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MESSAGE FROM
THE PRESIDENT
In 2017, we continued to work
together with government,
academia, industry and civil society to ensure that Mexican cities
have better air quality and mobility, and for our country to have
an increasingly sustainable development by laying out routes to
mitigate climate change and promote a society oriented towards the
use of renewable energies and the protection of the environment.
This year, the Mario Molina Center carried out various studies and
projects involving public policy proposals that had as a priority to help
Mexico solidify its efforts to achieve the environmental, energy and
emissions reduction goals designed to improve quality of life of its
inhabitants.
An important achievement was the publication of the Guidelines for
the Exploration and Extraction of Hydrocarbons in Unconventional
Deposits (shale gas and oil) by the ASEA (the National Agency for
Safety, Energy and Environment of Mexico), which was based on
recommendations made by the Center.

Another project consisted in establishing low-carbon technological
routes for the main sectors of the Mexican industry based on analysis of
the economic importance, energy consumption and greenhouse gas
emissions.
Given that the fight against air pollution and sustainable growth of
Mexican cities is a priority, we had the opportunity to work with state
and local authorities to promote initiatives in favor of improving the
quality of life of the population and encouraging the use of tools for the
development of clean technologies.
Air pollution remained one of the largest threats to our cities; therefore,
we studied mobility strategies for urban transport in the Valley of
Mexico and assisted in the analysis of state programs to mitigate
emissions that deteriorate air quality.
We also conducted a comprehensive analysis of urban sustainability in
Mexico, taking the cities of Manzanillo and Toluca as an example, and
we hope to continue collaborating with more cities in the country.
Education on climate change through active learning was again a main
focus of our efforts, and we continued intensively with activities that
involved working with teachers and students at the middle and high
school level in the country.
Furthermore, our alliances with international agencies, as well as with
national businesses and institutions, allowed us to continue building a
strategic network in favorof the environment and the implementation
of public policies favorable to the sustainable development of
Mexico: our wide and fruitful collaboration with the National Council of
Science and Technology (CONACYT) deserves special mention.
At the Mario Molina Center, we strive to build a society that is
increasingly informed, responsible and committed to the future of our
country.
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MAIN ACTIVITIES AND
AGREEMENTS
During 2017 the Mario Molina Center (CMM)
continued with its mission to find practical,
realistic and in-depth solutions to complex
problems related to the prevention of
climate change and the promotion of
sustainable development, the efficient use
of energy and the protection of the
environment, through the generation of
consensus among all those involved,
including civil society, national and foreign
authorities and international organizations.
Among the extensive set of activities
carried out in 2017, the following stand out:
In March, the National Agency for Safety,
Energy and Environment of Mexico (ASEA)
published the "Administrative Provisions of
General Character that establish Guidelines
on Industrial Safety, Operational Safety and
Environmental Protection for Exploration
and Extraction of Hydrocarbons in Nonconventional Reservoirs".
This
regulation
and the published
provisions
responded
directly
to
recommendations of the Mario Molina
Center. Thus, the CMM had a direct impact
on the creation of national regulations in a
subject of wide discussion.
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In April, the CMM and the Minister of Mobility
of the State of Colima held a workshop with
public officials and key actors in the entity to
start the project "Comprehensive analysis on
urban sustainability in Mexico: case study,
Manzanillo."
The project
focused
on
contributing to the design of sustainable
cities, through holistic case studies that
incorporate sustainable development, urban
planning and mobility.
We continued to work closely with the
German Embassy in Mexico, and on June 21
the 10th edition of the Dialogues for a
Sustainable Future was held, with an event
entitled "Energy Transition Towards a Low
Carbon Economy". This dialogue revolved
around the energy reform in Mexico and the
challenges and opportunities facing the
country for the goals of reducing greenhouse
gas (GHG) emissions in the two sectors with
greatest contribution in Mexico: generation of
electricity and transport. Experiences from
Mexico and Germany were shared around
their respective energy transition processes,
thus identifying the best strategies for our
country to overcome these challenges.
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In the framework of one of the largest smart cities events for Mexico and Latin America, in
June the CMM participated in the SmartCity Expo Latam in the city of Puebla. Carlos Mena
Brito, Executive Director of CMM, gave a plenary lecture entitled "A sustainable future for our
territories", in which he highlighted the contribution of the CMM in the creation of sustainable
cities, emphasizing the proposals made and that the Center continues to promote to have
integrated urban transport systems. He also highlighted the work of the Center in mitigating
the problems of road congestion and reducing emissions of pollutants caused by movement
of freight transport in Mexico City and the need to eliminate sulfur from gasoline and diesel to
have better air quality conditions.
This session aimed to open a dialogue to show practical actions and models of long-term
development for societies that need to guide their development with a broad and complex
vision of sustainability.

At the end of September, the
Mexican Petroleum Institute,
the
Mexican
Institute
of
Chemical Engineers and the
Mario Molina Center, organized
a national forum on "The
Mexican Industry in the Face of
Climate Change", which aimed
to thoroughly analyze the
problem and the possible
solutions for which the national
industry could contribute.

WWW.CENTROMARIOMOLINA.ORG
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In October we participated in the
Forum "Mexico-Spain: Innovation
and Cooperation", which focused
on the energy reform in Mexico;
the
Mexico-Spain
trade
exchange; the role of the private
sector in the reconstruction after
the earthquakes; and the digital
transformation of companies.
Carlos Mena represented the CMM and spoke about the goals that will allow Mexico to
move in direction to creating a low-carbon economy.
At the end of October, as part of the collaboration agreement between the Development
Bank of Latin America (CAF) and the Mario Molina Center, the second workshop of
experts from the Road Infrastructure Risk Management Project of Mexico was held, in the
context of climate change and extreme weather events. The main objective was the
exchange of opinions and experiences for the construction of better strategies and
measures to reduce the risk of the country's roads in the face of extreme weather and
climate events.
In November, together with the British Council and the Newton Fund, we held a meeting
entitled "Improving the assessment of air quality in cities of Mexico and the United
Kingdom", with the aim of bringing together a large group of experts to exchange
experiences on air pollution in cities, analyzing models, measurements, public policies,
scientific communication and air quality managers.

In addition, during 2017, the CMM participated as a member of the Investment Approval
Committee of the Project on the Development of Sustainable Energy Technologies
PRODETES Prize, which seeks to promote innovation in clean energy technologies,
convened by the Energy Secretariat, with support from the World Bank and the Global
Environment Fund (GEF). This unprecedented competition seeks to discover and support
the best proposals in the field of renewable energies, energy efficiency and bioenergy, to
guarantee the sustainable development of Mexico.

WWW.CENTROMARIOMOLINA.ORG

7

PROJECTS
2017

ENERGY
TECHNOLOGICAL ROUTES FOR LOW CARBON
DEVELOPMENT IN THE NATIONAL INDUSTRY
Based on the analysis of economic
relevance, energy consumption and
greenhouse gas emissions of various
national industrial sectors, six key
sectors were selected for the present
analysis: 1) Production and distribution
of oil and gas, 2) oil refining, 3) steel,
4) cement, 5) cellulose and paper, and
6) sugar. It´s important to mention that
these sectors, together, account for 76%
of industrial energy consumption in
Mexico and in 2015, issued 106 million
tons of greenhouse gas emissions
(GHGs).
The study presents an international and
national diagnosis of the selected
industries, as well as their processes and
technologies. Based on this, forecasts of
energy consumption and greenhouse
gas emissions (GHGs) were prepared
until 2030, thus obtaining an emissions
baseline for each sector
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Measures and mitigation technologies
were studied for each sector, and the
analysis estimated a reduction of 41
million tons of GHGs per year by 2030,
with the oil and gas sector having the
greatest potential for reductions by 27
million tons of GHGs per year.
Additionally, marginal mitigation costs
were estimated, and we found that the
main mitigation measure was the
implementation of cogeneration in
PEMEX facilities.
To actually implement these measures,
coordination is necessary between
local and federal governments together
with the business sector; it encourages
the efficient use of energy, reduces the
time of procedures and permits, and
makes their financing available.
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This project sought to make Mexico comply with its mitigation commitments
economically and efficiently, identifying the main opportunities to reduce
greenhouse gas emissions in the national industry in a framework of
sustainable growth, with which, on the other hand, it can be possible to
achieve multiple co-benefits, such as the creation of jobs, energy, food and
water security, more efficient production and consumption processes, and an
improvement in the quality of the air and the local environment, while at the
same time guaranteeing the conservation of natural resources.
The project was possible thanks to financing granted by CONACYT.

Marginal costs of abatement of six sectors in Mexico by 2030. CMM
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DEVELOPMENT OF THE MATHEMATICAL /
FINANCIAL MODEL EMA
The EMA model (Energy and Environment) aims to be a mathematical / financial,
transparent and auditable analysis tool that allows the Mario Molina Center to develop
studies of associated costs, both capital and operational, to a certain evolution of the
matrix of generation in a prospective period and associate them with the
environmental benefits of mitigation and the economic costs of generation.
Scope of the tool
The EMA model is capable of expanding or concentrating its analysis at different
geographic scales; that is, it can analyze the National Electrical System (SEN) as a whole
but can also study smaller scales such as a certain control region, a specific node, and
even a single generation plant divided into different modules.

The output values that the EMA model can calculate based on the input values are:

• Economic
o Total Capital Cost (CAPEX)
o Total Operations & Management Cost
(OPEX)
o Local Marginal Price (PML)
annual average
o Marginal costs
• Environmental
o Emissions Factor [Ton CO2eq/MWh]
o Criteria pollutants (SOx, NOx, PM10 y
PM2.5)

• Energy
o Estimated real generation by
technology
o Factors of production plant
foreseeable by technology
o Thermal performance of the
system
o Total fuel consumption

Initial study where EMA was used
During 2017, the model was used to analyze the region of Baja California Sur (BCS) which
is an isolated system that in turn is subdivided into two systems that are not
interconnected with each other (Mulegé and La Paz) and whose generation cost is the
highest and most polluting in the country as a consequence of having its matrix
based mainly on the burning of “Combustóleo”, which is an expensive and poor quality
fuel oil.

WWW.CENTROMARIOMOLINA.ORG
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SUSTAINABLE
CITIES
GENERAL URBAN SUSTAINABILITY ANALYSIS IN
MEXICO: CASE STUDIES OF MANZANILLO AND
TOLUCA
In Mexico, almost 80% of the population lives
in cities and it is clear that by 2030 we will
have a practically urban country. This process
of urbanization
represents per-se an
opportunity to reverse the high consumption
of resources that characterizes cities. Thus,
this project had the purpose of generating
recommendations of actions and measures
for two cities, Manzanillo and Toluca, based
on a detailed diagnosis of the most pressing
issues in the areas of urban development,
mobility and use of energy and other
resources. It
is expected that these
recommendations can serve as a replicable
guide in other cities with similar problems.

Linked to this industrial development in
the area, in terms of mobility, the creation
of a logistic circuit
is
proposed,
guaranteeing the demand, accessibility
and road safety that
future
port
expansion will require.

In the case of the city of Manzanillo, a
Program was proposed for the use of vacant
intra-urban lands, constituting a clear
example of how to develop a land
management instrument to generate more
compact cities in the country.

This industrial and commercial activity
recorded in the city derives in high energy
intensity, so the use of renewable
energies was also explored, such as the
use of biogas generated in the Residual
Water Treatment Plant of Salagua and
the municipal sanitary landfill, which
led to basic recommendations for
improvement of
infrastructure and
processes, evidencing important barriers
to expand the use of biogas in the
country.

Likewise, a proposal was made for ordering
urban development of the industrial zone of
El Colomo, which can be extrapolated to
other port cities.
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In addition, improvement of a road
network adjacent to the Pez Vela - Jalipa
corridor
is
proposed;
general
recommendations are made to optimize
and organize the circulation of freight
transport; and foundations are laid for
generating the necessary conditions for
sustainable urban mobility.
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In the case of the city of Toluca, proposals
were developed regarding urban planning
and mobility linked to the construction of
the Interurban Train Mexico-Toluca (TMT).
One of them is the implementation of the
Transport Oriented Development model to
increase the population density and jobs in
the area.
Additionally, the construction of a Modal
Transfer Center (CETRAM) at the Pino Suárez
station
is
proposed
to
guarantee
connectivity to and from the train with other
modes of transport.
Finally, the intervention of a segment of the
Isidro Fabela road connecting the Pino
Suárez station to the current Toluca Bus

Terminal is proposed to generate a corridor
that f acilitates the connection between
different transportation modes.
Regarding the local brick manufacture
activity that has also been developed in the
city of Toluca, we recommended to
strengthen its regulation so that this is one
of the decisive change factors to solve the
multiple
environmental
problems
associated with the activity, which allows
the definition of sustainability of the sector
and considers a desirable change in
economic activity for some of the local
communities.
This Project was made possible due to the
financial support of CONACYT.

Integrated proposals to drive the city of Manzanillo towards sustainability. Source: CMM
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ENVIRONMENTAL INDICATORS FOR
SUSTAINABLE DEVEOPLMENT OBJECTIVES IN
METROPOLITAN AREAS OF MEXICO

Within the collaboration framework of the
Mario Molina Center and City Banamex, the
Mexican Competitiveness Institute (IMCO),
and recently, the National Public Policy Lab
(LNPP), we developed the 2017 version of
the Competitive and Sustainable City Index,
which
intends
to
support
local
governments
by
identifying
and
implementing
best
practices
in
environmental management which will
increase quality of life of their inhabitants.
In contrast to earlier versions and as part of
the new global movement towards the
development
of a new
sustainable
development agenda, the 2017 version of
the Index was elaborated based on the 17
Sustainable Development Goals (SDG), 169
targets and 231 indicators defined by the
United Nations to foster environmental,
economic and social development by 2030.
The Mario Molina Center developed 28
environmental indicators in unison with the
Goals, among which we highlight SDG 3
(Good Health and Well-being), SDG 6 (Clean
Water and Sanitation), SDG 7 (Affordable
and Clean Energy), SDG 11 (Sustainable
Cities
and
Communities), SDG 12
(Responsible Consumption and Production),
SDG 13 (Climate Action), and SDG 15 (Life on
Land).
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These indicators contribute to generating
information
in
order
to
evaluate
compliance of SDGs at the urban scale,
identifying optimum reach levels based on
the reality of Mexican cities, and on national
challenges and goals.
This project offers a first diagnosis aimed at
keeping track of compliance to SDGs at an
urban scale in our country. With this
purpose, we integrated an Information
System linked to SDGs which contemplates
the construction of Indexes and Control
Boards for 59 metropolitan areas in the
country.
Nevertheless, it is still necessary to expand
these development indicators and generate
additional information. Cities do not
recognize administrative borders; most of
them are in more than one municipality or
even more than one State. So, the challenge
rests in not only reaching the goals and
targets set by the United Nations, but also
in creating
mechanisms that allow
monitoring in an objective and transparent
manner
the advances
or
setbacks
identified.
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AIR
QUALITY
EVALUATION OF MANDATORY VEHICLE
INSPECTION PROGRAMS IN THE MEGALOPOLIS
During 2017, with funds given by the
National Council of Science and Technology
(CONACYT), we concluded the integral
evaluation of Mandatory Vehicle Inspection
Programs (“verificentros”) in order to identify
strengths and weaknesses in the operation
of these programs.
As a consequence of the growing vehicle
fleet, inspection systems have lagged
behind, greatly due to lack of technological
updates in inspection centers, technical
infrastructure and government information
systems.
There is a need to standardize technical
criteria for implementing Mandatory Vehicle
Inspection
Programs. Nowadays,
each
program differs in its administrative and
technical processes for applying vehicle
inspections, even when the requirements are
established in several official national
regulations.
There also needs to be an update of the
Mexican official regulation which states the
characteristics of the equipment and
measuring
procedures for
inspecting
pollutant emission limits that come from
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motor vehicles that use gasoline, liquefied
gas, natural gas or other fuels. The
regulation presents legal holes that allow
applying it discretionally in inspection tests.
Also, these tests are not carried out in a
standardized manner
throughout the
different inspection facilities of the states in
the megalopolis.
Vehicle Inspection Programs are crosssectional programs which have allowed
having greater control over state fleets,
increasing the payments for rights to own
cars such as direct payments for ownership
and transit fines, among others. These must
change from being only money collecting
programs to programs where the objective
is to guarantee lowering vehicle pollutant
emissions.
At an international scale, there are
programs where not only emission tests are
carried out, but also revision of physicalmechanical conditions. In some cases, these
programs are
operated
by certified
businesses, which have allowed decreasing
negative impacts such as corruption in the
application and results of the tests.
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There are technological alternatives to
reduce pollutants from mobile sources, such
as:
Introducing vehicles with greater energy
efficiency to reduce fuel consumption, and
emissions from polluting and greenhouse
gases.
Incorporating cleaner technologies in diesel
vehicles, which create a reduction in particle
emissions by more than 80%.
Encourage sales of vehicles with hybrid
propulsion systems, through a coordinated
strategy with the auto industry.

Decreasing
pollutant
emissions and
maintaining
established
limits
and
recommendations
by
national
and
international regulations will only be
possible if multiple measures are carried
out in the megalopolis within an integral
scheme. For this reason, the Mandatory
Vehicle Inspection
Program
cannot
function isolated and must be applied
jointly with incentives like the expansion
and improvement of public transportation,
with policies that guarantee mobility,
improvement in quality of fuels, with a joint
plan by the megalopolis oriented towards
transport, and with a sustainably compact
urban development
which privileges
pedestrians and clean transport.

Improve
urban
transportation
of
merchandise, limiting the use of heavier
trucks in urban centers.

Testing in Inspection centers by personnel of the Mario Molina Center. Source: CMM

WWW.CENTROMARIOMOLINA.ORG

15

POLLUTANT ANALYSIS FOR PM2.5 IN MEXICAN
CITIES: IDENTIFYING STRATEGIC CONTROL
MEASURES FOR IMPLEMENTATION

The main objective of this project was to
analyze the air quality problem in the
Metropolitan Area of the Toluca Valley
(ZMVT) with respect to primary and
secondary fine particles (PM2.5), including
their detailed chemical composition in
order to generate information that could
be used to evaluate and propose measures
to reduce emissions.
The project was funded by CONACYT and
headed by the Mario Molina Center, with
the participation of the Center for
Atmospheric Sciences of the National
Autonomous University of Mexico (UNAM),
the Ministry for Environment of the State
of Mexico, and the National Institute of
Ecology and Climate Change (INECC).
The project consisted in carrying out a
campaign for sampling PM2.5 during the
dry-cold season (February) and beginning
of the dry-warm season (March and April)
2017, where meteorological conditions in
the region are historically stable, with high
concentrations of suspended particles due
to low speed winds.
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Information was also generated during
this
sampling
campaign
with
measurements from six stations of the
Atmospheric
Monitoring
Station
Network of the Ministry of Environment
of the State of Mexico.
The results of the chemical composition
of the samples gathered during the
campaign allowed us to identify the
main emission sources of fine particles
and its precursors, such as industrial
sources, heavy diesel transportation, and
agricultural and livestock activities.
Derived from this analysis, we propose
three main short term measures to
reduce particle emissions and its
precursors:
1. For the industrial sector, we propose
progressively prohibiting the use of high
sulfur content fuels (diesel and fuel oil),
as well as migrating from these types of
fuels to less polluting alternatives, like
natural gas.
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2. For the
transportation sector, we
recommend
that public and freight
transportation use natural compressed gas
and progressively migrate to Euro IV or
EPA10 technology.

3. Regarding pollutant emissions, we
recommend controlling the use of firewood
and carbon as fuels for commerce and
households, which are an important source
of primary particles, as well as reducing SO2
and NH3 emissions, which are secondary
particle precursors from industrial and
agricultural sources.

Figure A, Location of monitoring stations during the campaign. Source: CMM
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FOLLOW-UP AND SUPERVISION OF THE
STRENGTHENING PROGRAM FOR INTEGRAL
REDUCTION OF POLLUTANT EMISSIONS IN THE
STATE OF MEXICO
During the second semester of 2016, the government of the State of Mexico carried
out a program of support for a free exchange of catalytic convertors to owners
of private and freight vehicles that were being rejected in inspection tests.
In January 2017, we supervised 19 inspection facilities (PIREC) that were authorized
to change catalytic convertors. We reviewed equipment and calibrations of the four
gas analyzers, the scanners used to carry out OBDII diagnosis tests, pyrometers, as
well as the ramps or trenches test the vehicles.
In total, there were 20,687 free vouchers and only 12,287 were changed for owners of
1992 or older vehicles, which had catalytic convertors in bad shape. There was an
exchange of 13,304 catalytic convertors: 7,580 OBDI and 5,724 OBDII.

WWW.CENTROMARIOMOLINA.ORG
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CLIMATE
CHANGE
RISK MANAGEMENT IN MEXICAN HIGHWAY
INFRASTRUCTURE DUE TO CLIMATE CHANGE AND
EXTREME METEOROLOGICAL EVENTS
The Development Bank for Latin America
(CAF) and t he Mario Molina Center (CMM)
signed a collaboration agreement in 2016 to
promote scientific research and technology
innovation, especially
towards fighting
climate change. During 2017, we carried out
this project as a first collaboration of the
terms convened.
We focused
on
the risks
highway
infrastructure faces due to extreme weather
events, which
greatly contributes
to
deterioration of roads, especially in arid
climate areas, causing embankments to
settle and fragmentation and deformation of
asphalt pavements. One solution proposed
was the gradual change from asphalt to
hydraulic concrete in highways. This wouldn’t
represent major construction costs and it
would certainly have important savings in
maintenance.
Another focus was identifying highways with
greater exposure to flooding and river surges
due to deficiency in drainage in rive r beds
less than 1 square kilometer, where the
current norm states that there should be a 1.2
meter diameter as a minimum for sewers
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which, under intense rain circumstances,
have demonstrated to be inadequate to
discharge exceeding river waters. For this
reason, we proposed a change in the
regulation to a diameter of 1.8 meters for
sewers. With this measure, there will be a
considerable increase in the capacity to
discharge excess water. Furthermore, we
offered cost estimates for changing sewers
in priority sites, and these were compared to
the costs due to the possible damages
occurring in case there is no change.
Another phenomena that affects transit of
vehicles in highways crossing mountainous
terrain is mudslides, which are also usually
triggered by intense rains. For areas with
high risk of mudslides, we proposed
measures to stabilize immediate topography
in
highways,
and
for
stabilizing
embankments. Most of these are caused due
to cuts in the mountains and slopes when
highways construction is carried out. These
measures highlight the need to preserve
terrains and protect forest lands, mainly in
priority areas identified as high risk of
mudslides.

19

In terms of public management and
attention to climate risks, highways demand
relatively high costs to reconstruct in case
of a climate disaster. Nevertheless, guidelines
for funds covering damage costs to roads
establish that these must be reconstructed
with the original designs. This guideline
makes it difficult to reconstruct more
resistant roads and less vulnerable to climate
events, and encourage the reconstruction of
the same highways without further resilience,
given that extreme meteorological events
due to climate change are ever more
frequent and intense, causing the costs to be
increasingly more expensive.
This situation demands change in attending
disaster risk due to natural phenomena in the
construction sector. There needs to be a
preventive focus rather than a reactive one,
and in case of damage, highways and roads
need to be relocated or reconstructed with a
greater resistance to impacts from extreme
weather events. Also, there is further need to

Areas with higher risk of mudslides in highways.
Source: CMM
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create
and
strengthen construction
regulations, to increase supervision and
auditing for road construction, for greater
interinstitutional coordination, to improve
assigning
responsibility
and
coresponsibility for promoters of highways
projects, to create better methodological
guides for helping design, and to construct
and maintain roads, among other measures.
Better climate risk management of
highways will result in the reduction of
coverage and premiums in transfer of risk
instruments, and will resonate in important
savings for the country’s finances.
Finally, we need to promote a greater
connection between disaster risk policies
and climate change adaptation, with the
objective of building greater effective and
integral plans for attending climate risk,
and
protecting
strategic
highway
infrastructure,
vital to the economic
development of Mexico.

Priority sites for changing sewers in highways in
riverbeds less than 1 square kilometer. Source:
CMM
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EDUCATION AND
DISSEMINATION
EDUCATION IN CLIMATE CHANGE
During 2017, we continued activities with
teachers and students involving active
learning. Regarding teachers, we continued
working on training them through an on-site
course entitled “Teaching Climate Change”
(40 hours), combined with an online course
given by the Mario Molina Center (90 hours).

Implementation of the climate change
program was carried out according to
schedule. 92% of the time it came out
significantly better with respect to the first
pilot course carried out in 2013 at the same
education level, where only 62% was
implemented.

Its implementation and execution was
contrasted with the same course given 100%
on-site (130 hours). We compared the way in
which the course was given by examining
how much high-school level teachers
learned regarding content and efficiency,
and results showed that the online 130 hour
course had similar results and in some cases
even better to the one given exclusively onsite.

Another important indicator is related to
the key concept “learning by students”, who
went from understanding the causes of
climate change from 52% to 78%. In the
case of knowledge related to consequences
of climate change, learning went from 56%
to 68%.

Regarding students, we concluded pilot
testing with junior high pupils initiated in
2016. In this test, we analyzed the pertinence
of the course developed by the CMM and
proposed to 7th grade students, which also
included teacher training.
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Finally, regarding comprehension of the
solutions to climate change, knowledge
assimilated by s tudents went from 67% to
84%. These results show that the materials,
with minor improvements and updates, are
ready to be tested with a statistically more
significant student sample at junior high
level.
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For high school materials, we attended to
recommendations
and
improvement
opportunities in materials for Ecology and
Chemistry classes through updates and by
incorporating knowledge from each field.
This course incorporated, on one side, the
5E Instructional Model (Engage-ExploreExplainElaborateEvaluate)
in
combination with direct teaching of
physics, which highlights the importance
of constructing mathematical models. The
5E Instructional Model is based on a
structured sequence and it is designed as
a practical and tangible way to implement
the constructivist theory.
We
also

incorporated simulation models such as
virtual laboratories to address topics such
as heat and temperature, thermodynamic
laws, and diverse system models.
To evaluate knowledge comprehension by
students, we took as reference the
inventories of validated concepts for
thermodynamics in mid-level junior and
high school students.
All the high school materials are ready to
be tested once again with students in
these courses.
This project was possible thanks to the
financial support of CONACYT.

Experiments carried out by junior high students. Source: CMM
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HUMAN AND
FINANCIAL
RESOURCES
The Mario Molina Center has more than 50 professionals that specialize in diverse
fields such as engineering, public policy, administration, law, social and
environmental sciences.
We work in a cross-sectional manner in multidisciplinary fields so the results of our
projects and proposals contain an inclusive and multidimensional perspective.
Financing our lines of research stem 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. This diversity legitimizes and guarantees an absolute
independence in our actions.
Management of all finances is carried out with transparency and is constantly
audited by two external entities, a private practice and a government entity.
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