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Abstract

Oaxaca is one of the states with the biggest potential for renewable energy use, such as wind, solar,
micro-hydro and biogas. These options may not only be incorporated into the National Grid of electricity
production, but may also be considered a mainstay for the development of a low carbon economy. These
actions likewise represent an opportunity for greenhouse gas (GHG) mitigation, which, coupled with other
circumstances in the transportation, waste and livestock sectors, will contribute to improve the quality of
life of the state’s population, both in urban and rural areas. The development of the state’s climate action
program and a comprehensive program on air quality may contribute to address strategies, actions and
resources to achieve this improvement.

1 Introduction

The Mario Molina Center (MMC) analyzed the state
of Oaxaca within the framework of a study enti-
tled ”Regional and sectorial strategies for achieving
low carbon sustainable development in Mexico 2013-
2025” (MMC, 2010) [1] as part of the southern region
(which included the state of Chiapas). This region is
considered key in the national strategy for achieving
a low carbon economy because of its high potential
for renewable energy production and export, such as
wind and micro-hydro, as well as its extensive natu-
ral areas, which are capable of absorbing atmospheric
carbon.

Likewise, as part of the study ”Heading towards
the action program to face Oaxaca’s climate change:
technical contributions and advice on early actions”,
a 2008 greenhouse gas inventory was made and three
strategic projects were proposed whose implementa-
tion will bring environmental and social benefits to
the state, as well as generate new development op-
portunities, especially for the most vulnerable com-
munities.

Oaxaca has a population of 3.8 million people, rep-
resenting 3.4% of the country’s total. Of these, 46%
live in rural areas and the rest in urban areas, and
are part of four air basins located in its main towns:
Oaxaca, Tuxtepec, La Soledad and Salina Cruz. The
basins of Oaxaca and Salina Cruz are characterized

because high impact economic, cultural and social
activities are carried out within those basins. The
state’s capital is located in the first one, while the
Antonio Dovali refinery is located in Salina Cruz, con-
sidered the second most strategically important in the
country, because it provides oil to the states located
in the Mexican Pacific and due to the environmental
impact generated in the air basin which it houses.

2 Objective

This study has the objective of defining mitigation
and adaptation priority actions based on the energy-
environment analysis conducted in the southern re-
gion, and identifying areas of opportunity that en-
able the state of Oaxaca to lay the groundwork for
developing their state climate action plan.

3 Methodology

From the energy-environmental analysis conducted
for the state of Oaxaca, which includes an analysis
of energy consumption, the development of the 2008
state inventory of greenhouse gas emissions and the
identification of key sources of greenhouse emissions,
we analyzed the potential for electricity production
from the use of renewable energies, including not only
wind, but micro-hydro, solar and biogas utilization

1



coming from the degradation of organic matter, from
both municipal waste and livestock excreta.

A risk analysis was conducted of the risks to which
the state is highly vulnerable to, especially the ex-
treme conditions in the hydrological cycle (floods
and/or landslides), and changes in land cover that
seriously affect the population. A model was devel-
oped to estimate the risk of the elements subject to
the impact of extreme weather events, which contem-
plated, on one side, qualifying the danger they cause
over the territory and on the other hand, the vul-
nerability of the population that receives the impact,
which varies depending on the number of people ex-
posed and wellness features and services that make
them more or less resistant to this type of phenom-
ena. In terms of air quality, an inventory of criteria
pollutants and ozone precursors was made, and the
state’s air sheds were identified.

4 Results

4.1 Energy Consumption

The state of Oaxaca is characterized by low fossil fuel
consumption in their productive activities. In 2012,
consumption was 95 petajoules (PJ): 83 of them
came from petroleum (gasoline 32.4 PJ, fuel oil 28.1
PJ, diesel 19.9 PJ, petroleum coke 1.4 PJ, kerosene
1 PJ) and the rest, indirectly, from energy production.

The Antonio Dovali Jaime refinery is located in the
town of Salina Cruz, the second in oil production na-
tionwide, with a total of 260 thousand barrels per day,
i.e., about 22% of total refining volume in the country.
The refinery supplies the littoral states of the Mexi-
can Pacific, although its emissions and environmental
impacts are absorbed by Oaxaca.

4.2 Electricity Production

Electricity production in Oaxaca amounts to 3 305
GWh [3], coming mainly from the use of clean energy
such as hydropower and wind power. The state
consumes about 77% of all electricity produced,
which is equivalent to 2 544 GWh, representing 1.2%
of total national consumption (Table 1).

Table 1: Electricity production technologies in Oax-
aca

Source: CMM, 2013

4.2.1 Energy Consumption

In contrast to power production, in 2012 Oaxaca
consumed 1.3% of all electricity in the country, with
a total consumption of 2 544 GWh.The industrial
and domestic sectors became the main consumers.

During 2000-2012, Oaxaca’s number of users grew
at an annual average rate of 4%, the industrial
sector had the highest rate with 24% and a power
consumption of 3%.

In the domestic sector, around 415 thousand
people do not have electricity, equivalent to 11%
of the population. This, despite of Oaxaca’s high
renewable energy potential, such as wind, mini-hydro
and solar.

4.2.2 Renewable Energy Production Poten-
tial

Oaxaca has natural resources and ideal geographic
features for developing projects for the exploitation of
renewable energy for power production, such as wa-
ter, geothermal, solar and wind, as well as for thermal
installations. So this sector has the potential of be-
coming one of the state’s strategic central cores for
development.

Based on what was mentioned before, the Govern-
ment of Oaxaca promotes investment for the devel-
opment of renewable energy projects in the following
areas:

• Wind Energy

There are currently six wind farms operating
with an installed capacity of 509 MW. More-
over, the start of operations of 8 wind farms in
Oaxaca are expected to begin throughout 2014,
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in addition to existing ones, with a total capac-
ity of 1 263.15 MW: seven in self-sufficient mode
(1 161.15 MW) and one as an independent power
producer (102 MW).

• Hydro Energy and Micro-Hydro

The state of Oaxaca’s orography and water re-
sources offer great potential for sustainable use of
waterfalls to generate electricity. To date, there
are 75 potential projects identified by the Fed-
eral Electricity Commission for the installation
of micro-hydro, 6 of which have pre-feasibility
studies, so its power once installed would be 417
MW and would generate 1 432 GWh. In addi-
tion to identifying the potential for public ser-
vice, the Mario Molina Center has proposed de-
termining the micro-hydro potential in the coun-
try, not only as an option for mitigating green-
house gases in the electricity sector, but also for
contributing to low carbon sustainable develop-
ment, mainly in rural areas.

• Solar Energy

Oaxaca has an excellent potential to use solar en-
ergy throughout its territory. The Mario Molina
Center developed different maps which show the
solar radiation index that occur during the year,
with an annual average of 4.89 KWh/m2 for Oax-
aca. It is recommended that the transmission
lines are planned in advance to give an output
of the power generated in areas with renewable
potential.

4.3 Greenhouse Gas Emission Inventory

According to the inventory conducted using method-
ology of the Intergovernmental Panel on Climate
Change (IPCC, 2006), Oaxaca contributed with
about 21 million tons of CO2eq in 2008, which
corresponded approximately to 3% of 2006 national
emissions. Each inhabitant generated 2.4 tCO2eq per
year, representing one third of the national average,
which stands at 6.7 t CO2eq per capita per year.

In 2012 an increase occurred in emissions generated
in the state, which are estimated to have reached 23
million tons of carbon dioxide equivalent. This means
an increase of 2% compared to emissions from 2008.
The contribution of each category to the inventory is
shown in Figure 11.

1The state climate action plan is expected to be published
in 2013.

Figure 1: GHG percentage contribution by category,
Oaxaca 2008

Source: CMM, 2012

4.4 Air Quality

4.4.1 Inventory of Criteria Pollutants and
Ozone Precursors

The pollutants estimated include those considered
criteria pollutants and ozone precursors, which are:
particulate matter (PM), particulate breathable
fractions smaller than 10 and 2.5 microns (PM10

and PM2.5), nitrogen oxides (NOx), sulfur dioxide
(SO2), carbon monoxide (CO), ammonia (NH3),
total organic compounds (TOC) and volatile organic
compounds (VOCs).

During 2008, in the state of Oaxaca a total of
1.7 million tons of criteria pollutants and precursors
were emitted: the main sources of emissions were
natural sources with 67%, followed by mobile sources
with 17% and fixed sources with 10%, the rest were
emitted by area sources.

VOCs accounted for 67% of emissions, followed in
importance, with 18% carbon monoxide and with 7%
sulfur dioxide.

4.4.2 Key Sources of Greenhouse Gas Emis-
sion and Atmospheric Pollutants in
Oaxaca

The following items stand out in Oaxaca as the largest
contributors to climate change: oil refinery, trans-
portation, livestock, land use change and waste man-
agement. For criteria pollutants and ozone precur-
sors, the largest contribution came from biogenic
sources, i.e., the release of volatile organic compounds
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from farmland and forests.

4.5 Risk Analysis

The state of Oaxaca is highly vulnerable to extreme
weather conditions related to rainfall, including floods
and/or landslides, due both to the complex orography
and to changes in land use seriously affecting the pop-
ulation. In the other case, the periods with rainfall
deficit are a danger to rain-fed agriculture activities,
since this condition joined with maximum high tem-
peratures, reduces soil moisture. This condition, in
turn, causes water stress in vegetation and frequent
loss of crops, in addition to circumstances that fa-
vor the spread of wildfires. Therefore, in Oaxaca, not
only mitigation measures but adaptation actions to
this type of phenomena should be implemented.

5 Conclusions and Recommendations

To face the challenges of reducing carbon emissions
(mitigation) while promoting sustainable develop-
ment and adaptation to climate change, the following
actions are considered:

1. Priority Measures

(a) State program for sustainable firewood (first
stage)

We consider the development of actions
which promote and strengthen organiza-
tion, fostering, and technology transfer, as
well as the restoration, conservation and
protection of forest resources a priority.
Reason why, we propose the creation of a
state program of sustainable firewood for
the state of Oaxaca, which would help to
reduce greenhouse gas emissions (GHG)
generated by firewood consumption, it
would give sustainability with legal and
economic certainty, it would reduce to a
maximum the negative health effects and
conserve, in turn, the traditions of the
people of Oaxaca. The program requires
an investment of 35 million pesos.

(b) Oaxaca weather and climate information
state system

We propose the creation of a State System
for Weather and Climate Information for

the government of the state of Oaxaca,
which allows the authorities and society
to take preventive actions against weather
hazards, mainly in the agricultural sector.
It requires the creation of both human
and technical capabilities to integrate a
system producing weather and climate in-
formation, which should be complemented
with communication schemes that facilitate
its utilization between key players. The
investment required for this first stage is 5
million pesos.

(c) Electrification program with renewable
energy sources for productive activities in
marginalized communities (EPRO I)

Given the need to support marginalized
communities towards sustainable develop-
ment, the program proposes electrification
actions in marginalized communities. This
would strengthen sustainable productive
activities, such as the installation and
adaptation of interconnected independent
systems or connected to the national grid
system through photovoltaic cells, wind
turbines and/or micro hydro. Furthermore,
we insist in the importance of social work in
the community, which implies commitment
and sufficient organization, basic elements
to ensure long term sustainability. We
estimated 38 million pesos for its imple-
mentation.

2. Strategic Measures for GHG Mitigation and Air
Quality Improvement

(a) Implementation of an electrification pilot
project in productive rural communities
(EPRO II)

The MMC proposes the implementation of
a pilot project in communities like Ixtlan,
San Juan Tagui or San Miguel Reagui, so
that they can have the power needed to
perform their productive activities and get
further added value from their products’
sale.

The implementation of the project has
started in the town of Ixtlan de Juarez,
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Oaxaca, through the National Union of
Community Forestry Organizations (UNO-
FOC); additionally, we have the experience
of other organizations such as Pro Mazahua
who promote in a participatory manner
a comprehensive sustainable development
in indigenous communities in the State
of Mexico, Chiapas and Campeche. The
Mario Molina Center has promoted the
exchange of experiences in order to identify
best practices for project fulfillment in
these communities. This proposal was of
great interest to both groups, so exchange
visits have been organized. Experience
in working together can help develop this
form of community collaboration in other
marginalized areas of the country.

(b) Transportation

Since 2006 the operation of a functional
integrated public transportation system
was proposed, with modern infrastructure,
efficient vehicle technology, automated
billing systems, as well as control and
communication by users. It includes a
rearrangement of routes through the im-
plementation of six transport corridors in
three different stages. The potential for
reducing greenhouse gas emissions, operat-
ing the three stages of the comprehensive
project, is 5% annually.

(c) Biogas exploitation for generating elec-
tricity (landfills, wastewater and livestock
excreta treatment)

Within the study’s framework ”Regional
and sectorial strategies for achieving low
carbon sustainable development in Mexico”
new strategies for energy and environmen-
tal management are analyzed. Standing
out among those is the development of this
type of basic environmental infrastructure.

In Oaxaca’s case there is a high mitigation
potential from proper solid waste man-
agement as well as wastewater treatment.
In total, it is estimated that they could
be reduced around 600 000 tons of CO2eq
in 2025 by the use of biogas resulting

from the degradation of organic matter
for generating electricity, and it can be
estimated around 200 000 MWh-year.

(d) State Commission on Climate Change

In support of the actions that the govern-
ment of Oaxaca carries out regarding cli-
mate change mitigation, the Mario Molina
Center suggested to the State Institute
of Ecology and Sustainable Development
(IEEyDS) strategic working groups that
may be part of its environmental cabinet,
which has similar functions to the Commis-
sion or State Council on Climate Change,
whose integration is supported by Article 58
of the Organic Law of the Executive Branch
of the State of Oaxaca.

(e) Proposal for assessing air quality in the
city of Oaxaca

The Mario Molina Centre proposes con-
ducting a comprehensive assessment and air
quality management in the urban area of
the city of Oaxaca, considering updating the
emissions inventory, installation of a moni-
toring network, the cost-effectiveness analy-
sis and the implementation of control mea-
sures, among others.2
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