(ethanol + gasoline) such as equation A3 shows:

Equations (A4) and (A5) express the ethanol 
supply (ES) whose production depends on the 
ethanol yield eyieldmx and the feedstock FSmx, 
which in turn depends on the feedstock yield 
fsyieldmx. Cellulosic feedstock includes biomass 
from agaves leaves, agaves that had no use and 
sugarcane residues.

Where feedstock FS comes from crop cr; CL and 
NL are existing and new croplands, respec- tively. 
The supplies of crop residues are restricted to the 
total area planted for agaves and sugarcane.

(A2)

(A3)

(A4)

cr = agaves waste, sugarcane

(A5)

cr = agaves waste, sugarcane



 44EconoQuantum, volumen 19, número 2, julio-diciembre de 2022, pp. 21-56

Finally, the model includes production func-
tions for processed commodities, i.e., soy oil and 
soy meal from soybean and sugar from sugarcane, 
tequila from agave tequilana, and mezcal from aga-
ve mezcalero, and balance equations for all fuels 
and agricultural commodities. But all these cons-
traints are not shown here for brevity.
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Appendix B: Key supply and demand 
parameters of the model

Table B1: 
Demand and Supply Agricultural Quantities

Commodity Demand (MMton) Supply (MMton)

MX ROW U.S. ROW U.S.

Alfafa 4.715 0.229 0.042 0.042 0.229

Barley 0.808 0.586 0.422 0.450 0.621

Bean 1.086 0.043 0.040 0.040 0.155

Corn Silage 6.671 4.620 0.251 10.411 4.056

Oat Silage 2.252 0.007 0.111 0.138 0.018

Green Chilli 2.212 0.584 0.730 0.532 0.108

Mezcal 1.139 0.350 0.427 0.000 0.000

Oat 0.196 0.038 1.611 1.711 0.043

Orange 2.933 0.632 0.106 0.087 0.652

Sorghum 2.896 1.564 0.623 1.047 3.354

Soybean 3.714 34.539 0.426 0.498 37.81

Soybean Meal 0.331 6.961 0.090 0.722 7.273

Soybean Oil 0.270 0.935 0.059 0.063 1.142

Sugar 4.685 0.568 2.964 2.663 0.002

Tequila 101.057 38.449 89.715 0.000 0.000

Wheat 6.639 26.892 2.827 3.811 28.574

White Corn 19.336 0.720 0.340 0.762 0.707

Yellow Corn 3.097 33.622 0.568 0.568 41.226

Pasture1 201.131 0 0 0 0

1 Amounts to total grass consumed by grazing cattle

p. 29
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Table B2: 
Demand and Supply Prices

Commodity Demand Prices (MXN$) Supply Price (US$)

MX ROW U.S. ROW U.S.

Alfafa 358.86 298.16 298.16 328.88 196.83

Bean 8,119.79 950.42 1,100.22 331.76 209.97

Barley 2,951.65 322.92 274.53 1,041.61 759.51

Green Chilli 5,128.51 974.77 1,417.37 336.09 247.55

Corn Silage 373.68 215.81 253.14 680.90 1,124.50

Oat Silage 343.64 654.28 615.63 1,210.05 1,002.73

Oat 3,610.50 445.11 246.16 0.00 0.00

Orange 885.02 564.50 1,103.88 259.58 233.35

Sorghum 2,342.00 662.71 329.20 684.93 820.94

Soybean 5,019.23 780.72 514.68 282.10 233.45

Soybean Meal 5,831.75 789.51 764.78 497.71 447.49

Soybean Oil 17,278.30 1,255.48 1,140.21 594.89 438.47

Sugar 6,473.73 622.33 624.12 1,014.60 1,045.97

Wheat 2,772.55 298.29 284.89 731.03 628.57

White Corn 3,439.60 275.91 832.98 294.44 295.16

Yellow Corn 3,154.00 209.97 235.14 0.00 0.00

Mezcal 295.27 37.41 38.82 247.13 250.24

Tequila 276.26 29.63 29.25 233.60 233.60

Pasture1 2000.00 2000.00 2000.00 0.00 0.00

1 Amounts to price for feeding grazing cattle

p. 29
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Table B3: 
Agricultural Land use in Mexico

Crops Land Planted (MMHa)

Agave Mezcalero 0.018

Agave Tequilana 0.149

Alfafa 0.395

Barley 0.323

Bean 1.626

Corn Silage 0.496

Oat Silage 0.731

Green Chile 0.146

Oats 0.105

Orange 0.345

Grass 2.368

Sorghum 1.938

Soybean 0.088

Sugarcane 0.738

Wheat 0.862

Yellow Corn 0.371

White Corn 7.520

Pastureland

Planted 18.983

Natural 8.440

p. 29
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Table B4:
Elasticities of supply by country

ROW U.S.

Commodity Calibrated Compiled Source Calibrated Compiled  Source

Commodities

Alfafa 0.12 0.12 FAPRI 0.037 0.35 Russo et al. (2008)

Barley 0.12 0.12 FAPRI 0.20 0.37 FAPRIa

Bean 0.31 0.22 USDA 0.22 0.22 own calibration

Corn Silage 1.22 0.18 FAPRI 1.11 0.18 FAPRIa

Oat Silage 0.39 0.39 Hoffman and Livezey 
(1987)b 0.26 0.26 Hoffman and Livezey 

(1987)

Green Chilli 0.40 0.40 own calibration 0.20 0.20 own calibration

Oat 0.39 0.39 Hoffman and Livezey 
(1987)b 0.26 0.26 Hoffman and Livezey 

(1987)

Orange 0.83 0.50 Summer (2003)b 0.50 0.50 Summer (2003)

Sorghum 0.53 0.53 FAPRI 0.53 0.53 FAPRI

Soybean 0.34 0.34 Meyers et al. (1991) 0.24 0.24 FAPRI

Soybean Meal 0.20 0.34 Meyers et al. (1991) 0.44 0.24 FAPRI

Soybean Oil 0.16 0.34 Meyers et al. (1991) 0.35 0.24 FAPRI

Sugar 0.50 0.80 Rowhani et al. (2010) 0.20 1.50 Rowhani et al. (2010)

Wheat 0.33 0.33 FAPRI 0.12 0.12 Haniotis et al. (1998)

White Corn 0.25 0.18 FAPRI 0.22 0.18 FAPRIa

p. 29
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Table B4:
Elasticities of supply by country

ROW U.S.

Commodity Calibrated Compiled Source Calibrated Compiled  Source

Yellow Corn 0.25 0.18 FAPRI 0.22 0.18 FAPRIa

Pasture 0.20 0.20 own calibration 0.20 0.20 own calibration

Fuels

Petroleum 0.21 0.20 VTPI (2017) 3.00 0.20 VTPI (2017)

Natural Gas 1.80 1.60 VTPI (2017) 3.80 0.20 own calibration

Ethanol 0.75 0.75 own calibration 0.37 0.37 own calibration

Gasoline 0.90 0.80 IAEE 0.90 0.80 IAEE

Diesel 1.20 1.20 own calibration 1.20 1.20 own calibration

Jet Fuel 0.20 0.20 own calibration 0.20 0.20 own calibration

LPG 1.80 0.20 own calibration 1.60 0.20 own calibration

Fueloil 0.20 0.20 own calibration 0.20 0.20 own calibration

Others 0.20 0.20 own calibration 0.20 0.20 own calibration

aSame as ROW’s.

bSame as U.S.’s.

p. 29
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Table B5:
Elasticities of demand by country

ROW U.S.

Commodity Calibrated Compiled Source Calibrated Compiled  Source

Commodities

Alfafa -0.05 -0.15 FAPRI -0.11 -0.11 Russo et al. (2008)

Barley -0.27 -0.27 FAPRI -0.20 -0.27 FAPRIa

Bean -0.25 -0.12 FAPRIb -0.20 -0.12 FAPRI

Corn Silage -0.20 -0.21 FAPRI -0.15 -0.40 Vittetoe (2009)

Oat Silage -0.10 -1.27 Hoffman and Livezy (1987)b -0.11 -1.27 Hoffman and 
Livezey (1987)

Green Chilli -0.17 -0.17 Ali (2006) -0.15 -0.24 USDA-ERS

Mezcal -0.11 -1.17 USDA-ERS -0.11 -0.11 Euromonitor 
Internacional

Oat -0.20 -0.11 Hoffman and Livezey (1987)b -0.11 -0.11 Hoffman and 
Livezey (1987)

Orange -0.13 -0.81 Brown (2010) -0.12 -0.99 USDA-ERS

Sorghum -0.06 -0.60 FAPRI -0.06 -0.06 FAPRI

Soybean -0.20 -0.20 FAPRI -0.20 -0.20 FAPRIa

Soybean 
Meal -0.10 -0.35 FAPRI -0.10 -0.35 FAPRIa

Soybean Oil -0.38 -0.38 FAPRI -0.66 -0.38 FAPRIa

Sugar -0.05 -0.11 FAPRI -0.37 -0.11 FAPRIa

Tequila -0.17 -1.17 USDA-ERS -0.17 -0.11 Euromonitor 
Internacional

Wheat -0.34 -0.34 FAPRI -0.07 -0.60
Haniotis et al. 

(1998)

White Corn -0.15 -0.28 FAPRI -0.21 -0.14 Vittetoe (2009)

Yellow Corn -0.28 -0.28 FAPRI -0.12 -0.14 Vittetoe (2009)

Pasture -0.20 -0.20 own calibration -0.20 -0.20 own calibration

Fuels

Petroleum -0.06 -0.27 VTPI (2017) -0.06 -0.06 IAEE (2012)

Natural Gas -0.20 -0.20 own calibration -0.39 -0.39 own calibration

Ethanol -0.41 -0.41 own calibration -0.60 -0.60 own calibration

Gasoline -0.15 -0.15 IES (2011) -0.02 -0.02 IAEE (2012)

Diesel -0.10 -0.10 VTPI (2017) -0.07 -0.07 Galindo (2005)

p. 29
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Table B5:
Elasticities of demand by country

ROW U.S.

Commodity Calibrated Compiled Source Calibrated Compiled  Source

Jet Fuel -0.10 -0.10 VTPI (2017) -0.20 -0.20 own calibration

LPG -0.12 -0.15 VTPI (2017) -0.12 -0.12 own calibration

Fueloil -0.20 -0.20 own calibration -0.20 -0.20 own calibration

Others -0.13 -0.13 own calibration -0.11 -0.11 own calibration

aUse the same from ROW.

bUse the same from U.S.

p. 29
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Table B6: 
Demand elasticities for Mexico

Mexico

Commodity Calibrated Compiled Source

Commodities

Alfalfa -0.5 -0.110 own calibration

Barley -0.27 -0.24 FAPRI

Bean -0.25 -0.12 own calibration

Corn Silage -0.20 -0.15 FAPRI

Oat Silage -0.10 -0.44 FAPRI

Green Chilli -0.17 -0.27 Fin. Rural

Mezcal -0.11 -0.29 own calibration

Oat -0.20 -0.15 own calibration

Orange -0.13 -0.31 own calibration

Sorghum -0.06 -0.44 FAPRI

Soybean -0.20 -0.20 own calibration

Soybean Meal -0.10 -0.35 own calibration

Soybean Oil -0.38 -0.38 own calibration

Sugar -0.05 -0.11 FAPRI

Tequila -0.17 -1.17 own calibration

Wheat -0.34 -0.34 FAPRI

White Corn -0.15 -0.28 FAPRI

Yellow Corn -0.28 -0.28 FAPRI

Others -0.20 -0.20 own calibration

Fuels

Petroleum -0.06 -0.05 own calibration

Natural Gas -0.20 -0.10 own calibration

Ethanol -0.41 -0.20 own calibration

Gasoline -0.15 -0.28 Reyes, et. al (2010)

Diesel -0.10 -0.25 Reyes, et. al (2010)

Jet Fuel -0.10 -0.20 own calibration

LPG -0.12 -0.07 own calibration

Fueloil -0.20 -0.15 own calibration

Others -0.13 -0.10 own calibration

p. 29
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Table B7:
Demand and Supply Fuel Quantities

Commodity Demand (MMBbl) Production 
(MMBbl) Supply (MMBbl)

MX ROW U.S. MX ROW U.S.

Petroleum 437.635 144.94 3,239.48 948.574 3,239.480 22.078

Natural Gas 
(MMft3) 1,198,051.00 842,570.00 3,494,342.50 1,317,893.330 3,482,261.000 1,311,550.00

Ethanol 0.000 126.262 301.205 0.000 134.322 307.979

Gasoline 291.1995 59.942 51.959 158.294 89.550 117.118

Diesel 139.181 255.902 68.56 112.956 70.020 290.25

Jet Fuel 21.499 36.929 29.766 21.091 29.310 36.524

LPG 104.39 59.39 61.599 9.143 72.520 59.343

Fueloil 74.083 324.445 68.56 108.095 79.366 290.25

Others 14.144 173.353 150.411 50.966 158.810 167.07

p. 29
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Table B8:
Demand and Supply Fuel Prices

Commodity Demand Price (US$/lt) Supply Price (US$/lt)

MX* ROW U.S. ROW U.S.

Petroleum 5.92 0.48 0.48 0.47 0.48

Natural Gas
($/Mft3) 52.76 2.41 5.20 3.41 3.68

Ethanol - 0.56 0.55 0.65 0.62

Gasoline 7.77 1.10 0.82 0.65 0.50

Diesel 7.79 0.72 0.72 0.50 0.50

Jet Fuel 8.66 0.68 0.71 0.72 0.72

LPG 3.10 0.65 0.37 0.35 0.35

Fueloil 5.95 0.72 0.77 0.56 0.56

Others 3.08 0.25 0.25 0.51 0.51

*MXN$/lt

p. 29
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Appendix C: Model validation for main 
commodities

Table C1:
Model Validation: Land Use

Crops Observed Model** Difference (%)

(MMHa)
A. Mezcalero 0.019 0.010 -44.215
A. Tequilana 0.149 0.165 10.538
Sugarcane 0.738 0.781 5.803

Bean 1.626 1.614 -0.731
Sorghum 1.938 1.956 0.91

White corn 7.520 5.336 -29.046
Total agr. land 45.624 36.459 -20.089

**Baseline 2008

Table C2:
Model Validation: Agricultural Sector

Commodity Observed Model** Difference (%)

Demand (MMt)
Bean 1.086 1.092 0.552

Sorghum 2.896 3.981 37.465
Sugar 4.685 4.436 -5.315

White corn 19.336 18.801 -2.767
Mezcal (MMlt) 1.139 1.157 1.580
Tequila (MMlt) 101.057 102.925 1.846

Pasture 201.131 200.449 -0.339

Supply (MMt)

Bean 0.998 1.004 0.300
Sorghum 3.354 3.981 18.694

Sugar 6.104 6.477 6.111
White corn 20.303 18.361 -9.565

Mezcal (MMlt) 2.315 1.951 -15.723
Tequila (MMlt) 208.74 234.053 12.127

Pasture 201.131 200.449 -0.132

**Baseline 2008

p. 29

p. 29
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Table C3:
Model Validation: Fuel Sector

Fuel Observed Model** Difference (%)

Demand (MMBbl)

Petroleum 437.669 434.115 -0.812

Gasoline 291.232 237.037 -14.609

Diesel 139.251 56.680 -59.297

Supply (MMBbl)

Petroleum 948.588 835.460 -11.926

Gasoline 158.241 123.572 -11.909

Diesel 112.998 56.681 -49.839

**Baseline 2008

p. 29


