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Abstract

HCFCs, used as an alternative to replace CFCs, the main contributors to the depletion of the ozone
layer, also have negative effects on the ozone layer; in addition to their high potential for global warming,
they contribute significantly to enhancing the greenhouse effect. That is why, in 2007 the countries that
signed the Montreal Protocol agreed to their global elimination, both production and consumption; for
developing countries the deadline is set for the year 2030. In this study, the Mario Molina Center evaluated
technological alternatives in order to eliminate the use of HCFCs in cooling and air conditioning systems in
Mexico. As well as in the international market, Mexico maintains a high consumption of HCFC-22 (95%
in cooling and air conditioning, due to their low cost). This is a result of the economic incentive generated
amongst refrigerant producers to destroy HFC-23, a byproduct of the first, through the sale of carbon bonds
encouraged by the Kyoto Protocol. This incentive can be reversed if its removal in the process becomes
mandatory.

Additionally, we found that replacing HCFCs with other alternative gases brings direct economic benefits,
since these mostly require lower energy demand. According to the economic benefits and available technolo-
gies in the Mexican market, the Mario Molina Center identified that Mexico has the ability to accelerate
the removal of these compounds by the year 2020.

1 Introduction

The research carried out by in the 70’s by Professors
Mario Molina and Sherwood Rowland gave way to
determining the role chlorofluorocarbons (CFC) have
over the depletion of the planet’s ozone layer. This
investigation had as a direct response the interna-
tional commitment to eliminate these substances
gradually starting in 1989. It took 15 years for
Mexico to achieve that goal, which meant doing it 5
years before what had been agreed.

The CFCs were replaced in a quick and cost-
effective manner by the hydrochlorofluorocarbons
(HCFCs), taking advantage of the similarities in their
properties and conditions for operating. However, it
has been proven that these substances still generate
negative effects over the ozone layer, which is why
their early departure was globally agreed in Group
VII of the Montreal Protocol, in its Nineteenth Meet-
ing of the Parties on Substances that Deplete the
Ozone Layer (MOP-19), held in Montreal, Canada
in September 2007. According to the approved
commitment, the deadline to stop the production

and consumption of HCFCs in developed countries
is in 2020, while in developing countries, such as
Mexico, the deadline is 2030.

On the other hand, it is important to point out
that HCFCs not only affect the ozone layer, they
also have a high potential for global warming. Their
global elimination could avoid the emission of 35
billion tons of CO2eq to the atmosphere, equivalent
to an annual reduction of 5.2% compared to that
emitted in 1990.

Given the importance of eliminating the use of
HCFCs, the Mario Molina Center evaluated in this
study the technologies and strategies that would al-
low Mexico to comply with the agreement stipulated
in the Montreal Protocol within the committed time
limit.
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2 Objective

The project’s main objective consisted in identifying
viable technological and economic alternatives that
allow the replacement of HCFCs use in domestic, in-
dustrial and commercial applications, in a way pos-
sible to fulfill the goals set in the Montreal Protocol,
which seeks to reduce the consumption of these sub-
stances to 65% in 2011, 35% in 2025 and completely
eliminate their use by 2030.

Specific objectives:

• Characterize the cooling and air conditioning
market in Mexico.

• Identify historical and current HCFCs consump-
tion trends in Mexico.

• Identify technological options to replace HCFC
and determine the costs and benefits of imple-
menting them.

• Establish alternative technologies and strategies
to reduce and afterwards eliminate the use of
HCFCs in Mexico in a way that is economically
feasible.

3 Methodology

First of all, a characterization of the Mexican market
of HCFCs was done; the magnitudes of production,
import and export were evaluated as well as their
different uses. Afterwards, the technological options
to replace HCFCs were evaluated. The Mario Molina
Center classified these options into two groups. The
first, which was called ”substitution of gases” is
composed of those alternatives that consider the re-
placement of HCFCs by other substances with lower
or cero levels of ozone depletion potential (ODP) and
global warming (GWP), but who do similar work in
new and used systems, like HFCs, carbon dioxide,
ammonia and water. In the second group called
”alternative technologies”, we integrated alternatives
that do not use refrigerant gases but other heat
transferring sources like cooling by absorption or the
use of heat pumps; this group includes technologies
such as: designing green buildings which reduce
dependency on the use of air conditioning, to name a
few. The analyzed options for each of the two groups
in Mexico were:

• Substitution of gases

– Drop-in

– Retrofit

– Conversion of cooling systems

– Secondary cooling systems

• Alternative technologies

– Absorption

– Geothermal heat pump

– Green buildings

For each of these technologies, the cost and energy
efficiency were determined, and also the ease with
which they can enter the Mexican market was
evaluated. From the acquired information, the
technological options that are more economically and
technically feasible to replace HCFCs were identified.

4 Results

According to the evaluated technological options
to replace HCFCs, which are described in the
methodology section of this document, the most
promising according to their cost and efficiency are
the following:

• In the short term: gas substitution, through
drop-in or retrofit with 3rd and 4th generation
refrigerant fluids, commercially available, such as
HFC-422A, HFC-404A or cyclopentane for cool-
ing, and 407C, 417A or 410A for air conditioning.

• In the mid-term: the conversion or changing
the cooling systems for substitutes that are envi-
ronmentally more convenient according to their
use, like hydrocarbons, carbon dioxide or ammo-
nia.

• In the long term: lean toward alternatives that
eliminate or substitute the use of HCFCs, such
as green buildings, geothermal heat pumps, bio-
climatic systems, which are even susceptible to
receive stimulus derived from the benefits of en-
ergy savings.

Based on the different replacement alternatives
of HCFCs in existence in the national market and
those that will exist in the mid-term, Mexico has
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Figure 1: Consumption Balance of HCFCs in Mexico
2007 (metric tons)

the opportunity to accelerate the displacement of
HCFCs by 2020 at the same time as developed
countries, establishing stricter criteria in order to
regulate the production and consumption of these
substances. Figure 2 shows the elimination program
of the HCFCs following the deadline stipulated for
Mexico in the Montreal Program and the program if
the outing date is forwarded to 2020.

5 Conclusions and Recommendations

The cooling and air conditioning market in Mexico
maintains a high dependency on the use of HCFC-22.
That is why the Mario Molina Center emphasizes the
importance of Mexico laying out in the next Kyoto
Protocol Meeting’s agenda, the review of the funding
plan for the destruction of HFC-23. This review
may consider the establishment of an international
regulation that forces the producers of HCFC-22 to
the recovery, storage and destruction of HFC-23,
adding to the selling price of HCFC-22 the costs
of this operation, so they have a real cost in the
international market.

With regards to the technological options to
replace HCFCs, a direct benefit of their substitution
for other gases is the increase in energy efficiency of
cooling and air conditioning of the country, because
its substitutes have a lower electric energy demand in
its operation. Therefore, we recommend establishing

Figure 2: Consumption Balance of HCFCs in Mexico
2007 (metric tons)

minimum requirements of energy efficiency similar
to those of SEER regulation from the United States
for the operation of cooling and air conditioning
equipment.

Complementary to these technology options,
the Mario Molina Center recommends establishing
measures that lead to the elimination or reduction
of refrigerant fluid consumption, mainly in build-
ings and housing with the purpose that they be
sustainable, encouraging the use of technologies like
the geothermal heat pump and bioclimatic actions.
These designs, widely used in the United States,
Canada and Europe are measurements that allow,
besides the use of air conditioning, the improvement
of energy efficiency.

Based on the different replacement alternatives of
HCFCs in existence in the national market and those
that will exist in the mid-term, Mexico has the op-
portunity to accelerate the displacement of HCFC,
establishing stricter criteria in order to regulate the
production and consumption of these substances. Ac-
cording to the information obtained and presented in
this document, it’s possible to speed up the outing
date of HCFCs for the year 2020, matching the dead-
line set for developed countries. The proposal implies
establishing a regulation that starting 2012 forces the
manufacturers, importers and distributors, of both
gas and equipment to reduce consumption 10% by
2012, 40% in 2015, 60% in 2018 and finally 100% in
2020.
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