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Abstract: The New Industrialised Countries (NIC) have increased their CO2 emissions and energy usage at a
faster rate in the last decades. Big contributors have been the construction sector along with the support
industries. The purpose of this study was to determine with a LCA of a dwelling in Mexico the possibility of
changing the construction materials to a more sustainable option. By using earth instead of cement-brick, the
embodied energy and GHG are reduced. Hence, a better life quality is created for the users. This is scenario,
could be repeated for more than one developing country.

1. Introduction

After an increase in extreme weather events attributed to climate change seen in the last
few years, scientist have attempted to extrapolate trends and quantify the impact of
different human actions. (Farjad et al. 2019; Tien Vu, 2019)

In 2007, the Intergovernmental Panel on Climate Change (IPCC) report revealed that
the CO2 emissions of nine New Industrialized Countries (NIC), including Mexico, reached
37.5% as an average share of the total world emissions. (Sharif Hossain, 2011). Out of that
percentage, 40% corresponded to the construction sector, according to the Paris Climate
Conference of 2015. Furthermore, the construction industry along with the support
industries, is responsible for a large share of the world’s energy, which is more than 40% of
the world total each year. (Houvila,2007; Weisz, & Steinberg, 2010; Dixit, 2010; Dixit, 2019)

To mitigate the effects, new technologies are required. As a result, with a Life Cycle
Assessment (LCA) this study explores the possibility of using earth as a sustainable
construction material that can help the environment and create a better social-economic
scenario for the low-income inhabitants of Mexico. The case study is situated in this country
because it is relatable to other developing countries in different parts of the world, but
especially with Latin America because these countries share a similar culture (Garcia-Ayllon
2016).

2. Literature Review

To create sustainable city developments, it is important to create specific aims and policies,
which can integrate environmental and sustainable objectives, in order to meet social needs.
(Siqueira-Gay, & Sanchez, 2019; Weisz, & Steinberg, 2010) Unfortunately satisfying the
social needs of the population in Mexico, has not have successful solutions. House shortage
has been a problem for about 50 years as a consequence of the growing population.

As a response to the problem, during the late 70°s the governments of Mexico and other
countries in Latin America developed housing projects and its policies for low-income



families. Nevertheless, the problem did not disappear because either the families did not
have the means to pay or the government was not able to cover the demands of the
growing population (Jiron, 2012). As a result, self-help build or informal housing
phenomenon appeared (Bredenoord, & Verkoren, 2009; Klaufus, & Linder, 2012), and
people started constructing with what they could find around such as earth, wood and even
trash.
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Fig.1 Example of the massive housing developments  Fig.2 Example of the massive housing developments
in Mexico (Garcia-Ayllén S. 2016) in Mexico (Burd Verde Arquitectura, 2015)

Regulated dwellings use concrete along with steel because those are the most
common materials to use, and there are different regulations that stablish the parameters
in which the a building must be constructed (Alcocer, S. et al. 2003; Gaceta oficial del
Distrito Federal., 2004; Gaceta oficial del Distrito Federal., NA), therefore it is the easier and
safer technique to use, especially in small and small-medium size buildings. Nevertheless it
is not the only material to build that has been used in this region. Earth construction, has
been part of Mexico heritage. Some of the oldest usages include Paquimé, constructed
around 14th and 15th century with rammed earth (UNESCO World Heritage, 2019),
demonstrating that soil as a construction material can be enduring and sustainable.

The benefits of these kind of buildings is that they focus on the availability of the local
soils; they do not involve high industrialized processes, the energy involved in
transportation is reduced; and they do not need big equipment to be used during the
construction. (Gupta, R., 2014). The properties of this material allow the building to retain
the heat that is accumulated during the day and then released during the night when the
temperature gets cooler (Becerra, & Lawrence, 2016). And even when earth is not a
renewable source, it is reusable once the life cycle of a building has been completed (Morel,
J. et al. 2001; Pacheco-Torgal, F. & Jalil, S. 2012).

Besides the listed qualities of soil, it also has some disadvantages. Earth construction
demands a big amount of labour, the eco-efficiency can be lowered due to the
reinforcement it needs in seismic regions, needs high maintenance, It is not profitable in a
big scale, especial skills are needed for the finishes, requires thicker walls which reduces the
usable space; and it is difficult to compete with conventional materials. (Pacheco-Torgal, F.
& Jalil, S. 2012)

Must of the knowledge about this material relies on the practice of the construction
workers that have used it. As a result, constructing with earth can differ from one culture to
another culture because there are many techniques to construct with it. (Gama-Castro. J. E.,
et al. 2012). Nonetheless, there are official parameters that some countries have stablished
to have safer buildings. In Germany the “Lehm-bau Regeln; the Australian Earth Building



Handbook in Australia; In Spain, “Bases for design and construction of rammed earth”; and
Zimbabwe published the “Code of Practice for Rammed Earth Structures” (Pacheco-Torgal, F.
& Jalil, S. 2012).

3. Life Cycle Assessment (LCA)

Summarising the embodied energy and CO, of a building in numbers is a complex task,
especially because it consists of many different processed materials and each contributes to
changing the sequestered energy and gas emissions (Milne, G. & Reardon, C., 2013). A Life
Cycle Assessment is the most common tool used to have an evaluation of a building. One of
the mayor discussions in a Life Cycle assessment is where to start counting process, some
authors may or may not include the design processes; nevertheless, must of them include
the direct and indirect energy consumed during the production of the material, counting
extraction, process, manufacture and transportation; plus the energy of different processes
during the life cycle like construction, maintenance, replacement and demolition. (Morini, A.
et. al., 2019 ; Dixit, M., 2019)

For the analysis is crucial, to follow a specific LCA sequence to have a direction that
can be handled. There are tree methods that are often repeated in the literature, the input-
output analysis, the process analysis, and the hybrid analysis.

Besides the method, there are databases required to assign each material a value for
the calculations. Between the most common inventories, there can be found the following:

= The Bath Inventory of Carbon and Energy (ICE)

= Eco-inventory database of the Swiss Centre for Life Cycle Inventories

= Bilan Carbon 6 developed by the French Environment and Energy Management

Agency

= Emission factors for road vehicles by UK Department of Transport

= Emission factors for off-road equipment by DEFRA

= Intergovernmental Panel on Climate Change (IPCC) Emission Factor Database (EFDB)
(Pacheco-Torgal, F. & Jalil, S. 2012)

4. Case Study and Methodology

The basic-unit dwelling for the assessment in this study, is an example of a construction
used in Mexico for low-income users. This house typology is normally between 38 and 55
m2, and in time they grow with self-help techniques (Klaufus, & Linder, 2012). The life cycle
assessment (LCA) selected was process analysis based with a cradle-to-gate approach. In
addition, the Inventory of Carbon & Energy (ICE) of the university of Bath was used for the
calculations. The analysis was made twice, one with cement- brick material and a second
time with adobe.
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Fig.3 Render of the Case study provided by Fig.4 Floor Plan of the dwelling
developer (Consorcio ARAS.A. de C.V.) (Consorcio ARA S.A. de C.V.)



4.1 Discussion and Analysis

According to the results, the cement- brick house can have 3.17 more CO2 emissions than a
dwelling constructed with earth material. In the embodied energy part, with a conventional
material, this type of dwelling can use 165.74% more embodied energy than a sustainable
option like earth.

According to Garcia, (2006) using renewable technologies is an easy way to diminish
the energy use in the life cycle of a dwelling; nevertheless, in the case of developing low-
income houses, those technologies no dot exist, therefore, the construction can be the only
way. Therefore, sometimes earth construction seems to be the only option due to the fact
that it can be cheap and any other option is out of reach for inhabitants in Mexico and
different parts of the world. (Bredenoord. & Van Lindert, P. 2010)

Revit model - concrete-clay brick Revit model — adobe
construction 41.19 m’ construction 41.19 m’

EE =471219.47 M) EE = 284,295.31 M)
EC=42,269.33 KgCO, EC=13,612.02 KgCO,

4. Conclusion

The evaluation of a material can vary according to the country, transportation, technology,
software and even the time in which the information was produced. (Dixit, et. al., 2010).
further investigation is required; especially the studies concerning the real environmental
impact and the development of more reliable methods to measure the effect on the
environment. (Morini, et. al., 2019)

Earth could be a highly acceptable solution to create low-income dwellings, yet it has
to face the regulations and the most difficult part, the social believes about constructing and
living in a soil settlement.

There is a critical need to increase efforts not just from the developed, NIC and any
other country that is not part of these groups to minimize activities that are emitting any
kind of GHG to reduce the climate change effects because in a near future the energy usage
and CO; reduction will not be optional (Young-Cheol, et al., 2018)
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