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MESSAGE BY THE PRESIDENT

During 2018 we continued committed to our mission of finding practical, realistic
and in-depth solutions to problems related to protecting the environment, the
use of energy, urban development, preventing climate change, and scientific and
environmental education in order to foster sustainable development in Mexico
and the world.
It was a year of political change in which we carried out a series of proposals
regarding air quality, climate change and education, designed at that moment,
for the government in transition and now to state and federal governments. Our
purpose has always been to contribute to the country´s

wellbeing

through

information and studies based on science, so that public policy which directly
affects society has a higher impact in favor of the population.
This year we continued working in diverse areas such as energy, and developed a
diagnosis for part of Mexico´s industrial sector, with the objective of reducing
energy consumption and emission of greenhouse gases in this segment. We
sought

to contribute

for Mexico to economically

and efficiently

meet

its

mitigation commitments. In this sense, we also carried out an analysis of low
carbon development for main agro-industries in Mexico, as well as mathematicalfinancial modelling of the National Electric System.

MESSAGE BY THE PRESIDENT

4

Given that one of our main objectives is that Mexican cities become sustainable,
we

worked

together with

the States

of Nuevo Leon and

Jalisco to analyze

improvements and challenges in the fields of urban development, mobility, and air
quality for the cities of Monterrey and Guadalajara, which could bring economic
benefits for society.
Atmospheric pollution is still one of our main study areas, and this year we mainly
worked with

the State of Mexico and Nuevo Leon, in order to analyze PM

2.5

pollution, focusing on strategic control measures in megacities through the use of
low-cost network sensors; as well as to develop a proposal for a state technical
norm for vehicles.
Our area dedicated to education is especially important because it represents the
way in which the Center can influence the population starting at a young age to
create awareness and favorable habits towards the environment and combating
climate change.
Since almost 15 years ago, we have worked in the Mario Molina Center in favor of
Mexican society and we hope to continue with this important task in collaboration
with

the

Federal

Government,

state

and

local governments,

national

and

international institutions, as well as the private sector, academy and civil society
organizations.
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2018 was a transition period in Mexico during which the Mario Molina Center (MMC)
continued to be committed to research, analysis and development of public policy in areas
related to energy, sustainability in cities, improving air quality, and promoting a new
climate change education culture for the country.

Proposals
One of our main activities

consisted on elaborating a series of proposals on climate

change, education and air quality for the then candidates to the Federal Government and
the government of Mexico City, and afterwards for the representatives of the governments
in transition. Our recommendations were thought out as action pathways for areas such as
the environment, energy and education that we consider critical for our country.
The first proposal for the Federal Govrenment consisted in planning priority management
and joint solutions for improving air quality in the Metropolitan Area of the Valley of
Mexico.
The first proposal for the Federal Govrenment consisted in
planning

priority

management

and

joint

solutions

for

improving air quality in the Metropolitan Area of the Valley of
Mexico. We offered an integral package of actions to tackle all
pollution sources which included measures in the short, mid
and long terms, such as applying economic instruments to
limit the uncontrolled increase of the size of the vehicle fleet;
accelerate the development of quality, secure, trusted, low
emission public
scale;

transportation,

organize

accelerate

the

and

integrated at metropolitan

regulate

change

towards

heavy

freight

more

efficient

transport;
and

low

emission technologies; control emissions of Volatile Organic
Compounds (VOCs)

stemming

from

services; and finally, containing

industry

and

various

urban sprawl in order to

reduce mobility demand.
We emphasized that a key ingredient for the optimum implementation of these measures
was the coordinated
authorities in the

participation of different levels of

metropolis. It was also

government as well as of all

important to consult and

collaborate with

every social sector involved, because implementing the suggested changes in a fragmented
and isolated fashion would not bring the necessary benefits.
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The second proposal for the Federal Government was titled
“Mexico facing climate change”, given the urgent need to
detain and revert impacts caused from this phenomenon, a
global problem which is largely due to human activities.
In order to achieve a low emission economy transformation,
we proposed progressively eliminating generalized subsidies
to fossil fuels, electricity, transportation and water, as well
the

following

measures:

complying

with

the

Paris

Agreement; reaching the national mitigation goal through
modifying the way in which we produce and consume energy
in all

economic

sectors and activities

in

the

country;

reducing emissions in the transportation sector; optimizing the oil and gas industries, as
well as others to reduce emissions of greenhouse gases.
Our third proposal to the Federal Government had to do with active learning and
climate change education to strengthen science learning among children in Mexico. In
recent decades a consensus has grown over how we learn
science, and ultimately over the need to change the way
we teach it. Instead of being based in fact description and
data memorization, the new way to teach is through active
learning which progressively

develops

scientific ideas,

thus promoting among students ways of thinking through
broad and focused mental efforts. It’s learning science
through science activities while applying critical thoughts
for solving problems.
Teaching

climate

change

presents an

opportunity to

encourage students to learn fundamental aspects of basic
science. With this in mind, we developed the following
recommendations: use active learning as a way to radically
improve education in Mexico

from preschool to upper

levels; implement teacher training adapted to the different realities and contexts their
backgrounds; use technology to broaden knowledge through teacher training while
clearly demonstrating the benefits of digital technologies; and develop materials to
teach basic concepts of sustainability for teachers and students of basic education in
Mexico.
Furthermore, during this year, the MMC participated in forums, seminars and activities
to strengthen knowledge and actions in favor of the environment and policy on energy,
sustainability and climate change.
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Activities
In January Dr. Mario Molina gave a talk
on

climate

change for the National

Institute

for

Energies

in

During

the

Electricity

and

Cuernavaca,
conference,

Dr.

Clean

Morelos.
Molina

mentioned that it is possible to make
important

changes

thanks

to

technology and innovation, so that we may fight climate change with an acceptable cost
without negatively impacting the economy as thought before.
At the end of this month, the Mario Molina Center took part in the “Campaign for
measuring vehicular emissions with remote sensors” organized by the Ministry of the
Environment

of

the State of Mexico. This campaign served to gather data on the

vehicular fleet of the State and characteristics of the most polluting vehicles. The MMC
contributed by analyzing data and

implementing

equipment, with the

purpose of

obtaining emissions data and characterization of the vehicular fleet, especially on diesel
vehicles, buses and large heavy trucks.

In February,

Mr. Carlos Mena, Executive Director of the MMC participated

in the

“Opportunities and challenges in the development of non-conventional oil and gas fields”
forum in Reynosa, Tamaulipas, where national and international experts gathered to
discuss the potentiality, benefits and risk management of these types of oil sites.
In March, we gave a conference alongside the Latin-American Development Bank to
disclose data from a joint study on the main risks for highway infrastructure in Mexico
due to climate change. The results were presented as concrete proposals of action for
key

authorities

in

the

public sector, academy,

private

sector and

international

cooperation organizations. These included measures to confront extreme temperatures,
floods, mud slides and institutional strengthening as well as legislation.
In March, Dr. Mario Molina offered a
key note conference for the “2018 OECD
Mexico Forum: a future with growth and
inclusion”, with the intent of debating
on the more recent socioeconomic and
environmental challenges in Mexico.
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In April, Mr. Carlos Mena participated in the “Opportunities for a low carbon future for
Mexico” organized by the Human Sustainable Development Foundation in collaboration
with the Konrad Adenauer of Germany institution and WRI Mexico, where he spoke on how
we can achieve balance between areas of
priority

and

environmental

ones

to

political

include

a

transition towards a low carbon economy for Mexico.
During this same month, various members of the MMC
took part in the “Second Forum of climate change
adaptation

in Mexico”

organized

by

the

Mexican

Senate in order to escalate the level of attention and
and understanding the risks related to climate change.
Another important event that took part this month was in the collaboration framework
between the MMC and education authorities from Mexico City, with whom we started the
pilot test in climate change education. More than 300 teachers gathered at a school in the
city; they were planning to teach the Center´s program on education for middle schools as
part of the “Curricular Autonomy”, with a reach of more than 30,000 students. School
authorities, zone supervisors, school directors were present. Dr. Mario Molina also offered
a conference on climate change.
In June, the MMC took part

in the “Mexican Dialogue for Talanoa”, organized by the

National Autonomous University of Mexico (UNAM) with the intention of discussing the
challenges of urban areas against climate change. Among the topics discussed were urban
adaptation and mitigation measures, including governance.

Furthermore,

collaborators

of

participated in the international

the

MMC

seminar “Cities

and climate change: science, policy and practice
for

a

common

action

agenda”,

where

they

presented studies and proposals of the Center to
generate
perspective,

urban
by

planning
identifying

with
the

a

main

climate
risks

of

climate change for Mexican cities, as well as tools
and public policies to build urban
reducing energy consumption.

surroundings that are more compact and that allow
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to first year students of

the Chemistry

Department of UNAM, where he urged them to study and work with a lot of momentum
during their careers and to engage in what they are truly passionate about. As part of
his conference, he explained that climate change is a severe problem which we are all
facing, and that has not been resolved.
In

September,

the

Mario Molina

Center

collaborated

as

a

support institution for
the Smart
LATAM
the
This

City Expo

Congress

city

of

event

in

Puebla.
is

a

platform which gathers city representatives, institutions, civil society organizations
and national and international businesses with the intention of identifying common
challenges and presenting solutions for better urban planning.
In September, Dr. Antonio Mediavilla, Project Coordinator for the MMC, participated
in coordinating and moderating the “National Workshop on Air Quality”, along with
representatives of more than 30 States.

The objective was to create a space for

discussion and collective knowledge based on exchanging experiences in areas related
to air quality management, research, monitoring, emissions inventories and actions to
reduce pollution, among others.
In October, Julieta Leo, Project Leader for Sustainable Cities at the MMC participated in
the “Sustainable Financing: building the future” organized by the Federal Mortgage
Society. During her participation she highlighted the challenges surrounding housing in
Mexico, especially regarding financing intra-urban land to increase availability of well
located housing.
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During October, Salvador Montero, Project Leader on
Transport, represented the MMC during the “Mobility
and Road

Safety

Week”

organized by the state´s

in

the

State of

Mexico,

government. National and

international experts talked about

mobility and its

great challenge for road safety, generating proposals
for solving problems around public policy, planning,
new

urban

mobility,

codes,

collaborative

alternative

energies

and

for

individual

vehicles

and

technology as a system manager.

In November, diverse collaborators of

the

MMC presented to

municipal

authorities in

Manzanillo, Colima, results of the urban sustainability study carried out for that city in order
to take a step forward in favor of sustainable mobility for that region.
In November, Dr. Mario Molina and various other collaborators of the MMC participated in the
presentation of general administrative dispositions for the prevention and integral control of
methane emissions in the hydrocarbon sector in Mexico, which was organized by the Agency
for Security and Energy. These regulations, for which the Mario Molina Center gave inputs, is
the first norm of its type in Latin America.

Finally, in December, as part of the United Nations
Framework Convention on Climate Change (COP24)
that took part in Katowice,
participated

in

the

Poland,

symposium

Dr. Molina
entitled

“Safeguarding our climate, advancing our society”,
which was carried out with the Polish Academy of
Sciences,

the

Centre National de la Recherche

Scientifique (CNRS), and the Real Pontific Academy
of Sciences.
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2018 PROJECTS

ENERGY
Technological routes for low
carbon development in the
national industry
This project sought to contribute to Mexico accomplishing its mitigation commitments
in an economic and efficient manner, identifying the main opportunities to reduce
greenhouse gas emissions in the national industry, in a sustainable growth framework,
with which it would also be possible to achieve multiple co-benefits, such as job
creation, energy security, more efficient processes of production and consumption, and
improving local air quality and the environment, while guaranteeing the conservation of
natural resources.
We carried

out a diagnosis of

the national

industry sector in Mexico, analyzing

technological options and measures that could reduce energy consumption and CO 2e
emissions. In addition, we evaluated marginal costs of CO e emissions abatement of
2

these measures and existing barriers for their implementation. The sectors analyzed
were: chemical and petrochemical production, mining, glass and auto production, in
addition to the sectors analyzed in 2017, which included production and distribution
of oil and gas sector, oil refinery, cement, paper and cellulose and sugar.
Out of the total analyzed industries, we estimated an annual reduction of 62 million
tons

of

CO2 e by

petrochemical

study

larger

The oil

and

gas sectors, as well as the

chemical

and

reducing CO 2e emissions (73% of total
cutbacks). With regards to marginal costs, the main cost-effective mitigation measures
for this

had

2030.

were:

potentials for

cogeneration,

energy

efficiency

in

production

processes,

improvement in thermal harnessing of vapor productions processes and enhancing
processes in mining products.
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It is possible to reduce by 2030 almost 27 million annual tons of CO2e in the oil and gas
sector, and 35 million annual tons CO2 e in the industry sector. This corresponds to a
reduction with regards to the Intended Nationally Determined Contributions base line of
almost 20% for the oil and gas sector, and 21% for the national industry sector.
Those cost effective measures may reduce, in the case of oil and gas, 14 million annual tons
of CO2 e. In the case of national industry, we found that almost all measures analyzed could
be implemented at a negative cost, making it possible to reduce up to an additional 15% in
this sector with

regards to what was committed in the Paris Agreement. Nevertheless,

eliminating existing barriers is necessary in all sectors.
This project was made possible thanks to funding by the National Council on Science and
Technology (CONACYT).

Sectoral low carbon routes: low
carbon development of the main
agro-industries in Mexico
The agro-industry sector is fundamental to the Mexican economy and it’s associated to
population growth, food security, climate change and scarcity of resources. This sector
requires important quantities of supplies such as fertilizers and agrochemicals, as well as
high consumption levels of water and fossil fuels, generating important quantities of solid
and liquid waste, and emission of greenhouse gases.
This sector, by having an agricultural component has impacts over the entire productive
chain, though even if it’s not one of the main energy consumption sectors in the country, it
does have noticeable impacts in depletion of natural resources.
The national aspiration of being a low carbon economy must be part of mitigation strategies
of each state and region of the country, for circular economy may offer opportunities for
the agro-industry, making it more efficient in its use of resources and in utilizing its waste
products.
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We

estimated

a

evaluate those strategies that

analyzed sectors of 2.4 million tons for 2030.

different

the

carbon

industries

footprint

where

of

integral

for the

of

greenhouse

decreasing

emissions

reduction

development it’s necessary to estimate and
will allow

gas

total

three

In the dairy sector the most cost-effective
measure

was

co-generation.

its

estimated

a

harnessing of its waste products may be a

implementation

path

cogeneration potential in the dairy sector of

towards

a

low

carbon

circular

economy.

we

With

150MW through
which

results

the use of
in

an

gas

annual

turbines,
emissions

This study presents an analysis of a series

reduction of

of alternatives for

tons of carbon dioxide equivalent (CO 2e) at
an abatement cost of -35 dollars per ton of

sectors

with

three

high

agro-industrial

energy consumption

and/or high production of waste residues

approximately 343

thousand

CO2e.

which may serve as an example for other
subsectors. The sectors analyzed are: dairy,

The beer sector

beer

announces sustainability plans in search of

and

tequila.

By

estimating

creating scenarios which allow

and

choosing

reducing

its

in
high

Mexico
energy

continuously
and

water

the best options, as well as an economic

consumption, but it is not yet possible to

analysis, we obtain the necessary tools for

implement some measure which could help

making

achieve its sustainability goals. Such is the

informed

decisions

on

environmental sustainability areas.

case of energy efficiency measures which in
the

With

the

gathered

information

we

analysis

registered

savings

by their

implementation of a little over 300 dollars

estimated the base line for consumption

per ton

and emissions of greenhouse gases and we

estimate that the beer sector could reduce

identified mitigation strategies which can

up to 1.5 million tons of CO 2e by 2030 by
carrying out the measures proposed in this

be applied in Mexico for each sector.

study.
Finally,
curve

we
for

elaborated
decreasing

allowed identifying
most cost-effective

a

marginal cost

emissions

which

which

measures are

reduced. At a national

level

we

2018 PROJECTS

-

ENERGY

14

In the tequila sector the most efficient measure, considering its economic retribution and
its greenhouse gas emission reduction, is the 10% increase in energy efficiency at tequila
plants. This measure could mitigate up to 32 thousand tons of CO2e per year with a
savings of 121 dollars per ton of CO e mitigated.
2

The creation of programs which foster measurement and quantification of consumption
and supply throughout the supply chain is necessary, considering every value chain in
order to be able to implement

actions for

improvement that

not only

involve the

production phase but also the stages of supply of raw materials, transportation and the
stages of consumption and sale of the final products.
It is necessary to improve

irrigation

technology and rehabilitate infrastructure and

equipment in irrigation districts, as well as carry out a productive restructuring which
takes into account water availability in each region of the country with regards to water
and agro-ecological requirements for each crop.
Finally, we recommend creating project finance for emissions reduction of small and
medium size industries which allows implementing new technologies, waste management
and improving energy efficiency in all of the productive chain.
Most of the recommendations
environmental impact

of these

identified

for decreasing

the

carbon

three agro-industries, may also

footprint

and

be applied to other

national agro-industries.
This project was made possible thanks to funding by the National Council on Science and
Technology (CONACYT).

Mathematical/financial modelling
of the National Electric System
Mexico established mitigation contributions to comply with the objectives described in
the General Climate Change Law. Given that the electricity sector has great potential
for reducing greenhouse gases, a very ambitious mitigation goal was set to it. For 2030
the intention is to reduce emissions by 31% with respect to the established base line.
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We analyzed the most recent proposal by the National Electric System Development
Program (PRODESEN)

during

the

prospective period

of

2018-2032

with

a

tool

elaborated by the Mario Molina Center to carry out a cost-benefit analysis between this
proposal and different other scenarios. The alternative scenarios were forecasted with
the intention of making more efficient investments in the National Electric System, all
of which considering:
-more self-sufficient regions of control which minimize transmission loss,
-reducing excessive dependency on natural gas,
-potential of renewable energy in the country, the capital costs of technologies
and other operation costs to reduce emissions to a minimum which are
technically feasible without incurring in major costs with regards to the
PRODESEN scenario.
It’s possible to meet mitigation goals by taking advantage of, at least, half of the
economically useful renewable resources in our country. Nevertheless, non-renewable
generation focuses on imported natural gas. This condition could

be remedied if

nuclear capacity for energy is increased and/if the forecast for national natural gas
production is doubled.
If we intend on achieving the goal by 2050, we would have to ensure to take advantage
of 75% of the potential of economically exploitable renewable energy, thus achieving an
abatement of 40% of greenhouse gas emissions in this sector by 2032. Getting to this
goal would

bring, in addition, other benefits such as savings in generation costs

(+- 8,500 million USD annually) and a decrease in dependency to imported natural gas
of up to 50%.
For any of the scenarios we studied, the

dependency

on natural gas

imports is

unquestionable, so it´s of great importance for Mexico to focus the agenda of the
hydrocarbon sector on considerably increasing the production of natural gas as a
matter of national sovereignty.
For us to be able to transit towards a cleaner energy generation system, the strategy of
installing

additional

clean

power plants is positive but insufficient. It is equally

important to promote efficient

use

of

energy,

foster

regional auto

sufficiency,

incorporate storage technology and minimize transmission and distribution losses.
This project was made possible thanks to funding by the National Council on Science
and Technology (CONACYT).
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SUSTAINABLE
CITIES
Proposal for the sustainable
development of a Mexican City.
Monterrey´s Metropolitan Area
Study
While talking about the urban phenomenon in Mexico, the Metropolitan Area of Monterrey
(AMM) occupies an important place due to its vast population, estimated at 4.7 million people
in 2015, as well as for its industrial dynamism which makes it the second city with the most
economic potential in the country. Nevertheless, it is also facing multiple challenges in
sustainability, and in this study we identified strategies and actions which will allow reverting
these negative tendencies.
Regarding urban development, we analyzed large vacant lots on the interior and on the urban
peripheries, and generated a development proposal to improve industrial and housing land
uses, which will allow intra-urban land to be liberated and reduce the city´s expansion. Two
key recommendations were the relocation of high urban and environmental impact industries
towards the periphery, as well as promoting main corridors through densities and favorable
uses of development focused on transportation.
Traffic and deficient mobility problems reflect an urban planning favorable to individual car
use, as well as limited supply of public transportation, particularly of structured transport
which lacks metropolitan coverage. Proposals for this sector include rehabilitating seven main
corridors as entire streets, as well as creating active mobility alternatives, and the possibility
of taking advantage of current railway infrastructure for passenger transportation. Regarding
heavy freight transport, reducing its impacts at the city´s interior requires generating reliable
information on their mobility, as well as technical data on their units. Nevertheless, we can
assess the importance of establishing maximum permissible limits for heavy freight emissions,
in addition to promoting self-regulation programs, among others.

2018 PROJECTS - SUSTAINABLE CITIES
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In this study we analyzed diverse mitigation measures for CO2 e emissions for AMM´s

main

industries,

their

which

are

cost-effective

and

could

bring

economic

benefits.

Also,

implementation would generate co-benefits in terms of reducing criteria pollutant emissions
that could improve air quality in the area and enhance living conditions for the population.
To tackle air quality problems, we proposed strengthening management instruments which
allow knowing the state of air quality, as well as emission reduction strategies in multiple
sectors (industry, urban planning and mobility). Among these, the following stand out: reducing
emissions

of

the

petrochemical

sector; substituting fossil fuels

and,

progressively

not

immediately, prohibiting the use of heavy fuels in the metropolitan area; introducing electric
vehicles and substantially improving public transportation; promoting clean industries and
reducing emission from the use of solvents. We should mention that forecasts on emissions
indicate that these will reach up to 80% higher levels than today, if there is no implementation
of an integral management system for air quality in the short term.
Finally, water shortage is one of the main constraints to continuing the city´s development.
Therefore, we point out the need to develop infrastructure to capture rain water, promote
the use of permeable paving that allows water infiltration and aquifer refill, reduce nonaccounted for water from leaks, and strengthen campaigns for efficient use of this resource.
This project was made possible thanks to funding by the National Council on Science and
Technology (CONACYT).

Integral Analysis on urban
sustainability in the Metropolitan Area
of Guadalajara, Jalisco
It is well said that cities share great part of the causes which originate its problems, such as air
pollution, deficiencies in urban

planning, land increase

costs, high energy

consumption,

vehicular congestion and increasing travel times. It is also said that the natural environment,
the relationship

between

political

forces,

institutional

development

and

the

level

of

participation by society generates different conditions for applying public policies. Identifying
these problems will allow proposing specific and integral strategies to be implemented in the
Metropolitan Area of Guadalajara (AMG).

2018 PROJECTS - SUSTAINABLE CITIES
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Like many Mexican metropolitan areas, the AMG has the characteristics of an accelerated,
disperse

and

discontinuous

urban

development. Such

growth

has

produced

property

developments and industrial parks in areas lacking proper services and infrastructure. Also, in
the past 25 years, the Municipality of Guadalajara lost 18% of its population density and
uninhabited housing has increased from 14% to 20% between 2005 and 2010 (INEGI, 2017).
Another problem is the increase in the price of land due to housing speculations and a lack of
public policy instruments for densification and occupation of sub-utilized land and lots within
urban

area

of the municipalities

which

integrate the Metropolitan Area

of Guadalajara

(IMEPLAN, 2016).
Increase of the vehicular fleet, industrial activities and urban expansion associated to air
quality problems, also reflect on increasing mobility problems. It is estimated that 46% of trips
are carried out by public transportation, trips made by car take up 33%, and on a lesser scale,
trips made by foot 13% and by bike 3% (INEGI, 2015). This means that 43% of motorized
mobility is responsible for 43% of greenhouse gas emissions in the State of Jalisco. Due to the
increase of urban expansion and the non-existence of public transportation which meets
mobility needs of the population, travel times have increased in a considerable way up to 3 or
more hours from one place to another.
Another important problem in metropolitan areas is water quality and availability, and this is
consistently a large challenge for state and local governments. The AMG is not the exception.
By having an important agro-industrial presence, water supply as a raw material is key, besides
availability for human consumption.
The integral diagnosis was developed in six areas: urban development, individual mobility,
merchandise transportation, industry, air quality and water availability.
For each area we carried out diverse activities which include reviewing literature on AMG´S
situation, data base review, as well as conducting interviews and meeting with key players.
Finally, we used diverse models to estimate business as usual scenarios for urban expansion for
2030, industry growth, fuel consumption, as well as its emissions and dispersion of pollutants.
The information obtained through this diagnosis allowed understanding the current situation
of the AMG and with that to create the base lines for developing business as usual scenarios.
From the base lines we were able to determine few sustainability strategies, in some cases
general, and in others specific strategies for the study areas.
This project was made possible thanks to funding by the National Council on Science and
Technology (CONACYT).
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AIR QUALITY
Analysis of PM2.5 pollution in the
city of Monterrey, Nuevo Leon,
focused on identifying strategic
control measures

The objective of this project was to analyze air quality in the Metropolitan Area of
Monterrey (AMM) focused on primary and secondary fine particles (PM 2.5 ), including
their chemical composition, as well as carrying out historical data analyses of air quality
coupled with mortality estimations due to pollutant exposure in the AMM, with the
intention of generating useful information for evaluating and recommending proposals
for reducing emissions.
This project was funded by CONACYT and headed by the Mario Molina Center with the
participation of the Office for Integral Air Quality

Management of

the Sustainable

Development Ministry of Nuevo Leon, the National Institution for Ecology and Climate
Change and the National School for Biological Sciences of the National Polytechnic
Institute.
The information generated from historic air quality and meteorological data showed that
predominant winds

which

circulate the AMM

usually follow an East to Northeast

trajectory, thus carrying air filled with pollutants.
We also found that PM 2.5 are systematically monitored only in some stations of the city´s
Network, but in all cases, without the sufficient statistical data required. Furthermore,
those stations that did register data, feature recurring exceedances in air quality limits.
This also occurs with PM 10 and O3 , mainly in stations located in the Northwest and some
in the Northeast.

2018 PROJECTS - AIR QUALITY
Chemical

composition

results

of collected

20

samples

during

the

campaign

allowed

identifying the main sources and precursors of fine particle emissions, such as industrial
sources and activities associated with the use of agricultural fertilizers.
Organic carbon analysis showed that in the Southeast, the collected particles were 100%
made up of this substance, indicating the presence of burning fossil fuels.
This project was made possible thanks to funding by the National Council on Science and
Technology (CONACYT).

Analysis of pollution in Mexican
megacities through the use of low
cost sensor networks for air quality
The objective of this project was to further comprehend urban atmospheric chemistry in
megacities using low cost atmospheric measuring devices developed for other latitudes,
compiling data which could be useful for governments and researchers to reduce air
pollutants, as well as evaluate their state of the art and performance.
In this sense, we established a collaboration agreement with the Massachusetts Institute
of Technology (MIT), which included buying and technical support for operating four
identical low cost

monitors. These

continuously

measured

SO2,

CO, Ox

(sum

of

O3+NO 2 ), NO2 , PM1 , PM2.5 and PM 1.0. The sensors were installed next to where the samples
were taken at UNAM´s Atmospheric Sciences Centre station (CCA) located south of Mexico
City.
Additionally, searching for technological assimilation of the MIT equipment, we signed an
agreement with the National School for Biological Sciences of the National Polytechnic
Institute, with whom we developed

an operational prototype which has temperature

sensors habilitated, relative humidity (DHT11), CO (MQ-7), and a multipollutant sensor
(MQ-135).
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During the measuring time period, a
high variability on measurements of all
parameters

was

equipment,

as

observed
well

as

by

MIT

low

data

integrality caused by their electronic
instability.

Therefore

amounts of

we

information

had small
to compare

the station´s data.
For

the

sensor

that

managed

to

register the most data, the SN001, we
obtained a relatively fair correlation compared to the CCA´s station data.
The MIT equipment presented serious electronic problems which caused low data and
concentration compilations. Identifying these errors allowed redesigning the printed
circuit with

which they were fabricated and installed, resulting in an updated and

improved version of them.
The platform and equipment constructed by MIT didn´t turn out as robust in its operation
as it did during its use in monitoring campaigns in India and Hawaii. Nevertheless, the
faults we

found while

we carried

out this project and their solutions contributed

significantly to improving the equipment, strengthening

its operative reliability and

advancing in the state of the art of low cost monitoring.
We will carry out a second stage of testing in a new monitoring
December 2018

and

January

2019,

electronics installed. We should

in order

mention

to

campaign during

evaluate the equipment with new

that preliminary testing in operation and

reliability of the equipment with new electronics has demonstrated to be significantly
better than the last version, which is promising.
This project was made possible thanks to funding by the National Council on Science and
Technology (CONACYT).
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Development of a technical state inspection norm
for physical-mechanical conditions in circulating
vehicles for its implementation within the
vehicular inspection program in the State of
Mexico
Regulating vehicles given a prior inspection of their physical-mechanical conditions
allowed making an analysis of the mechanical conditions present in the vehicle fleet,
with which a proposal for a technical state inspection norm for physical-mechanical
conditions in circulating vehicles for its implementation within the vehicular inspection
program in the State of Mexico was established. This will result in an increase on
preventive maintenance and will contribute to improving air quality, thus aiding to
reduce levels of atmospheric pollution exposure by the population.
During the last years lack or laxity in physical-mechanical

vehicle inspection has

caused significant road accidents in the country with fatal consequences. The physicalmechanical inspection norm for circulating vehicles in the State of Mexico consists on a
periodic revision of vehicles to examine if they have adequate mechanical conditions to
guarantee safeness
maximums

allowed

while circulating
in

pollutant

and especially to check if they comply with

emissions

which

are

established

in

current

environmental official norms.
One of the co-benefits for inspecting and maintaining vehicles according to the Mexico
Research Centre for Road Security, is a decrease in road accidents, given that one of
the factors which directly intervenes in accidents is the physical-mechanical condition
of the vehicle.

Regarding environmental

matters, there is evidence

that physical-mechanical maintenance in vehicles has
the benefit of reducing pollutant emissions, as stated
by the Academy of Sciences in their report “Evaluating
Vehicle

Emissions

Inspection

and

Maintenance

Programs” where several results were published on the
efficiency and maintenance of inspection programs in
the US in correlation to reduction of global emissions
from light weight vehicles.
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For fossil fuels the estimated reduction is 14%, for carbon monoxide up to 15.5%, and for
nitrogen oxides 4.5%.
We recommend

physical-mechanical

vehicular inspection

inspections to be carried out

program, in one

unified

integrally with the

system of inspection stations

dedicated

to operate centrally.
For this to happen there must be complete harmony between the mobility and environment
ministries, reinforced as public policy of the State of México´s government.

Development of a technical state inspection norm
proposal for greenhouse gas and particulate
emissions from diesel vehicles circulating in the
State of Mexico
Given the many environmental contingencies and bad air quality in the State of Mexico, one
of the main worries is vehicles circulating with diesel in this State, so its’s useful to
intervene in this area through a regulatory instrument whose objective would be to measure
and characterize pollutant and particulate emissions from diesel vehicles enrolled in the
State, with the main purpose of reflecting with certainty the amount of pollutants that these
mobile sources are emitting under real conditions.
Atmospheric environmental contingencies due to ozone (O3) and particles (PM) in the
Metropolitan Area of the Valley of Mexico (ZMVM) which have been registered in the past
few years have created the need to implement emergency measures to control air quality
and guarantee a healthy environment for the population.
Furthermore, currently the State of Mexico is part of the megalopolis, an area of the country
with

intense

industrial,

considerable urban and

commerce

and

service

activities,

which

has

experienced

demographic growth. A situation that has caused a noticeable

increase in the amount of vehicles designated for freight transport, passenger and cars for
individual use.
The Program to Improve Air Quality in the Metropolitan Area of the Valley of Mexico
(PROAIRE), establishes that the registered vehicular fleet is estimated in more than 4.5
million vehicles, out of which 95% use gasoline as fuel, while 4% use diesel.
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38% of diesel vehicles are model 1993 and older, and they usually don’t have any
technology for controlling emissions; while almost 62% of them have some type of
accessory that allows them to comply with certain emission standards.
Nevertheless, although technologies for controlling emissions in diesel vehicles have
slowly evolved, measurements in air quality for the ZMVM have registered an increase in
general

levels

of nitrogen oxides (NOx) and

particles, especially PM 10
,directly linked to the contributions of these mobile sources.

and

PM 2.5

This proposal of a technical inspection norm for emissions of greenhouse gases and
particles from diesel vehicles in the State of Mexico establishes the definition of method
and technical characteristics of the inspection

instrument, including revising legal

implications within the institutional framework of the State of Mexico, as well as all
modifications which will allow a better implementation of the regulatory instrument and
precise recommendations to improve its implementation.

Campaign for measuring emissions with remote
sensor for diesel vehicles circulating in the State
of Mexico
Recognizing the importance that emissions form diesel vehicles have, the Government
of the State of Mexico, through the Ministry of Environment in coordination with the
Mario

Molina

Center

conducted

monitoring

with

two

remote

sensors

in

the

Metropolitan Area of the Valley of Mexico and the Valley of Toluca, with the objective of
characterizing concentrations of exhaustion pipe gases from circulating diesel vehicles.
The total registries obtained during the campaign carried out in January 2018 was close
to 44,000. None the less, we have to mention that these registries reduce as we validate
data and match registries from the data bases and data from the vehicular fleet.
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Out of the diesel fleet detected though remote sensor per vehicle type, 32% were
trucks, 27% urban buses, 26% medium buses, foreign buses 7%, minivans and light
trucks 3% and 2% “others”.
Regarding distribution considering model year, 63% of the vehicular diesel fleet had an
average

age of 10

years. Nevertheless,

there are still vehicles

whose

age was

significant; 3.8% of vehicles were 26-35 years old and 3% of the fleet was older than 35
years.
In order to carry out the analysis of pollutant concentrations, we considered the
established

limits

set on the

maximum permissible

norm

limits for

NOM-167-SEMARNAT-2017

pollutant

emissions for

with

respect

to

detecting an ostensibly

polluting vehicle.
In general terms, for nitrogen oxides (NO) only 3% of the fleet exceeded the limits,
while for visible smoke factor 11% of vehicles were emitters.
Given the high percentage of vehicles that easily comply with NOM-167-SEMARNAT2017, we recommended to the Environment Ministry of the State of Mexico to propose
before the Megalopolis´ Environmental Commission (CAMe) and the Ministry of the
Environment and Natural Resources revising and updating the maximum permissible
limits of emissions for ostensibly polluting diesel vehicles measured through remote
sensors.
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EDUCATION
Climate change education.
Greater scale trial
Since 2010 the Mario Molina Center has designed, tested and improved materials for
middle and high school teachers and students (physics, chemistry and ecology), giving
them not only knowledge but an innovative pedagogical approach which helps students
develop critical thinking, and an analytical way to problem solving the many challenges
society faces.
The objective of this

greater

scale

project

consisted in using the

material and

methodology developed in previous stages for students and teachers at middle and high
school levels

to

understand

and

apply scientific foundations on the causes and

consequences of climate change, as well as which solutions exist to face it using
inquiry-based teaching.
The project had a greater scale implementation and had as one of its objectives to
expand the previous scope of action during the pilot testing of 2013-2014 (where we
worked in two states, Veracruz and Zacatecas) with a total of 23 teachers and close to
500

middle

school

students;

and

in

2016-2017.

This

expansion

included

the

incorporation of the following States, Nuevo Leon, the State of Mexico, Quintana Roo
and Veracruz, as well as Mexico City for the larger scale trial at middle school level. For
high schools we worked through a federal entity of the Superior Education subsystem,
with the participation of almost 100 institutions in more than 30 States, as well as the
participation of middle and high school education institutions in the State of Mexico
and Quintana Roo, which included other high school modalities.
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Test results for high school students show the strength of the materials developed. For
example, in Chemistry, an additional 8% of students passed the class and 20% in
Physics, while we observed an overall improvement in grades of the participating
groups.
In the case of middle schools, the test will conclude along the school period, but in data
gathered so far we can observe a very positive response in all institutions, from culture
participation within classrooms to raising consciousness on the importance of the
environment.
Finally, we confirm the importance of teacher training in the process of implementing a
new perspective towards science, the potential of technological tools accompanied by
teacher supervision and the roll that education authorities have in the success of these
programs.
This project was made possible thanks to funding by the National Council on Science
and Technology (CONACYT).

Location of middle and high school institutions where this project was carried
out. MMC.
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HUMAN AND
FINANCIAL
RESOURCES
The Mario Molina Center has more than 40 professionals that specialize in diverse fields
such as engineering, public policy, business, law, social and environmental sciences.
We work in a cross-sectional manner on multidisciplinary fields so the results of our
projects and proposals contain an inclusive and multidimensional perspective.
Financing our areas of research stems from contributions from the Mexican government
through the National Council on Science and Technology (CONACYT), foundations,
different public and private businesses and institutions in the country, as well as
international

sources. These

independence in our actions.

contributions

legitimize

and guarantee

an absolute
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