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Presentation  

During 2015, we faced many challenges derived from the Energy Reform, thereby, it was possible to lay out 
the regulations and institutions needed to carry out the energy transition required by the country. The aim of 
these changes is to move on from a model based on fossil fuels to a model with more clean energies, and a 
better management of energy consumption. 

Within the main achievements was the creation of an efficient, fair, and more competitive energy market. 
Though, to start with it, it is necessary to develop diverse financial and technical instruments, such as the 
Clean Energy Certificates, obtained in the electricity auctions; the Clean Energy Inventory or the Clean Energy 
Potential Atlas. The latter establishes the zone with a high potential, and which are at convenient distances 
from the National Transmission Grid, based on technical factors, like the availability of the resource, 
temperature, latitude, altitude, among other, as well as the territorial restrictions related to environmental 
protection and soil use. This platform will enable investors' decision making, and will become a relevant input 
within the planning of the transmission and distribution grids of the country. 

The whole world is going through a volatility environment of oil products and, hence, renewable energies have 
become a favorable option; taking advantage of the increasing demand for cleaner and more reliable fuels, 
which have been strategically ranked in the future energy landscape. 

Thus, and after two electricity auctions, Mexico could reach highly competitive prices, at worldwide level, 
which will enable the country to achieve the goal of having 35% of clean generation by 2024. There is still a 
lot to do in this field, but firm steps have been taken, since the commitment with Mexico goes beyond a goal 
of clean-energies participation, but to look forward to a more diversified sector and so, decrease the 
greenhouse gas emissions (GHG). 
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11. Introduction 

The new National Electricity System demands a great deal of non-renewable natural resources which 
generate meaningful amounts of polluting gases. Using more renewable sources would significantly reduce 
the problems caused from the dependency on fossil fuels. Nonetheless, one of the main difficulties affecting 
the use or renewable energies is its accessibility to the transmission grid, and in countries with better grid 
systems and a large share or varied renewable energies, the challenge is to manage them, especially during 
the consumption peaks. 

Globally, one of the challenges of the energy transition is to increase the shares of renewable energies in the 
motor-carrier sector. In recent years, biofuels have been used in some commercial flights, and research on 
the use of gaseous biofuels (including bio-methane) has also been fostered. 

Mexico has been carrying out multiple efforts to do more research on how to apply biofuels in the medium 
term, contributing to the reduction of polluting emissions. On the other hand, thanks to the programs for the 
electrification of the public transportation, and to a deeper penetration of electric vehicles (motorbikes and 
motor-carrier), there have been more opportunities to include renewable energy in Mexico's transportation. 

The Renewable Energies Outlook 2016-2030, is an instrument of energy policy which contains historical as 
well as prospective information from all those renewable energies considered in the Law. It includes exercises 
and trends of the factors which influence their development. The aim is to afford information that could be 
used in the strategic decision making of investments, research, or public policy. 

The Renewable Energies Outlook 2016-2030 has three main chapters. The first one addresses the 
Regulatory and Renewable Energies Policies Framework, referred to in every law and regulation to which 
renewable energies are subjected, in matter of electricity and participation in the motor-carrier sector. 

The second chapter addresses the historic and prospective diagnosis of each of the renewable energies, 
where it can be observed the growing trend that some energy sources have displayed during the last ten 
years, such as solar and wind power. The third, and last chapter, shows a series of studies and trends on 
subjects related to different kind of renewable energies. 
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12. Executive summary 

The Renewable Energies Outlook is an analytical tool for researchers, State Productive Enterprises, and the 
private sector, which require essential information to enable timely decision-making on their investment 
needs. It provides historic and prospective information, in addition to studies and trends in line with the 
changing landscape of fuels. 

 
Regulation and Policies Framework of Renewable Energies 
 

During the last years, we have been looking forward to developing energy sustainability in order to include 
environment as one of the competency elements contributing to the economic and social development of 
the population. Hence, there is a clear commitment, derived from the Energy Reform to foresee the gradual 
increase of the Renewable Energies share in the electric industry, and to achieve the goals set in matter of 
clean-energy generation and emissions reduction. 

Mexico is committed to comply with the mitigation goals established in the Law for the Use of Renewable 
Energies in the Electric Industry (LAERFTE1) which points out the Electricity Sector shall be transformed to 
have a maximum of 65% of electricity generated with fossil fuels in 2024. This goal is ratified in the General 
Law for Climate Change, which establishes that 35% of electricity generation shall come from clean energies 
for that same year. 

Nowadays, these goals are being strengthen with new laws which urge to a better planning to expand 
electricity generation considering an accelerated incorporation of clean energies within the National 
Electricity System (SEN, for its Spanish acronym), such as the Energy Transition Law. 

Historic and Prospective Diagnosis of Renewable Energies 
 

Globally, 2015 was a transcendental year for the development of clean energies; many countries have had a 
substantial increase of their installed capacity with renewable sources, due to the increase on the profitability 
of renewable technologies. 

In Latin America and the Caribbean, thanks to its energy diversity, there is one of the most dynamic markets 
for renewable energies in the world. By the end of 2015, its generation through renewable energies was of 
212.4 GW, from which hydraulic power had the largest share in the regional total with an installed capacity 
of 172 GW from big power stations of more than 10 MW. 

In Mexico, by the end of 2015, the generation installed capacity through renewable energies increased 6.6% 
regarding 2014, reaching 17,140.4 MW, which represented 25.2% of the total generation capacity. 
Hydroelectricity remains as the most currently operating renewable capacity which, in addition to wind 
power, account for 80% of the installed capacity in clean energies. 

Between 2005 and 2015, wind power has had the largest expansion in installed capacity, 104.7% annually. 
Though, hydraulic power has the largest concentration in the total share of installed capacity with renewable 
sources, keeping a growth rate of 1.7% per year. 

                                                           
1 Law abrogated and replaced with the Energy Transition Law. 
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Regarding the forecasts towards 2030, renewable energies will add 24,296.5 MW to the SEN's total 
capacity having, altogether, a little more than 32% of the SEN's total electricity generation. 

Studies and Trends on Renewable Energies 
 

This chapter presents subjects related to the use of renewable energy sources which are currently being 
studied as alternatives for the electrification of the country. In addition to a comparative analysis between 
two policy instruments to foster a larger participation of renewable energies. 

The first study is about an alternative for electricity generation which has not yet been explored in Mexico, 
the incineration of municipal solid wastes (MSW); since landfills have already been used to produce biogas 
and, consequently, electricity, our country has some experience on that.  

The second study is about the current status of Distributed Generation, its advances after the enactment of 
the Energy Transition Law, and the next steps to be taken. 
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1. Renewable Energies Regulatory and Policy 
Framework 

 

Mexico has a great diversity of energy sources. After the exploitation of some energy resources, like fossil 
energies2, and the high pollutant emissions they produce, new policies have been issued focused on the 
inclusion of clean energy sources into the energy matrix. Facing this need, there has been a great promotion 
towards a technological development which, in the future, will stop the dependency on fossil fuels, and will 
considerably reduce their costs, economically and environmentally.  

Having a diversified energy matrix becomes a key element to mitigate the risk of the fluctuation on fuels 
prices, strengthening the economic efficiency of the system at the medium and long term. 

During the past years, the development of the energy sustainability has been sought in order to include 
environment as a competency element which would contribute to the economic and social development of 
the population. Thereby, it is a clear commitment -derived from the Energy Reform- to: foresee the gradual 
increase of the Renewable Energies' share in the electric industry, to achieve the goals established for clean 
energy generation and emissions reduction. 

Clean Energies are defined as those energy sources and electricity generation processes defined as such in 
the Law of the Electric Industry3 (LIE, for its Spanish acronym).  

On the other hand, Renewable Energies have their resource in natural phenomena, processes, or materials 
which can be transformed in energy useful to humans; are generated naturally, so they are available 
continually or periodically, and do not release pollutant emissions when generated. 

 
The following are considered Renewable Energies sources: 

1. Wind; 

2. Solar radiation, in each of its forms; 

3. Water movement in natural courses, or in artificial ones with existing reservoirs, with 
generating systems with a capacity of less or equal to 30 MW, or a power density defined as the 
relation between generation capacity and the reservoir's surface, above 10 watts/m2. 

4. Oceanic energy in its different ways, such as: tidal, marine thermal gradient, marine currents, 
and the salt concentration gradient; 

5. Heat from geothermal reservoirs; and 

6. The Biofuels defined by the Law for the Promotion and Development of Biofuels. 

                                                           
2 Energies coming from the combustion of materials and substances in solid, liquid, or gaseous state which contain carbon, 
and whose formation occurred through geological processes. Energy Transition Law, About the Objective of the Law and 
Definitions, Art. 3, section XVII. 
3 Law of the Electric Industry, About the Objective and the Aim of the Law. Definitions. Art. 3, section XXII. 
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It is important to mention the main difference between both definitions is that, Renewable Energies are 
included in Clean Energies, but not the other way around. 

1.1. Renewable Energies in the Energy Reform Framework 

Worldwide, there have been several changes on how energy safety4 is perceived. These changes are focused 
on including subjects such as climate change, water scarcity and residuals management within the energy 
planning. Thereby, a series of laws and regulations, derived from the Energy Reform, have been enacted to 
foster the use of environmental resources, and which enable investors to see a potential economic benefit in 
developing projects on new clean generation within an environment of legal certainty. 

Mexico is committed to complying with the mitigation goals set in the Law for the Use of Renewable 
Energies in the Electric Industry (LAERTE5), which points out the Electricity Sector shall be transformed to 
reach a maximum of 65% of electricity from fossil fuels by 20146. This goal is ratified in the General Law on 
Climate Change, and stipulates that 35% of electricity generation shall come from clean energies by that 
same year. 

Nowadays, these goals are being strengthened by new laws which enable a better planning of the electricity 
generation expansion, such as the Energy Transition Law, which considers the accelerated inclusion of clean 
energies within the National Electricity System (SEN). The set of laws for renewable energies are described 
below: 

FIGURE 1. 1. LEGAL FRAMEWORK FOR THE SHARE OF RENEWABLE ENERGIES 

Political Constitution
of the United Mexican

States

•Article 4
•Article 25
•Article 27
•Article 28

Laws

•Planning Law
•Law of the Coordinated
Regulatory Organs in 
Energy Matter

•General Law on Climate
Change

•Electric Industry Law
•Law of the Federal 
Electricity Commission

•Energy Transition Law
•Law of Geothermal Energy
•Law for the Promotion and 
Development of Biofuels

Regulations

•Regulations of the Electric 
Industry Law

•Regulations of theLaw of 
the Federal Electricity
Commission

•Regulations of the Energy
Transition Law

•Regulations of the Law of 
Geothermal Energy

•Regulations of the Law for
the Promotion and 
Development of Biofuels

 

The Regulation for the Energy Transition Law is currently being prepared. 
Source: SENER. 

                                                           
4 Considered as the capacity of a given country to meet the energy domestic demand with sufficiency, opportunity, 
sustainability, and appropriate prices, in the present and towards the future. 
5 Law abrogated, DOF 24-12-2015 http://www.diputados.gob.mx/LeyesBiblio/abro/laerfte/LAERFTE_abro.pdf and 
replaced by the Energy Transition Law 
6 Second Transitory of the LAERFTE. 
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1.1.1. Political Constitution of the United Mexican States 

The Political Constitution of the United Mexican States, in its 4th article defines access to health, having a 
healthy environment, water, and appropriate housing as essential rights for Mexicans. 

In its articles 25th and 26th, the Constitution establishes the State will govern over national development to 
ensure it to be comprehensible and sustainable; thereby, the State will plan and direct the national economic 
activity. Such organization will be devised within the National System for Democratic Planning, which is the 
base for the Developmental National Plan 2013-2018, as well as for the plans and programs derived from it. 

To comply with such mandate, the Constitution emanates a series of Laws which enable the promotion of 
Renewable Energies in the energy sector planning, as described below. 

1.1.2. Organic Law of the Federal Public Administration (LOAPF) 

The Organic Law of the Federal Public Administration (LOAPF, for its Spanish acronym), points out in its 
article 33 that SENER is in charge of establishing, leading, and coordinating the country's energy policy, as 
well an energy saving and environmental protection. That same article, section V, indicates SENER has the 
power to carry out the energy planning at the medium and long terms, under criteria of sovereignty and 
energy safety, the gradual reduction of environmental impacts from electricity generation and consumption, 
a larger share of renewable energies, and a better efficiency of its generation and use, among other. 

1.1.3. Planning Law 

It establishes standards and basic principles to guide the Developmental National Planning, as well as the 
bases for the functioning of the National System for Democratic Planning. According to article 4th of the 
Law, the Federal Executive is in charge of leading the planning for the national development. 

1.1.4. Law of the Coordinated Regulatory Organs in Energy Matter 

The Law of the Coordinated Regulatory Organs in Energy Matter sets the bases for the organization and 
functioning of the Coordinated Regulatory Organs, which are the Hydrocarbons National Commission (CNH, 
for its Spanish acronym) and the Energy Regulatory Commission (CRE, for its Spanish acronym). Therefore, 
and aimed to foster an efficient and competitive energy sector, the State will exercise its functions of 
technical and economic regulation in matter of electricity and hydrocarbons through those entities. 

1.1.5. General Law on Climate Change 

On June 6, 2012, the DOF published the General Law on Climate Change (LGCC, for its Spanish acronym), 
which aims to ensure the right to a healthy environment, sustainable development, as well as to the 
preservation and restoration of the ecological balance. One of the LGCC's main features is to establish a set 
of goals to direct Mexico's development towards a low-carbon economy.  

As for the emission of greenhouse gases and compounds (GHG), article 2nd Transitory of the LGCC 
presumes an aspirational goal to reduce them to 30% by 2020 regarding its baseline; and an emissions 
reduction of 50% by 2050, regarding year 2000 emissions. Likewise, Article Third Transitory of the LGCC 
establishes the objective to achieve at least 35% of electricity generation based on clean energies by 2024. 
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1.1.6. Electric Industry Law (LIE) 

The Electric Industry Law (LIE, for its Spanish acronym), published on the DOF on August 11, 2014, regulates 
some of the changes derived from the Constitutional Amendment in energy matter of 2013. This law 
amends the rules for the electricity sector to move into a new model based on free competency of the 
generation and trading activities, which aim to offer the people energy services in a more efficient way. 

In this new model of the electricity sector, the State keeps the functions of planning, regulation, control, 
transmission, and distribution, which will help to achieve a competitive and efficient market. Thus, article 4th 
transitory of the LIE, mandates the strict separation of the activities of the Federal Electricity Commission 
(CFE, for its Spanish acronym); article 6th establishes the CRE as the entity in charge of the regulation and 
surveillance; while, article 107th establishes the CENACE to be in charge of the SEN's operating control. 

In addition, it has been fundamental for the energy transition to include the Clean Energy Certificates (CELs, 
for its Spanish acronym) as an instrument to promote new investments on clean energies which will allow to 
transform the national goals for clean generation of electricity into individual goals. Thereby, the LIE 
establishes in its articles 121 and 122, that SENER will issue the requirements to acquire CELs, which will be 
based on the proportion of the electricity consumed. Article 125th of the LIE established the creation of a 
CELs' market, where the surpluses or shortages of CELs will be traded by the obligor. 

Under this scheme, article 126th of the LIE appoints the CRE as the organ in charge of awarding the CELs, 
and to issue the regulation to validate their entitlement as well as the compliance of their duties. Hence, the 
CRE shall issue requirements for the measuring and report of clean energy generation, as well as a 
Certificates Record to avoid a double entry. 

In addition, the LIE entitles the CENACE to operate the Wholesale Electricity Market and to define the 
allocation and dispatch of Power Stations, Controllable Demand, and the programs for imports and exports, 
to meet the electricity demand in the SEN. It will also receive offers and will calculate the prices for electricity, 
and will invoice, process, or collect the payments related to the members of the electric industry. 

1.1.7. Law of the Federal Electricity Commission 

The Law of the Federal Electricity Commission is Regulatory of article 25, paragraph fourth, from the 
Constitution, and of the Twentieth Transitory of the Decree whereby are amended and added various 
provisions of the Political Constitution of the United Mexican States, in energy matter, published in the DOF7  
on December 20, 2013; it is of public interest, and is intended to regulate the organization, administration, 
functioning, operation, control, assessment, and accountability of the State productive enterprise. Thus, CFE 
moves into a scheme of corporate government which allows the generation of economic value and 
profitability for the State. 

In 2015, there was a significant transformation in CFE; on February 16, the DOF published the declaratory of 
the Secretariat of Energy where it refers to the Fourteenth Transitory of the Law of the Federal Electricity 
Commission, for the purpose of the entry into force of the special set of rules foreseen by the enterprise 
within the Law and which regulates in matter of subsidiary productive enterprises and affiliated enterprises; 
compensations; acquisitions; leanings; services and works; goods and works; responsibilities; state returns; 
budget; and debt. 

On January 11, 2016, the DOF published the structure and separation that CFE shall develop to promote the 
efficient operation of the electricity sector, where CFE shall create a number -defined by the SENER in the 
allocation agreements of the corresponding assets- of generating enterprises. 

                                                           
7 For further detail, see http://www.diputados.gob.mx/LeyesBiblio/pdf/LCFE_110914.pdf 
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1.1.8. Energy Transition Law 

As a first step towards the definition of a specific process for the energy transition in Mexico, on December 
20, 2013, the DOF published the Decree whereby are reformed and added diverse provisions of the 
Constitution about energy, and in which article eighteenth transitory establishes: "The Federal Executive, 
through the Secretariat of the branch of energy, and within a term no longer than three hundred and five 
calendar days counted from the date when this Decree takes effect, shall include in the National Program for 
the Sustainable Use of Energy (PRONASE, for its Spanish acronym), a transition Strategy to foster the use of 
cleaner technologies and fuels". Such strategy was prepared by the National Commission for the Efficient 
Use of Energy (CONUEE, for its Spanish acronym) and published by the SENER in the DOF on December 19, 
2014. 

Under this mandate, on December 24, 2015 the LTE was published in the DOF, whereby are defined the legal 
bases to foster a transformation towards a sustainable energy and economic model at the long term, setting 
specific goals for clean generation for years 2018, 2021, and 2024. 

The LTE, in its article 3rd designs as planning instruments of the Strategy: The Special Program for Energy 
Transition (PETE, for its Spanish acronym), and the PRONASE, which become the mandatory policies in 
matter of clean energies and energy efficiency. 

Particularly, stands out the devise of the Strategy as a regulatory instrument for the national policy at the 
medium and long term in matter of Clean Energies, sustainable use of energy, improvement on the energy 
productivity, and the economically viable reduction of polluting emissions. Thereby, this instrument set goals 
of clean energies and energy efficiency, as well as its respective routing sheet to implement those goals. 

1.1.9. Law of Geothermal Energy 

The Law of Geothermal Energy was published along with the LIE, and is intended to regulate the exploration 
and exploitation of geothermal resources for the use of the subsoil's thermal energy. Thus, the rules for 
awarding permits, as well as exploitation licenses are established. 

1.1.10. Law for the Promotion and Development of Biofuels 

The Law for the Promotion and Development of Biofuels was issued on February 1st, 2008 and intends to 
promote the production, trading, and use of biofuels contributing to sustainable development and energy 
diversification. Specifically, it seeks to promote the production of feedstock for biofuels, from agriculture and 
livestock activities, forestry, algae, biotechnological and enzymatic processes of the Mexican field, without 
risking the food and safety sovereignty of the country, complying with what is established in article 178 and 
179 of the Law for Sustainable Rural Development. 

1.2. Instruments for the Promotion of Renewable Energies in the 
Energy Planning 

To carry out the energy transition it is necessary to have a group of instruments for national policy in matter 
of responsibilities for renewable energies and the sustainable use of energy at medium and long term. The 
latter, to promote a larger share of renewable energies in the sector's planning, diversifying the edgy matrix 
and reduce, under economic viability criteria, the country's dependency on fossil fuels as its generating 
primary source. 

It is required a package of actions, strategies, programs, guidelines, and standards which will enable an energy 
sector based on clean technologies, energetically efficient, and which foster productivity, sustainable 
development, and social equity within the country (see Figure 1.2). 
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FIGURE 1. 2. MECHANISMS AND POLICIES TO FOSTER RENEWABLE ENERGIES 
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Source: SENER. 

1.2.1.  Transition Strategy to Promote the Use of Cleaner Technologies and 
Fuels 

To achieve the energy transition process and comply with the goals mentioned above, the LTE is supported 
by strategies, programs, measures, and public policies that enable the increase of clean energies and thus, 
reach the goals set. Particularly, the Strategy is a planning instrument of the energy national policy on clean 
energies and energy efficiency, subjected to a continual improvement process which includes the assessment 
of its partial results, identification of barriers to achieve its objectives, identification of other improvement 
opportunities, and adoption of corrective measures in case some of the compliance indicators do not reach 
the results engaged. 

This Strategy was published in the DOF on December 2, 2016, and sets the goals to meet the electricity 
demand through a portfolio of alternatives that includes Energy Efficiency, and a growing proportion of Clean 
Energies generation, under economically viable conditions. Through the Clean Energies Goals and the Energy 
Efficiency Goals, the SENER will promote clean energies for electricity generation to achieve the levels 
established in the LGCC for the electric industry. 

The Strategy contains a long-term component for a 30-year period that defines the scenarios proposed for 
complying with the Clean Energies Goals and the Energy Efficiency Goals. It also includes a medium-term 
component for a 15-year period which shall be updated every three years. 
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FIGURE 1. 3. GOALS ESTABLISHED IN THE STRATEGY 

 

•2030 0 37.5%
•2050 0 50.0%Clean Energies

•2016-2030 0 -1.9%
•2016-2050 0 -2.9%Energy Intensity

 

Source: SENER. 

1.2.2. National Strategy for Climate Change 

This is a planning instrument which defines the long-time perspective ruling and leading the national policy, 
establishes national priority attention, and define criteria to identify regional priorities. It lays out that the 
country will have a sustainable growth and will promote the sustainable and equitable management of its 
natural resources, as well as the use of clean and renewable energies which will enable a development with 
low GHG emissions. 

The LGCC mandates the Federal Government to prepare this Strategy to comply with the mitigation goals of 
reducing emissions by 30%, regarding its 2020 baseline; and by 50% in 2050, regarding year 2000 
emissions, and which require structural transformations in the country's developmental model. 

1.2.3.  Energy Sector Program 2013-2018 

The Energy Sector Program (PROSENER, for its Spanish acronym) 2013-2018 was published in the DOF on 
December 13, 2013; it contains the goals, priorities, and policies which will rule the country's energy sector. 
It also includes estimates on resources, and the determinations related to the different instruments 
responsible for their execution. 

Expanding the use of clean and renewable source energies is one of the many objectives within the 
PROSENER, fostering thus energy efficiency, and social and environmental responsibility. 

1.2.4. National Program for the Sustainable Use of Energy 2014-2018 

The PRONASE is developed within the frame of the Law for the Sustainable Use of Energy, in compliance with 
its chapter two. It establishes the strategies, objectives, actions, and goals which will help to achieve the 
optimal use of energy in every process and activity for its export, production, transformation, distribution, 
and final consumption. 

To promote and execute the policies focused on the country's efficient use of energy, this program considers 
three substantial elements: 
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FIGURE 1. 4. SUBSTANTIAL ELEMENTS OF THE PRONASE 
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Source: SENER. 

1.2.5. Special Program for Energy Transition 2016-2018 

The Special Program for Energy Transition (PETE, for its Spanish acronym) stipulates SENER is in charge of 
preparing this program as an instrument for the energy national policy on Clean Energies. Its aim is to 
instrument the actions established in the Strategy for the Federal Public Administration, ensuring its 
economic viability. 

The program will be instrumented each year and shall pay careful attention to the timely expansion of the 
transmission grid towards zones with a high potential for Clean Energies and to its modernization, under 
conditions of economic sustainability. The Program shall contain the following elements:  

FIGURE 1. 5. ELEMENTS OF THE PETE 

Clean Energy Goals, and the others pointed out in the Strategy, which correspond to the term
of office of the Federal Executive;

Actions identified in the Strategy to reach its objectives under conditions of economic
viability, and the details for its instrumentation;

Promotional instruments to foster distributed clean generating facilities, and energy efficiency
measures which are effective and económically viable for the population; and

Actions in matter of financial and regulatory incentives recommended to ensure the
compliance with the Clean Energy Goals.

 
Source: SENER. 
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1.2.6. Special Program for the Use of Renewable Energies 2014-2018 

The Special Program for the Use of Renewable Energies (PEAER, for its Spanish acronym), complies with Art. 
11 of the Law for the Use of Renewable Energies and with the Fund for the Energy Transition. This program 
was published on April 28, 2014, was prepared under the auspices of the Renewable Energy Advisory 
Council, and its validity was abrogated due to the issuance of the Energy Transition Law, which mandates the 
devise of a new program, the PETE, which shall retake the PEAER. 

This document sets the participation goals for Mexico by 2018 on electricity generation based on 
Renewable Energies and its context, through 5 objectives, 24 strategies, and 111 action lines (see Figure 
1.6). 

FIGURE 1. 6. OBJECTIVES OF THE PEAER 

Objective 1

• Increase installed capacity and electricity generation with renewable energy sources.

Objective 2

• Increase public and private investment in the construction and expansin of the infrastructure for its
interconnection.

Objective 3

• Increase the share of biofuels in the national energy matrix.      

Objective 4

•Foster the development of technology, talent, and value chains of renewable energies.

Objective 5

•Democratize the Access to renewable energies through rural electrification, thermal usage, and social 
participation.

 

Source: SENER 

1.2.7. Developmental Program for the National Electrical System 

The Political Constitution of the United Mexican States, in its Art. 25, mandates the SEN's planning is a 
strategic area. To comply with this provision and with Art. 14 of the Electricity Industry Law, the SENER 
issues the Developmental Program for the National Electrical System (PRODESEN, for its Spanish acronym), 
which contains the SEN's planning, the result of the two key programs for the development of the Electricity 
Sector (see Figure 1.7). 
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FIGURE 1. 7. MAIN ELEMENTS OF THE PRODESEN 

 

Source: SENER. 

Within the main objectives of this program, stand out: 

• Ensure the efficiency, quality, reliability, continuity, and safety of the SEN. 

• Foster the diversification of the energy matrix and the national energy safety. 

• Promote the implementation of enough resources to meet the SEN's demand, and comply 
with the goals for clean energies. 

• Foresee the necessary infrastructure to ensure the SEN's reliability. 

• Incentivize an efficient generation expansion, considering criteria of quality, reliability, 
continuity, and safety of the grid, which minimize service provision costs, reducing congestion 
charges. 

1.3. National Inventory of Clean Energies 

Two key instruments arise from the commitment to make the most of Mexico's potential on renewable 
energies, which will generate clean energy to diversify the energy matrix and reduce, thus, our dependency 
on fossil fuels. These instruments are the National Inventory of Clean Energies (INEL, for its Spanish 
acronym) -formerly called INERE-, and the Atlas of the Zones with High Potential of Clean Energies (AZEL, for 
its Spanish acronym). 

The INEL is a system of geographic information which affords information about potential energy renewable 
sources in Mexico. The inventory includes the current use of these resources for generating electricity, while 
the Atlas include renewable sources which may be used for these purposes, differentiating between proven, 
probable, and possible resources (see Figure 1.8). 
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FIGURE 1. 8. TYPES OF ELECTRICITY POTENTIAL WITH CLEAN ENERGIES 

 

Source: SENER. 

The INEL8 contains diverse information layers, such as wind, solar, biomass, and ocean power potential, as 
well as the exclusion areas to be considered when identifying a site to develop a clean-energies project. 

1.4. Atlas of the Zones with High Potential of Clean Energies 

The LTE lays out the annual publication of an Atlas of the Zones with High Potential of Clean Energies 
(AZEL), which shall include those zones of the country with a high potential of Clean Energies; it is 
harmonized with the LIE, and will enable a more precise location of the sites to develop investments.  

On September 30, 2016, the advances on the preparation of the AZEL were presented. This Atlas is a very 
important tool for institutions and developers interested in investing on clean-energies projects. Its aims are: 
to become a supporting instrument for investors in the planning of clean-energy generating projects, and to 
be an input for the devise of indicative plans for the expansion and modernization of the National 
Transmission Grid (RNT, for its Spanish acronym) and the General Distribution Grids. 

The AZEL considers as its baseline data solar, wind, geothermal, and biomass energies. The deployment of 
this information considers typified technologies which can transform the energy resource under target 
parameters. It is estimated a potential of installable capacity and its related energy production. That is, for 
solar, photovoltaic is considered (fixed and axial tracking); for wind, through an axial generator; for 
geothermal, binary cycle and unitary cycle; and for biomass, the motor-generator (biogas) and the Rankine 
cycle are analyzed for direct combustion. 

It is important to mention that AZEL can analyze zones qualified as having high potential, defined as zones 
distant from the grid, and where there is a high density of potential solar and wind energy, which is used in 

                                                           
8 http://inere.energia.gob.mx/  
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the planning of General Transmission Grids. For wind and solar energy, it is considered that 25% and 3.5%, 
respectively, of the surface are can be of use. 

The probable potential assessment considers technical factors, such as the availability of the resource, 
temperature, latitude, altitude, among other, as well as territorial restrictions related to the use of soil, and 
may also use studies direct from the field, but does not have enough studies which can prove its technical 
and economic feasibility. From the identified zones, it is presumed that just a fraction of the territory can be 
of use; therefore, it is presumed a utilization factor of 25% of the area available to generate wind power, and 
3.5% for solar. The tool considers four scenarios described below: 

FIGURE 1. 9. TYPE OF SCENARIOS OF THE AZEL 

 

Source: SENER. 

The following steps considered are: evaluate other sources of clean energy, like hydroelectricity, tidal, 
efficient cogeneration, and carbon capture, utilization and storage (CCUS); include other variables like grid 
capacity (inclusion of node level congestion); future transmission/distribution grids, among other. It also 
includes electricity generation costs by technology per node/region; as well as relevant political, economic, 
social and/or environmental aspects, or incentives prevailing at local level. And it excludes zones which 
already contain solar and wind power production, military and marine zones, among other. 

Regarding qualified zones: identify priority or exclusion zones from local and state governments; identify 
zones of interest along with developers, SENER, and CENACE; obtain supply curves per area, and general 
costs estimates for clean-energy production by zone of interest; identify expansion plans for the RNT, and 
give support on the definition of the requirements for the zones, technologies, and capacities to be put out 
to tender. 
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2. Historic and Prospective Diagnosis of 
Renewable Energies 

The importance of fostering renewable energies and energy efficiency is founded, not only in reducing the 
dependency on fossil fuels, since it has also created new economic opportunities, and has developed an 
energy market completely diversified and more environmentally friendly. 

During the last decade, and particularly in recent years, there have been many advances on renewable energy 
technologies, worldwide increases on generation capacity, as well as fast cost reductions thanks to the 
support from the economic policies that have attired a significant amount of investments and impelled the 
costs reduction through economies of scale. 

This chapter will present the behavior of each of the renewable energies and its prospective scenario to 15 
years. The latter, in order to display the wide landscape which has been opened for this subject and which 
are, undoubtedly, the future of the world energy. 

It is worth to mention that the planning exercise used in the preparation of this document (PRODESEN 
2016-2030) does not consider the results obtained from the electricity auction. 

2.1. Renewable Energies International Context 

Globally, 2015 was a transcendental year for the development of clean energies; many countries have had a 
substantial increase of their installed capacity with renewable sources, due to the increase on the profitability 
of renewable technologies. 

Nowadays, thanks to the policies implemented in developing economies, it has been possible to have access 
to funding, and thus, to incorporate a completely updated energy system, efficient, and respectful of the 
environment. During the 21st Conference of the Parties (COP 21) in Paris, the United Nations Framework on 
Climate Change (UNFCCC), 195 countries agreed to limit global warming below two degrees Celsius. 
Thereby, it is necessary to have precise instruments like: speed up the use of renewable energies, and 
increase the mechanisms for energy efficiency. 

According to figures from the International Renewable Energy Agency (IRENA), during 2015, the worldwide 
installed capacity with renewable energies was of 503.8 GW9. The regions with the largest share of 
renewable energies are Asia with 39.7%, and Europe with 25.1% of the world's total. On the contrary, 
Central America and the Caribbean are the regions with the smallest share, 0.6% (see Figure 2.1). 

By type of technology, hydraulic power concentrated 61.5% of the worldwide total capacity, seconded by 
wind power with 21.2%, solar power with 11.4%, bioenergy with 5.2%, while the remaining 0.7% comes 
from geothermal and marine power. 

 
 
 
 
 

                                                           
9 http://resource.irena.org/gateway/dashboard/?topic=4&subTopic=19# 
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FIGURE 2. 1. GLOBAL LANDSCAPE OF THE RENEWABLE ENERGY CAPACITY AND ELECTRICITY 
GENERATION, 2015 

(MW, Percentage) 

 

Source: IRENA. 

In Latin America and the Caribbean, thanks to its energy diversity, there is one of the most dynamic markets 
for renewable energies in the world. By the end of 2015, its generation through renewable energies was of 
212.4 GW, from which hydraulic power had the largest share in the regional total with an installed capacity 
of 172 GW from big power stations of more than 10 MW (See Figure 2.2). 

 

FIGURE 2. 2. INSTALLED CAPACITY WITH RENEWABLE ENERGIES IN LATIN AMERICA, 2015 
(GW) 
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Source: Renewables in Latin American and the Caribbean, IRENA.  

Within this region, the generation of electricity from renewable energies in 2014 was of 817 TWh, being 
hydroelectricity which concentrated the most with 720 TWh, followed by bioenergy with 61 TWh, coming, 
mostly, from bagasse and other industries of forestry processing. 

Wind power represented 25 TWh of electricity generation, seconded by geothermal and solar power with 10 
TWh and 1.5 TWh, respectively. 

Between 2000 and 2014, the diversity of renewable energies used to generate electricity increased 
significantly, as shown in the following figure: 

FIGURE 2. 3. BEHAVIOR OF ELECTRICITY GENERATION IN LATIN AMERICA, 2000-2014 
(TWh) 

 
Source: Renewables in Latin American and the Caribbean, IRENA 

As it can be observed, hydroelectric power has an important role within the renewable energies of many Latin 
American countries, which enables the deployment of other intermittent renewable technologies, which are 
complemented with the improvement of the economic efficiency and the reliability of the electric systems. 
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2.2. Global Trends of the Costs and Deployment of Renewable 
Energies 

Worldwide investments in renewable energy generation comprise 288.0 million USD, 70% of the total 
investment in generation, and more than 2.5 times the investment in fossil fuels generating stations in 2015. 
The investment in renewable energies has remained stable since 2011, but will generate one third more of 
electricity over an annual basis thanks to the technological progress and to the reduction of unitary costs. 

In 2015, the global growth of the renewable electricity capacity achieved an all-time high of 153 GW, due to 
the record profits from terrestrial wind power (63 GW) and from solar photovoltaic power (49 GW). 

This record deployment came along with continuous reductions on generation costs, with remuneration 
prices at the long term which were forecasted in low levels between 30 and 50 USD per MWh, for terrestrial 
wind-power stations, as for solar photovoltaic ones. At the medium term, these projects are expected to be 
operational in markets as diverse as North America, Latin America, Middle East, and Northern Africa. The 
latest bidding results from Europe on large-scale terrestrial wind projects, indicate possible costs reductions 
from 40% to 50% for the new stations in 2021. Recently, the Danish offer for a Hugh wind farm offered a 
low record price of 55 USD per MWh. 

These prices indicate a clear acceleration in the costs reductions, increasing affordability, and making 
renewable energies more attractive among those responsible for the policies and the investors. 

The AIE expects the terrestrial wind generation costs to decrease 15% average by 2021, while solar 
photovoltaic ones would decrease 25%. These trends are supported by a mix of sustained political support, 
technological progress, and expansion in new markets with better renewable sources. Besides, the improved 
funding conditions play an important role, since they are fostered by the increased use of long-term 
agreements to purchase energy through public or private biddings, competitive in prices, including the auction 
systems supported by the government. 

China is still the worldwide leader in the expansion of renewable energies, and represent about 40% of the 
growth. In 2021, it is expected that one third of the solar photovoltaic power accumulated in the world, as 
well as the terrestrial wind capacity would be located in China. 

It is forecasted that solar photovoltaic power in India will increase eightfold, supported by governmental 
ambitious objectives, and competitive auctions, where the prices of the agreements have already decreased 
by a factor of two since 2014. 

Solar photovoltaic power, along with terrestrial wind power, represent 75% of the global growth of the 
renewable electricity capacity at the medium term. Solar photovoltaic energy contributes with almost 40% 
of the global additions, while terrestrial wind power is the largest source of new renewable electricity 
capacity. As for the growth of hydraulic power, there are expected less conventional large-scale projects in 
China and Brazil, while some projects are delayed in several developmental countries. 

Marine wind capacity is foreseen to triple during the period of study, led by its deployment in Europe, but 
with China's capacity also increasing fast. These developments are complemented with a modest growth of 
concentrated thermal-solar technologies (China and Morocco), geothermal (Indonesia and Turkey), and 
ocean (France and Korea). 

The proportion of renewable energies in the total electricity generation will increase to more than 23% in 
2015, and almost 28% in 2021 (IEA 2016, d). 



 
 

33 

2.3. Diagnosis of Mexican Economy 

In the last decades, Mexico has become one of the most solid economies in the world, despite the strong 
global deceleration in the economy. As for population, since 2005, the country has displayed an average 
annual population rate of 1.3%, growing from 107.2 to 121.0 million people. 

On the other hand, during the past 10 years, the Consumer Price Index has maintained a 4.1% average 
annual, as a result of the current monetary policy of the country, which ensures a generalized stability in the 
prices level (see Table 2.1). 
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TABLE 2. 1. MAIN MACROECONOMIC VARIABLES OF MEXICO, 2005-2015 

(different units) 

Macroeconomic Variable 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 AAGR

Population (Million People) 107.2 108.4 109.8 111.3 112.9 114.3 115.7 117.1 118.4 119.7 121.0 1.3%

Gross Domestic Product 
(Billion Pesos 2008) 

11,160.5 11,718.7 12,087.6 12,256.9 11,680.7 12,277.7 12,774.2 13,287.5 13,468.3 13,770.7 14,110.1 2.7%

Average Exchange Rate 
(Pesos per dollar)

10.9 10.9 10.9 11.1 13.5 12.6 12.4 13.2 12.8 13.3 15.8 3.5%

Retail Price  (Annual 
average variation 
percentage)

4.0 3.6 4.0 5.1 5.3 4.2 3.4 4.1 3.8 4.0 2.7 n.a.

 
AAGR: Average annual growth rate 
Source: SENER with information from INEGI. 

The Gross Domestic Product (GDP) has increased 2.7% throughout the period 2005-2015, and given the 
2009 deceleration, it is intended to speed economy with the support of structural reforms and thus achieve, 
in the medium term, a growth of approximately 5.0% in the GDP10. The energy sector is strategic for the 
development of the Mexican Economy, due to its importance in the functioning of every productive activity 
of the country and the impulse they receive, as the transportation of people and merchandises, 
manufacturing, the functioning of commercial establishments, services, factories, and homes, or the 
electrification of teaching centers; in summary, the development of the energy sector in Mexico is closely 
related to the economic and social growth of the country. 

The exchange rate regarding American dollar has had two strong variations throughout the analyzed period; 
specifically, in 2009, with an annual variation of 21.4%, and in 2015, with a variation of 19.2%11. These 
increases have had an impact on Mexico's foreign trade, in production, and in the exchange market, e.g., sales 
value for oil, or the purchase of imported hydrocarbons (see Figure 2.1). 

FIGURE 2. 4. MAIN MACROECONOMIC VARIABLES OF MEXICO, 2005-2015 
(Annual variation) 

 
Source: SENER with information from INEGI. 

Renewable Energies play an essential role in the electricity and transportation sectors, and thus, in the 
behavior of the national economy. Knowing the trends to 15 years of the macroeconomic variables help to 

                                                           
10 Figures published in the National Program for Development Funding 2018. 
11 http://www.schp.gob.mx/RDC/progr_plan_nacional/pronafide_2013_2018.pdf  
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establish the guidelines to include these energies to cover the population needs in a more sustainable, 
efficient, and cost-effective way. 

Therefore, when considering factors such as the national economy behavior when estimating the demand 
and consumption of electricity in the medium and long term, helps to optimize, measure, and design the 
expansion of the necessary generation and transmission capacity. Likewise, this variable helps to measure 
the future needs of the demand for biofuels, currently under development. 

Between 2016 and 2030, it is expected a growth fostered by the different reforms carried out by the 
current office, as shown in Figure 2.2 where it can also be observed the close relation between the variables 
in the electricity consumption and the GDP, since electricity is used to produce goods and services of the 
national economy. 

FIGURE 2. 5. ELECTRICITY CONSUMPTION AND GROSS DOMESTIC TREND 
(Annual variation) 

 
Source: SENER, with information from INEGI and CAPEM, Oxford Economics. 

The National Population Council (CONAPO, for its Spanish acronym) published that in 2015, there were 
121.0 million Mexicans, and with an AAGR of 2.6% between 2004-2030, by the end of the period there 
would be 137.5 million (see Figure 3.5). These projections have a direct impact on the electricity demand 
and fuels demand forecasts of the transportation sector, since it considers the level of user for the different 
users. 

FIGURE 2. 6. MEXICO POPULATION FORECASTS, 2005-2030 
(Million people) 
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Source: SENER with information from CONAPO. 

Mexico is committed to a larger development of renewable energies. With the support of several research 
centers, it has been sought to foster national projects, mostly, and thus, decrease the strong dependence on 
importing technology from other counties. For instance, given the forecasts on the rates exchange for the 
next years, renewable technologies generation costs could increase, as in the case of solar power, being that 
much of the existing technology is imported. Though, the last years' trend has been a reduction on the 
technological costs, mostly fostered by the strong incentives which have been given worldwide to support 
the insertion of less polluting sources. 

In 2015, exchange rate behavior displayed strong variations due to external factors, reaching 16.4 pesos per 
dollar (see Figure 2.4), 23.0% higher than what was recorded in 2014. The behavior of this variable has a 
direct impact on the fuels prices, mainly on natural gas, since the U.S. is the main supplier. 

FIGURE 2. 7. FORECASTS FOR THE EXCHANGE RATE 
(Parity peso-dollar2015) 
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Source: SENER, with information from INEGI and CAPEM, Oxford Economics. 

2.4. Renewable Energies in the Energy Matrix 

The reduction of costs, especially for solar and wind powers, has enabled a significant increase in the share of 
renewable energies as clean-energy generation sources; in addition, the supporting policies for renewable 
energies in Mexico, derived from the Energy Reform, have contributed to the strengthening of the energy 
market making renewable energies highly competitive with conventional fuels in the electricity sector. 

Renewable Energies Potential 

Identifying zones with a high potential for solar and wind energy have enabled developers and interested 
parties to invest in projects which contribute to the diversifications of the energy matrix. 

According to the National Inventory of Renewable Energies (INERE, for its Spanish acronym), the highest 
proven potential for electricity generation, that is, the one with enough technical and economic studies to 
prove the feasibility of its use, is found in wind and solar powers. 

The highest probable potential identified, which has field studies that prove the presence of resources, but 
which are not enough to evaluate the technical and economic feasibility for exploitation, correspond to 
geothermal resources. 
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The highest possible potential refers to the theoretical potential of the resources, but lacks the necessary 
studies to evaluate the technical and economic feasibility and the possible economic, environmental, and 
social impacts. Solar energy, followed by wind energy, are under this headline. 

TABLE 2. 2. ELECTRICITY GENERATION POTENTIAL WITH CLEAN ENERGIES IN MEXICO12 
(GWh) 

Resources Wind Solar Hydraulic Geothermal Biomass 

Proven 19,805.0 16,351.0 4,796.0 2,355.0 2,396.0 

Probable - - 23,028.0 45,207.0 391.0 

Possible 87,600.0 6,500,000.0 44,180.0 52,013.0 11,485.0 

Source: INERE. 

The tool considers four scenarios: 

1. Zones without considering the proximity to RNT; 

2. Zones with a distance equal to or less than 20 km from the RNT; 

3. Zones very close to the RNT: less than 2 km (solar) or less than 10 km (wind); and 

4. Zones far from the RNT (more than 20 km). 

These four scenarios have been defined to help the country to use renewable, clean resources in the short, 
medium, and long terms, considering the environmental, social, and technological restrictions. 

Scenario 1 identifies zones with a high potential for developing electricity generation projects based on clean 
energies, without considering their proximity to the general transmission grids. This scenario draws a 
probable installable capacity of 2,471,769 MW, and a probable generation potential of 4,904,507 GWh/a. 

Likewise, Scenario 2 identifies zones with a high potential for developing electricity generation projects, but 
considers a proximity less or equal to 20 km from the general transmission grid. This scenario draws a 
probable installable capacity of 208,020 MW, and a generation potential of 2,635,105 GWh/a. 

Scenario 3 identifies zones with a high potential for developing electricity generation projects considering a 
proximity of less or equal to 10 km from the general transmission grids. This scenario draws a probable 
installable capacity of 377,740 MW, and a generation potential of 864,864 GWh/a. 

Finally, Scenario 4 identifies zones with a high potential for developing electricity generation projects far from 
the general transmission grids (>20 km). This scenario draws a probable installable capacity of 980,688 
MW, and a generation potential of 2,146,969 GWh/a (see Table 2.3). 

                                                           
12 Information to June, 2015. 
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TABLE 2. 3. SCENARIOS OF CAPACITY AND GENERATION POTENTIALS  

FOR RENEWABLE ENERGIES  
(MW, GWh) 

 

Energy 

Scenario 1 Scenario 2 Scenario 3 Scenario 4 

Installable 
Capacity 

(MW) 

Generation 
Power 

(GWh/y) 

Installable 
Capacity 

(MW) 

Generation 
Power 

(GWh/y) 

Installable 
Capacity 

(MW) 

Generation 
Power 

(GWh/y) 

Installable 
Capacity 

(MW) 

Generation 
Power 

(GWh/y) 

Wind 583,200.0 1,486,713.0 290,249.0 740,332.0 158,302.0 402,847.0 297,444.0 750,186.0 

Solar fixed 965,373.0 1,716,274.0 537,134.0 957,726.0 127,722.0 228,485.0 395,664.0 701,229.0 

Solar 
tracking 

691,925.0 1,692,453.0 379,007.0 925,270.0 89,667.0 218,658.0 287,455.0 694,568.0 

Geothermal 174.0 1,373.0 399.0 3,146.0 571.0 4,509.0 125.0 986.0 

Biomass 1,097.0 7,694.0 1,231.0 8,631.0 1,478.0 10,365.0 - - 

Total 2,471,769.0 4,904,507.0 1,208,020.0 2,635,105.0 377,740.0 864,864.0 980,688.0 2,146,969.0 

 

Source: SENER. 

Advances in Renewable Energies 
 

By the end of 2015, the installed generation capacity through renewable energies increased 6.6% regarding 
2014, reaching 17,140.4 MW, which represented 25.2% of the total generation capacity. 

Most of the currently operating renewable capacity is hydroelectric generation which, in addition to wind 
power account for 80% of the installed capacity from clean energies. 

Between 2005 and 2015, wind power has had the largest expansion in installed capacity with 104.7% per 
year. Though, hydraulic power has the largest concentration in the total share of the installed capacity from 
renewable sources, keeping an annual growth rate of 1.7%, as shown in the following figure. 

FIGURE 2. 8. BEHAVIOR OF THE INSTALLED CAPACITY WITH RENEWABLE ENERGIES, 2005-2015 
(MW) 
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Source: SENER. 

During 2015, the renewable electricity generation represented 15.3% (equivalent to 47,548.7 GWh) from 
the national total. Stands out that wind power had the largest growth during the last decade with an AAGR 
of 106.8%, going from 5.0 GWh to 8,745.1 GWh in 2015. 

On the contrary, electricity generation from geothermal power displays a negative AAGR, but it has kept its 
generation levels, as shown in Figure 2.9. 

Technologies using solar power, biogas, and bagasse have a sustained growth impelled, mostly, by supporting 
programs from energy policies, whose aim is to foster the inclusion of such technologies into the energy 
matrix. 

FIGURE 2. 9. GROSS ELECTRICITY GENERATION BEHAVIOR 
BY SOURCE OF ENERGY USED, 2005-2015 

(GWh) 

 

Source: SENER. 

2.4.1.  Electricity Generation with Hydroelectric Power 

One of the virtues of hydroelectric power is to be considered as baseline energy, having a high-power level 
depending on its reservoir. Though, nowadays is facing a strong risk: climate change, since large reservoirs are 
prioritizing their use for agricultural and human consumption when the resource is scarce. 

Due to the growing share of diverse renewable energies, hydroelectric stations have had to upgrade their 
technology and expand their facilities to improve their efficiency. 

By the end of 2015, there were recorded 97 hydroelectric stations with a total capacity of 12,488.5 MW, 
0.5% more than what was recorded the previous year. In 2014, capacity recorded its highest increase for the 
last years, 796 MW, while only 59.5 MW were added to the SEN during 2015. 

Between 2005 and 2015, electricity generation from hydropower grew at an annual rate of 2.1%. 
Nonetheless, the constant droughts had a negative impact on hydroelectricity generation, which shrank 
7,930.4 GWh between 2014 and 2015, as displayed in Figure 2.10. 
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FIGURE 2. 10. INSTALLED CAPACITY AND GROSS GENERATION OF HYDROELECTRIC STATIONS, 
2005-2015 

(MW, GWh) 

 

 

Source: SENER. 

The SEN has 97 hydroelectric power plants along the national territory, from which 33% are in the Western 
area. One of the biggest power plants of the country is located in this area, "Chicoasen", with an effective 
capacity of 2,400.0 MW, and which generated 4,317.5 GWh by the end of 2015. Likely, the power plant 
"Malpaso" has a capacity of 1,080.0 MW, and 3,179.4 GWh of electricity generation. Both plants are 
located in the state of Chiapas, since it has a vast hydric source. 

The Western area concentrates 27.8% of the country's hydroelectric power plants, 3,358.7 MW from the 
SEN's total capacity. From its 27 power plants, the three plants with the largest capacity in this area are in 
the state of Nayarit (Aguamilpa Solidaridad, El Cajon, and La Yesca), with a joint effective capacity of 
2,460.0 MW, and 4,332.0 GWh of electricity generation by the end of 2015. 

The hydroelectric power plant "Infiernillo", with the second largest generation capacity, is in the Central area, 
in the state of Guerrero, and generated 2,627.6 GWh in 2015. In that same place are located the five plants 
which CFE transferred to Generadora Fénix13, whose generation in that year was of 1,000.5 GWh. 

Regarding the northern areas of the country, there are 17 power plants in the Northeast, North, and 
Northwest areas. Most of them are in the state of Sinaloa, seconded by Sonora and San Luis Potosí. Jointly, 
those plants generated 3,265.1 GWh by the end of 2015 (see Figure 2.11 and Table 2.2). 

 
 
 
 
 
 

                                                           
13 On November 17, 2016, during ordinary session, the CRE granted eight electricity generation permits to Generadora 
Fénix, a partnership formed by the Mexican Electricians Union (SME, for its Spanish acronym) and the Portuguese 
company Mota-Engil. During 2016, the CRE authorized a total of 27 permits to that company, which represent 303.7 
MW. 
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FIGURE 2. 11. INSTALLED CAPACITY AND GROSS GENERATION OF POWER PLANTS  
BY CONTROL AREA, 2015 

(MW, GWh) 
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Source: SENER. 
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TABLE 2. 4. HYDROELECTRIC POWER PLANTS, 2015 
(MW, GWh) 

No. Power Station 
Federal 
Entity 

Control 
Region 

Scheme1/ 

Total 
Effective 
Capacity 

(MW) 

Capacity in the 
interconnection 

agreement2/ 
(MW) 

Gross 
Generation 

 (GWh) 

1 
Cervecería Cuauhtémoc-Moctezuma, S. A. 
de C. V., Planta Orizaba 

VER 
02-
Eastern 

SS 
10.0 S/C 16.7 

2 Compañía de Energy Mexicana, S. A. de C. V. PUE 
02-
Eastern 

SS 
36.0 36 249.1 

3 Compañía Eléctrica Carolina, S. A. de C. V. GTO 
03-
Western 

SS 
2.5 S/C 5.0 

4 Electricity del Golfo, S. de R. L. de C. V. VER 02-
Eastern 

SS 35.0 35 83.7 

5 Energy Ep, S. de R. L. de C. V. PUE 
02-
Eastern 

SS 
0.4 0.4 2.1 

6 
Gobierno del Estado de Michoacán de 
Ocampo 

MICH 
03-
Western 

SS 
4.1 4 18.2 

7 HydroelectricArco Iris, S. A. de C. V. JAL 
03-
Western 

SS 
8.4 8 33.8 

8 HydroelectricCajón de Peña, S. A. de C. V. JAL 
03-
Western 

SS 
1.2 1 6.7 

9 Hidroelectricidad del Pacífico, S. A. de C. V. JAL 
03-
Western 

SS 
9.2 8 31.3 

10 Hidrorizaba II, S. A. de C. V. VER 
02-
Eastern 

SS 
4.4 4 20.3 

11 Hidrorizaba, S. A. de C. V. VER 
02-
Eastern 

SS 
1.6 2 9.7 

12 
Ingenio Tamazula, S. A. de C. V., Planta 
Santa Cruz 

JAL 
03-
Western 

SS 
0.6 S/C 1.6 

13 
Mexicana de Hidroelectricidad Mexhidro, S. 
de R. L. de C. V. 

GRO 
02-
Eastern 

SS 
30.0 30 133.3 

14 Papelera Veracruzana, S. A. de C. V. VER 
02-
Eastern 

SS 
1.3 S/C 5.9 

15 Primero Empresa Minera, S. A. de C. V. DGO 
04-
Northwest 

SS 
19.7 9 36.1 

16 
Procesamiento Energético Mexicano, S. A. 
de C. V. 

VER 
02-
Eastern 

SS 
11.3 11 51.0 

17 
Proveedora de Electricity de Occidente, S. A. 
de C. V. 

JAL 
03-
Western 

SS 19.0 15 59.6 

18 Agua Prieta (Valentín Gómez Farías) JAL 
03-
Western 

CFE 240.0 240 239.1 

19 Aguamilpa Solidaridad  NAY 
03-
Western 

CFE 960.0 960 2,014.9 

20 Angostura (Belisario Domínguez)  CHIS 
02-
Eastern 

CFE 900.0 900 2,086.4 

21 Bacurato SIN 
04-
Northwest 

CFE 92.0 92 229.6 

22 Bartolinas MICH 
03-
Western CFE 0.8 1 2.4 

23 Bombaná  CHIS 
02-
Eastern CFE 5.2 5 23.4 

24 Boquilla CHIH 05-North CFE 25.0 25 91.0 

25 Botello MICH 
03-
Western 

CFE 18.0 18 81.2 

26 Cañada  HGO 
01-
Central 

CFE 0.0 0 0.0 

27 Caracol (Carlos Ramírez Ulloa)  GRO 
02-
Eastern 

CFE 600.0 600 955.9 

28 Chicoasén (Manuel Moreno Torres) CHIS 
02-
Eastern 

CFE 2,400.0 2,400 4,317.5 

29 Chilapan VER 
02-
Eastern 

CFE 26.0 26 95.7 

30 Cóbano MICH 
03-
Western 

CFE 60.0 60 262.8 
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31 Colimilla  JAL 
03-
Western 

CFE 51.2 51 77.4 

32 Colina  CHIH 05-North CFE 3.0 3 10.2 

33 Colotlipa  GRO 02-
Eastern 

CFE 8.0 8 34.2 

34 Comedero (Raúl J. Marsal) SIN 
04-
Northwest 

CFE 100.0 100 215.0 

35 Cupatitzio MICH 
03-
Western 

CFE 80.0 80 459.3 

36 El Cajón (Leonardo Rodríguez A.) NAY 
03-
Western 

CFE 750.0 750 1,301.6 

37 El Durazno  MEX 
01-
Central 

CFE 0.0 0 0.0 

38 El Fuerte (27 de Septiembre) SIN 
04-
Northwest 

CFE 59.4 59 362.3 

39 El Novillo (Plutarco Elías Calles) SON 
04-
Northwest 

CFE 135.0 135 548.1 

40 El Retiro ( José Cecilio del Valle )  CHIS 
02-
Eastern 

CFE 21.0 21 102.2 

41 El Salto (Camilo Arriaga) SLP 
06-
Northeast 

CFE 18.0 18 94.5 

42 Electroquímica SLP 
06-
Northeast 

CFE 1.4 1 10.2 

43 Encanto VER 
02-
Eastern CFE 10.0 10 0.0 

44 Falcón TAMS 06-
Northeast 

CFE 31.5 32 7.0 

45 Fernández Leal   MEX 
01-
Central 

CFE 0.0 0 0.0 

46 Huazuntlán VER 
02-
Eastern 

CFE 0.0 0 0.0 

47 Huites (Luis Donaldo Colosio) SIN 
04-
Northwest 

CFE 422.0 422 1,186.2 

48 Humaya SIN 
04-
Northwest 

CFE 90.0 90 198.6 

49 Infiernillo GRO 
01-
Central 

CFE 1,200.0 1,200 2,627.3 

50 Intermedia (Luis Marcial Rojas)  JAL 
03-
Western 

CFE 5.3 5 11.4 

51 Itzícuaro MICH 
03-
Western 

CFE 0.6 1 2.7 

52 Ixtaczoquitlán VER 
02-
Eastern 

CFE 1.6 2 12.7 

53 Ixtapantongo  MEX 
01-
Central 

CFE 0.0 0 0.0 

54 Juandó  HGO 
01-
Central 

CFE 0.0 0 0.0 

55 Jumatán  NAY 
03-
Western CFE 2.2 2 13.3 

56 La Amistad COAH 06-
Northeast 

CFE 66.0 66 48.8 

57 La Venta (Ambrosio Figueroa)  GRO 
02-
Eastern 

CFE 0.0 0 0.0 

58 La Yesca (Alfredo Elias Ayub) NAY 
03-
Western 

CFE 750.0 750 1,015.5 

59 Las Rosas QRO 
03-
Western 

CFE 0.0 0 0.0 

60 Malpaso  CHIS 
02-
Eastern 

CFE 1,080.0 1,080 3,179.4 

61 Mazatepec PUE 
02-
Eastern 

CFE 220.0 220 257.7 

62 Micos SLP 
06-
Northeast 

CFE 0.7 1 2.6 

63 Minas VER 
02-
Eastern 

CFE 15.0 15 88.0 

64 Mocúzari SON 
04-
Northwest 

CFE 9.6 10 48.5 
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65 Oviachic SON 
04-
Northwest 

CFE 19.2 19 108.3 

66 Peñitas (Ángel Albino Corzo)  CHIS 
02-
Eastern CFE 420.0 420 1,636.2 

67 Platanal MICH 03-
Western 

CFE 12.6 13 43.6 

68 Portezuelo I PUE 02-Eastern CFE 2.0 2 14.1 

69 Portezuelo II PUE 02-Eastern CFE 2.1 2 5.8 

70 Puente Grande  JAL 
03-
Western 

CFE 9.0 9 35.2 

71 San Pedro Porúas MICH 
03-
Western 

CFE 2.6 3 5.1 

72 San Simón   MEX 01-Central CFE 0.0 0 0.0 

73 Sanalona (Salvador Alvarado) SIN 
04-
Northwest 

CFE 14.0 14 68.2 

74 Santa Bárbara  MEX 01-Central CFE 0.0 0 47.2 

75 Santa Rosa (General Manuel M. Diéguez)  JAL 03-
Western 

CFE 70.0 70 306.4 

76 Schpoiná CHIS 02-Eastern CFE 2.2 2 7.0 

77 Tamazulapan  OAX 02-Eastern CFE 2.5 2 8.7 

78 Temascal OAX 02-Eastern CFE 354.0 354 1,130.4 

79 Temascaltepec   MEX 01-Central CFE 0.0 0 0.0 

80 Tepazolco PUE 02-Eastern CFE 0.0 0 0.0 

81 Texolo VER 02-Eastern CFE 1.6 2 12.4 

82 Tezcapa  PUE 01-Central CFE 0.0 0 0.0 

83 Tingambato  MEX 01-Central CFE 0.0 0 24.3 

84 Tirio MICH 
03-
Western 

CFE 1.1 1 2.9 

85 Tlilán   MEX 01-Central CFE 0.0 0 0.0 

86 Tuxpango VER 02-Eastern CFE 36.0 36 78.3 

87 Villada   MEX 01-Central CFE 0.0 0 0.0 

88 Villita (José María Morelos) MICH 01-Central CFE 320.0 320 1,185.9 

89 Zepayautla   MEX 01-Central CFE 0.0 0 0.0 

90 Zictepec   MEX 01-Central CFE 0.0 0 0.0 

91 Zimapán (Fernando Hiriart Balderrama) HGO 
03-
Western 

CFE 292.0 292 2,036.7 

92 Zumpimito MICH 
03-
Western 

CFE 8.4 8 50.4 

93 Alameda MEX 01-Central GEN. 7.0 7 0.0 

94 Lerma (Tepuxtepec)  MICH 01-Central GEN. 74.0 74 296.6 

95 Necaxa  PUE 01-Central GEN. 109.0 109 380.6 

96 Patla  PUE 01-Central GEN. 37.0 37 168.0 

97 Tepexic  PUE 01-Central GEN. 39.0 39 160.3 

                                Total 12,488.5 12,458 30,891.5 

 
1/ SS: Self-supply; CFE: Federal Electricity Commission; GEN: Generation. 2/ Stations with an interconnection contract with the CENACE 
(S/C: without an interconnection contract). 
Source: Prepared by SENER with information from CFE, CRE y CENACE. 
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To cover the growing needs of the electricity demand in some regions of the country, and taking advantage 
of the geographic conditions of the national territory, the SEN's planning has considered the addition of 
4,491.8 MW of hydroelectric power capacity for 2016-2030. 

Due to the project status, 653 MW are under construction or about to be constructed; 3,597.9 MW are 
projects already authorized, new ones, or with generation pending permits, and 241.0 MW are projects 
about to be put out to tender (see Figure 2.12). 

FIGURE 2. 12. ADDITIONAL CAPACITY BY STATUS OF THE PROJECTS OF HYDROELECTRIC  
POWER PLANTS, 2016-2030 

(MW) 

 

11/ Includes those generation projects with status: Conditional on; Cancelled in PEF 2016, with advances on the interconnection process 
before the CENACE and suspended. The first Electricity Auction only awarded solar and wind energy. 
Source: Prepared by SENER with information from CFE, CRE and CENACE. 

As for capacity additions by modality for hydroelectric power, 50.2% corresponds to CFE projects (2,253 
MW); 40.7% to Projects with the modality of Import and Export and generic projects, classified as Other. 

For the Self-supply and Small Producer modalities, they concentrated 8.1% and 1.1%, respectively, jointly 
adding 412.0 MW of capacity for the system. 

FIGURE 2. 13. ADDITIONAL CAPACITY BY MODALITY OF HYDROELECTRIC TECHNOLOGY 
(Percentage) 
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Source: SENER. 
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Hence, between 2016 and 2030, the installed capacity from hydroelectric power will go from 12,551.1 MW 
to 16,975.8 MW; being in 2022 when the largest amount of capacity will be added by this energy source. 

Regarding its share in electricity generation, it will increase 15,748.4 GWh, reaching 49,902.0 GWh by the 
end of the projected period, as shown in Figure 2.14.     

FIGURE 2. 14. BEHAVIOR OF THE ADDITIONS, INSTALLED CAPACITY, AND GENERATION FROM 
HYDROELECTRIC POWER PLANTS, 2016-2030 

(MW, GWh) 
 

 
Source: SENER. 
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2.4.2. Electricity Generation with Wind Power 

During the last four years, wind power generation had an average annual growth equivalent to 2,330 GWh. 
By the end of 2015, its installed capacity reached 2,805.1 MW, an increase of 37.75% regarding 2014. 

In 2015, the wind generation was of 8,745.1 GWh, 36.08% more than in 2014.  Electricity generation with 
wind power has increased significantly since 2005, from 5.0 GWh/year to 8,745.1 GWh, an increase of 
about 174,802.0%, becoming second in renewable generation (see Figure 2.15).  

FIGURE 2. 15. INSTALLED CAPACITY AND GROSS GENERATION  
WITH WIND POWER PLANTS, 2005-2015 

(MW, GWh) 

 

Source: SENER. 

By the end of 2015, there were 32 generation plants throughout the national territory. Most of them (23 
plants) are in the Eastern area, mainly in the state of Oaxaca, with an installed capacity of 2,308.6 MW for 
this region. 

Other important area for electricity generation from wind technology is the Eastern operating area, with 
445.6 GWh in 2015, seconded by the area of Baja California, with an installed capacity of 166.0 MW and an 
annual electricity generation of 272.6 GWh (see Figure 2.16 and 2.5). 
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FIGURE 2. 16. INSTALLED CAPACITY AND GROSS GENERATION WITH WIND POWER PLANTS BY 

CONTROL AREA, 2015 
(MW, GWh) 
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Source: SENER. 

TABLE 2. 5. WIND GENERATION POWER PLANTS, 2015 
(MW, GWh) 

No. Power Station 
Federal 
Entity 

Control 
Region 

Scheme 
1/ 

Total 
Effective 
Capacity 

(MW) 

Capacity in the 
interconnection 
agreement 2/ 

(MW) 

Gross 
Generation 

 (GWh) 

1 Bii Nee Stipa Energía Eólica, S. A. de C. V. OAX 02-Eastern SS 26.4 26.4 89.6 

2 Compañía Eólica de Tamaulipas, S. A. de C. V. TAMS 06-Noreste SS 54.0 54.0 159.6 

3 
Desarrollos Eólicos Mexicanos de Oaxaca 1, S. 
A. de C. V. OAX 02-Eastern SS 90.0 90.0 319.2 

4 
Desarrollos Eólicos Mexicanos de Oaxaca 2, S. 
A. P. I. de C. V., Parque Eólico IEPdra Larga Fase 
2 

OAX 02-Eastern SS 137.5 137.5 537.4 
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5 Dominica Energy Clean, S. de R.L. de C.V. SLP 03-Western SS 200.0 200.0 288.1 

6 
Eléctrica del Valle de México, S. de R. L. de C. 
V. OAX 02-Eastern SS 67.5 67.5 198.0 

7 Eoliatec del Istmo, S. A. P. I. de C. V. OAX 02-Eastern SS 164.0 164.0 595.8 

8 Eoliatec del Pacífico, S. A. P. I. de C. V. OAX 02-Eastern SS 160.0 160.0 716.0 

9 Eólica de Arriaga, S. A. P. I. de C. V. CHIS 02-Eastern SS 32.0 32.0 86.2 

10 Eólica El Retiro, S. A. P. I. de C. V. OAX 02-Eastern SS 74.0 74.0 206.0 

11 Wind Los Altos, S. A. P. I. de C. V. JAL 03-Western SS 50.4 54.6 157.5 

12 Eólica Santa Catarina, S. de R. L. de C. V. NL 06-Noreste SS 22.0 22.0 37.2 

13 Eólica Zopiloapan, S. A. P. I. de C. V. OAX 02-Eastern SS 70.0 70.0 272.9 

14 Eurus, S. A. P. I. de C.V. OAX 02-Eastern SS 250.5 250.5 948.9 

15 Fuerza Eólica del Istmo, S. A. de C. V. OAX 02-Eastern SS 80.0 80.0 190.3 

16 Fuerza y Energía Bii Hioxo, s.a. de c.v OAX 02-Eastern SS 234.0 227.5 841.1 

17 Municipio de Mexicali BC 08-Baja 
California 

SS 10.0 10.0 25.0 

18 Parques Ecológicos de México, S. A. de C. V. OAX 02-Eastern SS 101.9 99.5 149.8 

19 PE Ingenio, S. de R. L. de C. V. OAX 02-Eastern SS 49.5 49.5 0.0 

20 Stipa Nayaa, S. A. de C. V. OAX 02-Eastern SS 74.0 74.0 288.3 

21 Puerto Viejo (Guerrero Negro) BCS 10-Mulegé CFE 0.6 0.6 0.0 

22 La Venta I-II OAX 02-Eastern CFE 84.2 84.2 200.8 

23 Yuumil´iik  QR 07-Peninsular CFE 1.5 1.5 2.1 

24 Energía Sierra Juárez S. de R.L. de C.V. BC 
08-Baja 
California EXP. 156.0 S/C 247.5 

25 Energía Sonora PPE, S.C. SON 04-Northwest P.P. 2.0 2.0 3.6 

26 Instituto de Investigaciones Eléctricas  OAX 02-Eastern P.P. 0.3 0.3 0.1 

27 La Mata (Sureste I fase II) IEP OAX 02-Eastern IEP 102.0 105.0 257.2 

28 La Venta III     IEP OAX 02-Eastern IEP 102.9 105.0 287.8 

29 Oaxaca I    IEP OAX 02-Eastern IEP 102.0 105.0 333.2 

30 Oaxaca II    IEP OAX 02-Eastern IEP 102.0 105.0 430.2 

31 Oaxaca III   IEP OAX 02-Eastern IEP 102.0 105.0 390.5 

32 Oaxaca IV    IEP OAX 02-Eastern IEP 102.0 105.0 485.0 

                                Total 2,805.1 2,661.5 8,745.1 

 

1/ SS: Self-supply; CFE: Federal Electricity Commission; EXP: Export; SP: Small Production; IEP: Independent Energy Producer. 2/ Stations with 
an interconnection contract with the CENACE (S/C: without an interconnection contract). 
Source: SENER. 

Mexico has a high wind potential that has been developed during the last years, and has become more 
competitive among clean technologies. This is reflected in the results of the second electricity auction, where 
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wind power has the second largest demand with 3,874,458 MWh of power assigned, equivalent to 43% of 
the total. 

Including these technologies to a greater extent is the result of their cost reduction during the past years. In 
addition, the country has a vast wind resource throughout the country, as shown in Table 2.6, which makes 
wind power a viable option to comply with the sustainable and diversified energy policies, which will lead to 
achieve the goals and objectives established in the Law. 

TABLE 2. 6. PROBABLE CAPACITY AND GENERATION POTENTIAL WITH SCENARIOS  
FROM WIND POWER 

(MW, GWh/year) 

Scenario 
Installable 

Capacity (MW) 
Generation Power 

(GWh/y) 

1 583,200.0 1,486,713.0 

2 290,249.0 740,332.0 

3 158,302.0 402,847.0 

4 297,444.0 750,186.0 

 

Source: SENER. 

To achieve the goal a 35% share of clean energies in electricity generation by 2024, wind power play a 
meaningful role. Besides the environmental benefits from CO2 emissions reduction, developing wind-power 
technology affords economic and social benefits by taking power into zones with constraints to access the 
service, and strengthening thus, the development of localities with large resources. 

With the startup of the new power plants, currently under construction, and of the winner projects of the 
first and second auctions, it is foreseen that within the next years, wind-power capacity will triple, by adding 
2,455 MW by the end of 2018, and other 3,857 MW by the end of 2019. 

Nearly 12,000.0 MW of new capacity are expected during the period 2016-2030, from which 53.0% are 
currently in construction phase or about to begin works (see Figure 2.17). 

FIGURE 2. 17. ADDITIONAL CAPACITY PER STATUS OF WIND-POWER PLANTS PROJECTS,  
2016-2030 

(MW) 

   
Source: SENER. 

The high competitiveness level of wind power has resulted in an increase in the number of projects carried 
out by the private sector. As it can be observed in F. 2.18, the modality of Small Producer will concentrate 
51.9% of the total capacity to be added, seconded by IEPs with 30.1%. 
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FIGURE 2. 18. ADDITIONAL CAPACITY BY MODALITY FROM WIND-POWER TECHNOLOGY,  
2016-2030 

(MW) 
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1/ / Includes projects with modality of Import and Export, and generic projects. 
Source: SENER. 

The capacity to be added by wind power is concentrated into two periods. Between 2016-2020, 6,633.1 
MW will be added; and between 2024-2027, the remaining 5,366.9 MW of installed capacity. 

As for the electricity generation from this power our energy, it will increase by 350.2% throughout the period 
2016-2030, reaching 47,365.6 GWh by the end of the period.   

FIGURE 2. 19. BEHAVIOR OF THE CAPACITY ADDITIONS, INSTALLED CAPACITY, AND GENERATION 
FROM THE WIND-POWER PLANTS, 2016-2030 

(MW, GWh) 
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Source: SENER. 

2.4.3. Electricity Generation with Geothermal Power 

Nowadays, and thanks to the advances from the Energy Reform on geothermal power, this industry has had a 
growth not seen in Mexico in 30 years, which demands the development of regulations for the protection of 
technical, social, trade, and environmental aspects to ensure the sustainability of hydrothermal geothermal 
and of dry-rock geothermal systems, as well as to promote programs specialized in the development of 
Mexican talent for the industry which will help to strengthen the relations between universities, project 
development companies, and new geothermal technologies. 

It is intended to carry out actions which will promote the development of medium and low enthalpy 
geothermal projects, for electricity generation as well as for direct uses; the latter would enable a wider 
implementation of that technology. Likewise, technological research on high temperature and high pressure 
in dry rock, and for the offshore exploitation of geothermal resources might be fostered. 

Besides, financial risk coverage instruments shall be strengthened in order to incentivize geothermal industry 
during the exploration stage of geothermal projects, and for the energy and potential auctions of the 
Electricity Market. 

In 2015, eight power plants were recorded in four geothermal fields, with a capacity of 925.6 MW. As shown 
in Figure 2.20, geothermal industry had a decrease between 2011 and 2014 due to the decline of the wells 
in the geothermal field Cerro Prieto, which reduced the installed capacity and the electricity generation. 

Nonetheless, between 2014 and 2015, thanks to the strong promotion from the Geothermal Energy Law, 
electricity generation through this source increased 5.5%, reaching 6,330.9 GWh. 

FIGURE 2. 20. EFFECTIVE INSTALLED CAPACITY AND GROSS GENERATION FROM  
GEOTHERMAL PLANTS, 2005-2015 

(MW, GWh) 
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Source: SENER. 

The country has plenty of geothermal resources distributed within the territory, and by the end of 2015, 
eight plants were recorded: four located in the state of Baja California, in the field of Cerro Prieto; one in 
Nayarit, in Domo de San Pedro; one in Michoacán, in Los Azufres; one in Puebla, in Los Humeros; and one in 
Baja California Sur called Las Tres Virgenes (see Figure 2.21 and Table 2.7). 

 

FIGURE 2. 21. CAPACITY AND ELECTRICITY GENERATION WITH GEOTHERMAL POWER BY 
CONTROL AREA, 2015 

(MW, GWh) 
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Source: SENER. 

TABLE 2. 7. GEOTHERMAL POWER PLANTS, 2015 
(MW, GWh) 

No
. 

Power Station 
Federal 
Entity 

Control 
Region 

Scheme
1/ 

Total 
Effective 
Capacity 

(MW) 

Capacity in the 
interconnection 

agreement2/ 
(MW) 

Gross 
Generation 

 (GWh) 

1 Geotermal para el Desarrollo, S.A.P.I. 
de C.V. 

NAY 03-
Western 

SS 52.0 10.0 39.8 

2 Cerro Prieto I BC 
08-Baja 
California 

CFE 30.0 30.0 4,028.3 

3 Cerro Prieto II BC 
08-Baja 
California 

CFE 220.0 220.0 0.0 

4 Cerro Prieto III BC 
08-Baja 
California 

CFE 220.0 220.0 0.0 

5 Cerro Prieto IV BC 
08-Baja 
California 

CFE 100.0 100.0 0.0 

6 Los Azufres MICH 
03-
Western CFE 225.0 225.0 1,749.8 

7 Los Humeros PUE 02-Eastern CFE 68.6 68.6 465.1 

8 Tres Vírgenes BCS 10-Mulegé CFE 10.0 10.0 48.0 

                                Total 925.6 883.6 6,331.0 
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1/ SS: Self-supply; CFE: Federal Electricity Commission. 2/ Stations with an interconnection contract with the CENACE (S/C: without an 
interconnection contract). 
Source: SENER. 

Mexico has an incredible potential of geothermal resources that, with the support of the Energy Reform and 
the Geothermal Energy Law may have a larger private participation, since this technology requires high 
investment levels. 

Table 2.8 shows the probable capacity and generation potential of geothermal power, which help to infer the 
possible opportunities to develop the geothermal industry in Mexico.  

TABLE 2. 8. PROBABLE CAPACITY AND GENERATION POTENTIAL WITH SCENARIOS OF 
GEOTHERMAL POWER 

(MW, GWh) 

Scenario 
Installable 

Capacity (MW) 
Generation Power 

(GWh/y) 

1 174.0 1,373.0 

2 399.0 3,146.0 

3 571.0 4,509.0 

4 125.0 986.0 

Source: SENER. 

To increase the use of this renewable source it is expected to increase the capacity by 894.4 MW in 2030. 
From these, 158.0 MW are under construction phase or about to begin works. To date, there are generation 
permits granted by the CFE (authorized, new, and pending ones) for 681.4 MW (see Figure 2.22). 

FIGURE 2. 22. ADDITIONAL CAPACITY PER STATUS OF THE GEOTHERMAL  
TECHNOLOGY PROJECT, 2016-2030 

(MW) 

   
1/ Includes those generation projects with status: Conditional on; Cancelled in PEF 2016, with advances on the interconnection process 
before the CENACE and suspended. 
Source: SENER. 

Since the publication of the Geothermal Energy Law, the SENER has granted 21 permits for exploring 
geothermal resources in seven states of the Mexican Republic, consolidating the rise of the Mexican 
geothermal industry. 

Under the new planning scheme, where it is expected a larger collaboration from the private sector in the 
participation of geothermal generation projects, it has been considered a share of 40.7% from projects under 
the modality of generics. As for CFE, it will participate with 21.2% of the capacity to be installed towards 
2030 (see Figure 2.23). 

FIGURE 2. 23. ADDITIONAL CAPACITY BY MODALITY FOR GEOTHERMAL TECHNOLOGY,  
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2016-2030 
(MW) 
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1/ Includes projects with modality of Import and Export, and generic projects. 
Source: SENER. 

In Mexico, geothermal energy is being developed and used under a new scheme which affords full legal 
certainty to investors. Thanks to its high potential to obtain electricity, it is expected an installed capacity of 
87.8% to reach 1,760.0 MW by the end of the planning period, while generation will rise to 12,463.8 GWh. 

FIGURE 2. 24. BEHAVIOR OF THE CAPACITY ADDITIONS, INSTALLED CAPACITY, AND GENERATION 
WITH GEOTHERMAL TECHNOLOGY, 2016-2030 

(MW, GWh) 
  

 
Source: SENER. 
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2.4.4. Electricity Generation with Solar Photovoltaic Power 

After the publication of the First Interconnection Contract for Solar Power Source in Small Scale, and the 
start-up of the first large-scale photovoltaic plant in 2011, the installed capacity with solar power increased 
from 18.5 MW to 170.24 MW, and electricity generation, from 8.8 GWh to 190.26 GWh by 2015. This 
increase has been strengthened by an important growth of Non-Utility Interconnection Contracts (Small and 
Medium Scale), which have displayed important growth rates since 2010 (see Figure 2.25). 

FIGURE 2. 25. INSTALLED EFFECTIVE CAPACITY AND GROSS GENERATION FROM SOLAR 
PHOTOVOLTAIC POWER PLANTS, 2005-2015 

(MW, GWh) 
  

 
Source: SENER. 

To 2015, Mexico recorded nine solar photovoltaic power plants distributed in different operating areas: two 
in Baja California, one in Baja California Sur, one in the Northwest two in the Western, one in the Central, and 
one in Mulege. Jointly, they have 56.0 MW of capacity, and generated 78.0 GWh of electricity (see Figure 
2.26 and Table 2.9). 
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FIGURE 2. 26. CAPACITY AND ELECTRICITY GENERATION WITH PHOTOVOLTAIC POWER BY 

CONTROL AREA 
(MW, GWh) 
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Source: SENER. 

TABLE 2. 9. SOLAR GENERATION POWER PLANTS, 2015 
(MW, GWh) 

  

No. Power Station Federal 
Entity

Control 
Region

Scheme 
1/

Total Effective 
Capacity

(MW)

Capacity in the 
interconnection 
agreement 2/

(MW)

Gross 
Generation

 (GWh)

1 Autoabastecimiento Renovable, S. A. de C. V. AGS 03-Western SS 0.8 0.8 3.2

2 Coppel, S. A. de C. V. SON 04-Northwest SS 1.0 1.0 0.7

3 Generadora Solar Apaseo, S. A. P. I. de C. V. GTO 03-Western SS 1.0 1.0 0.0

4 Iusasol Base, S. A. de C. V. MEX 01-Central SS 0.9 0.9 0.0

5 Plamex, S. A. de C. V. BC
08-Baja 
California

SS 1.0 1.0 1.8

6 Tai Durango Uno, S. A. P. I. de C. V. DGO 05-North SS 15.6 15.2 29.5

7 Cerro Prieto BC
08-Baja 
California

CFE 5.0 5.0 10.7

8 Sta. Rosalía (Tres Vírgenes) BCS 10-Mulegé CFE 1.0 1.0 2.0

9
Servicios Comerciales de Energía, S. A. de C. V. 
(Aura Solar)

BCS
09-Baja 
California Sur

P.P. 30.0 29.8 30.4

56.3 55.8 78.2 Total
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1/ SS: Self-supply; CFE: Federal Electricity Commission; SP: Small Production. 2/ Stations with an interconnection contract with the CENACE 
(S/C: without an interconnection contract). 
Source: SENER. 

The large potential of solar power was reflected on the results of the second electricity auction, winning 54% 
of the total required (4,836,597 MWh). It is worth to mention that the clean energy acquired in this auction 
is equivalent to approximately 3% of the annual electricity generation in Mexico. By the end of 2019, it is 
expected a capacity addition of 5,400 MW (20 times the current capacity), due to the capacity additions 
from the new power plants, and to the winning projects of the first and second auction, which will contribute 
with 1,691 MW and 1,853 MW, respectively. 

As observed in Table 2.10, the installable capacity in the four scenarios is high, and with this technology's 
prices having a considerable decrease globally (as detailed in the next chapter), this technology becomes 
highly competitive.  

TABLE 2. 10. PROBABLE CAPACITY AND GENERATION POTENTIALS WITH SCENARIOS FOR SOLAR 
PHOTOVOLTAIC POWER 

(MW, GWh) 
 

Scenario Type 
Installable Capacity 

(MW) 

Generation 
Power 

(GWh/y) 

1 
Solar fixed 965,373.0 1,716,274.0 

Solar tracking 691,925.0 1,692,453.0 

2 
Solar fixed 537,134.0 957,726.0 

Solar tracking 379,007.0 925,270.0 

3 
Solar fixed 127,722.0 228,485.0 

Solar tracking 89,667.0 218,658.0 

4 
Solar fixed 395,664.0 701,229.0 

Solar tracking 287,455.0 694,568.0 
 

Source: SENER. 

By 2015, the installed capacity from solar photovoltaic (PV) power was of 190.3 MW, and it is expected an 
increase of 6,834.8 MW in new projects. From the other projects considered, 56.3% are under construction 
phase or about to begin works; 24.8% are projects to be put out to tender or allocated in the first long-term 
electricity auction, and 18.9% for the rest (see Table 2.77). 

FIGURE 2. 27. ADDITIONAL CAPACITY PER STATUS OF THE PROJECT OF SOLAR PHOTOVOLTAIC 
TECHNOLOGY, 2016-203014 

(MW) 

                                                           
14 Does not include capacity additions from the results of the second electricity auction. 
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1/ Includes those generation projects with status: Conditional on; Cancelled in PEF 2016, with advances on the interconnection process 
before the CENACE and suspended. 
Source: SENER. 

Regarding the capacity to be installed during the planning period by modality, there is a large share from the 
private sector (see Figure 2.28). 

FIGURE 2. 28. ADDITIONAL CAPACITY BY MODALITY FOR SOLAR PH TECHNOLOGY, 2016-2030 
(MW) 
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1/ Includes projects with modality of Import and Export, and generic projects. 
Source: SENER. 

Solar PV power is now playing an important role in the electricity generation of some countries. This is due 
mainly to the fast decrease of its costs, which has made non-subsided electricity generated with solar PV 
power be able to compete with fossil-fuels costs. 

As for Mexico, it is foreseen an increase of 568.2% on installed capacity, going from 1,031.2 MW in 2016, 
to 6,890.9 MW in 2030. There will be two transcendental periods for the electricity generation capacity 
addition, the first one will be between 2016 and 2018, with almost 3,546.6 MW. The second period 
comprises from 2020 to 2030, being in 2025, 2026, and 2027 which will have the largest capacity 
additions with 3,288.1 MW. 

As for electricity generation, this will increase 2,180.7% (equivalent to 12,140.4 GWh), reaching 12,697.1 
GWh by the end of the prospected period. 

 

 



 
 

61 

 

 

 

 

 

FIGURE 2. 29. BEHAVIOR OF THE CAPACITY ADDITIONS, INSTALLED CAPACITY, AND GENERATION 
FROM SOLAR PHOTOVOLTAIC TECHNOLOGY, 2016-2030 

(MW, GWh) 
 

 

Source: SENER. 

2.4.5. Electricity Generation with Bioenergy 

According to the Law for the Promotion and Development of Biofuels (LPDB, for its Spanish acronym), 
biofuels are defined as: 

"Fuels obtained from the biomass of organic matter from activities such as agriculture, livestock, sylvicultural, 
aquaculture, algaculture; fish, household, commercial, industrial, micro organic, and enzymes residues, as well 
as its derivatives, produced by sustainable technological processes that comply with the quality 
specifications and standards established by the competent authority in terms of the LPDB15." 

The increase on the share of biofuels in the electricity generation matrix helps to meet the growing demand 
for energy, and contributes to achieve the environmental goals set to decrease pollutants. 

Two types of bioenergy are used in Mexico: biomass and biogas for electricity generation. These energy 
sources are a different alternative to the replacement of fossil fuels, and in recent years, have grown their 
potential to have a place within the energy matrix thanks to the issuance of the LPDB. 

In Mexico, the biomass used to generate electricity in mainly obtained from sugarcane bagasse. The installed 
capacity from sugarcane bagasse increased 906.5%, going from 66.6 MW to 599.1 MW by the end of 
2015.  

                                                           
15 http://www.diputados.gob.mx/LeyesBiblio/PDF/LPDB.pdf  



 
 

62 

Regarding electricity generation, 1,187.3 GWh were produced, 1,084.6 GWh more than in 2005 (102.6 
GWh), an increase of 1,056.8% throughout 2005-2015 (see Figure 2.30). 
 
 
 
 
 
 
 

FIGURE 2. 30. INSTALLED CAPACITY AND GROSS ELECTRICITY GENERATION WITH  
SUGARCANE BAGASSE, 2005-2015 

(MW, GWh) 

 

Source: SENER. 

Biogas is a product from the anaerobic digestion of organic matter. It is generated through a series of 
reactions in different degradation stages related to the activity of a microbial consortium of varied bacteria, 
including methanogens. it is mainly composed by carbon dioxide and methane, and mostly comes from 
landfills and biodigestion plants. 

Among the main uses of biogas there are industrial processes, vehicle, boilers, and cogeneration; the latter 
contributes to GHG mitigation, as a result of the electricity generation process. 

The SENER, along with the SEMARNAT and the German Agency for International Cooperation (GIZ, for its 
acronym in German), estimates the country has a potential of 3.1 million tons of municipal solid waste per 
year, to be used in the cement co-processing in Mexico, a potential that could replace 30% of the thermal 
energy generated with petroleum coke and coal in that sector. 

The National Forestry Commission (CONAFOR, for its Spanish acronym), through the National Program of 
Forest Plantations (PRODEPLAN, for its Spanish acronym), forecasts potential power plantations for 2023 in 
16.3 million hectares. The energy potential from these plantations would reach between 450 and 1,246 PJ. 

To December 2015, were granted four production permits, three trading permits, and 42 transportation 
permits. 

Between 2005 and 2015, the installed capacity for electricity generation with biogas rose from 19.3 MW to 
80.8 MW, an increase of 258.9% during the same period, recording 203.5 GWh by the end of 2015 (see 
Figure 2.31). 
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FIGURE 2. 31. INSTALLED EFFECTIVE CAPACITY AND GROSS ELECTRICITY GENERATION  
WITH BIOGAS, 2005-2015 

(MW, GWh) 

 

Source: SENER. 

The country has 70 power plants using bioenergy, whether biomass or biogas. The regions with the largest 
production of electricity through these biofuels are the Western and Eastern ones, with 598.0 GWh and 
389.0 GWh, respectively. This is related to the amount of sugar cane mills in that region, being the state of 
Veracruz the most important one in sugarcane production. 

In 2015, the Peninsular area, with only one power plant, generated 40.0 GWh; and the North area, with three 
plants and a joint capacity of 9.0 MW, generated 24.0 GWh, which is a great effort to using this energy 
source (see Figure 2.32 and Table 2.11). 
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FIGURE 2. 32. CAPACITY AND ELECTRICITY GENERATION WITH BAGASSE  

BY CONTROL AREA, 2015 
(MW, GWh) 
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Source: SENER. 
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TABLE 2. 11. GENERATION POWER PLANTS WITH BIOENERGY, 2015 
(MW, GWh) 

No. Power Station 
Federal 
Entity 

Control 
Region 

Scheme 
1/ 

Total 
Effective 
Capacity 

(MW) 

Capacity in the 
interconnection 

agreement2/ 
(MW) 

Gross 
Generation 

 (GWh) 

1 Azsuremex, S. A. de C. V. TAB 02-
Eastern 

SS 2.5 S/C 2.9 

2 Bsm Energy de Veracruz, S. A. de 
C. V. 

VER 02-
Eastern 

SS 12.8 12.8 27.1 

3 Compañía Azucarera de Los 
Mochis, S. A. de C. V. 

SIN 04-
Northwest 

SS 14.0 S/C 17.3 

4 Compañía Azucarera del Río 
Guayalejo, S. A. de C. V. TAMS 06-

Northeast 
SS 

45.5 S/C 22.7 

5 Compañía Azucarera la Fé, S. A. 
de C. V. 

CHIS 02-
Eastern 

SS 13.1 S/C 25.5 

6 Cooperativa La Cruz Azul, S. C. L. AGS 03-
Western 

SS 1.0 1.0 0.0 

7 Ecosys III, S. A. de C. V. GTO 03-
Western 

SS 1.7 S/C 1.2 

8 Empacadora San Marcos, S. A. de 
C. V. 

PUE 02-
Eastern 

SS 1.0 S/C 0.0 

9 Energy Láctea, S. A. de C. V. CHIH 05-North SS 0.8 0.8 0.0 

10 Fideicomiso Ingenio Plan de San 
Luis SLP 06-

Northeast 
SS 9.0 S/C 23.4 

11 Grupo Azucarero San Pedro, S. A. 
de C. V. VER 02-

Eastern 
SS 10.0 S/C 33.4 

12 Impulsora de La Cuenca del 
Papaloapan, S. A. de C. V. VER 02-

Eastern 
SS 24.2 S/C 53.1 

13 Ingenio Adolfo López Mateos, S. 
A. de C. V. OAX 02-

Eastern 
SS 13.5 S/C 28.9 

14 Ingenio Alianza Popular, S. A. de 
C. V. SLP 06-

Northeast 
SS 6.4 S/C 20.0 

15 Ingenio El Higo, S. A. de C. V. VER 06-
Northeast 

SS 21.8 S/C 38.1 

16 Ingenio El Mante, S. A. de C. V. TAMS 06-
Northeast 

SS 5.8 S/C 9.0 

17 Ingenio El Molino, S. A. de C. V. NAY 03-
Western 

SS 10.0 S/C 15.1 

18 Ingenio Eldorado, S. A. de C. V. SIN 04-
Northwest 

SS 9.6 S/C 6.8 

19 Ingenio Lázaro Cárdenas, S. A. de 
C. V. MICH 03-

Western 
SS 5.5 S/C 8.3 

20 Ingenio Melchor Ocampo, S. A. 
de C. V. JAL 03-

Western 
SS 6.1 S/C 27.2 

21 Ingenio Nuevo San Francisco, S. 
A. de C. V. VER 02-

Eastern 
SS 6.5 S/C 13.3 

22 Ingenio Presidente Benito Juárez, 
S. A. de C. V. TAB 02-

Eastern 
SS 14.0 S/C 21.7 

23 Ingenio San Francisco Ameca, S. 
A. de C. V. JAL 03-

Western 
SS 4.5 S/C 14.4 

24 Ingenio San Miguelito, S. A. de C. 
V. VER 02-

Eastern 
SS 5.2 S/C 7.1 

25 Ingenio San Rafael de Pucté, S. A. 
de C. V. QR 07-

Peninsular 
SS 9.0 S/C 39.8 

26 Ingenio Tala, S. A. de C. V. JAL 03-
Western 

SS 12.0 S/C 1.3 
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27 Ingenio Tamazula, S. A. de C. V. JAL 03-
Western 

SS 10.5 S/C 44.7 

28 Ingenio Tres Valles, S. A. de C. V. VER 02-
Eastern 

SS 12.0 40.0 0.0 

29 Kimberly-Clark de México, S. A. 
de C. V. VER 02-

Eastern 
SS 10.0 10.0 0.0 

30 Lorean Energy Group, S. A. P. I. 
de C. V. COAH 06-

Northeast 
SS 2.1 2.1 0.0 

31 

Nacional Financiera, Sociedad 
Nacional de Crédito, Institución 
de Banca de desarrollo, Como 
Fiduciaria En El Fideicomiso 
denominado “Fideicomiso 
Ingenio Emiliano Zapata” 

MOR 
01-
Central 

SS 

8.6 S/C 18.3 

32 

Servicios de Agua Y Drenaje de 
Monterrey, Institución Pública 
descentralizada del Gobierno del 
Estado de Nuevo León, Planta 
Dulces Nombres 

NL 06-
Northeast 

SS 

9.2 S/C 0.4 

33 

Servicios de Agua Y Drenaje de 
Monterrey, Institución Pública 
descentralizada del Gobierno del 
Estado de Nuevo León, Planta 
North 

NL 06-
Northeast 

SS 

1.6 S/C 0.0 

34 
Sociedad Autoabastecedora de 
Energy Verde de Aguascalientes, 
S. de R. L. de C. V. 

AGS 03-
Western 

SS 
2.6 2.7 11.0 

35 
Tmq Generation Energy 
Renovable, S. A. P. I. de C. V. QRO 

03-
Western 

SS 
1.4 2.7 0.0 

36 Transformadora de Energy 
Eléctrica de Juárez, S. A. de C. V. CHIH 05-North 

SS 
6.4 6.4 24.9 

37 
Destileria del Golfo, S.A. de C.V. 
(Alcoholera de Zapopan, S.A. de 
C.V.) 

VER 02-
Eastern COG. 8.0 8.0 7.2 

38 Atlatec, S. A. de C. V. QRO 03-
Western COG. 1.0 1.0 3.8 

39 Atlatec, S. A. de C. V., Planta El 
Ahogado JAL 03-

Western COG. 2.8 S/C 7.7 

40 Bio Pappel, S. A. B. de C. V., 
Planta Atenquique JAL 03-

Western COG. 15.5 S/C 27.4 

41 Bioenergy de Nuevo León, S. A. 
de C. V. NL 06-

Northeast COG. 17.0 17.0 98.9 

42 Conservas La Costeña, S. A. de 
C. V. y Jugomex, S. A. de C. V. 

MEX 01-
Central 

COG. 1.0 S/C 3.8 

43 Energy Renovable de Cuautla, S. 
A. de C. V. MOR 01-

Central COG. 1.1 1.1 0.0 

44 Huixtla Energy, S. A de C. V. CHIS 02-
Eastern COG. 12.0 12.0 23.3 

45 Piasa Cogeneration, S. A. de C. V. VER 02-
Eastern COG. 40.0 40.0 132.4 

46 Renova Atlatec, S. A. de C. V. JAL 03-
Western COG. 11.4 S/C 0.0 

47 Tala Electric, S. A. de C. V. JAL 03-
Western COG. 25.0 25.0 94.5 

48 Ener-G, S. A. de C. V. DGO 05-North P.P. 1.6 1.6 2.4 

49 Energreen Energy Pi, S. A. de C. 
V. MEX 01-

Central P.P. 0.6 0.6 1.5 

50 Central Motzorongo, S.A. de C.V. VER 02-
Eastern U.P.C. 20.0 S/C 13.4 
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51 Compañia Azucarera La 
Concepcion, S.A. de C.V. VER 02-

Eastern U.P.C. 4.2 S/C 0.5 

52 Compañia Industrial Azucarera, 
S.A. de C.V. VER 02-

Eastern U.P.C. 5.5 S/C 12.8 

53 Fideicomiso Ingenio Atencingo PUE 02-
Eastern U.P.C. 15.0 S/C 28.6 

54 Fideicomiso Ingenio La 
Providencia VER 02-

Eastern U.P.C. 7.0 S/C 10.0 

55 Ingenio El Carmen, S.A. VER 02-
Eastern U.P.C. 6.8 S/C 6.4 

56 Ingenio El Modelo, S.A.  VER 02-
Eastern U.P.C. 9.0 S/C 12.2 

57 Ingenio El Potrero, S.A. VER 02-
Eastern U.P.C. 10.0 S/C 20.2 

58 Ingenio El Refugio, S.A. de C.V. OAX 02-
Eastern U.P.C. 4.0 S/C 0.7 

59 Ingenio La Gloria, S.A. VER 02-
Eastern U.P.C. 52.5 21.5 17.7 

60 Ingenio La Margarita, S. A. de C. 
V. OAX 02-

Eastern U.P.C. 7.3 S/C 26.8 

61 Ingenio Mahuixtlán, S. A. de C. V. VER 02-
Eastern U.P.C. 3.3 S/C 5.2 

62 
Fomento Azucarero del Golfo, 
S.A. (Ingenio Panuco, S.A.P.I. de 
C.V.) 

VER 06-
Northeast U.P.C. 17.6 S/C 26.6 

63 Ingenio Plan de Ayala, S.A. de 
C.V. SLP 06-

Northeast U.P.C. 16.0 S/C 24.1 

64 Ingenio Queseria, S.A. de C.V. COL 03-
Western U.P.C. 5.5 S/C 25.4 

65 Ingenio San Jose de Abajo, S.A. 
de C.V. VER 02-

Eastern U.P.C. 8.0 S/C 6.8 

66 Ingenio San Miguel del Naranjo, 
S.A. de C.V. SLP 03-

Western U.P.C. 49.3 49.3 93.4 

67 Ingenio San Nicolas, S.A. de C.V. VER 02-
Eastern U.P.C. 14.4 14.4 44.7 

68 Ingenio Santa Clara, S.A. de C.V. MICH 03-
Western U.P.C. 9.1 S/C 12.6 

69 

Nacional Financiera, Sociedad 
Nacional de Crédito, Institución 
de Banca de desarrollo, Como 
Fiduciaria En El Fideicomiso 
Ingenio Casasano 

MOR 01-
Central U.P.C. 3.4 S/C 4.9 

70 Santa Rosalia de La Chontalpa 
S.A. de C.V. TAB 02-

Eastern U.P.C. 25.2 25.2 16.4 

                                Total 759.8 295.2 1,369.2 

 

Source: SENER. 

In Mexico, organic residues and biomass in general, have a great potential for biogas generation to produce 
electricity or for vehicle use, the same as forest biomass or the production of pellets to generate heat or 
electricity. 

There is a meaningful potential for bioenergy capacity and generation; for Scenario 1, the installable capacity 
is of 1,097.0 MW, and of 6,694.0 GWh for generation. Though, for Scenario 3, a higher level is presented, as 
shown in the following table: 
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TABLE 2. 12. PROBABLE POTENTIAL OF CAPACITY AND GENERATION FOR SCENARIOS OF 
BIOENERGY 

(MW, GWh) 

Scenario 
Installable 

Capacity (MW) 
Generation Power 

(GWh/y) 

1 1,097.0 7,694.0 

2 1,231.0 8,631.0 

3 1,478.0 10,365.0 

4 125.0 986.0 

 

Source: SENER. 

Between 2016 and 2030, 60.8 MW of electricity generation capacity will be added; from this, all the 
projects are currently under construction or about to start works, and correspond to the modality of small 
producer, as shown in the following figures: 

FIGURE 2. 33. ADDITIONAL CAPACITY BY STATUS OF THE PROJECT AND MODALITY OF THE 
BIOENERGY TECHNOLOGY, 2016-2030 

(MW) 

 

Source: SENER. 

 
FIGURE 2. 34. BEHAVIOR OF THE CAPACITY ADDITIONS, INSTALLED CAPACITY, AND GENERATION 

IN BIOENERGY TECHNOLOGY 2016-2030 
(MW, GWh) 

  

Source: SENER. 
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2.5. Biofuels for the Transportation Sector 

The main technologies to produce biofuels are: bioethanol, produced by the fermentation of the glucose 
from some agricultural products (sugarcane, beet, corn); and biodiesel, produced by the transesterification of 
oils derived from oil crops, organic residual oils, fats, and natural gas from the biogas of landfills and 
biodigestion plants. 

By 2016, Mexico's advances on biofuels are mainly focused in the design and strengthening of the public 
policy to foster the production and use of biofuels, and to introduce them into the product range which will 
diversify the country's energy matrix. 

Thereby, through the Intersecretarial Commission for the Introduction of Biofuels, governed by the 
Secretariat of Energy, and with Pemex, the use of anhydrous ethanol in gasolines have been implemented 
using a concept test which considers a blend to 5.8% of anhydrous ethanol in Magna gasoline in Tamaulipas, 
San Luis Potosí, and Veracruz. The test will last ten years, and a maximum volume of 2,221.5 million liters 
will be commercialized. 

According to its origin and processing technology, biomass resources to produce biodiesel can be divided into 
1st, 2nd, and 3rd generation. First generation resources are fatty acids contained in the lipids synthesized by 
vegetables and animals (mostly, vegetable oils from oily seeds and fruits). Second generation ones are 
lignocellulosic materials -vegetable, residual, or cultured- whose hydrocarbons can be transformed into 
alkanes of C10 to C12 using different technologies (Fischer-Tropsch synthesis, hydrolysis followed by 
reformation or isomerization, and hydrotreating). Third generation ones are microorganisms’ cultures, 
selected or modified, to produce certain biodiesel precursor molecules (lipids and fatty acids). 

2.5.1. Chain Value and Current Costs of Biodiesel Production in Mexico 

Currently, biodiesel can be produced from the following feedstock: a) used oils and fats16; and b) crude 
vegetable oils. Though, the only chain value currently operating is the one from used oils and fats, since the 
production with crude oils could not be sustained at competitive prices. 

                                                           
16 Animals fats used to produce biodiesel have different sources and qualities: the more abundant ones come from 
rendering processes, used to obtain meat meal, bone meal, feather meal, and other coproducts from the residuals of the 
meat packing industry like tallow, bones, guts, bacon, hides, skins, and other. Some are "primary" fats, and other are 
"secondary" or recycled. 
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TABLE 2. 13. FACTORS INTERVENING IN THE PRODUCTION CHAIN VALUE  

FROM USED OILS AND FATS 

Input Oils used Animal Fats

Factors 
intervening in 

the 
production 

chain

• Raw-material producers: Users of 
cooking oils -its usage and separation 
practices define the possible levels of 
recovery and the quality of the raw 
material;
• Collectors: Their organization level 
and efficiency have an impact over final 
costs and their collection effiency;
• Stockpilers and processors: accumulate 
and refine used oils (many of them are 
producers as well);
• Diesel producers: are specialized in 
converting oils into biodiesel, in the final 
disposition of its coproducts and 
residuals (glycerine and final effluents), 
and in the trading distribution of 
biodiesel.

• Raw-material producers: 
Slaughterhouses, fatteries, 
processors of pork derivatives (such 
as carnitas, pork rind and lard);
• Collectors slaughterhouses fats;
• Biodiesel producers.

 

Installed Capacity 

Mexico has biodiesel plants with a joint production capacity of 4,182 m3/y, at demonstrative scale, which 
are currently operating or about to start up (see Table 2.14). 

TABLE 2. 14. COMMERCIAL BIODIESEL PLANTS 

New plants with the support of SAGARPA Capacity Support Contribution Total Input   

Program Year State Beneficiary m3/y MDP MDP MDP $/m3 

Bio-
economy 2,010.0 PUE GRIMA 

Biodiesel  90.0 1.8 4.2 6.0 Used oil 66,667.0 

PEF 2,011.0 PUE PROBIORAM 950.0 2.8 6.6 9.4 Animal 
fat 9,895.0 

PEF 2,014.0 BC ENRIMEX 74.0 10.5 10.7 21.2 Ricinus 286,486.0 

PEF 2,015.0 DUR Coop. Agr. 
Luz Michell 1,440.0 1.5 1.9 3.4 Animal 

fat 2,361.0 

PEF 2,015.0 MEX BIORECEN 628.0 7.7 3.1 10.8 Animal 
fat 17,197.0 

PEF 2,015.0 OAX RICINOMEX 1,000.0 0.8 0.8 1.6 Ricinus 1,600.0 

      TOTAL 4,182.0 25.1 27.3 52.4     

Source: Data from SAGARPA, 2015 

Besides, there are four companies which collect used cooking oil for producing biodiesel: 
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1. Reoil Mexico: collects waste cooking oil (WCO). It mainly operates in Mexico City and Toluca; 
produces "Pre TPO" (Pre-technical plant oil) that is exported to the European Union where it is 
processed for biodiesel. It has two plants in Europe. 

2. MORECO: collects WCO and convert it into diesel. It works in Michoacán, Guanajuato, and 
Queretaro. It has three plants, one in each state. It processes from 100 to 200 m3/y. 

3. Biofuels de Mexico: collects WCO and produce biodiesel in Puebla, Toluca, Cuernavaca, 
Tlaquepaque, Zapopan, Tonala, Veracruz, Córdoba, Xalapa, Boca del Río, Queretaro, Cancun, Playa 
del Carmen, and Chetumal. It produces 288 m3/y, with a maximum amount of 3 m3/day. 

4. SOLBEN de Monterrey (Nuevo Leon): collects WOC, produces biodiesel, sells biodiesel plants, 
and provide services as characterization of seeds and oils, technical support, automation, and quality 
analysis of biodiesel. The production capacity of its plant is of 80 m3/month or 960 m3/year. 

Three biodiesel production plants have ceased their operations. 

1. In Cadereyta, Nuevo León, established in 2005 by Grupo Energéticos, with the participation 
of ITESM Campus Monterrey; it used animal fats (beef tallow and poultry fat) and waste vegetable 
oils. Its installed capacity was of 18,000 m3/year. It ceased operations in 2011. 

2. In Lazaro Cardenas, Michoacán, a plant was installed aside a vegetable oil factory, with a 
capacity of 9,000 m3/year. It was opened in 2007, and used jatropha curcas and ricinus; due to the 
lack of the production of those crops, it closed in 2008. 

3. In Chiapas in 2010, the Biofuels Institute of Chiapas installed a plant of 10,000 m3/y. It 
would use Jatropha curcas, but there was no seed production. It closed in 2011. 

Diesel Production Costs with Used Oils 

For the calculation of the costs, two options currently existing in the country were considered: 

1. The company pays a price already settled for the used oil to be "put into the biodiesel 
factory" (there are independent collectors in charge of taking it into the factory). Mexico reports 
that, between 7.00 and 8.00 $MXN/l are paid for used oil at the door of the factory, with a 
conversion ratio of 1:1 oil to diesel (in volume). Oil is the main component (55%) of the production 
cost for biodiesel with used oil, which is estimated in $13.72 pesos. 

TABLE 2. 15. PRODUCTION COSTS WITH OIL PUT INTO FACTORY 

Concept Costs  

Recycled oil (put in the plant) 7.5 

Electricity 0.2 

LP Gas 0.2 

Methanol 1.5 

Operation and Maintenance 3.6 

Potassium hydroxide (KOH) 0.3 

Investment Recovery 0.5 

Total 13.7 
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Source: REMBIO (2016) based on surveys from two biodiesel companies in 2016. 

2. The company in charge of the collection of used oil pays a price in the beginning. The 
company producing biodiesel pays 2 pesos per each liter of oil received, and cover for the collection 
costs. The estimated cost production for this option is of $11.10 pesos per liter. 

 
TABLE 2. 16. PRODUCTION COSTS WITH OIL COLLECTION 

($MXN/l) 

Concept Cost 

Recycled oil  2.0 

Recollection 2.8 

Electricity 0.2 

LP Gas 0.2 

Methanol 1.5 

Potassium hydroxide 0.3 

Operation and Maintenance 3.6 

Investment Recovery 0.5 

Total 11.1 
 

Source: REMBIO (2016), based on surveys from two biodiesel companies. 

Biodiesel Production Costs with Fats 

The main component of biodiesel production costs with animal fats is the raw material cost. According to the 
estimates, beef tallow is paid in 8 to 12 pesos per kg at the factory's door, while for pork fat the price is of 
12 to 20 pesos per kg. 

TABLE 2. 17. PRODUCTION COSTS WITH BEEF TALLOW 
($MXN/l) 

Concept Cost 

Tallow (put in the plant) 8.0-12.0 

Electricity 0.2 

LP Gas 0.2 

Methanol 1.5 

Potassium hydroxide 0.3 

Workforce 3.4 

Operation and Maintenance  0.2 

Investment Recovery 0.5 

Total 14.22-18.22 
 

Source: REMBIO (2016), based on surveys from a biodiesel company. 
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2.5.2. Resource to Produce Biodiesel 

Status of the sector and available resources to produce biodiesel 
 

The main raw materials currently available to produce biodiesel in Mexico are the WCOs. There is an 
emerging trading activity for collecting and processing WCOs, with an installed capacity of less than two 
thousand m3/y, which operates to the great extent, informally. There is a wide potential for the expansion 
of this sector, since it could be possible to obtain from 120 thousand up to 360 thousand m3/y in cities with 
more than 100 thousand inhabitants if there were a recovery rate of 10% to 30% of the apparent 
consumption. The estimates costs for biodiesel produced with waste oil vary from 11.12 to 13.70 
$MXN/liter. 

Producing biodiesel with animal fats is technically possible, since there are between 176 and 215 thousand 
T/year of fats that could be converted into biodiesel, with a production of 154 to 194 thousand m3/y. 
However, animal fats prices are high (from 8 to 12 $MXN/kg for beef tallow, and from 12 to 20 $MXN/kg 
for pork fat), making biodiesel production costs between 14 and 26 $MXN/liter. 

To date, there are not crude oils surpluses in Mexico to produce biodiesel. The national production of crude 
oils depends on the import of vegetable oils (or of crude oils). Mexico harvests three main oil crops: soy, 
palm, and coconut. From these, 271 thousand T (300 thousand m3) were obtained of crude vegetable oils in 
2014. The apparent national consumption of oils was of 3.4 million m3 in 2014, so the national production 
of those raw materials only covered 9% of the demand making it necessary to import oily seeds and oils for 
91% of the consumption. 

Mexico has a growing trend in producing vegetable oils, and if this trend keeps the same rate of the last 
decade, it would be possible to produce 350 thousand tons of oil in 2020, and 540 thousand tons in 2030, 
equivalent to cover almost one sixth of the oil's national consumption with the national vegetable oils crop. 

It is also technically possible to expand some oil crops in a more intensive way, producing biodiesel in 
plantations dedicated to this purpose. To not compete with the production of food and respect the principles 
established in the LPDB, only grazing lands could be used (with no current agricultural or forestry use). There 
are many grazing lands, but few of them have the appropriate environmental conditions (of soil, weather, and 
topography) for sites with a high productive quality. For the highest productive crop, which is palm oil, the 
most suitable lands are in the Southeast humid tropic. The suitable ones for coconut are limited to the 
South-central Pacific and the Gulf of Mexico. The rest of the vegetable oils (soy, sunflower, ricinus, jatropha) 
can be planted with medium or high yields in areas with a precipitation of more than 900 mm during the crop 
cycle, and moderate limits of soil and slope of the land. 

It shall be noticed that planting crops in lands whose real productivity is lower than the maximum of that 
crop, unitary production costs increase as the land's suitability decreases. Presuming the new crops are 
expanded only into lands corresponding to the first two classes of production cost (with a raw material cost 
up to 15 $MXN/l), up to 4.4 million m3 of oil per year (equivalent to ~4.4 million m3 of biodiesel) be 
obtained, using 3.5 million hectares, with raw material costs between 6.29 and 12.17 $MXN/l of oil 
equivalent. If the expansion continued including the other three types more expensive costs (up to 30 
$MXN/l), it would be possible to increase production up to a total 5.3 million m3/year, but with marginal 
costs sharply rising (from 17.87 up to 27.93 $MXN/l). 

The total area of grazing lands in Mexico is of about 13 million hectares. Transforming grazing lands into 
crop areas in areas with high productivity and a lower production cost (up to 1.9 million hectares) would 
result in a biodiesel supply of up to 3.2 million m3/y. This option would not have meaningful impacts over the 
availability of grazing lands to raise cattle (specially, not bovine). Though, further expansions of the 
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cultivated area would result in higher unitary costs for biodiesel, and could sensitively increase the negative 
impact on stockbreeding. 

On the other hand, there are abundant resources lignocellulosic available, such as agricultural residues or 
agroindustrial and forestal coproducts, which in a future could be used to obtain second generation biodiesel 
where these technologies reach their commercial matureness and become competitive. 

In terms of the infrastructure to convert crude oils into biodiesel, it is limited to a reduced number of 
demonstration plants in a very small scale. Three biodiesel production plants were identified which started up 
commercially and ceased operations over the last years due to various reasons. Currently, there are operating 
-or are about to- six small-scale plants, installed with the support of the SAGARPA. The total biodiesel 
production capacity of these plants is below 5,000 m3 per year. 

It is highly improbable a strong penetration of biodiesel under a trend scenario. Given that biodiesel 
production costs are higher than their fossil alternative, the introduction of biodiesel into the market shall be 
through the adoption of supporting policies which would have, in any case, a direct economic cost. This cost 
depends on multiple factors, such as the desired marketing quota for biodiesel, or the future behavior of the 
worldwide oil prices, among other. 

 
Potential of biodiesel production with current crops 
 
Historic data about the surface and production of oil crops17 

Nowadays, oil crops have become the most important sources of fatty acids globally. These crops' industrial 
yields are displayed in Table 2.18. The conversion factors for seed to oil are an average of the industrial yields 
from high-pressure extraction technology (except for soy and sunflower, where two sequential extractions 
are performed, the first one through pressure, and the second one with organic solvent). 

TABLE 2. 18. OIL CROPS YIELDS AS OIL 

  Jatropha Ricinus Canola Sunflower Coconut Palm Soy 

Raw Material kernel kernel kernel grain dry fruit Fresh fruit 
bunches 

t oil / t raw material 0.4 0.4 0.3 0.4 0.2 0.2 0.2 

m3 oil / t raw material 0.4 0.4 0.3 0.5 0.2 0.3 0.2 

 
Source: REMBIO 

In Mexico, the harvested area, yield per hectare, and vegetable oil productions have varied a lot during 2005-
2014. It can be characterized a group of "new" crops which still do not have a clear trend; a second group of 
"minor" crops which remains still or with a downward trend; and a third group of "dynamic" crops which is 
increasing its harvested areas, as well as its yields and production. 

1. "New" crops include Mexican pine nut (Jatropha curcas) and ricinus (Ricinus communis). Its 
contribution to the national oil production are minimum, and its trends are not yet defined. 
 

 

 

                                                           
17 This section is based on the official records of SAGARPA, obtained through consults to the Agroalimentary and Fisheries 
Information Service (SIAP, for its Spanish acronym). 
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TABLE 2. 19. DECENNIAL TREND FOR JATROPHA (ABOVE) AND RICINUS CROPS 

2013 1,014    1,705                               648                              

2014 50          37                                     14                                 

2006 0 0 0

2007 5 1 0

2008 6 9 0

2009 5 4 0

2010 7 4 3

2011 5 4 1

2012 0 0 1

2013 n.a. n.a.

Ricinus

Year
Surface 

(ha) Kernel Production (t) Oil equivalent (m3)
Jatropha

  
n/a: not available. 
Source: REMBIO based on data from SIAP. 

2. "Minor" crops include canola (Brassica rapa) and sunflower (Heliantus annuus). Canola 
displayed a decrease in the last decade, in its harvested area, as well in its production, due to its low 
yields and that it cannot compete with the seed imported from Canada. As for sunflower, it appears 
it has found a market niche of better prices as a specialty. 

TABLE 2. 20. DECENNIAL TREND FOR CANOLA AND SUNFLOWER CROPS 

Canola Sunflower 

Year 
Surface 
(ha) 

Production 
(t) 

Oil equivalent 
(m3) 

Year 
Surface  
(ha) 

Production 
(t) 

Oil equivalent 
(t) 

2004 1,228.0  2,105.0  800.0  2004 90.0  232.0  111.0  

2005 3,794.0  5,162.0  1,962.0  2005 22.0  31.0  15.0  

2006 5,182.0  7,849.0  2,983.0  2006 175.0  178.0  85.0  

2007 2,523.0  3,979.0  1,512.0  2007 3.0  7.0  3.0  

2008 2,422.0  3,849.0  1,462.0  2008 4.0  5.0  3.0  

2009 2,181.0  3,221.0  1,224.0  2009 216.0  332.0  158.0  

2010 6,138.0  7,544.0  2,867.0  2010 1,879.0  3,797.0  1,815.0  

2011 2,851.0  3,531.0  1,342.0  2011 1,850.0  2,826.0  1,351.0  

2012 2,857.0  3,348.0  1,272.0  2012 1,280.0  1,308.0  625.0  

2013 1,791.0  2,871.0  1,091.0  2013 3,610.0  4,546.0  2,173.0  

2014 1,495.0  1,946.0  739.0  2014 14,729.0  16,559.0  7,915.0  
Source: REMBIO based on data from SIAP. 
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3. "Dynamic" crops include coconut (Cocos nucifera), oil palm (Elaeis guineensis) and soy 
(Glycine max). These three crops showed a clear upward trend of their harvested area and/or their 
production during the last decade18. 

TABLE 2. 21. DECENNIAL TREND FOR COCONUT, PALM OIL, AND SOY CROPS 

Year Surface 
(ha)

Production 
(t)

Oil 
equivalent 
(m3)

Year
Surface 
(ha)

Production 
(t)

Oil 
equivalent 
(m3)

Year
Surface 
(ha)

Production 
(t)

Oil 
equivalent 
(m3)

2004 14,154.0 90,704.0 15,873.0 2004 17,836.0 247,905.0 64,703.0 2004 88.8 133.3 24.0

2005 12,980.0 106,168.0 18,579.0 2005 18,376.0 219,270.0 57,229.0 2005 96.1 187.0 33.7

2006 11,978.0 102,231.0 17,890.0 2006 22,033.0 309,582.0 80,801.0 2006 54.2 81.1 14.6

2007 13,111.0 105,390.0 18,443.0 2007 23,804.0 292,499.0 76,342.0 2007 62.6 88.4 15.9

2008 13,228.0 102,240.0 17,892.0 2008 25,918.0 307,757.0 80,325.0 2008 75.8 153.0 27.5

2009 13,154.0 100,800.0 17,640.0 2009 28,239.0 367,084.0 95,809.0 2009 64.7 120.9 21.8

2010 13,315.0 106,881.0 18,704.0 2010 31,804.0 438,172.0 114,363.0 2010 153.5 167.7 30.2

2011 13,409.0 110,867.0 19,402.0 2011 32,701.0 507,011.0 132,330.0 2011 155.5 205.2 36.9

2012 14,077.0 165,723.0 29,002.0 2012 34,249.0 462,662.0 120,755.0 2012 142.3 247.5 44.6

2013 14,099.0 189,313.0 33,130.0 2013 46,094.0 567,554.0 148,131.0 2013 157.4 239.2 43.1

2014 14,833.0 178,833.0 31,296.0 2014 50,868.0 678,935.0 177,202.0 2014 205.6 387.4 69.7

Coconut Palm oil Soy

 

 Source: REMBIO based on data from SIAP. 

Potential of biodiesel production with the expansion of the current crops 
 
To calculate the expansion of vegetable oil crops (palm oil, coconut, soy, sunflower, ricinus, jatropha) solely 
destined to produce oils for biodiesel, it is presumed the lands to be used for the expansion are currently 
grazing lands. The latter, based on the guidelines of the Law on Promotion and Development of Biofuels. The 
total area of grazing lands is of about 13 million hectares (see Figure 2.35). 

                                                           
18 The coconut area harvested stood relatively constant at 13-14 thousand hectares throughout the decade; though, 

there was a major increase beginning in 2012, due probably to a change in the SIAP’s methodology for data collection. 
Thereby, the yield increase recorded from 2013 on may only be apparent. 
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FIGURE 2. 35. SUITABLE AREAS FOR EXPANDING OIL CROPS 

 

Source: REMBIO (2016), with data from INEGI series 5. 

The calculation of the surface was made using a Geographic Information System (GIS). In addition, for the six 
analyzed crops (palm oil, coconut, soy, sunflower, ricinus, and jatropha), it was used seed production and oil 
equivalent; unit and total costs in 1496 groups of polygons19 with an updated coverage of grazing lands. A 
total 908 groups of polygons were obtained environmentally suitable to settle oil crops, assigning to each of 
them a viable crop with the lowest unit cost. From this, it was obtained a production costs useful range of 
5.19 to 29.76 $MXN/l of equivalent oil, and devising a database of growing-costs polygons which was 
divided in 5 "types of cost" (up to 10 $MXN/l; 10 to 15 $MXN/l; 15 to 20 $MXN/l; 20 to 25 $MXN/l; 25 
to 30 $MXN/l). 

Table 2.22 shows the surface, oil production by type of cost and crop, and cost per volume of the oil 
contained in the raw material.  

TABLE 2. 22. EXPANSION POTENTIAL, PRODUCTION, AND COSTS OF OIL CROPS FOR BIODIESEL 

Sort of Cost CROP Surface (ha) 
Oil Production 
(m3) Cost ($MXN/y) 

Oil Unit Cost 
$MN/m3 

  Coconut 525,565.0  1,363,419.0  8,327,789,484.0  6,108.0  

  Palm 522,799.0  1,579,543.0  10,049,816,430.0  6,362.0  

  Soy 827,428.0  306,512.0  2,077,177,599.0  6,776.0  

5 to 10 $MXN/l   1,875,791.0  3,249,474.0  20,454,783,513.0  6,294.0  

  Soy 892,608.0  279,535.0  3,321,832,391.0  11,883.0  

  Palm 635,021.0  701,856.0  8,382,801,890.0  11,943.0  

                                                           
19 Minor unit of analysis in a Geographic Information System based on vectorial files, representing a fraction of the 
terrestrial surface. 
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  Coconut 121,115.0  153,909.0  2,112,791,938.0  13,727.0  

10 to 15 $MXN/l   1,648,743.0  1,135,301.0  13,817,426,219.0  12,170.0  

  Coconut 21,143.0  21,937.0  374,782,383.0  17,084.0  

  Palm 393,096.0  266,780.0  4,662,142,742.0  17,475.0  

  Soy 41,850.0  11,074.0  198,725,298.0  17,945.0  

  Sunflower 270,708.0  209,625.0  3,865,650,894.0  18,440.0  

 15 to 20 $MXN/l   726,797.0  509,415.0  9,101,301,317.0  17,866.0  

  Soy 23,574.0  5,781.0  121,600,355.0  21,034.0  

  Coconut 86,308.0  71,513.0  1,551,718,206.0  21,698.0  

  Palm 49,685.0  25,237.0  562,605,057.0  22,292.0  

  Ricinus 333,162.0  109,909.0  2,572,591,632.0  23,406.0  

  Sunflower 2,056.0  1,239.0  29,743,973.0  24,014.0  

20 to 25 $MXN/l   494,785.0  213,678.0  4,838,259,223.0  22,642.0  

  Ricinus 124,213.0  35,123.0  938,493,357.0  26,720.0  

  Coconut 2,554.0  1,703.0  46,420,233.0  27,251.0  

  Palm 201,234.0  79,555.0  2,207,447,706.0  27,747.0  

  Sunflower 30,995.0  16,001.0  451,133,931.0  28,194.0  

  Soy 272,992.0  56,448.0  1,630,110,367.0  28,878.0  

25 to 30 $MXN/l   631,988.0  188,830.0  5,273,605,594.0  27,927.0  

Source: REMBIO. 

The crop of jatropha was not assigned any land, because every polygon displayed other crops with a higher 
productivity, a lower cost, or a combination of the two. 

The potential oil production resultant from this was organized in the five types of costs previously defined. 
The results of the potential, as occupied hectares and as m3 of oil/year are displayed in the following figures: 
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FIGURE 2. 36. SURFACE FOR OIL PRODUCTION, BY TYPE OF RAW-MATERIALS COST 

 

FIGURE 2. 37. OIL PRODUCTION, BY TYPE OF RAW-MATERIALS COST 

 

Table 2.23 shows the accumulated values obtained by adding the types of growing costs and the average 
costs which result from the consecutive increases of the cultivated area to obtain oil raw materials. 

The results up to this point display the costs for the agricultural phase of the production process, which 
neither include the transportation of the harvest to the oil-extraction plants, nor its conversion into diesel, 
but do include the cost recovery for the sales of coproducts. 
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TABLE 2. 23. ACCUMULATED VALUES OF SURFACE, PRODUCTION, AND DERIVATIVE COSTS FROM 
THE EXPANSION OF BIODIESEL CROPS 

Sorts of unit cost 
($MN/L) 

Surface (ha) Production (m3/y) Cost ($MN/y) Average Cost 
$MN/m3) 

From 5 to 10 1,875,791.0  3,249,474.0  20,454,783,513.0  6,295.0  

From 10 to 15 3,524,534.0  4,384,774.0  34,272,209,732.0  7,816.0  

From 15 to 20 4,251,331.0  4,894,189.0  43,373,511,049.0  8,862.0  

From 20 to 25 4,746,116.0  5,107,868.0  48,211,770,272.0  9,439.0  

From 25 to 30 5,378,104.0  5,296,697.0  53,485,375,866.0  10,098.0  

The most suitable lands to expand oil crops with agricultural costs below 30,000 $MXN/m3 of oil 
equivalent, are shown in Figure 2.38, where it can be observed there are just a small fraction of the total 
grazing lands, and that they are concentrated in the regions with the highest precipitation and temperatures 
of the country. 

FIGURE 2. 38. SURFACE OF GRAZING LANDS IN MEXICO (ABOVE), AND THOSE SUITABLE TO 
EXPAND OIL CROPS (BELOW) 
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Source: REMBIO, with data from INEGI 

The calculation for the production costs of each type of oil crop is detailed in Tables 2.24 and 2.25, and their 
costs data are presented in value of 2014 according to the average exchange rate of $MXN to USD of the 
reference year in each case. These were input into the GIS to calculate the equivalent costs of oil in each 
polygon. Those polygons where the calculated production costs overpassed 30,000 $MXN/m3 of oil 
equivalent were not included. 

TABLE 2. 24. COMPONENTS OF THE PRODUCTION COST OF RAW MATERIALS FOR OILS20  
($MXN of 2014) 

    Palm Coconut Soy Sunflower Jatropha Ricinus 

Source   
INIFAP, 
2011 

INIFAP, 
2011 

FUPRO 
Camp, 
2013 FIRA, 2014 

SAGARPA, 
2015 

SAGARPA, 
2015 

Base Year 2010 2010 2013 2014 2014 2014 

Establishment $/ha 
      

37,435.0  
      

77,527.0  
                      

8,128.8     13,106.0  
             

19,278.0  
                

6,629.0  

Lifespan years 
               

30.0  
               

30.0  
                               

1.0                 1.0  
                      

10.0  
                         

1.0  
Amortization of the 
Establishment $/ha/y 

         
1,247.8  

         
2,584.2  

                      
8,128.8     13,106.0  

                
1,927.8  

                
6,629.0  

Maintenance $/ha/y 
         

6,586.0  
      

14,733.5   *   *  
             

12,578.0   *  

Soil Leasing $/ha/y 
         

1,400.0  
             

700.0  
                      

1,800.0        2,000.0  
                    

700.0  
                

1,000.0  
Subtotal Fixed 
Costs $/ha/y 

        
9,233.8  

      
18,017.7  

                      
9,928.8     28,213.0  

             
15,205.8  

             
14,259.0  

                                                           
20 These costs refer to the agricultural stage of the production process, which do not include the transportation of the 
harvest to the plants, or the cost for the oil extraction. Costs are expressed in $MN per liter of extractable oil, considering 
the costs recovery for the sale of the coproducts from the oils extraction. 
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Updating factor to 
2014   

                  
1.1  

                  
1.1  

                               
1.0                 1.0  

                         
1.0  

                         
0.8  

Fixed Costs to 
2014 $/ha/y 

        
9,727.0  

      
18,980.0  

                   
10,343.7     28,213.0  

             
15,205.8  

             
11,944.5  

 

Source: REMBIO, gathered from diverse, shown in the heading. 

TABLE 2. 25. FINALS PRODUCTION COSTS OF RAW MATERIALS FOR OILS 
($MXN of 2014) 

CROP Palm Coconut Soy Sunflower Jatropha Ricinus  

FIXED COSTS $/ha      9,727     18,980     10,344         28,213      12,794     11,944  

Harvest and haulage $/t  832 182 850 750        2,412        1,600  

Yields 

High Yield t/Ha 14 13.1 1.9 2.2 0.8 1.2 

Medium Yield  t/Ha 11.9 10.3 1.5 1.5 0.6 0.9 

Low Yield t/ha 7 6.6 0.9 1.1 0.4 0.6 

Gross Costs 

Gross Cost, HIGH yield $MN/Ha    21,374     21,370     11,951         29,833      14,707     13,888  

Gross Cost,Medium yield $MN/Ha    19,665     20,847     11,637         29,367      14,171     13,405  

Gross Cost, LOW yield $MN/Ha    15,550     20,175     11,147         29,023      13,750     12,916  

Incomes per coproduct 

Income per coproduct HIGH Yield $/t  784 5534 9531 2722 s.d.    s.d.    

Income per coproduct MEDIUM yield $/t  669 4322 7671 1939 s.d.    s.d.    

Income per coproduct LOW yield $/t  392 2767 4765 1361 s.d.    s.d.    

Net cost 

Net cost  HIGH Yield $/Ha    20,590     15,836        2,420         27,111      14,707     13,888  

Net cost MEDIUM yield $/Ha    18,996     16,524        3,967         27,428      14,171     13,405  

Net cost  LOW yield $/Ha    15,158     17,408        6,382         27,662      13,750     12,916  

Oil Production 

Oil Production HIGH Yield  m3/ha             3.7             2.5             0.4                 1.0              0.3             0.5  

Oil Production MEDIUM yield  m3/ha             3.1             2.0             0.3                 0.7              0.2             0.3  

Oil Production LOW yield  m3/ha             1.8             1.2             0.2                 0.5              0.2             0.2  

Final Cost 

Cost final oil eq. High yield $MN/m3      5,635       6,343       6,737        26,259      48,804     30,081  

Cost final oil eq. Medium yield $MN/m3      6,093       8,474     13,716        37,285      65,310     38,639  

Cost final oil eq. Low yield $MN/m3      8,297     13,946     35,526        53,584      91,260     55,952  
 

Source: REMBIO.   
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2.5.3. Potential of Biodiesel Production with Animal Fats 

For the biodiesel production with animal fats there can be used -among other- poultry fat, beef tallow 
(bovine fat), and pork fats. These feedstocks are obtained from slaughterhouses as coproducts from 
livestock slaughter, and from plants that process slaughterhouse fats. 

According to data from the SIAP, the number of heads slaughtered in Mexico's slaughterhouses increased 
from year 2002 to 2012, to became stable or decline in 2013 and 2014 (see Figure 2.40 and 2.41). 

 
FIGURE 2. 39. SLAUGHTER OF BOVINE AND PORCINE LIVESTOCK 

(heads) 

 

Source: SIAP 

FIGURE 2. 40. SLAUGHTER OF POULTRY (CHICKENS AND HENS) IN MEXICO 

 

Source: SIAP 

The following table displays the maximum and minimum levels of animal fats production for 2014. If all the 
primary animal fats obtained in Mexico were converted into biodiesel, it would be possible to obtain between 
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158 thousand and 194 thousand m3/y. However, it shall be noted there are other demands for primary 
animal fats which are widely used by industries like soap, food, bakery additives, pet food, leather, among 
other. 

TABLE 2. 26. TECHNICAL POTENTIAL OF ANIMAL FATS FOR BIODIESEL 

  
Sacrified 
animals 

heads/year* 

kg fat 
/head MIN 

kg fat 
/head 
MAX 

Prod. fats 
kg/year 

MIN 

Prod. fats 
kg/year MAX 

Equivalent 
Biodiesel 
MIN m3/y 

* 

Equivalent 
Biodiesel 

MAX m3/y 
* 

Bovine 8,604,999.0 5.1 8.0 43,885,495.0 68,839,992.0 39,497.0 61,956.0 

Porcine 16,431,769.0 4.5 4.9 73,942,961.0 80,022,715.0 66,549.0 72,020.0 

Fowl 1,616,147,968.0 0.0 0.0 58,181,327.0 66,262,067.0 52,363.0 59,636.0 

Total 158,409.0 193,612.0 
* Assumes a conversion of 0.9 liter of biodiesel per 1 kg of animal fat. 
Source: REMBIO (2016) with data from SIAP. 

2.5.4. Joint Technical Potential of Waste Cook Oils and Animal Fats for 
Biodiesel 

The technical potential displayed in Table 2.27 for obtaining WCO and animal fats for Biodiesel, is 
theoretical, since there are currently, competing uses for many of those fatty-matter sources and, in many 
cases, their capacity and disposition to be paid by the competing users would be higher than for the potential 
users of biodiesel. This is the case of animal fats, which are highly demanded as feedstock for soap factories, 
food additives, pet food, and other final uses. 

TABLE 2. 27. TECHNICAL POTENTIAL FOR ANIMAL FATS RECOVERY AND WASTE COOK OIL IN 
2015 

ORIGIN LOW (m3/y) HIGH (m3/y) 

Bovine fat            39,497              61,956  

Porcine fat            66,549              72,020  

Fowl fat            52,363              59,636  

Cooking oils used          120,546           361,639  

Total         278,955           555,251  
Source: REMBIO, with data from SIAP and INEGI 
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TABLE 2. 28. POTENTIAL AVAILABILITY OF CROPS BIOMASS (TMS/Y) AND AVERAGE AGRICULTURE 

YIELD (T/HA) OF CROPS 

STATES 
WHEAT BARLEY CORN SORGUM SUGARCANE 

tMS/y t/ha tMS/y t/ha tMS/y t/ha tMS/y t/ha tMS/y t/ha 

Aguascalientes         37,759.0 2.6 10,664.0 8.0     

Baja California 99,900.0 3.7     10,028.0 3.8 6,358.0 4.8     

Baja California Sur 4,493.0 4.7     37,426.0 5.6 6,225.0 4.7     

Campeche         32,838.0 1.9 30,926.0 2.9 20,052.0 71.6 

Chiapas 18.0 1.0     270,535.0 1.7 87,205.0 2.8 153,118.0 91.1 

Chihuahua 28,031.0 4.6 601.0 1.4 274,219.0 4.6 62,464.0 5.2     

Coahuila de Zaragoza 5,487.0 3.2 62.0 1.1 89,802.0 1.9 57,386.0 3.1     

Colima         50,966.0 3.8 55,053.0 5.2 103,657.0 92.6 

Durango 2,795.0 2.9 1,009.0 2.4 118,237.0 2.4 55,439.0 3.2     

Guanajuato 54,823.0 5.2 108,218.0 5.0 226,951.0 3.7 259,522.0 5.7     

Guerrero         285,923.0 2.7 250,297.0 4.0     

Hidalgo 679.0 2.7 68,297.0 1.9 289,727.0 2.6 8,185.0 6.1     

Jalisco 25,430.0 4.8 1,520.0 5.2 887,961.0 5.7 579,308.0 5.2 498,060.0 93.6 

México 3,572.0 2.0 22,158.0 1.9 587,873.0 3.6 31,459.0 5.9 195,306.0 93.0 

Michoacán 29,757.0 4.3 2,027.0 4.1 590,374.0 3.9 535,319.0 5.1     

Morelos 288.0 4.1     140,541.0 3.2 164,252.0 4.6 339,226.0 121.2 

Nayarit         116,122.0 4.4 91,777.0 3.8 123,248.0 80.0 

Nuevo León 16,077.0 2.9 206.0 2.5 86,490.0 2.0 85,605.0 2.3     

Oaxaca 2,344.0 1.0 70.0 1.8 832,168.0 1.1 113,665.0 2.8 135,502.0 69.1 

Puebla 1,432.0 1.7 19,177.0 2.0 487,578.0 1.7 249,511.0 3.9 308,286.0 104.9 

Querétaro 278.0 3.4 2,679.0 4.5 49,636.0 2.1 100,655.0 6.9     

Quintana Roo         5,679.0 0.5 12,597.0 3.2 8,456.0 60.4 

San Luis Potosí 95.0 1.9 931.0 0.6 78,563.0 1.0 47,761.0 2.2 101,184.0 72.3 

Sinaloa 53,581.0 4.5     244,481.0 7.7 130,514.0 4.1 64,830.0 77.2 

Sonora 332,160.0 4.5     223,254.0 4.1 106,880.0 3.5     

Tabasco         37,041.0 1.6 32,325.0 3.5 48,425.0 69.2 

Tamaulipas 578.0 2.7 165.0 1.3 153,256.0 2.9 123,796.0 2.4 98,346.0 78.1 

Tlaxcala 16,686.0 2.7 30,506.0 2.6 247,447.0 3.1         

Veracruz 377.0 1.8 210.0 1.4 602,636.0 2.2 156,468.0 3.8 991,322.0 71.5 

Yucatán         97,422.0 0.7 5,185.0 1.9     

Zacatecas 7,174.0 1.9 10,700.0 1.4 195,949.0 2.5 53,027.0 3.1     

Overall Total 686,055.0 3.1 268,536.0 2.4 7,351,123.0 3.0 3,499,164.0 4.0 3,189,018.0 83.0 

Source: Own elaboration based on data from SIAP. 

The total potential of this source is close to 1.5 million TMS/year. Presuming a conversion rate of 0.25 m3 of 
biodiesel /TMS21, which makes viable to assume a production level technically sustainable of about 3.75 

                                                           
21 Average of the values informed for pilot plants and projected plants according to the European Biofuels Technology 
Platform (EBTP, 2016). 
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million m3 of biodiesel per year. Nevertheless, this potential is not economically executable for producing 
biodiesel in the short and medium term, since second-generation conversion technologies have not yet 
reached a degree of technical matureness to be applied in commercial scale. 

2.5.5. Forest-Woody Biomass Potential 

To estimate the availability of woody biomass as a raw material for second-generation biodiesel, it was used 
the methodology and primary data from the Inventory of Renewable Energies of SENER. The second 
potential source of woody biomass in Mexico is the native forest vegetation. Tables 2.29 and 2.30 
summarize the areas usable for the sustainable production of wood and their annual production. This 
estimate on the sustainable annual production excluded woods of species and qualities used by the forestry 
industries like sawmill, cellulose, and plywood, and only includes woods useful for energy. 

The total potential national production (counting forests and jungles located at less than 3 km from a 
roadway, with slopes below 30%, and not located in protected areas and/or high conversation value areas) is 
of 112 million of TMS/y. To this amount, it shall be subtracted 22 million TMS/y, currently used as domestic 
fuel, and 3 million TMS/y destined to manufacture wood coal. Hence, the net potential is of about 87 million 
TMS/y. Figure 2.42 shows the areas suitable for sustainable cutting. 

FIGURE 2. 41. SUITABLE AREAS FOR SUSTAINABLE CUTTING 

 

Source: REMBIO 

This potential can be found in almost every state of the country, and its annual harvestable increase is of 2.0 
to 4.2 TMS/ha/y. Thereby, it is similar to the harvest rates of crops or agricultural residues, but it has the 
advantage that its growth can be accumulated in 10 to 15-year cycles, to harvest 30 to 50 TMS/ha in an 
operation by the end of each cycle. As with agricultural crops, the conversion of woody biomass into biodiesel 
is technically possible, but there are no industrial processes economically viable up to date. 
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TABLE 2. 29. USEFUL SURFACE OF FORESTS AND JUNGLES NATIVE TO MEXICO  

(Ha) 

STATES PINE OAK MIXED HIGH JUNGLE MEDIUM JUNGLE LOW JUNGLE TOTALS 

Aguascalientes   12,676        15,984  28,660  

Baja California 64,039  1,253        205,341  270,632  

Baja California Sur   1,958          1,958  

Campeche   9,035    25,885  1,562,650  204,569  1,802,139  

Chiapas 154,776  105,911  382,412  552,613  72,430  226,659  1,494,801  

Chihuahua 1,462,202  867,292  1,568,977      358,945  4,257,416  

Coahuila de Zaragoza 54,340  29,292  35,357      18,360  137,349  

Colima 101  17,820  4,432    42,174  118,805  183,332  

Distrito Federal 11,967  861  2,618        15,446  

Durango 1,624,549  449,756  919,697    3,365  366,411  3,363,778  

Guanajuato 11,349  100,991  8,077      144,911  265,328  

Guerrero 141,436  499,039  909,760    173,473  1,281,439  3,005,147  

Hidalgo 20,913  44,690  27,101  13,615  21,204  249  127,772  

Jalisco 95,705  659,632  635,242    159,284  1,030,881  2,580,743  

México 25,011  80,473  83,842      60,672  249,997  

Michoacán de Ocampo 399,549  250,411  534,409    114,541  1,025,177  2,324,087  

Morelos 916  4,765  1,412      60,419  67,512  

Nayarit 5,833  114,003  197,896    184,413  141,231  643,375  

Nuevo León 50,544  17,273  33,365      9,841  111,023  

Oaxaca 382,011  449,076  1,036,091  345,134  427,311  634,366  3,273,990  

Puebla 76,989  77,773  65,916  35,057  9  340,687  596,430  

Querétaro 1,033  24,745  12,163    15  31,674  69,629  

Quintana Roo       119  1,761,176  224,774  1,986,070  

San Luis Potosí 8,566  152,696  13,379  25,163  63,352  154,947  418,103  

Sinaloa 59,513  336,210  141,371    44,952  1,318,788  1,900,834  

Sonora 14,165  875,913  200,414      1,527,861  2,618,354  

Tabasco   19,676    49,783  34,240  35,297  138,996  

Tamaulipas 9,749  81,431  12,447    5,195  677,502  786,325  

Tlaxcala 9,821  7,637  4,622      72,189  94,269  

Veracruz  51,226  36,814  21,214  352,780  98,852  262,753  823,639  

Yucatán         2,149,242  210,851  2,360,093  

Zacatecas 43,388  230,634  123,010        397,032  

TOTALS 4,779,688  5,547,062  6,975,225  1,400,148  6,917,879  10,745,599  36,365,601  

Share 13.0% 15.0% 19.0% 4.0% 19.0% 30.0% 100.0% 
 

Source: REMBIO 
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TABLE 2. 30. POTENTIAL SUSTAINABLE PRODUCTION OF ENERGY BIOMASS IN JUNGLES AND 

FORESTS IN MEXICO 
 (tMS/y) 

STATES PINE OAK MIXED 
HIGH 

JUNGLE 
MEDIUM JUNGLE LOW JUNGLE TOTALS 

Aguascalientes   
            

25,351                    63,937                 89,289  

Baja California        128,077  
               

2,507                  821,362              951,946  

Baja California Sur   
               

3,917          
                  

3,917  

Campeche   
            

18,071              129,424                6,250,601            818,276           7,216,372  

Chiapas        309,552  
          

211,823            764,824         2,763,063                    289,719            906,636           5,245,617  

Chihuahua    2,924,403  
      

1,734,584        3,137,954            1,435,780           9,232,721  

Coahuila         108,680  
            

58,585              70,715                  73,439              311,418  

Colima                 202  
            

35,640                 8,864                      168,697            475,221              688,624  

Distrito Federal           23,933  
               

1,722                 5,236                       30,892  

Durango    3,249,098  
          

899,512        1,839,394                         13,460        1,465,644           7,467,108  

Guanajuato           22,698  
          

201,982              16,153                579,646              820,479  

Guerrero        282,872  
          

998,077        1,819,520                      693,893        5,125,757           8,920,120  

Hidalgo           41,826  
            

89,379              54,201               68,074                       84,817                     998              339,295  

Jalisco        191,410  
      

1,319,264        1,270,484                      637,134        4,123,522           7,541,814  

México           50,021  
          

160,946            167,684                242,688              621,339  

Michoacán         799,098  
          

500,822        1,068,819                      458,164        4,100,708           6,927,611  

Morelos             1,832  
               

9,530                 2,824                241,675              255,861  

Nayarit           11,665  
          

228,006            395,792                      737,651            564,923           1,938,037  

Nuevo León        101,088  
            

34,546              66,731                  39,363              241,728  

Oaxaca        764,022  
          

898,152        2,072,182         1,725,671                1,709,245        2,537,466           9,706,738  

Puebla        153,978  
          

155,545            131,832            175,283                                35        1,362,749           1,979,422  

Querétaro             2,066  
            

49,489              24,325                                  60            126,696              202,636  

Quintana Roo                          595                7,044,705            899,098           7,944,397  

San Luis Potosí           17,132  
          

305,391              26,758            125,815                    253,408            619,789           1,348,294  

Sinaloa        119,025  
          

672,420            282,743                      179,808        5,275,151           6,529,147  

Sonora           28,330  
      

1,751,826            400,829            6,111,445           8,292,430  

Tabasco   
            

39,352              248,917                    136,959            141,188              566,416  

Tamaulipas           19,498  
          

162,862              24,893                         20,781        2,710,009           2,938,045  

Tlaxcala           19,641  
            

15,275                 9,244                288,755              332,915  

Veracruz         102,451  
            

73,628              42,429         1,763,899                    395,409        1,051,012           3,428,829  

Yucatán                       8,596,969            843,402           9,440,372  

Zacatecas           86,775  
          

461,269            246,020                    794,064  
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TOTALS    9,559,376  
   

11,119,475     13,950,449        7,000,741             27,671,515     43,046,335     112,347,891  

Share 9.0% 10.0% 12.0% 6.0% 25.0% 38.0% 100.0% 
 

Source: REMBIO 

Status of the sector and available resources to produce biodiesel 
 

The main raw materials currently available to produce biodiesel in Mexico are the WCOs. There is an 
emerging trading activity for collecting and processing WCOs, with an installed capacity of less than two 
thousand m3/y, which operates to the great extent, informally. There is a wide potential for the expansion 
of this sector, since it could be possible to obtain from 120 thousand up to 360 thousand m3/y in cities with 
more than 100 thousand inhabitants if there were a recovery rate of 10% to 30% of the apparent 
consumption. The estimates costs for biodiesel produced with waste oil vary from 11.12 to 13.70 
$MN/liter. 

Producing biodiesel with animal fats is technically possible, since there are between 176 and 215 thousand 
T/year of fats that could be converted into biodiesel, with a production of 154 to 194 thousand m3/y. 
However, animal fats prices are high (from 8 to 12 $MN/kg for beef tallow, and from 12 to 20 $MN/kg for 
pork fat), making biodiesel production costs between 14 and 26 $MN/liter. 

To date, there are not crude oils surpluses in Mexico to produce biodiesel. The national production of crude 
oils depends on the import of vegetable oils (or of crude oils). Mexico harvests three main oil crops: soy, 
palm, and coconut. From these, 271 thousand T (300 thousand m3) were obtained of crude vegetable oils in 
2014. The apparent national consumption of oils was of 3.4 million m3 in 2014, so the national production 
of those raw materials only covered 9% of the demand making it necessary to import oily seeds and oils for 
91% of the consumption. 

Mexico has a growing trend in producing vegetable oils, and if this trend keeps the same rate of the last 
decade, it would be possible to produce 350 thousand tons of oil in 2020, and 540 thousand tons in 2030, 
equivalent to cover almost one sixth of the oil's national consumption with the national vegetable oils crop. 

It is also technically possible to expand some oil crops in a more intensive way, producing biodiesel in 
plantations dedicated to this purpose. To not compete with the production of food and respect the principles 
established in the LPDB, only grazing lands could be used (with no current agricultural or forestry use). There 
are many grazing lands, but few of them have the appropriate environmental conditions (of soil, weather, and 
topography) for sites with a high productive quality. For the highest productive crop, which is palm oil, the 
most suitable lands are in the Southeast humid tropic. The suitable ones for coconut are limited to the 
South-central Pacific and the Gulf of Mexico. The rest of the vegetable oils (soy, sunflower, ricinus, jatropha) 
can be planted with medium or high yields in areas with a precipitation of more than 900 mm during the crop 
cycle, and moderate limits of soil and slope of the land. 

It shall be noticed that planting crops in lands whose real productivity is lower than the maximum of that 
crop, unitary production costs increase as the land's suitability decreases. Presuming the new crops are 
expanded only into lands corresponding to the first two classes of production cost (with a raw material cost 
up to 15 $MN/l), up to 4.4 million m3 of oil per year (equivalent to ~4.4 million m3 of biodiesel) be 
obtained, using 3.5 million hectares, with raw material costs between 6.29 and 12.17 $MN/l of oil 
equivalent. If the expansion continued including the other three types more expensive costs (up to 30 
$MN/l), it would be possible to increase production up to a total 5.3 million m3/year, but with marginal 
costs sharply rising (from 17.87 up to 27.93 $MN/l). 

The total area of grazing lands in Mexico is of about 13 million hectares. Transforming grazing lands into 
crop areas in areas with high productivity and a lower production cost (up to 1.9 million hectares) would 
result in a biodiesel supply of up to 3.2 million m3/y. This option would not have meaningful impacts over the 
availability of grazing lands to raise cattle (specially, not bovine). Though, further expansions of the 
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cultivated area would result in higher unitary costs for biodiesel, and could sensitively increase the negative 
impact on stockbreeding. 

On the other hand, there are abundant lignocellulosic resources available, such as agricultural residues or 
agroindustrial and forestal coproducts, which in a future, when these technologies reach their commercial 
matureness and become competitive, could be used to obtain second generation biodiesel. 

In terms of the infrastructure to convert crude oils into biodiesel, it is limited to a reduced number of 
demonstration plants in a very small scale. Three biodiesel production plants were identified which started up 
commercially and ceased operations over the last years due to various reasons. Currently, there are operating 
-or are about to- six small-scale plants, installed with the support of the SAGARPA. The total biodiesel 
production capacity of these plants is below 5,000 m3 per year. 

It is highly improbable a strong penetration of biodiesel under a trend scenario. Given that biodiesel 
production costs are higher than their fossil alternative, the introduction of biodiesel into the market shall be 
through the adoption of supporting policies which would have, in any case, a direct economic cost. This cost 
depends on multiple factors, such as the desired marketing quota for biodiesel, or the future behavior of the 
worldwide oil prices, among other. 

2.5.6. Advances of the Concept Test to Introduce Ethanol Anhydride in 
Gasolines 

The Intersecretarial Commission for the Development of Biofuels (CIB, for its Spanish acronym), in its 15th 
ordinary session, held on March 19, 2014, approved the agreement 03/190314 which establishes: "The 
Intersecretarial Commission for the Development of Biofuels acknowledges the document presented on 
behalf of the Teamwork for the Introduction of Biofuels and PEMEX, and approves that document; likewise, 
authorizes the implementation of a concept test under a regional scheme". 

Due to PEMEX logistics and operating needs, and to implement the test, it was included the Storage and 
Distribution Terminal (TAD, for its Spanish acronym) San Luis Potosí, instead of the TAD Cadereyta, since the 
latter supplies part of the Pemex Magna Oxygenated Gasoline distributed in the metropolitan zone of 
Monterrey, and would have otherwise affected the volume of ethanol anhydride projected for the concept 
test. 

In 2014 began the bidding process to purchase liquid ethanol anhydride and add it into the gasolines 
commercialized by PEMEX. These processes have been led by the competent organs of PEMEX. This activity 
in an essential element for the execution of a regionalized concept test to introduce ethanol anhydride into 
the fuels energy matrix, and thus complying with the third agreement of the 15th ordinary session of the 
CIB. The main points of the process were as follows: 

• The DOF published on October 9, 2014 the National Public Tender number P4LN0229001 
for the purchase of ethanol anhydride for a maximum volume of 2,214.9 million liters within a 10-
year period, to be blended with gasolines in TADs of PEMEX Refining. 

The following TADs put out to tender were: 

• Cd. Mante; 

• Cd. Madero; 

• Cd. Valles; 

• San Luis; 

• Pajaritos; 
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• Perote; 

• Veracruz; 

• Xalapa. 

• On December 4, 2014 was held the event for the submittal of documents of the interested 
parties for the pre-qualification of the possible participants of the tender, where 7 proposals were 
submitted (4 simple and 3 joint ones): 

• Destiladora de Alcoholes y Mieles; 

• Ingenio la Gloria; 

• Alcoholera de Zapopan; 

• Soluciones de Ingenieria Naval Marina y Terrestre; 

• Biocombustibles Juanita, Isthmus Energia Verde, Goca Properties, and SVP Total 001. 

• Destiladora del Papaloapan and Fabricación de Alimentos Tenerife; 

• Boenergeticos Mexicanos and Productores de Bioenergeticos Mexicanos. 

• On December 23, 2014 took place the event for the Submittal of Technical and Economic 
Proposals, and the Opening of Technical Proposals, where all the tender's proposals were received, 
verifying that, quantitatively, contained the documents required in the Tender Requirements. Every 
proposal complied with the requirements, except for Biocombustibles Juanita, which did not submit 
the bond or letter of credit to prove the seriousness of the proposal.  

From the six companies, which complied with the requirements to be evaluated, PEMEX performed a 
thorough review of form and substance of the technical and economic proposals submitted, and gave its 
comments to each company. From the evaluation, it was verified the companies complied with what was 
required in the call for tender, except for Destiladora de Alcoholes y Mieles, whose proposal was dismissed. 

TABLE 2. 31. BIDDING COMPANIES 
Tenders PEMEX Storage and DistributionTerminals 

  Cd. 
Madero 

Cd. 
Mante 

Cd. 
Valles 

San Luis 
Potosí 

Pajarit
os 

Pero
te 

Veracr
uz 

Xala
pa 

Alcoholera de Zapopan           X     

Biomex (joint proposal)   X X X         
Destiladora del Papaloapan (joint 
proposal)             X   

Ingenio la Gloria           X     
Soluciones e Ingeniería Naval, 
Marina y Terrestre   X           X 

• The bidding process to purchase ethanol anhydride for the gasolines commercialized by 
PEMEX concluded on March 17, 2015. After the prices negotiation stage and the evaluation of the 
economic proposals, four companies were the winners for six TADs, which committed to deliver a 
maximum of 142 million liters, average annual. For the six TADs, it was considered a gradual startup 
for the delivery of ethanol anhydride, beginning in 2016. The corresponding agreements were 
signed on April 7, 2015. 



 
 

92 

TABLE 2. 32. RESULTS OF THE PRICES NEGOTIATION STAGE AND EVALUATION OF THE 
ECONOMICAL PROPOSALS 

Tender Company SDT 
Minimum 

amount (million 
liters) 

Maximum 
amount (million 

liters) 

Alcoholera de Zapopan Perote 79.0 113.0 

Destiladora del Papaloapan/ Fabricación de Alimentos Tenerife (Grupo Báltico) Veracruz 268.0 382.0 

Soluciones en Ingeniería Naval, Marina y Terrestre Xalapa 151.0 215.0 

Bioenergéticos Mexicanos / Productores de Bioenergéticos Mexicanos (Biomex) 

Cd. Mante 41.0 59.0 

San Luis 369.0 527.0 

Cd. Valles 135.0 193.0 

• The bidding process to purchase ethanol anhydride for the gasolines commercialized by 
PEMEX concluded on March 17, 2015. After the prices negotiation stage and the evaluation of the 
economic proposals, four companies were the winners for six TADs, which committed to deliver a 
maximum of 142 million liters, average annual. For the six TADs, it was considered a gradual startup 
for the delivery of ethanol anhydride, beginning in 2016. The corresponding agreements were 
signed on April 7, 2015. 

Expected benefits 

Based on the results of the regional concept test, and thanks to the results from the tender to introduce 
ethanol anhydride in eight TADs from PEMEX, Mexico has a great opportunity to begin producing this biofuel 
in a large scale. Besides, and taking into account the international experience, a program of ethanol used as 
fuel can be part of the transition towards sustainable transportation systems which will extend the country's 
oil resources by achieving a moderate quote for ethanol. 

With the introduction of ethanol into gasolines, the following benefits for the country are expected: 

• Job creation in the field; 

• Development of the rural economy; 

• Improvement of the energy safety; 

• A better water management; 

• Agricultural expansion toward drier or unexploited lands through the harvesting of resilient 
and multiple crops such as sweet sorghum; 

• Encourage the scientific and technological community to develop second-generation biofuels; 

• Incentives for the goods-producing industry; and 

• Improvement of the local and global environment. 

If it can be achieved large-scale expansion of grazing and marginal lands as production feedstock, there will 
be a regional development on new zones, creating new jobs and promoting new social infrastructures. 
Additionally, it is expected the mitigation of GHG due to the use of this biofuel. 

Lastly, and in compliance with the Intersecretarial Commission's instruction, it will be carried out an 
evaluation of the concept test to measure the impact in social environmental terms, ensure the sustainability 
and, if the case, propose far-reaching policies for the production and use of biofuels.
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3. Renewable Energies Trends and Studies 

Renewable energies are having a larger share in the different sectors. The constant worry about the 
environment, has resulted in more researches on the subject. 

This chapter presents subjects related to the application of renewable energy sources which are currently 
being studied as alternatives for the country's electrification, and a comparative analysis between two policy 
instruments to foster a larger share of renewable energies. 

3.1. Thermal Use of Solid Wastes as a Dual-Purpose Alternative  

The Law of the Electric Industry classifies as clean energy22 the one generated with the heating power of 
methane and other associated gases from the disposition sites of residues, livestock farms, and wastewater 
treatment plants, among other. 

The Law of the Promotion and Development of Biofuels, in its Article 2, Section II, from the General  
Provisions, defines biofuels as all those fuels obtained from organic biomass of activities such as agriculture, 
livestock, forestry, aquaculture, algaculture, fishery residues, household, commercial, industrial, from 
microorganisms and exhumes, as well as their derivatives produced by sustainable technological processes 
which comply with the quality specifications and standards established by the competent authority under the 
terms of this Law. 

As for municipal solid wastes (MSW), these are the ones generated at homes as the result of the disposal of 
materials used in house chores (e.g., consumption products and its containers, wrapping, and packaging) and 
which can be used as feedstock to generate electricity as a renewable energy. 

3.1.1.  Incineration of Municipal Solid Wastes as an alternative proposal for 
thermal use  

The incineration of MSW to generate electricity has not yet been explored in Mexico, even if the country has 
some experience with sanitary landfills to produce biogas and, subsequently, electricity. 

In thermal technologies for MSW incineration, almost all the carbon content of the wastes is released as 
carbon dioxide (CO2) into the atmosphere (when it includes the final combustion of the products from 
pyrolysis and gasification; except for when they produce bio-carbon for fertilizers). MSW contain, 
approximately, the same massive fraction of carbon as CO2 (27%), so the treatment of one ton of MSW 
produces approximately un ton of CO2. 

In case the wastes were disposed into open pits, one ton of MSW would produce approximately 62 m3 of 
methane through the anaerobic decomposition of the biodegradable part of those wastes. This amount of 
methane has twice the potential for global warming compared to the one ton of CO2 which could have been 
produced by the combustion. Even if some countries collect great amounts of gas from landfills, the global 
warming potential from the landfill's gas released into the atmosphere is of approximately 32% higher than 
the amount of CO2 that could have been released by combustion.  

                                                           
22 http://www.diputados.gob.mx/LeyesBiblio/pdf/LIElec_110814.pdf 
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With incineration, almost every biodegradable waste becomes biomass, because of their biological origin. 
This material has been formed from plants that used atmospheric CO2 typically used during the last growing 
stage. If these plants grew again, the CO2 released by their combustion would be retrieved once again from 
the atmosphere. 

Those are the main reasons several countries incinerate the biomass from their MSW as renewable energy. 
The rest, mostly plastics and other derivative products from oil and gas, are generally treated as non-
renewable. 

Thereby, many countries such as the U.S and Sweden, among other, consider MWS incineration as renewable 
energy, granting them clean energy certificates. Mexico shall consider this alternative as a probable source of 
distributed generation which has a social benefit as it reduces CO2 and methane emissions. 

The handling and final disposition of garbage is a problem of national interest; currently, the country 
generates an average of 320 kg of MSW per inhabitant every year. Each municipality is in charge of the 
necessary management for its collection and final disposition into the so-called garbage dump, which can be 
of three sorts: 

a) Sanitary landfill (53.73%), not necessarily used to produce electricity. 

b) Controlled sites (10.8%) with different kind of control to avoid open-pit emissions. 

c) Open pit (32.8%), with the resulting methane emission; the rest of the MSW is recycled. 

Mexico has 122.3 million inhabitants, which results in 12,836 million tons of MSW at open pit every year 
that pollute the air with methane emission. 

The incineration of MSW is an alternative used by 31 countries around the world that has reduced GHG 
emissions and MSW, since when the latter are incinerated, they reduce their volume by 90%, solving thus a 
social problem as well. 

3.1.2. Electricity Generation with MSW 

By using MSW direct incineration technology, there can be produced up to 750 kWh per ton of MSW, while 
from that same amount in a landfill only produces 65 kWh. 

This technology has been used globally with good results; the U.S, for example, has 84 sites with a capacity 
of 769 MW, being this technology a solution for generating electricity with a social benefit due to its 
reduction of MSW and CO2 emission into the environment. 

Mexico is carrying out preliminary research studies for its possible use. The Institute for Electric Research (IIE, 
for its Spanish acronym) proposed a MSW plant with a net generation capacity of 113,282 MW, and which 
would consume 3,000 tons of MSW per day, having an annual consumption of 984,000 tons of MSW. Figure 
3.1 shows the description of this plant. 

It is important to mention that the amount of emissions generated by the MSW incineration is within the 
standards issued by SEMARNAT, as it can also be observed in the following figure. 
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FIGURE 3. 1. PROTOTYPE PLANT FOR MSW INCINERATION IN MEXICO 

Gross capacity: 128,049 kW
Net capacity: 113,282 kW
Net generation: 893,100 MWh
Fuel consumption: 3,000 tonMSW/day

984,000 tonMSW/year

Technological Proposal from the  
Institute for Electric Research

November 2013

 

Source: ININ. 

The social benefit obtained from this alternative is to eliminate 3,000 tons of MSW per day per each 
operating plant of this type. On the contrary, those 3,000 tons of MSW are now releasing 1,312.5 tons of 
CO2 daily, which are 479,064 tons of CO2 which could be eliminated with incineration. 

The process for generating electricity with MSW has an emission coefficient of 0.5267 ton CO2/MWh 
generated, so a plant like the one proposed in here, working with a capacity factor of 70% would produce 
694,645.22 MWh, and would generate 365,869 ton CO2 per year, a lot less than what is being currently 
produced with the same amount of MSW at open pit. Thus, 113,195 ton CO2 per year could be avoided. 

Besides, since every community must pay the cost for garbage collection, the cost of the fuel would negative 
in this particular case, since it would be a positive flow that would improve its competitiveness with other 
electricity generation sources. 

3.1.3. Emissions Balance 

As the first stage MSW analysis, it shall be considered the amount of emissions which are avoided with this 
technology. Thereby, it shall be taken into account the emissions produced by methane leakage, the ones 
that would be produced with fossil fuels (e.g., gas in combined cycles) when generating electricity, and the 
emissions released by the fossil components of the MSW. This balance is shown in Figure 3.3.  
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FIGURE 3. 2. EMISSIONS FROM A MSWI PLANT 

Power Plant Emissions 

Levels at 
chimney CO2 Balance 

Mg/Nm3 @ 
6% O2, dry 

Ppmv @ 6% 
O2, dry 

NOM-085-
2012 

NOx 15.89 49.88 24.30 51.00 

SOx 24.97 78.39 27.43 85.00 

Particles 5.00 15.70   25.00 

 

Emissions from mercury and heavy metals are controlled in the scrubber using activated carbon filters, in compliance with standard 
NOM_098. 
Source: ININ. 

FIGURE 3. 3. EMISSIONS BALANCE WITH MSW INCINERATION 

= + -

= 159,688 + 169,995 121,968

= 207,716

-

The CO2 emissions avoided with an incineration plant are 

Emissions
avoided

Tons of CO2 due 
to methane 

leaks in sanitary 
landfills

Tons of CO2

avoided by 
generating fossil 

fuel 

Tons of  CO2 emitted in 
the incineration plant 

from the fossil 
compounds of waste

For example, for a power plant of 1,000 

Emissions 
avoided

(Ton/year)

 
Source: ININ. 

For the MSW incineration plant here proposed, it has been performed a specific analysis of the emissions 
that would be generated with a combined-cycle plant and considering the release of methane from the MSW. 
Table 3.1 displays this information, and it can be observed that the MSW balance is negative. 
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TABLE 3. 1. EMISSIONS COMPARISON FOR AN INSTALLED CAPACITY OF 113.2 MW 

Plant 
Gross 

Capacity 
(MW) 

Plant Factor 
% 

Emissions 
Index 
Ton 

CO2/MWh 

Emissions 
Ton CO2/year 

 Electricity 
Generation 

Methane 
Leak 

Total  

Combined 
cycle 

113.28 70 0.400 277,858.0 479,064.0 756,922.0 

MSW 
Incineration 113.28 70 0.527 365,904.0 -479,064.0 -113,160.0 

Source: ININ. 
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3.2. Distributed Generation 

In Article 3, Section XXIII "About the Objective and Purpose of the Law" of the Electric Industry Law, 
distributed generation is defined as: 

Electricity generation which complies with the following characteristics:  

a) Is performed by an Exempted Generator23 within this law's terms, and 

b) Is performed in a Power Plant interconnected to a distribution circuit with a high 
concentration of Load Centers, in the terms of the Market Rules. 

The General Distribution Grids are formed by medium-tension grids, which operate between 1 kilo volt (kV) 
up to 35 kV, and low-tension grids which operate with tension levels equal or below 1 kV. Mexico's 
distribution infrastructure services 39.6 million users. 

This generation is characterized by having a capacity of less than 0.5 MWW, and it is interconnected to a 
distribution circuit with a high concentration of Load Centers. 

Besides, the Energy Transition Law, in its Article 3, Section XX "About the Object and Purpose of the Law and 
Definitions", defines Distributed Clean Energy as: 

Electricity generation which, under the terms of the Electric Industry Law, complies with the following 
characteristics: 

a) Is performed by an Exempted Generator; 

b) Is performed in a Power Plant interconnected to a distribution circuit with a high 
concentration of Load Centers, in the terms of the Market Rules; and 

c) Is performed with Clean Energies. 

Thus, the LTE extended that definition to include clean energies. 

Before the Energy Reform, there were small facilities generating electricity which could not sell its surplus; 
besides, consumer credit was granted, thereby avoiding tariffs often lower to the ones of the market. Up to 
date, with the Energy Reform, authorized suppliers shall pay a regulated price for the surplus energy, and non-
regulated suppliers will be able to purchase from any user at market prices. Hence, distributed generation 
(DG) will be fairly paid. 

In Mexico, DG has had a very dynamic growth, reaching almost 120 MW installed by the end of 215 in 
public-utility interconnection contracts. Installed capacity doubled from 2014 to 2015, with a dominant 
share from solar power of about 97% from the total, seconded by generation projects with biogas and 
biomass (3%). The rest is shared by small aerogenerators and hybrid projects (wind and solar). 

The CRE estimates DG could reach an installed capacity close to 2.2 GW towards 2022, a figure that, before 
the energy reform, was expected to be reached until 2028. 

                                                           
23 Owner or possessor of one or several power plants which do not require or do not have a permit to generate electricity 
under the LIE terms. 
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According to estimates from the International Renewable Energy Agency (IRENA) and Bloomberg New 
Energy Finance, along with the SENER and the CRE, Mexico has the potential to install between 11,300 and 
19,870 MW in solar PV systems in distributed generation towards 2030 (see Figure 3.4). 

 

FIGURE 3. 4. PROJECTIONS ON DISTRIBUTED GENERATION IN MEXICO BY 2030 
(MW) 

Accumulated
to 2015

 

Source: SENER, CRE, IRENA and BNEF. 

It is important to speed up the penetration of DG since it enable consumers to produce their own energy, and 
will reduce the public expense since its helps to maintain low costs and ensures energy safety. Besides, it 
would enable the coverage of vary far communities reducing the energy losses from the SEN, and would 
support the compliance with the GHG reduction goals. 

The steps to be followed24 are: continue with the studies which will help to establish fair DG tariffs based on 
standard tests that identify costs and benefits; generate studies which will help to enhance medium and 
long-term specific goals for DG; support pilot programs for distributed generation which will improve the 
State economies and generate savings for user; and to establish a public policy for distributed generation in 
the medium and long terms. 

                                                           
24 Strategy 2.3. Foster the distributed generation from the Energy Transition Special Program. 
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3.3. Comparison of the two policy instruments to foster clean 
energies 

The present exercise was prepared along with the Danish Energy Agency and the team UNAM/SIMISE, with 
the support of the Mexico-Denmark Climate Change Mitigation and Energy Program. The Balmorel energy 
model was used to devise this analysis, considering the current data from the Mexican Electricity System and 
expected future developments. 

The Balmorel model is an advanced tool to optimize the functioning and development of big electricity 
systems. It is a fundamental model which considers the hourly energy demand and describe each generation 
plant individually, for the fields of capacity, type of fuels, and efficiency. The model optimize generation, 
considering the available transmission capacity. 

The exercise considers the expansion expected for clean energy and its impact on CO2 emissions, and from 
that, analyzes two policy instruments to foster clean energies. The results are being compared with a free 
scenario, or "not constrained", in which the model is obliged to comply with clean energy or CO2 emissions 
goals, so the choice of the capacity to be installed is made, exclusive, based on the economic profitability. 

3.3.1. Data and Assumptions 

Setting clean energy goals, along with the auctions to foster investment in clean energy, will reduce CO2 
emissions and the share of electricity generation with conventional sources (col, oil, natural gas). 

The starting point for this analysis of the SEN is the electricity demand. The hourly demand is used as the 
entry for each of the 53 transmission regions. The development forecast to 2030 was taken from the 
PRODESEN 2016, and extrapolated until 2050, assuming an absolute annual growth level consistent with 
the one projected for the end of the period in the PRODESEN 2016, that is, for the period 2020-2030. 

FIGURE 3. 5. PROJECTION OF THE MODELED ELECTRICITY DEMAND, AND ITS CORRESPONDING 
ANNUAL GROWTH RATE 

(TWh, % per year) 

 

Source: SENER with information from Balmorel. 
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In 2000, the electricity demand in Mexico was of about 200 TWh, and in 1990, of about 115 TWh. During 
1990, more than half of the generation was based on oil (AIE, 2016) (see Figure 3.6). 

FIGURE 3. 6. HISTORIC GENERATION OF ELECTRICITY IN MEXICO BY TYPE OF FUEL 
(TWh) 

 

Source: SENER with information from Balmorel. 

To calculate generation marginal costs, Balmorel uses information from each generation plant, individually, 
including fuel, capacity, and efficiency. Marginal costs are used to the calculate the optimal dispatch, taking 
into account the constraints of the transmission capacity between regions. Optimal dispatch is defined as 
the assignation of generation from the total cost of the lowest system. The existing capacity by 2015 is 
shown in the following table. 

TABLE 3. 2. EXISTING GENERATION CAPACITY 
(MW) 

Fuel Units
Capacity 

(MW)

Natural gas 176.0 26,422.0

Hydroelectric 74.0 12,468.0

Fuel oil 81.0 11,675.0

Coal 6.0 5,378.0

Wind 33.0 2,946.0

Light oil 81.0 1,517.0

Nuclear 1.0 1,510.0

Geothermal 14.0 926.0

Coke 2.0 580.0

Cogeneration 8.0 572.0

Solar 9.0 57.0

Total 481.0 64,051.0
 

Source: SENER.  
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The projected generation expansion (PRODESEN, 2016) for generators with natural gas and oil up to 2020, 
and industrial cogeneration, geothermal, and hydroelectricity up to 2030, are included in every scenario (see 
Table 3.3). For Baja California, contrary to PRODESEN, it has been assumed that will not be natural gas 
available. 

TABLE 3. 3. EXOGENOUS ADDITIONS TO THE CAPACITY GENERATION REPRESENTED IN THE 
MODEL 

(MW) 

MW 2020 2025 2030 Total

Natural gas 17,283.0 17,283.0

Oil 261.0 261.0

Cogeneration 3,011.0 4,034.0 7,045.0

Hydroelectric 342.0 3,869.0 281.0 4,492.0

Geothermal 336.0 441.0 118.0 895.0
 

Source: SENER. 

The model will invest in new generation and transmission capacity when and where it is economically 
attractive. The selection is based on a catalog of the available potential technologies for new investments, 
thereby, investments will be made in clean energy (renewable energy, e.g., wind, solar, and nuclear) if it is 
economically attractive, or to comply with the clean energy objectives. 

It also considers an improvement on wind and solar energies competitiveness, due to a reduction in their 
investment costs and to the increase on the fuels costs (see Figure 3.7 and 3.8). Investment costs can be 
compared, for example, with nuclear technologies (6,281 USD per kW) or with natural gas (CCGT:875 USD 
per kW). 

FIGURE 3. 7. PROJECTION OF THE DEVELOPMENT OF FUEL PRICES REPRESENTED IN THE MODEL 
(USD 2015/GJ) 
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Source: BALMOREL. 
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FIGURE 3. 8. PROJECTIONS OF THE DEVELOPMENT OF INVESTMENT COSTS  
FOR WIND AND SOLAR POWER PLANTS BASED ON LAND  

AND PHOTOVOLTAIC REPRESENTED IN THE MODEL 

 

The wind power technology represented, is based on low-cut aerogenerators (LCI), characterized by a 20% more investment costs 
compared with conventional wind turbines, but a larger generation per MW installed (FLH). 
Source: BALMOREL. 

Detailed data about wind and solar resource have been used (Hahmann, 2016).  

FIGURE 3. 9. WIND AVERAGE SPEED IN 2013 
(m/s) 
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FIGURE 3. 10. VARIATION OF THE AVERAGE ANNUAL WIND SPEED IN MEXICO  
(m/s, at a 100 meters’ height, average of all 5 x 5 km-cells) 

 

 
FIGURE 3. 11. LOCATION OF THE SOLAR SERIES COORDINATES (BLUE DOTS) 

 
The solar suitability map has calculated the solar suitability based on irradiation, as well as information from the distance to the grid, 
population density, topography, land coverage, and protected areas. The selected places have the highest suitability indexes per region. 
Source: IRENA (2015)  

 



 
 

105 

 

 

FIGURE 3. 12. LOCATION OF THE WIND TIME SERIES COORDINATES (RED DOTS) 

 
The data from IRENA are used to find a location within each region corresponding to the 90th percentile of the highest wind average speed 
within each region. 
Source: IRENA 

Wind speeds (m/s) and solar data (W/m2) for each of the 53 transmission regions were obtained from the 
Wind Atlas of Mexico25. The project contains data from 2006 to 2015, but only the ones from 2013 were 
used, since this year's figures were close to the wind average speed for the period ("a year with normal 
wind"). The data comes from meteorological simulations which have been reduced to scale to produce 
mesoscale results (5 x 5 km). The results are preliminary and will be developed and refined using data from a 
group of new wind masts. 

The detailed information about the wind and solar resource (hourly values for 53 locations) is important to 
describe the impact of improving, for example, the wind speed variation in a specific place. That is, while the 
lowest wind speed in a specific place is close to zero, the wind average speed for all the regions is of 21% 
maximum. 

3.3.2. Comparison of the two policy instruments 

The present exercise evaluates two cases of policy: 

• The impact of the clean energy goals. Based on the comparison of the scenario Without 
Restrictions with the Main Scenario. 

• The impact of the clean energy Objectives vs the CO2 Targets. Comparison of the Main 
scenario (with clean energy objectives) with the CO2 Targets scenario, a scenario with a CO2 cap, 
limiting CO2 emissions to the ones obtained in the Main scenario. As a matter of fact, a CO2 target 
can be reached through quotas, a CO2 prices, or a tax on CO2 for all fuels. 

                                                           
25 Hahmann et al (2016). 
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Emissions 

The Main scenario and the CO2 Target scenario have levels significantly lower of CO2 emissions26 compared 
with the Unrestricted scenario. 

In the Unrestricted scenario, the model can invest in coal-based generation, which results in an increase on 
the capacity generation from 350 MW in 2020 to 1,300 MW in 2050. Coal is more cost-effective than 
natural gas, but its investment costs for power plants are higher. 

FIGURE 3. 13. CO2 EMISSION 
(million tons per year) 
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Source: Balmorel. 

As it can be observed in F. 3.14 the Main Scenario is the only one which complies with the clean energy 
objectives. The CO2 Target scenario has the same amount of emissions, but reaches that objective through 
means of a smaller generation with coal and oil derivatives, and a larger generation with natural gas. This 
mechanism is clearer in years 2025 and 2030. In contrast, after these years, there is a small share from oil 
derivatives and coal in the Main scenario. 

 

 

 

 

 

 

                                                           
26 The total CO2 emissions from every sector in Mexico was of 431 million tons in 20114 (IEA, 2016b). INECC (2016) 
indicated a total net emission of 492 million tons for 2013. The emissions from the Unrestricted scenarios can be 
compared with the INDC's business-as-usual scenario, which has an energy sector's emission of 202 million tons by 2030, 
which is significantly more than in our Unrestricted scenario. The unconditional objective of 139 million tons is closest to 
the result from the Main scenario. 
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FIGURE 3. 14. PERCENTAGE OF CLEAN ENERGY IN THE THREE SCENARIOS, MODELS OF THE 
RESULTS 

CONVENTIONAL

CLEAN - Other

CLEAN - Renewable

Goal

 
Source: Balmorel. 

CO2 emissions are the same for both the Main and CO2 Target scenarios. Though, they differ on how each 
one reaches this emissions volume (see Figure 3.15). In the CO2 Target scenario, natural-gas generation has 
overpassed coal and oil generation. Therefore, less clean energy is needed to comply with the CO2 Target. 

FIGURE 3. 15. GENERATION IN THE MAIN AND CO2 TARGET SCENARIO, SELECTED YEARS 
(TWh) 

 
Source: Balmorel. 

The use of CO2 quotas or price fixation for reaching the emission level that could be achieved with the clean 
energy Objective, will reduce the mitigation global costs. The additional cost for reducing CO2 emission is 
lower during the first years (e.g., 350 million USD per year in 2030; 1.5% less total costs from the system, 
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on an annual basis). After 2040, the CO2 Target Scenario becomes more expensive. The largest investment 
for the Main scenario during the first part of the period, turns into a reduction on the cost towards the end of 
the studied period (see Figure 3.16). 

In terms of net present value, when considered a 10% interest, the Main scenario overpasses by 2,229 
million USD, the Unrestricted scenario, while the CO2 Target scenario overpasses it by 1,472 million USD. 
The CO2 Target scenario is, thus, 1,357 million USD more cost-effective than the Main scenario.  

FIGURE 3. 16. TOTAL ANNUALIZED COST COMPARED WITH THE UNRESTRICTED SCENARIO 
(million dollars of 2015/year) 

 

Source: Balmorel. 

In the CO2 Target scenario, the investment in a new generation, compared with the Main one, is more 
focused on natural gas (3,267 MW more in 2030), and less on wind and solar energy (3,028 MW less for 
wind, and 164 MW less for solar). The difference in the capacity is being reduced in the following years, as it 
can be observed in Figure 3.17. 

FIGURE 3. 17. INVESTMENT BASED ON THE MODELS OF NEW GENERATION CAPACITY IN ALL 
SCENARIOS 

(GW) 
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Source: Balmorel. 

With more wind and solar power in the system, the need for transmission increases. Thereby, the model 
invests more in transmission capacity when it is economically attractive, as when the reduction of the total 
costs is larger than the necessary investment (expressed as annual costs). 

A larger capacity of wind and solar power turns into lower fuels costs, but higher capital costs. Figure 3.18 
displays how the cost for reducing CO2 emissions is increasing. For example, it can be achieved a 20% 
reduction to an additional cost, of approximately 2%. A 50% reduction would increase the cost around 11% 
in 2030, and around 6% in 2050. 

FIGURE 3. 18. INCREASE IN THE TOTAL COSTS COMPARED WITH THE MAIN SCENARIO 
(Percentage) 

 

The general landscape, shows that the great proportion of wind and solar energy can be efficiently integrated 
into the Mexican system. The amount of lost energy (curtailment) associated to wind and solar energy, is 
presented in minimal reduction volumes by the end of the period. 

The main conclusions from this exercise are: 
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• It is possible to operate the Mexican electricity system with a very high percentage of wind 
and solar power, such as 61% by 2050. This result can be obtained with an optimal investment in 
the transmission capacity. Only a minimum amount of energy is lost (less than 2%) from wind 
power. The investment in hydroelectric pumping can reduce those volumes. 

• The use of clean energy targets has a significant impact on the emission of CO2. 

• The development of policy instruments may reduce annual costs, like with a better 
international coordination and energy exchange. The increase of the transmission capacity of the 
neighbor countries will contribute to the integration of a more stable generation market.
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Glossary 

Additional total capacity Addition of the engaged capacity plus the non-engaged one. 

Associated products Products related to the operation and development of the electric industry 
needed for the efficiency, quality, reliability, continuity, safety, and 
sustainability of the National Electric System, among which there are: power, 
Related Services, Clean Energy Certificates, Distribution Financial Rights, 
transmission and distribution services, and the Operational Control of the 
National Electric System, as well as the other products and collecting duties 
defined by the Market Regulations. 

Availability Factor which indicates the percentage of time in which a generating unit was 
available for service, out of its being or not required to operate. This index is 
calculated by dividing with the energy produced annually between the unit 
with its available capacity and the energy it would produce if it were used at 
100%. 

Average Demand Equal to the electricity needed in MWh during a year divided between the 
number of hours of the year (MWh/h) 

Base Demand Minimal hourly demand within a given period (this outlook indicates the 
average of minimum daily demands). 

Bases of the electricity market General administrative provisions containing the principles of design and 
operation of the Electricity Wholesale Market including auctions referred in 
the Electricity Industry Law. 

Capacity Maximum power at which energy can be supplied to a generating unit, a 
power plant, or an electric device, and is specified by the manufacturer of the 
user. 

Capacity additions through 
modernization 

Additional capacity from an existing power plant through improvements on 
generating processes or through incorporating technological advances. 
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Capacity additions through 
rehabilitation 

Capacity that could be recovered through programs for repairing or replacing 
damaged components in power plants whose capacity has been degraded. 

Carbon footprint The measure of the total amount of greenhouse gas emissions and 
compounds from a defined population, system, or activity, including every 
source, sump, and relevant storages within the spatial and temporary limits 
of a population, system, or activity of interest. It is calculated using as a 
reference the CO2 potential for global warm. 

CFE power plant Power plant which, with the entry into force of the Law for the Electric 
Industry. It is owned by the bodies, entities, or state enterprises and is under 
operating conditions, or whose construction and delivery is included in the 
Expenditure Budget of the Federation under the modality of direct 
investment. 

Charge Power required by consumption devices which is measured in electrical units 
(watts); each time a user turns on a switch for connecting or disconnecting 
an electric appliance produces a variation in its electricity demands. 

Clean energies Energy sources and electricity generating process whose emissions or 
residues, if any, do not overpass the limits established in the regulatory 
provisions issued in that matter. The following are considered as Clean 
Energies: 

a) Wind; 

b) Solar radiation (in all its forms); 

c) Ocean energy in its different forms: tidal, thermal-tidal, from waves, from 
sea currents, and from the salt concentration gradient; 

d) Heat from geothermal reservoirs; 

e) Biofuels defined by the Law to Promote and Develop Biofuels; 

f) Energy generated using the heating power of methane and other 
associated gases within the final disposition sites, livestock farms, and 
wastewater treatment plants, among other; 

g) Energy generated using hydrogen through its combustion or when used in 
fuel cells, as long as they comply with the minimum efficiency established by 
the CRE and the emissions criteria established by the SEMARNAT during its 
lifespan; 

h) Energy generated in hydroelectric plants; 
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i) Nuclear energy; 

j) Energy generated with the products from the processing of agricultural 
residues or MSW (like gasification or molecular plasma), when such 
processing does not generate dioxins and furans, or other emissions that can 
affect health or the environment, and which comply with the Mexican official 
standards issued by the SEMARNAT for that purpose; 

k) Energy generated by efficient cogeneration plants under the efficiency 
terms and criteria issued by the CRE, and the ones established by the 
SEMARNAT for emissions; 

l) Energy generated by sugar mills which comply with the efficiency criteria 
issued by the CRE, and the ones established by the SEMARNAT for 
emissions;  

m) Energy generated by thermal plants with capture processes and 
geological storage or biocapture of CO2 which have an efficiency equal to or 
superior, in terms of kWh-generated by ton of CO2 equivalent released into 
the atmosphere, to the minimum efficiency established by the CRE, and the 
criteria established by the SEMARNAT for emissions 

n) Technologies considered as low-carbon emissions under international 
standards. 

o) Other technologies determined by the SENER and by the SEMARNAT, 
based on parameters and standards of energy and hydric efficiency, 
emissions to the atmosphere, and waste generation, directly or indirectly 
during their lifespan. 

Clean Energies Certificate Certificate issued by the CRE which appoints the generation of a defined 
amount of electricity through renewable sources or clean technologies and 
which is used to comply with the mandatory requirements related to the 
consumption of Load Centers.  

Clean distributed generation Electricity generation that, under the terms of the Law of the Electric 
Industry, complies with the following characteristics: 

a) Is performed by an External Generator; 

b) Is generated in a Power Station interconnected to a distribution circuit 
with a high concentration of Load Centers, under the terms of the Market 
Regulations; and 

c) Is generated with Clean Energies. 
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Cogeneration Procedure through which one can simultaneously obtain electric power and 
useful thermal power (steam, hot water, etc.). As a modality, it is the jointly 
generation of electric power with steam and/or secondary thermal power of 
other kind. It can be the direct or indirect electric power generation from 
residual thermal energy coming from processes using fuels, or vice versa.   

Consumption Power delivered to users by public-service generating sources (CFE, LFC, and 
IPP), self-supply projects and cogeneration, and through imports contracts. 

Continuity To serve the End Users' electricity demand with an interruption frequency 
lower than the one established in the criteria issued by the CRE. 

Controllable Demand Electricity demand which End Users offer to reduce according to the Markets 
Rules. 

Council Consultancy Council for the Energy Transition. 

Demand Power to which the needed electricity shall be supplied in a given instant. The 
average value within a given interval is equal to the energy needed between 
the numbers of time units of the interval (MWh/h). 

De-rating Mandatory reduction of a unit's capacity as a consequence of a failure or 
deterioration of one of its components, or due to any other limiting 
condition. 

Diversity Factor Relation between the addition of the individual maximum demands of two or 
more loads and the joint maximum demand. A factor more than one means 
that maximum demands do not occur at the same time. 

Dry Gas NG containing smaller amounts of hydrocarbons heavier than methane. It is 
also obtained from processing plants. 

Effective capacity Capacity available within a generating unit defined by environmental 
conditions and the physical state of its facilities, and corresponds to the plate 
capacity corrected as an effect of permanent degradations caused by 
deterioration or worsening of the equipment part of the unit. 
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Electricity Coverage Agreement Agreement between the Market Participants through which they undertake 
to trade electricity or Associated Products, or to comply with payments 
based on their prices, which shall be executed in a fixed time or date in the 
future. 

Electricity Sector Group of participants, public and private, who intervene in the processes of 
generation, transmission, and distribution of electricity. 

Emissions Release of GHG or its precursors, and sprays into the atmosphere, including 
greenhouse compounds, in a defined zone and period. 

Energy Efficiency All the actions which entail an economically viable reduction of the amount 
of energy required to meet the energy needs of the goods and services 
demanded by society, guaranteeing an equal or superior quality level. 

Export (modality) Electricity destined to foreign trade through projects like cogeneration, 
independent production, and small production complying with the legal and 
ruling provisions applicable in each case. 

Permit holders in this modality are not allowed to dispose of the electricity 
that has been generated within the national territory, unless they are granted 
a permit from the CRE for performing such activity under another modality.  

Externalities Positive or negative impacts generated by providing a good or service and 
which could affect third parties. Externalities happen when the cost paid for a 
service or good is different from the total cost of the damages and benefits 
in economic, social, environmental, or health terms, and which involve their 
production and consumption. 

Financial Energy Transmission 
Rights  

Correlative right and duty of receiving or paying the difference resulting from 
the congestion components of Local Marginal Pricing in two nodes of the 
Electric National System. For documenting the Financial Energy Transmission 
Rights, those bank statements issued by the CENACE will be writs of 
execution. 

Fossil energies Those produced by the combustion of materials and substances in solid, 
liquid, or gaseous state and contain carbon, and whose formation occurred 
through geologic processes. 
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Generating company Any individual or entity which represents a Power Plant in the Wholesale 
Electricity Market or is entitled with a permit to operate a Power Plant 
without participating in that market, according to what is mandated in the 
Law of the Electric Industry. 

Grid Group of elements interconnected for the transmission, transformation, and 
compensation of energy transportation.   

Gross capacity Effective capacity within a unit, power plant, or generating system. 

Gross Generation Power generated in electric power plants, measured in the generators' 
terminals. A small amount of this energy is used for feeding auxiliary 
equipment within that same plant (own uses) and the rest is delivered to the 
transmission grid (net generation). 

Gross Power Power to be supplied through the various capacity resources within the 
electric system (self-generation, imports, self-suppliers’ surpluses), including 
power from sales, transmission losses, own uses from power plants, and 
power to export. 

Import (modality) Purchase of energy from generating plants abroad through legal acts signed 
between the electricity supplier and its consumer. 

Independent Production Electricity generation coming from a power plant with a capacity for over 30 
MW, exclusively destined to be sold to CFE or - if permitted by the 
Secretariat of Energy under the terms of the Electric Power Public Service 
Law -, for exports. 

Interconnected National System Regional electrical systems which share through their connections their 
resources of capacity, and their economic, trustable, and efficient operation 
as a group. 

Labeled capacity Capacity defined by the manufacturer in the label of the generating unit or 
electric device. This capacity is generally obtained when the unit is relatively 
new and operating under design conditions. 

Leasing Financing in which the leaser (client) agrees to pay an amount of money to 
the leasing company for the right of using the equipment during a given 
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period. 

Load center Facilities and equipment which, in a specific site, enables that an end user is 
supplied with electricity. 

Load Curve Chart displaying the load's magnitude throughout a defined period. 

Load Factor Relation between average demand and the value of the maximum demand 
recorded during a given period. The load factor approaches the unit as the 
load curve is more plane. A load factor closer to the unit represents a more 
intensive and continuous use of the equipment.  

Losses Term applied to the energy (MWh) or to the electric power (MW) lost in the 
transmission and distribution processes. Losses are due mainly to the 
transformation of some amount of energy into dissipated heat within 
electrical conductors or appliances. 

Maximum Coincident Demand Maximum demand observed in an interconnected system during a given 
period, and which is smaller than the addition of the maximum demands of 
the areas in this system, since the latter ones happen at different moments 
due to the regional and seasonal diversity and to electricity consumption 
patterns. 

Maximum Demand Maximum value of hourly demands in the year (MWh/h). 

Maximum Non-Coincident 
Demand 

The addition of maximum demands within the areas of an electricity system, 
without considering the time in which they occur. The maximum non-
coincident demand is larger or equal to the maximum coincident demand.  

Megawatt (MW) Unit of power equal to 1,000,000 Watts. 

Megawatt hour (MWh) Unit of power. In electricity, it is the power consumed by a one MW load 
during an hour. 
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Meshed system An electrical system is considered strongly meshed when its substations are 
interconnected through multiple connections, which enable them to prevent 
their stable operation from the sudden disconnection of one of their 
elements. It is a redundant measure of the system.  

National Electrical System (SEN, 
for its Spanish acronym) 

Integrated by public and private participants connected to the electricity 
national grid and which intervene in the generation, transmission, and 
distribution of electricity. 

Natural Gas (NG) Hydrocarbons blend mainly formed by the methane found in the fields as a 
solution or in a gas phase with crude oil, or in oil-free fields. 

Natural Liquefied Gas (NLG) NG mainly formed by methane (CH4) which has been liquefied through 
pressurization and cooling, to enable its transportation and storage. 

Net capacity Gross capacity of a unit, power plants, or electric system to which have been 
subtracted the capacity to be used by generating plants. 

Net Generation Electricity delivered to a transmission grid and which is equal to the gross 
generation minus the energy used for the plant's own uses. 

Net Power Total power delivered into the grid, and which equals the gross generation 
from the system's power plants plus the imported power from other electric 
systems, plus the powered purchased from self-suppliers and co-generators. 

Non-engaged additional capacity Additional capacity needed to meet the future demand whose construction 
or tendering process has not yet begun. According to the LSPEE and its 
Guideline, these capacity additions might be covered with private generation 
projects o by the CFE itself. 

Operating Reserve Margin Difference between the capacity available and the maximum coincident 
demand of an electric system, expressed as percentage of the maximum 
demand, and where the capacity available is equal to the system's effective 
capacity, minus the capacity out of service due to maintenance, failures, and 
external events. 
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Operational Control of the 
Electric National System  

Issuing of instructions related to: 

• Allocation and dispatch of Power Plants and of the 
Controllable Demand. 

• Operation of the Transmission National Grid corresponding 
to the Electric Wholesale Market, and 

• Operation of the Distribution General Grids which correspond 
to the Electric Wholesale Market. 

Operational provisions of the 
Market 

Operational bases, criteria, leads, guidelines, manuals, procedures, and other 
provisions issued by the CENACE, in which are defined the operating 
processes of the Wholesale Electricity Market, according to the Bases for the 
Electricity Market. 

Permit holder Title holder of permits to generate, export, or import electricity. 

Permit-holders power plant Power plant which, with the entry into force of the Law for the Electric 
Industry: it is included in a permission for generating electricity under the 
modality of independent production, or whose construction and operation 
has been included in the Expenditure Budget of the Federation under the 
modality of conditioned investment.  

Photovoltaic Solar Power 
(Photovoltaics) 

It is defined from the "photovoltaic effect", which refers to photons of light 
exciting electrons into a higher state of energy, allowing them to act as 
charge carriers for an electric current. 

Planning instruments The Strategy, the Program, and the PRONASE. 

Plant Factor Indicates the degree of usage of the generating units’ capacity during a given 
period. It is calculated by dividing the average generation between its 
effective capacities. 

Plate capacity It is the capacity defined by the manufacturer in the plate of the generating 
unit or electricity device. This capacity is often obtained when the unit is 
relatively new and operating under design conditions. 



 
 

120 

Pollutant  

Emissions Certificate 

Certificate issued by the CRE to be sold in the Wholesale Electricity Market 
and is used to comply with the mandatory requirements for greenhouse 
effect gases produced by power plants. 

Power Plant Facilities and equipment which, in a specific site, enables the generation of 
electricity and related products. 

Projects by private parties It replaces the figure of permit holders when the Electric Industry Law came 
into force. 

Prudent practice Electricity generation from a station with a capacity over 30 MW, exclusively 
destined to be sold to CFE or -prior permit from the SENER under the terms 
of the Law of the Public Service of Electricity- to export. 

Recoverable Income Costs the Basic Suppliers may recover when providing Basic Supply and which 
include electricity, Associated Products, Electric Coverage Contracts, and 
own operation. 

Reliability Ability of the Electrical National System to meet the electricity demand of 
End Users, according to the criteria issued by the CRE.  

Remote self-supply Supply in charge of self-supply projects located in a different site from the 
generating plan through a public service transmission grid. 

Renewable energies Those whose source comes from nature phenomena, processes or materials 
that can be transformed in useful energy by humans, are generated naturally, 
so they are continually or periodically available, and do not release pollutants 
when generated. The following are considered renewable energies: 

a) Wind; 

b) Solar radiation, in all its forms; 

c) Water movement naturally or artificially flowing with existing reservoirs, 
with generating systems with a capacity less than or equal to 30 MW, or a 
power density, defined as the ratio between the generation capacity and the 
reservoir’s surface, above 10 watts7m2; 

d) Ocean energy in its different ways: tidal, thermal-sea gradient, sea 
currents, salt-concentrations, gradient, etc.; 
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e) Heat from geothermal reservoirs, and 

f) Biofuels determined by the Law to Promote and Develop Biofuels. 

Reserve Margin Difference between the effective capacity and the maximum coincident 
demand of an electric system, expressed as percentage of the maximum 
demand. 

Retiring capacity Capacity to be retired throughout the period, due to termination of lifespan 
or economic span of the facilities, or to expiration of purchase contracts of 
capacity. 

Self-supply Supply of the electricity requirements from members of a private association 
through a power generating plant of their own. As a modality defined by CFE 
it is understood as: electricity generation for self-supply consumption 
provided that such energy is destined to meet the needs of individuals or 
legal entities and result in no damage to the country. 

Self-supply project Development of a generating unit constructed by private parties, in order to 
supply its own electricity requirements or those between the members of an 
association of individuals. 

Small production Electric power generation destined to be totally sold to CFE, and whose 
projects cannot have a total capacity bigger than 30 MW within a given are; 
or to the self-supply of small rural communities or isolated areas that are not 
served, and whose projects cannot exceed 1 MW; or to exports, within the 
maximum limit of 30 MW.  

Solar Photovoltaic Energy It is defined based on the “photovoltaic effect”, which happens with the 
photons of the sunlight excite energy levels higher than the “loose” electrons 
of the atoms from the semiconductor material it is having incidence. When 
this light’s property is combined with the properties of those materials, the 
electrons flow through an interface and creates a power differential.  

Solar thermal energy Produces electricity concentrating solar radiation to heat and produce water 
steam that goes through a turbine, just as it happens in a thermal or 
combined cycle plant. 

Stored Power Potential power susceptible to become electricity in a hydroelectric plant, 
regarding the useful volume of stored water and the specific consumption for 
energy conversion. 
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Strategy The National Strategy for Energy Transition and the Sustainable Use of 
Energy. 

Substation Group of electrical equipment localized in the same place having the 
necessary buildings for the conversion and transformation of electricity at a 
different tension level, and for the connection between two or more circuits. 

Supplier Company in charge of supplying electricity in Mexico. Federal Electricity 
Commission 

Sustainable use of energy Optimal use of energy in every process and activity for its exploitation, 
production, transformation, distribution, and consumption, including Energy 
Efficiency. 

Sweet Gas NG which comes up free of acid gases from some non-associated gas fields 
or that have been processed in sweetening plants. 

Synchronisms The way in which all the generators connected to an alternating current grid 
shall remain operating to ensure the stable operation of the electric system. 
Under this way of operating, the electric speed of each generator (angular 
speed of the rotor multiplied by the number of pole-pairs) remains equal to 
the angular frequency of the grid voltage in the connection point. 

Thermal Solar Power Thermal solar technology produces power by concentrating solar array for 
heating and producing water steam which goes through a turbine, just in the 
same way it is done in a thermal or combined cycle power plant. 

Total additional capacity Addition of the engaged capacity and the non-engaged additional capacity. 

Trader Title holder of a Market Participant contract whose purpose is to perform 
trading activities. 

Transmission capacity Maximum power than tan be transmitted through a transmission line, 
considering operating technical restrictions like: thermal limit, voltage drop, 
stability limit, etc.  
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Unavailability State where the generating unit is totally or partially disabled and cannot 
supply electric power due to a programmed eventuality as: maintenance, 
failure, capacity de-rating, and/or external events.  

Unavailability due to de-rating Factor which points out the percentage of time a generating unit or plant de-
rates its maximum power, without being disconnected, due to working 
problems on one of its components.  

Unavailability due to external 
events 

Index of the amount of time a generating unit is out of service due to an 
external event like: failures in transmission lines, natural phenomena, lack of 
fuel, etc. 

Unavailability due to failures Factor which points out the percentage of time a generating unit or plant is 
out of service due to the decommissioning of a generating unit, due to 
failures in the plant's equipment.  

Unavailability due to 
maintenance 

Factor which points out the percentage of time a generating unit was 
unavailable due to stoppages for performing works for preserving the main 
equipment. 

Value chain The group of activities, such as research and development, design, 
manufacturing, assembly, parts production, marketing, installation, startup, 
servicing, and recycling, that an industrial sector carries out to deliver a good. 

Voltage Electromotive force which expresses the potential difference between two 
points in an electrical field and is measured in volts. 
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Abbreviations and Acronyms 

ABWR  Advanced Boiling Water Reactor 

IEA  International Energy Agency 

APF  Public Federal Administration 

HT  High tension 

AUT  Self-supply 

BP  British Petroleum 

BWR  Boiling Water Reactor 

CAR  Coal-fueled 

CAC  Capacity of self-supply and cogeneration plants. 

CAT  Construction Leasing-Transfer 

CC  Combined Cycle 

Cenace  National Center for the Control of Energy 

CFE  Federal Electricity Commission 

ICE  Internal Combustion Engine 

CONAGUA  National Water Commission 

CO2  Carbon Dioxide 

COG  Cogeneration 

Conuee  National Commission for the Efficient Use of Energy 

Conapo  Population National Council 

COPAR  Costs and y Reference Parameters to Formulate Investment Projects  

CRE  Regulatory Energy Commission 

CSP  Plants capacity for public service 

CTCP  Total cost in the short term 

DAC  High-consumption domestic tariff 
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DAL  Locally self-supplied demand 

DAR  Remotely self-supplied demand 

DOE  Department of Energy 

DOF  Official Journal of the Federation 

DSP  Public-service users demand 

EIA  Energy Information Administration 

WIN  Wind-power station 

EPE  El Paso Electric Company 

ERCOT  Electric Reliability Council of Texas 

U. S  United Sates of America 

FBR  Fast Breeder Reactor 

Fide  Fund for Electricity Saving  

FRCC  Florida Reliability Coordinating Council 

GCR  Gas Cooled Reactor 

GEO  Geothermal electric 

LNG  Liquefied Natural Gas 

GW  Gigawatt 

GWh  Gigawatt-hour 

HYD  Hydroelectric 

IAEA  International Atomic Energy Agency 

IIE  Electric Research Institute 

IMP  Mexican Petroleum Institute 

km-c  kilometer-circuit 

kV  Kilovolt 

kW  Kilowatt 

kWh  Kilowatt-hora 

LIE  Electric Industry Law 

LSPEE  Law on the Public Service of Electricity 
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LWGR  Light Water Graphite Reactor 

MMCFD  Million cubic feet per day 

RM  Reserve Margin 

ORM  Operating Reserve Margin 

MT  Medium tension 

MVA  Megavolt ampere 

MW  Megawatt 

MWe  Megawatt electric 

MWh  Megawatt-hour 

n/a  Not available 

NERC  North American Electric Reliability Corporation 

NCG  New clean generation 

NOM  Official Mexican Standard 

NPCC  Northeast Power Coordinating Council 

NGT  New Generation Technologies  

OECD  Organization for Economic Co-Operation and Development 

OLADE  Latin America Energy Organization  

OPF  Financed Public Work 

PRODESEN Program for the Development of the National Electric System  

PRONASE National Program for the Sustainable Use of Energy 

PEF  Expenditure Budget of the Federation 

Pemex  Petróleos Mexicanos 

PHWR  Pressurized Heavy Water Reactor 

GDP  Gross Domestic Product 

IEP  Independent Energy Producer 

PRC  Capacity Requirements Program 

PRIS  Power Reactor Information System 

PWR  Pressurized Water Reactor 
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R/P  Ratio reserves/production 

SE  Secretariat of Economy 

SEN  National Electric System 

SENER  Secretariat of Energy 

SERC  Southeastern Electric Reliability Council 

SIN  National Interconnected System 

SPP  Southwest Power Pool 

SOx  Sulphur oxides 

TA  Open season 

TC  Conventional Thermoelectric 

TG  Gas turbine 

TGM  Mobile gas turbine 

AAGR  Average annual growth rate 

TWh  Terawatt-hour 

VFT  Variable Frequency Transformer 
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Explanatory notes: 

• Totals of numerical or percentage data within the text, tables, charts, graphics or any figure, might 
not coincide with exactitude due to the rounding up. 

• The information corresponding to the last historic year is subjected to afterward reviews. 

• Just as in the case of totals of numerical data, the manual calculation of average annual growth 
rates may not coincide with the recorded values due to the rounding up. 

• Within the Independent Energy Producer (IEP) modality, the figures recorded under the concept 
authorized capacity and operating capacity may not necessarily coincide with those recorded under 
the concept gross capacity hired by CFE. 
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