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Abstract

We carried out a study on social interest housing in two scenarios: horizontal peri-urban and vertical
intra-urban. In both cases we considered the same constructed area and an equivalent area of green areas.
We proceeded to compare the carbon footprint and life-cycle cost of both types of housing, in both the
pre-use stage as well as the usage stage. Significant differences were found between both of them, in their
carbon footprint and the costs of their production and use. The study revealed that, taking into account
only the pre-use stage, intra-urban housing has a greater cost than the peri-urban, although the carbon
footprint is greater in the peri-urban than in the intra-urban. However, considering both stages (pre-use
and use), vertical housing has a better performance than horizontal housing: its carbon footprint is smaller
and so are the annualized costs paid in that type if housing. The main cause of such results resides in the
emissions and costs associated with transportation: those savings in costs from acquiring peri-urban housing
are actually transferred by far to the cost of transportation.

1 Introduction

The problematic related to housing transcends the
building stage and has temporal and spatial, social,
economic and political implications. Also, the per-
formance of a house is related to the characteristics
of the housing development and environment where
it is located, and with the availability and access to
equipment and infrastructure, as well as with trans-
portation demand.

From this perspective, the Mario Molina Center
(MMC), with support from the National Council of
Science and Technology (CONACyT), has conducted
a study on the environmental and economic impli-
cations of the housing location. The proposals pre-
sented here are the result of the research carried out
by the MMC during the 2011-2013 period as part of
the line of research on Sustainable Housing. The pur-
pose of this study is to propose a methodology that
facilitates decision-making on public policy in housing
and urban development in Mexico.

Public policy for social interest housing in Mexico
has had positive results in both resource and energy
management, as well as housing needs of some social
groups. However, it has also negatively impacted on
the territory’s management and occupation, in house-
hold spending on transportation and in the country’s
percentage of abandoned housing.

In the 2000-2010 period, the number of households

increased at a greater rate than the population. This
has allowed reducing levels of overcrowding and hous-
ing backlog by approximately 10 percentage points.
However, uninhabited houses have increased by al-
most 20 points. This suggests that the housing policy
in the last decade has created problems at a greater
pace than its ability to attend them. And the aspect
that has influenced this the most is the location of
the household.

In the present study, we found significant differ-
ences between social housing located in intra-urban
and peri-urban areas. It was estimated that families
living in peri-urban areas may spend an additional 4
hours per week in commuting and spend more than
15% of their income on transportation. The lack of
planning and land use regulation has had important
implications. One of them is that housing finance
schemes have driven the construction of housing in
areas far from consolidated urban areas, responding
only to land market operations and not to urban plan-
ning processes.

Although currently there is not a single and sim-
ple tool that allows to directly estimate the potential
impact of housing, estimating the carbon footprint
along with the cost of lifecycle can provide informa-
tion of the building’s environmental and economic
performance during all of its stages.
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2 Objective

The main objective of this study is to compare the
carbon footprint and the derived costs of production
and the use of two models of formal social interest
housing located in different urban contexts: one intra-
urban and peri-urban areas. Likewise, we seek to pro-
vide information that serves as support to government
institutions to make comparisons between urban pub-
lic policy alternatives, specifically those related to the
housing location.

3 Methodology

In this study we estimated the costs and emissions
associated with two housing models: Vertical intra-
urban and horizontal peri-urban. For comparison
purposes, the following performance characteristics
were established for both types of housing:

• a living space of 45m2,

• 17m2 of green areas per household1,

• parking space for one car per household and

• urban infrastructure (street lighting, roads and
supply networks) considering a house lifespan of
50 years.

For transportation we assume that an average of
three people are transported to work or school during
the year’s business days (253), for 50 years through
the most common means of transportation according
to the mobility patterns of each reference site.

The case studies were conducted at two locations
in Mexico’s Metropolitan Area: Zumpango and
Atzcapotzalco.

To estimate the costs and emissions of both types
of housing we calculated the carbon footprint and
lifecycle costs for the pre-use and use life cycle stage.
Carbon footprint (CF) is an indicator of potential
impacts related to climate change that are generated
at each stage of the household’s lifespan, from the
materials’ extraction until its demolition.

The life cycle cost (LCC) is used to identify
the amounts that are moved in each stage of the

1The values indicated for surfaces and parking space avail-
ability are reference values that have been observed as a com-
mon practice in today’s housing market, but do not correspond
to the CMM values recommended as ideal proportions.

household’s life. The study has a general focus of
the economic impacts for sellers, buyers and different
levels of government. Overall, the carbon footprint
and lifecycle cost allows us to have an overview of
the environmental and economic performance of the
system studied.

The compilation of information for the conforma-
tion of the life cycle inventory was carried out using
three methods: the design of the two housing models
(vertical intra-urban and horizontal peri-urban) and
the estimation of their costs; calculating costs and
the necessary materials for the building and road
maintenance; and the application of a total of 193
surveys in the two models, where information about
the transportation mode, its cost and travel time was
compiled.

For the carbon footprint’s estimation, the 2007
IPCC GWP method was used for 100 years2. Addi-
tionally, the cumulated energy demand (CED) was
estimated. This consists in quantifying all direct or
indirect energy consumed throughout the product’s
life cycle.

Costs were given in pesos for 2013, considering an
inflation of 4.5% (average inflation in the last five
years, according to the Bank of Mexico).

4 Results

4.1 Carbon footprint

During the pre-use stage, the analysis of carbon
footprint showed no significant difference in all flows
although, on an aggregate basis, horizontal housing
has a carbon footprint 1.4 times greater than vertical
housing, mainly due to urbanization processes. In the
housing usage stage, which includes public lighting
processes, maintenance and transportation, we found
that the carbon footprint is 2.3 and 2.8 times higher
in the peri-urban model than in the intra-urban, for
public lighting and maintenance, respectively. This
is related to the number of lighting poles required
for each model (see Figure 2) and the differences in

2The Intergovernmental Panel on Climate Change (IPCC)
created the document ”2007 Climate Change”. In that docu-
ment they gathered and integrated, for use by policy makers
and other professional, scientific, technical and socioeconomic
updated useful data for defining policy in relation to climate
change.
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the demand for resources to maintain the building’s
envelope.

Figure 1 shows the surveys’ results for costs and
travel time as well as the carbon footprint estimated
from the transportation mode and commuting time.
As we can see, there is a clear difference between the
costs for each reference site (see confidence intervals).
However, this difference decreases in reference to the
commuting time. Emissions, as well as costs, show a
difference of almost double between the two models,
but with wider confidence intervals. This is related to
an increase in dispersion of data by the incorporation
of transportation means in the calculations.

Figure 3 shows the annualized potential impacts
for all housing life cycles. As we can see, there
are significant differences for both CO2 emissions
and for the CED between the two housing models.
Transportation appears as the major contributor,
followed by maintenance and construction. Although
urbanization and construction have proportionally
smaller contributions than other flows, it is important
to note that they do show clear differences between
the two housing models.

4.2 Life cycle costs

Regarding the pre-usage stage we found that the
cost for vertical housing building is $184 898, against
$209 091 for horizontal housing. This implies a differ-
ence of $24 193 per household. The horizontal model
has higher costs than the vertical housing, especially
in regards to materials and construction processes re-
lated to:

• urbanization (materials and sub-products with
raw material),

• construction processes (manpower and equip-
ment) and

• the exterior finishes (paint and sealing agents).

The cost of land represents a major difference
between the two housing solutions. The average
price per square meter is significantly higher in
the intra-urban: more than 4 times the value of
peri-urban land. This data directly reflects the
valorization that the demand holds in one of the
other location. During the use stage government
costs (subsidies) in transportation and roads, in the

Table 1: Comparison of costs for government by hous-
ing model

Item Peri-urbaa Intra-urban
Public lighting $4 095 $2 047
Re-pavement $20 067 $4 239
Transportation (subsidies) $28 226 $20 231
Government yearly fees $52 500 $26 518

Table 2: Comparison of costs to the buyer by housing
model

Item Peri-urban Intra-urban
Land $145 496 $253 260
Construction $191 828 $158 748
Urbanization $36 279 $7 358
Constructors Utility $17 263 $15 273
Total fees for housing $390 867 $434 640
Yearly spending* $14 723 $16 371
Yearly maintenance costs $2 924 $2 070
Yearly Transportation costs
(only on work days)

$18 216 $5 819

Total yearly fees with trans-
portation

$36 140 $24 959

*By housing annual fees we refer to the annual financial cost
of the credit received for the housing purchase.
A period of thirty years was used with an interest rate of 13%
per year.

horizontal, exceed the intra-urban by more than
double (see Table 1).

In relation to the total annualized costs of the
two housing models, transportation generates the
main differences in the economic performance of
each housing model (see Table 2); the second largest
outflow in intra-urban housing is the land while in
the peri-urban housing construction holds that spot.

In Figures 4 and 5 we show respectively the two
housing models’ total annualized fees for govern-
ment as well as for the the buyer of the house.
Also, we can see that transportation generates the
main differences in the economic performance of
each housing model. It is also noteworthy that,
for the housing buyer, the second largest outflow
in intra-urban housing is the land while in the
peri-urban housing it is the construction; for the gov-
ernment, the second largest outflow in both models is
paving, which corresponds to the roads’ maintenance.
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Figure 1: Expenditure, CO2eq emissions and time spent in transportation according to location (daily
estimates)
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5 Analysis, Conclusions and Recom-
mendations

In recent decades, the dominant model of social
interest housing has been horizontal housing. This
is related to available financing schemes for housing
acquisition and with the dynamics of a real estate
market where builders had taken advantage of the low
cost of land in peri-urban areas -often agricultural or
forestry- to build and sell homes. Housing financing
has had positive implications for the reduction of
overcrowding and housing backlog rates; however,
the current scheme has caused an increase in the
costs of transporting families as well as abandoned
homes in remote locations. Also it has led to an
increase in CO2 emissions related to transportation.

Although this problematic has been analyzed
in several national and international studies we
still need to generate quantitative information to
facilitate decision-making for public policy on hous-
ing, specifically considering the environmental and
economic impacts among the different alternatives
for building social interest housing.

We found that the cost of intra-urban land exceeds
4.4 times the cost of peripheral land. This situation
limits the possibility that low-income families have
access in a formal way to intra-urban housing. If we
add to what we just mentioned the financing of social
housing located on the cities’ outskirts and the lack of
regulation in land use change, we provoke a scheme
of expulsion of low-income families. Some of these
effects could be mitigated by changing the household’s

architectural design. The transition that is analyzed
in this study is to move from a horizontal model to
a vertical one. The main opportunities in relation to
the costs reduction by changing the model are:

• the building with the same living area (45m2) is
17% more economical,

• housing in the vertical model requires 40% less
surface than the horizontal.

Based on the above, we foundthat, at the pre-use
stage, intra-urban housing has an acquisition cost of
44 thousand pesos (11%) higher than in the peri-
urban housing. On the other hand, we estimated that
the carbon footprint is 32% higher in the peri-urban
housing.

As we may see, in the pre-use stage there’s a
different behavior between environmental and eco-
nomic variables: the vertical housing has a better
environmental performance and a worse economic
performance.

In the use stage, the distance from the household
to the services and employment sources are elements
that directly influence families’ travel patterns. In
peri-urban areas, lack of services causes enhanced
changes in commuting costs.

In this study we observed that families spend 12
thousand pesos more a year in transportation when
they are in suburban areas, and generate 44% more
of CO2 emissions (ie 490 tons of CO2 approximately).
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Figure 2: Peri-urban (horizontal) and intra-urban models (vertical)
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The two housing models offer the same services in terms of living space, green areas, and parking space. However, they differ

on the surface that is going to be developed and the amount of street lighting poles. This is illustrated in Figure2).

As we can see, by moving to areas with lower land
prices, families avoid the initial acquisition costs of
intra-urban housing. However, the avoided amount
is transferred to the cost of transportation during
the living period in that home.

From the information above, we can summarized
that, if we only consider the pre-use stage, intra-
urban housing will have a higher cost than the
peri-urban. In contrast, considering all the housing’s
life cycle costs - and specifically transportation costs
- a different behavior can be observed: the annualized
costs of a peri-urban housing are 36 thousand pesos a
year, while the intra-urban housing are 25 thousand
pesos.

Although in recent decades housing finance strate-
gies favored an expansive pattern of cities, the
implementation of instruments to facilitate a more
efficient land use could foster a more equitable social
development, reduce government costs in terms of
subsidies and mitigate environmental impacts.

In addition to the results obtained, the most impor-
tant contribution of this project is that it has allowed
us to create amethodology of analysis that may be
adapted to different environments for the creation of
scenarios in other reference sites or cities.
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Figure 3: Summary of carbon footprint for each housing model
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Carbon footprint for each housing model. As we can see, the study’s results show that in all flows the suburban footprint model

is larger than the intra-urban.

Figure 4: Summary of the total annualized costs for the government
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As we can see, the results show that for both street lighting and for the road maintenance and transportation subsidy, the costs

are higher in the peri-urban model than in the intra-urban.
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Figure 5: Summary of the total annualized costs for housing buyers
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As we can see, the results show that the cost of acquiring housing (edification plus land) are higher in the intra-urban hous-

ing. However, the transportation cost is significantly higher in peri-urban housing. Furthermore, (edification, plus land, plus

transportation and maintenance), the costs are higher in the peri-urban housing.
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