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Executive summary

We carried out a study on social housing through two
alternatives: horizontal peri-urban and vertical intra-
urban. In both cases we considered the same con-

structed area and an equivalent of green areas. We proceeded
to compare the carbon footprint and the life cycle costs of
both types of housing, for both pre-occupation and occupa-
tion stages. We found significant differences between the two,
in both their carbon footprint and their production and usage
costs. The study found that, taking into account only the pre-
occupation stage, and given that scarcity and demand of ur-
ban landmakes it more expensive than prei-urban, intra-urban
housing has a greater acquisition cost. In contrast, the carbon
footprint is bigger in the peri-urban. However, when consider-
ing both pre-occupation and occupation stages, vertical intra-
urban housing has a better performance than the horizontal
peri-urban: its carbon footprint is lower and so are the annu-
alized costs. The main cause of this result is due to emissions
and costs associated with transportation: savings in the cost
of acquisition of horizontal peri-urban housing are, actually,
exceedingly transferred to the cost of transportation.





CHAPTER1
Introduction

Problems related to housing go beyond the edification stage, since its practical dimensions
— temporary as spatial — have significant social, economic and political implications.

Housing performance will always be associated with the housing’s development’s charac-
teristics and the environment in which they are located, with the availability and access to
equipment and infrastructure, with transportation demand and risk management, among
others.

Conducting a housing analysis has significant methodological challenges, since house-
holds’ demographic characteristics change over time, as well as the housing needs. The
same happens with the architectural design —that is constantly changing— and new risks
to consider for addressing climate change. Additionally, defining limits and scales adds
complexity to housing studies. For example, water consumption (domestic scale) affects
the need for infrastructure (urban scale), as well as on the water resource management
(basin scale). According to INEGI’s Na-

tional Survey on Occupation
and Employment (ENOE),
by the third trimester of
2013, almost 60% of the
working population in
Mexico belonged to the
informal labor market [1].
This ratio implies a con-
siderable access limitation
to housing financing.

The multiple interactions that housing entails and the complexity in defining its boundaries
reinforce the need to study -from a systemic perspective- the relationship between housing
and its environment.

From this perspective, the Mario Molina Center (MMC), with support from the National
Council of Science and Technology (CONACYT), has conducted a study on environmen-
tal and economic implications of the housing’s location. The proposals presented here
are the results of research carried out by the MMC in the 2011-2013 period as part of the
Sustainable Housing project; these include results from field work, modeling and statisti-
cal analysis. The study’s objective is to propose a methodology which generates useful
information to guide and facilitate decision-making in public housing policy and urban de-
velopment in Mexico.

1.1 Social interest housing in Mexico

Public policy for social housing in Mexico, particularly from 2008 to 2012, was aimed at
financing houses for people in the formal labor market as well as at reducing their water
and energy demand by incorporating efficient technologies.

This policy has had positive results in resources and energy management, as well it has
served the housing needs of some social groups; however, it has also negatively impacted
land management and occupation, household spending for transportation and the coun-
try’s percentage of abandoned homes.
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Figure 1.1 illustrates the behavior of some key indicators related to the urban sprawl phe-
nomenon and its consequences. As it’s shown, during the 2000-2010 period, the number
of households increased at a faster rate than the population. This allowed reducing the
levels of overcrowding and housing backlog by about ten percentage points; however, un-
inhabited housing increased by nearly twenty points. These ratios suggest that, in the last
decade, public housing policies have created more problems than the ones they’ve solved.
This is a reality that gets more complex when market logic prevails, which is explained in
Chapter 4.“The (current) land market

principles produce large,
fragmented, isolated hous-
ing developments with no
connection to the city, and,
therefore, with high social
and economic costs for
its inhabitants. Likewise,
these land market principles
cause the city’s dysfunction
due to its inability to assim-
ilate additional demands
for services that arise in
their surroundings.” [2].

Figure 1.1: Change in housing indicators from 2000 to 2010

Behavior of some key indicators related to the urban sprawl phenomenon and its consequences. Elaborated
with data from INEGI, 2010 [1].

The housing location factor has been crucial in terms of costs for governments, but, espe-
cially, for those who acquire and inhabit the property. Several studies have documented
how housing location impact the population, especially when assuming costs of long com-
mutes to workplaces and urban infrastructure1.

The 1996-2006 Study of urban and social integration in the recent expansion of Mexican
Cities [2], for example, includes the analysis of a series of surveys made to families of resi-
dential complexes in different regions. The analysis shows that, during the referred period,
44.5% of those surveyed in peri-urban areas perceived an increase in their transportation
costs to work. The study also identified an increase of 1.7 times the number of commutes
of more than two hours. In at least 75% of the sample studied, the daily commute indicated
that there is a strong dependence on the main city, exposing the disarticulation between
the population and the local economy.

As a response to these concerns the Mario Molina Center has developed proposals aimed
at analyzing the impacts associated with dense urban development and scattered growth,
with special attention to social housing; particularly, we should mention that the Sustain-
ability Index for Housing and Surroundings (ISV), which addresses the need to generate a
diagnosis tool for the environmental, economic and social performance of houses and its
urban surroundings in Mexico. The index was applied to thirty five social housing com-
plexes in four major metropolitan areas. The study found differences between households

1The term urban infrastructure refers to schools, daycare centers, health and cultural centers, etc.
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located in intra-urban and peri-urban areas. It was estimated that families living in peri-
urban areas may spend up to four additional hours per week in commuting and spend
more than 15% of their income on transportation [3].

1.2 Relevance of housing location
In this study, urban den-
sification is considered as
the action of increasing
the number of inhabitants
per surface unit, consid-
ering crowding criteria,
loading and renewal ca-
pacity to enhance optimal
land use with access
to urban infrastructure,
employment and services.

The absence of land planning and regulation has had important implications on the way
in which cities have growns. One of these is that housing’s financing systems have driven
the construction of households far away from consolidated urban areas, responding only to
land markets and not to urban planning processes, which would allow a reduction in social
gaps and produce efficient use of resources.

The extent and location of housing complexes lose proportion to the services provided by
the municipality. This has important environmental implications related to transportation
to workplaces, schools, etc. and with the municipality’s ability to create and maintain the
necessary infrastructure (basic equipment, solid and liquid waste management, etc).

Faced with this problem, there have been several proposals for the use of suitable urban
land for housing edification [2, 4, 5] that concur in favor of densification processes, in lo-
cating housing complexes in areas which already have services and urban infrastructure
and, in ensuring proximity to workplaces, among others. However, these proposals also
concur that such processes must be carried out through a detailed review of the available
economic, environmental, legal and structural conditions in each region.

Urbanization processes pose major challenges, as they represent an increase in energy
demand, both for manufacturing and transporting materials as well as for construction
and urban land occupation. On the other hand, they involve unique opportunities to take
proactive decisions in edification and urbanism matters, to contribute to a more efficient
use of resources, mitigate pollutant emissions and strengthen adaptation processes to
climate change

Although there is currently no single and simple tool to directly estimate housing impact
potential, carbon footprint estimations along with life cycle cost2 can provide information
about the edifications’ environmental and economic performance during all its stages.

We’ve observed in various studies that expansive development models involve greater use
of resources compared to the compact city3 models, specifically on demand for land, by
the extension of networks and infrastructure and, above all, because they represent an
increase in the demand for transportation for its inhabitants [6]. However, demonstrating
the differences between stages entails methodological challenges.

A few of the alternatives to perform such comparisons may be the simulated performance
scenario processes or the case studies to identify patterns in the use of resources. In this
document we include two types of comparisons. The methodology used in each one of
them is described in Chapter 2. In chapter 3 we present the results of carbon footprint
and the private and public costs of two housing development models: intra-urban and
peri-urban. Finally, in Chapter 4 we discuss the results and present recommendations for
applying the information found in this study.

2Both concepts are defined in chapter 2.
3In this study we use the term ”compact city” to describe a city whose characteristics (density, structure and

urban pattern, among others) allow strengthening social cohesion, provides spaces where people come together,
creates an area with proximity to services, encourages activities, allows the development of life in community and
makes optimal use of energy, land and natural resources.
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1.3 Objectives

1.3.1 General objective

Compare the carbon footprint and the costs derived from production and the use of social
interest formal housing models located in different urban contexts: intra-urban and peri-
urban areas.

1.3.2 Particular objectives

• Perform a comparison for two housing models (intra-urban and peri-urban) which
allows identifying the economic and environmental performance by estimating:

– Carbon footprint

– Costs for the public and private sectors

• Provide information that supports government institutions whenmaking comparisons
between urban public policy alternatives, specifically related to housing’s location.

The reason for comparing vertical against horizontal complexes is because these are re-
spectively, the characteristic models of intra-urban and peri-urban housing. Usually, the
verticality of houses within cities works in reference to the land market which seeks of a
more efficient use of urban land.

1.4 Scope and limitations

For comparison effects, the present study establishes the following performance charac-
teristics for the two discussed models:

1. A living space of 45m2,

2. 17m2 of green areas per household4,

3. Parking space for one car per household,

4. Urban infrastructure (public lighting, roads and supply networks) considering a house-
hold’s life span of 50 years.

In regards to transportation we assumed, on average, three people traveling to work or
school every business day of the year (253), for fifty years, through the most common
means of transportation (according to the mobility patterns of each reference site).

In addition to providing safe and habitable shelter, households fulfill other purposes, such
as providing a resting space for eating, living and entertainment, among others. These
functions are beyond the scope of this project. In consideration to the above, the functional
unit that will allow valid comparisons is:

to provide a family of four, a house of 45m2 and transportation to work and school, in the
Valley of Mexico, for 50 years.

4The indicated values for surfaces and availability of parking space are reference values that have been ob-
served as common practices in today’s housing market, but do not correspond to the values recommended as
ideal by the MMC.
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1.4.1 System limits

Figure 1.2 illustrates the stages and processes involved in the system. As it is shown, of
the three stages outlined in this study we include the first two: pre-occupation and use.
The post-occupation stage is not considered within the limits of the study due to lack of
information regarding demolition processes in Mexico.

Figure 1.2: Flow chart of housing lifecycle processes

Flow chart of housing lifecycle processes and system limits. As it is shown, we considered as part of the material
flow system the preparation processes and land acquisition, construction, urbanization, maintenance, paving,
street lighting, housing maintenance and passenger transportation. We excluded from the flow system what are
considered to be constant between models: energy consumption, water and waste.

As cutoff criteria, we excluded processes that represent less than one percent of impacts
and total costs. On the other hand, resources and energy consumption for construction
and urbanization are considered, but the manufacture of construction machinery is not
included, nor construction waste disposal.

We assumed that the habitable surface, the number of inhabitants, socioeconomic status
and consumption patterns are equivalent in both housing models (intra-urban and peri-
urban. Therefore, we considered that they have equal flows of water, electricity, gas and
waste. Given the before mentioned, the comparison of equal flows does not provide sig-
nificant information, processes belonging to water, electricity, gas and waste are outside
the system limits.
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CHAPTER 1. INTRODUCTION

Our case studies were carried out on two locations in Mexico City’s Metropolitan Area, so
it is important to note that by replicating this study in other cities, it will be necessary to
adapt the model to local conditions.
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CHAPTER2
Methodology

As mentioned in the previous section, this study estimates the costs and emissions associ-
ated with two housing models: vertical intra-urban and horizontal peri-urban. We therefore
followed the guidelines of theMexican StandardNMX SSA 14044 IMNC 2008, environmen-
tal management –life-cycle analysis–, requirements and guidelines (see Figure2.1). The methodology of life cy-

cle analysis consists on es-
timating the potential en-
vironmental impacts which
occur during a product or
service’s life span. That is
from the extraction of mate-
rials, manufacturing, trans-
portation and use until the
end of its life or waste dis-
posal [7].

The methodology of life cy-
cle cost allows evaluating
what the costs are for the
different actors in the prod-
uct or service’s life time.

Figure 2.1: Life cycle's structure

Iterative process in the life cycle analysis according to the Mexican Standard NMX SSA 14044 IMNC 2008.

The carbon footprint (CF) is an indicator of potential impacts related to climate change that
are generated at each stage of the household’s life span, from the extraction of materials
until its demolition (see Figure 2.2).

The life cycle cost (LCC) is used to identify the amounts that are moved at each stage of
the household’s life span. This study assumes a comprehensive approach to the economic
impacts for sellers, buyers and different levels of government. Overall, the carbon footprint
and life cycle cost allows us to have an overview of the environmental and economic per-
formance of the system here studied.

Although the two housing models follow the same life cycle principles, the calculation pro-
cedures for each of them are different. For example, one of the main similarities between
intra-urban and peri-urban housing lays in the fact that carbon emissions do not change
regarding time and these can be added even though they occur in different time frames.
In contrast, the value of money does change over time, which implies that the procedure
should consider inflation. On the other hand, to estimate the carbon footprint we require
counting emissions that occur at all stages of the household’s life cycle; which differs in
costs, in which the final cost of a product is associated with its supply chain.
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Figure 2.2: Edification's Life cycle

Edification’s life cycle stages. In this study we excluded the demolition phase.

Compiling information for the conformation of life cycle inventories was carried out through
three methods:

• for the pre-occupation stage,

– two housingmodels were designed, one vertical and one horizontal, furthermore

– we estimated the land costs from historic valuation data bases; and

• for the occupation stage,

– we carried out surveys in two reference sites, one intra-urban and another peri-
urban, and

– we calculated the costs and materials necessary for building and road mainte-
nance using the material’s technical information and interviews with government
agencies, respectively.

In the following sections we explain each of the procedures.

2.1 Pre-occupation stage

2.1.1 Design of two housing models

We designed two generic models of social housing complexes, using the most common
practices in the housing market as reference. For intra-urban housing, the model con-
sists of a vertical housing complex (see Figure 2.3) and peri-urban housing for a horizontal
complex (see Figure 2.4). Housing models were not taken from actual cases to preserve
confidentiality criteria of families and home builders that were interviewed.
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The constructed area in both cases is 45m2; however, for the vertical housing it was nec-
essary to add an additional outdoor space of 3.5m2 as a service area. This addition was
necessary to ensure consistency between comparisons, since horizontal housing has a
backyard to place a gas tank, water heater, laundry room. Likewise, it was necessary
to add to the vertical model a common area of 305m2 destined for green areas, so both
models would have the same amount of green space.

Once we had the models’ design, Bimsa’s Activecost unit prices database [8] and, based
on direct consultations with distributors of building materials, we elaborated concept cata-
logs for each building. These were fundamental in creating the life cycle inventory, as they
allowed us to recognize in detail material flows, flow costs and processes.

Figure 2.3: Vertical housing model

Vertical model’s front facade, is part of a sixteen apartment building, each with 48.5m2 of living space. The
apartments are divided in four levels. The building requires 342m2 of land, but a lot of 305m2 is added to match
the green areas of a horizontal housing complex. The total land is 647m2.

Figure 2.4: Horizontal housing model

Horizontal model’s front facade, is part of a sixteen housing complex, each with 45m2 of living space. The total
constructed area is 1620m2.

2.1.2 Estimation of Land costs

To estimate land costs we consulted the Federal Mortgage Society’s (SHF, SociedadHipote-
caria Federal) [9] database for historical valuations. The database shows average values of
land per area unit for each zip code. We consulted land values for the years 2010 to 2013,

9



CHAPTER 2. METHODOLOGY

the data was adjusted to 2013 pesos, and took into account the inflation of each year; we
estimated average values for each reference site.

Figure 2.5: Peri-urban (horizontal) and intra-urban (vertical) models

Both housing models offer the same services in terms of living space, green areas, and parking space; however,
they differ in urbanized land and the number of streetlights. This is illustrated in figure 2.5).

2.2 Occupation stage

2.2.1 Collecting field information

For the purposes of this study we considered as peri-urban areas those that are separated
from the central city by a portion of agricultural land. The intra-urban areas correspond to
those found within the urban area, as seen in Figure 2.6.

The reference site for peri-urban housing -where field information was collected to char-
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acterize the demand for transportation- was the municipality of Zumpango in the State of
Mexico. The complex was built by a private construction company. Most homes were sold
through mortgage loans. The closest massive public transportation is the suburban train,
which is approximately 20 kilometers away.

The reference site for intra-urban housing was the municipality of Azcapotzalco in Mexico
City. It is located in an area where residential and industrial land use prevails. The complex
is located 2 km from the suburban train and 2.3 km from the subway. All the homes in this
complex were acquired through mortgage loans.

A total of 193 surveys were used in both complexes, in which the following information
was collected:

• mode of transportation,

• travel time and

• the cost of transportation.

We took into account multimodal trips in journeys to work or school for the three people
who, in every home, where traveling furthest away.

Figure 2.6: Geographical location of the case studies

Geographical location of reference sites for collecting field information. Elaborated with data from INEGI, 2012 [1].

2.2.2 Technical sheets and interviews with government agencies

To estimate costs and materials required for household maintenance we reviewed paint,
waterproof and sealant’s technical sheets. From this data and the concept catalog (de-

11



CHAPTER 2. METHODOLOGY

scribed in section 2.1.1), the flows of materials and labor force requirements were calcu-
lated. For road maintenance we conducted interviews with municipal or local community
authorities on the frequency, cost and materials required.

Finally, to estimate the costs that fuel subsidies pose to government, we used the results of
Plante and Jordan from the document Getting Prices Right: Addressing Mexico’s History
of Fuel Subsidies [10].

2.3 Unitary processes

Tables 2.1 and 2.2 describe the primary and secondary processes that were included in
the life cycle analysis as well as the methodology used to obtain the carbon footprint and
life cycle cost inventories.

Table 2.1: Life cycle's main unitary processes

Unitary pro-
cess

Description Process for CO2eq Process for costs

Land Land needed for each
housing model.

We consulted the build-
ing concept catalog on
the required inputs for
the land preparation.

We used the aver-
age land value from
the SHF’s Zip code
valuations data base [9].

Construction Building the housing
complex.

We consulted the con-
cept catalog and mate-
rial’s technical sheets.

We consulted the con-
cept catalog and the unit
price database [8]).

Urbanization Construction of roads
and networks (drinkable
water, residual water,
electricity).

We consulted the con-
cept catalog and mate-
rial’s technical sheets.

We consulted the con-
cept catalog and the unit
price database [8]).

Maintenance Necessary actions to
maintain the construc-
tion and urbanization
operational.

We consulted the con-
cept catalog and mate-
rial’s technical sheets.

We consulted the con-
cept catalog and the unit
price database [8]).

Pavement Road maintenance. We conducted in-
terviews with local
government agencies.

We conducted in-
terviews with local
government agencies.

Ocupation Integrates the processes
of: urbanization, mainte-
nance, pavement, pub-
lic lighting and passen-
ger transportation.

Not applicable Not applicable

Street light-
ing

Required power for light-
ing posts in each hous-
ing model.

Using the Sustainability
Assessment of Housing
[3] study and the catalog
of concepts.

Using the Sustainability
Assessment of Housing
[3] study and the catalog
of concepts.

Passenger
transporta-
tion

Journeys to work or
school for three inhabi-
tants of each house.

Transportation demand
surveys.

Transportation demand
surveys.

2.4 Data validation

The results obtained from the inventory were validated by a consistency analysis with the
database of unit prices [8]. Additionally, the flows were compared with values from the
Ecoinvent V.2 database [11].

12



Table 2.2: Life Cycle's secondary unitary processes

Unitary pro-
cess

Description Process for CO2eq Process for costs

Construction
materials

All the necessary materi-
als to build a household.

Concept catalog. Concept catalog and the
unit price database [8].

Electricity Electricity generation ac-
cording to the technol-
ogy mix currently used in
Mexico.

Diesel and
gas

Diesel and gas refining
process used in trans-
portation in Mexico.

2.5 Carbon footprint

As mentioned earlier in this chapter, the carbon footprint allows us to analyze the products
and services’ environmental profile in all stages of its life cycle. To estimate the carbon
footprint we used the IPCC 2007 GWP method to one hundred years; as reference we
used the Ecoinvent V.2 database and Simpro software V.8.0.1.

De manera adicional, se estimó la demanda acumulada de energía (DAE). Esta consiste
en la cuantificación de toda la energía consumida directa o indirectamente a lo largo del
ciclo de vida del producto. En general, el método DAE expone toda la demanda de en-
ergía, valorada como energía primaria, que se plantea en relación con la producción, uso y
disposición de un producto o servicio, por tanto, se trata de un indicador de los impactos
ambientales potenciales en lo que respecta al rendimiento de los sistemas de generación
de energía en su ciclo de vida [12].

Additionally, we estimated the cumulative energy demand (DAE). It consists in quantify-
ing all direct or indirect energy consumed throughout the product’s life cycle. In general,
the DAE method exposes all of the energy demand, valued as primary energy, which is
posed in relation to the production, use and disposal of a product or service; therefore,it
is an indicator of the potential environmental impacts regarding the performance of power
generation systems in their life cycle [12].

2.6 Life cycle’s costs

As earlier mentioned, the value of money over time is a key factor for determining life cycle’s
cost. This happens when cash flows occur at different times during the household’s life
cycle. For this reason, the costs were put into pesos from 2013, considering an inflation of
4.5% (average inflation for the last 5 years, according to the Bank of Mexico) [13] and the
present value formula was used:

V P =
V F

(1 + i)n
(2.1)

Where V P is the value at time 0 (present), V F is the value at time n (future), i is the rate
under which the value of money varies over time and n is the number of periods to calculate.
Once all cash flows were put into present value, costs were annualized to fifty years using
the annuity formula:

13
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A = V P ∗ ( i(1 + i)n

(1 + i)n − 1
) (2.2)

Where A is the value of the individual payments for each period, V P is the value at time 0
(present), i is the interest rate for each period and n is the number of payment periods.

It is important to note that given the methodological nature of this study, the comparisons
that are made, for both the carbon footprint and the life cycle costs, are relevant between
the two housing models (vertical intra-urban and peri-urban landscape); however, the re-
sults should not be used in comparisons with other functional units.
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CHAPTER3
Results

3.1 Carbon footprint

3.1.1 Pre-occupation stage

The results of the pre-occupation stage for the carbon footprint are broken down in Fig-
ure3.1.

As it is shown, for select flows there are obvious differences, specifically in regards to:

• cladding materials (waterproof, paint, sealant),

• urbanization materials (cement, asphalt, sand, stone, water, soil) and

• processes related to the land preparation with machinery.

Other flows present insignificant differences, especially those corresponding to:

• the structure’s conformation (steel),

• the construction processes (wood),

• interior finishes (ceramic, cement, gypsum, grout joints and aluminum) and

• the ducts and networks (PVC, plastic CPVC, polyethylene and copper).

Although the analysis of the carbon footprint in the pre-occupation stage shows insignifi-
cant differences in all flows, the horizontal housing has an aggregated5 carbon footprint of
1.4 times greater than that of vertical housing. Table 3.2 shows that this is mainly due to
the significant difference between the areas that will be urbanized in each housing model
(see Figure 2.5).

As you can see in Table 3.1, the cumulative energy demand shows similar behavior to that
of the carbon footprint. Horizontal housing requires 1.3 times more primary energy than
the vertical housing during the pre-occupation stage.

3.1.2 Occupation stage

We already mentioned in Chapter 2 that the housing occupation stage includes public
lighting, maintenance, and transportation processes. By looking at the content of table 3.2
we observe that the carbon footprint is 2.3 and 2.8 times higher in the peri-urban model
than in the intra-urban for street lighting and maintenance, respectively. This relates to the
number of street light posts required for each model (see Figure 2.5) and with differences

5That is, the sum of carbon footprint of all flows.
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Figure 3.1: Comparison of carbon footprint for the pre-occupation stage broken down by
material or process

Comparison of carbon footprint per material or process for each housing model. For flows related to cladding
materials, materials for the urbanization processes and the processes related to land preparation with machinery
we can observe significant differences. In contrast, for steel, wood, materials related to interior finishes and ducts
and networks, no significant differences can be seen.

in resources demand for the cladding maintenance; which coincides with that observed in
section 3.1.1regarding waterproofing, paint and sealant.

Figure 3.2 shows survey6 results for costs and commuting time, in addition to the estimated
carbon footprint for the mode of transportation and traveling time. As it is shown, there is
a clear difference between the costs for each reference site (see the confidence intervals);
however, that difference decreases in regards to the commuting time. Emissions, as well
as costs, show a difference of almost double between the two models, but with broader
confidence intervals; this is related to an increase in the data dispersion from incorporating
modes of transportation to the calculations7.

Comparing costs and emissions related to transportation between the two populations
(intra-urban and peri-urban) was carried out through two methods: analysis of variance

6We collected field information on the mode, time and cost per commute of the household inhabitants. See
section 2.2.1

7The data obtained on commute times in the surveys have some dispersion; the same happens to the equiv-
alent emissions estimation, because we used the answers on the mode of transportation for its calculation. As
such, it is expected that the carbon footprint results for transportation have greater dispersion than the commute
costs.
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Table 3.1: Cumulated energy demand [MJ ] (sixteen houses)

Intra-urban model Peri-urban model
Construction 1,645,022 1,805,300
Urbanization 121,756 525,675
Embodied energy 1,766,778 2,330,975

Public lighting 126,335 297.259
Maintenance 742,950 1,960,948
Transportation 11,354,001 21,341,624
Energy use 12,223,286 25,930,806

Total primary energy demand 13,990,064 25,930,806

Table 3.2: Carbon footprint [kg of CO2eq] (sixteen houses)

Intra-urban model Peri-urban model
Construction 191,543 224,175
Urbanization 16,359 72,947
Total Pre-occupation 207,902 297,122

Public lighting 20,044 47,162
Maintenance 101,341 281,736
Transportation 485,760 769,120
Total occupation 607,145 1,098,018

Total life cycle 815,047 1,395,140

(ANOVA) and Kruskal-Wallis analysis. The main difference between the two methods when
applied to this study is that the first one assumes that the two populations have normal
behavior, something that cannot be verified with the number of available samples. Mean-
while, the Kruskal-Wallis method does not depend on a demonstration of normality in the
data; in simplified terms we can say that it offers more conservative conclusions than the
Anova method. Regardless of what we just mentioned, we got to the same results in both
cases:

• both populations show significant differences regarding commuting costs and

• in regards to emissions, we will need further information to demonstrate that the
populations are different8.

In terms of cumulative energy demand for the occupation stage, we got a similar behavior
to that of the carbon footprint, with the only difference that the primary energy demand for
transportation takes, proportionately, greater importance (see table 3.1).

Figure 3.3 illustrates the annualized potential impacts for all housing’s life cycle stages;
there are considerable differences for both CO2eq emissions and the DAE, between the
two housing models. In turn, transportation appears to be the main contributor, followed
by maintenance and construction. Although urbanization and construction have propor-
tionately less contributions than the rest of the flows, it is important to note that they do
show clear differences between the two housing models.

In accordance to what’s been mentioned above, cumulative energy demand (see Figure
3.3) shows a similar trend to that of carbon footprint, the difference lies in that the primary
energy required for transportation has a proportionally bigger participation than the rest of

8This is because at a level of confidence of 95%, we cannot demonstrate that the populations are different.
This can be seen in Figure3.2, in which the intervals of confidence for CO2eq emissions overlap. This is further
discussed in section4.1.
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Figure 3.2: Expenditure, CO2eq emissions and time spent in transportation according to
location (daily estimates)

Comparison of time, emissions and transportation expenditure per household. As it is shown, the results obtained
from surveys show some dispersion. The majority appears in CO2eq emissions.

the flows.

3.2 Life cycle’s costs

3.2.1 Pre-occupation stage

Regarding the pre-occupation stage we found that the edification cost of the vertical hous-
ing is 184.898, against209.091 for the horizontal housing. This implies a difference of
$24,193.

Looking at Figure 3.4 we observe that the horizontal model has higher costs than vertical
one regarding materials and construction processes related to:

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

• the construction processes (labor force and equipment),

• exterior finishes (paint and sealants).

We can also see insignificant differences related to:

• structure (steel),

• networks (plastic or PVC and copper),

• interior finishes (ceramic and glass).

In regards to financing and indirect costs, the intra-urban model demands smaller quanti-
ties for both items. This has to do with less investment required per household9 It’s also
important to note that the builder’s estimated utility is lower in the intra-urban housing. This
is because the value is calculated as a percentage value of construction costs.In SEDESOL’s study [14]

they compared two scenar-
ios for 2040: One busi-
ness as usual, character-
ized by expansive growth of
greater land consumption,
and another, called vision-
ary, based on a model of
dense and compact growth.
The study concluded that
the second scenario would
entail savings of 38% in
costs to the municipality
in building the infrastruc-
ture and equipment and
60% in the costs of op-
eration and maintenance.

As shown in Figure3.4, the cost of land represents significant differences between the two
housing solutions. In Tables 3.3 and 3.4 the average value per square meter stands out,

9We highlight that calculations presented in this document do not consider vertical housing —unlike
horizontal— can enter the housing market until the edification process of all homes is finished. This difference
could represent a change in financing methods and time to recover the investment.
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Figure 3.3: Summary of carbon footprint for each housing model

Carbon footprint for each housing model. As can be seen, the study results show that in all flows the peri-urban
model footprint is larger than the intra-urban.

which is considerably higher in the intra-urban model: more than four times the value of
peri-urban land. This data directly reflects the enhancement that the demand exerts in
one and another location. Figure 3.5 illustrates these differences, shows the value of land
depending on the postal code, based on the distance to the city’s center (the area with the
highest land value).

When analyzing based on the required area of the two models, differences arise, and it
is essential to pay attention to this fact. Peri-urban housing, being horizontal, demands
greater amount of land, but does not lead to a higher cost compared to vertical housing
that requires less surface on the ground. The most important difference is related to the
proportion of additional land required for the enablement of green areas in the vertical
housing (305 m2 for the prototype designed for the study), which greatly increases the
total cost of land.

Table 3.3: Land costs of peri-urban model (sixteen houses)

Sector Unitary price ($) Quantity (m2) Subtotal ($)
Construction area 1,437 1,620 2,327,940
Land necessary to obtain equivalent
green areas

1,437 0 0

Total cost of land with equal green areas 2,327,940

Table 3.4: Land costs of intra-urban model (sixteen houses)

Sector Unitary price ($) Quantity (m2) Subtotal ($)
Construction area 6,263 342 2,141,946
Land necessary to obtain equivalent
green areas

6,263 305 1,910,215

Total cost of land with equal green areas 4,052,161
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Figure 3.4: Cost comparison for the pre-occupation stage

Comparison of different costs depending on themodels made for the pre-occupation stage. Thematerials include
gypsum, lime, steel, wood, stone, sand, cement and water, among others. The sub-products with raw material
include pavement, blocks, concrete, mortar and drains. In equipment we take into account the construction
machinery. Financing includes costs for acquiring a construction credit, considering a rate of 3.5%. Indirect
costs include 12% of total costs (base value used in the construction industry [15]); these costs represent the
fixed costs of a construction company. In utility we include the economic benefit to the builder, which is 9% (base
value used in the construction industry [15].

3.2.2 Occupation stage

In section 3.1.2 we saw that transportation demand differs between housing models; now
it’s time to talk about costs. Transportation costs are the most obvious distinctions be-
tween one model and another (see Figure 3.2). In regards to government transportation
costs (subsidies), the horizontal model exceeds the intra-urban in more than doubled (see
table 3.5).

Figures 3.6 and 3.7, respectively, show the total annualized costs of the two housing mod-
els for government and for the buyer; also, we observe that transportation generates the
main differences in the economic performance of each housing model. It is also relevant
that, for the buyer, the second largest expenditure in intra-urban housing is the land, while
in peri-urban housing it’s the construction; for the government, the second largest expen-
diture in both models is the paving, which corresponds to road maintenance.
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Table 3.5: Cost comparison for government by housing model

Sector Peri-urban Intra-urban
Public lighting $4,095 $2,047
Pavement $20,067 $4,239
Transportation (subsidies) $28,226 $20,231
Government annuity $52,500 $26,518

Table 3.6: Cost comparison for buyer by housing model

Sector Peri-urban Intra-urban
Land $145,496 $253,260
Construction $191,828 $158,748
Urbanization $36,279 $7,358
Builder’s utility $17,263 $15,273
Total payment per house $390,867 $434,640
Yearly payment per household* $14,723 $16,371
Maintenance expenditure per year $2,924 $2,070
Transportation expenditure per year (only
business days)

$18,216 $5,819

Early payment with transportation $36,140 $24,959

* With yearly payment per household we refer to the annual financial cost of the credit received for purchasing
the household (see section 2.6).
A period of thirty years was used and an interest rate of 13% per yea.
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Figure 3.5: Average land value based on its location

Elaborated with data from SHF, 2013 [9]. Each point represents a zip code, from which the distance to the area
with the highest land value (the city center) was calculated. In an approximate range between twenty and thirty-
five kilometers we find the areas in which the housing differential rent whose values increase as the distance to
the city’s center is reduced. The point at which the differential rents for housing and commerce come together
represents an increase in land values exponentially -as the distance to the city’s center is reduced-; there, the
costs can exceed ten thousand pesos per square meter.
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Figure 3.6: Summary of total annualized costs for government

The results show that for both street lighting and for road maintenance and transportation subsidies, costs are
higher in the peri-urban model than in intra-urban.

Figure 3.7: Summary of total annualized costs for the buyer

CThe results show that the costs of housing acquisition (edification plus land) are higher in intra-urban housing;
however, transportation cost is significantly higher in peri-urban housing. In an aggregated manner (edification
plus land plus transportation and maintenance) the costs are higher in peri-urban housing
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CHAPTER4
Analysis, conclusions and

recommendations

In recent decades, the dominant model for social housing has been the horizontal single-
family home. This is related to the available financing mechanisms for house acquisition
and the dynamics of a real estate market where builders had taken advantage of low land
costs in peri-urban areas -commonly agricultural and forestry- to build and sell houses.
Housing financing has had positive implications in reducing overcrowding rates and hous-
ing backlog. However, causes an increase in transportation expenditure for families and
the abandonment of homes in remote complexes; it also favors the increase of CO2eq
emissions related to transportation. Norman et. al. [16]

compared two housing
models, a high density
(vertical) intra-urban and
one low density (horizontal)
peri-urban through two
case studies, located in
Toronto, and came to
the following results: low
density housing emits
8,637 kg CO2 per year
per person, high-intensity
housing, 3,341 kgCO2 per
year per person; and per
square meter, the study
found that they emit 107.3
kg CO2 and 77.7 kg CO2

per year, respectively.

Although this problem has been discussed in several nationa l [2, 14, 17, 18]] and inter-
national [16, 19–21] studies, we still need to generate quantitative information to facilitate
decision-making for public policy in housing matter, specifically , when considering envi-
ronmental and economic impacts among the different social housing edification alterna-
tives.

In this study we estimated the carbon footprint and life cycle costs derived from the con-
struction and the use of two models of formal social housing. The comparison was carried
out between a home located in a peri-urban area (horizontal housing) and one in an intra-
urban area (vertical housing). Both models have the following characteristics in common:

• a living space of 45m2,

• 17m2 of green areas per house,

• one parking space per household;

and have the following differences:

• the required land surface for roads and housing (101m2 for horizontal housing and
41m2 for vertical housing),

• the housing location and the population’s transportation needs.

We performed the study of costs and emissions for the two stages of a housing’s life cy-
cle: pre-occupation and occupation. The first includes land acquisition and construction
(housing construction, urbanization and provision of financial services). The second con-
siders the building’s maintenance and people’s transportation to work or schools during
fifty years.
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Pre-occupation stage

From an economic perspective, land is a commodity with specific characteristics that dis-
tinguish it from other types of goods: it cannot be created, it’s immovable, indestructible
and scarce. Thus, the particular attributes of the land market affect its own demand oper-
ation.

The demand for urban land derives from its potential use. That is, the competition for the
likely benefits from exercising certain activity in a certain area makes land value increase
or decrease according to its location. From this perspective, the consolidated urban areas
that are near sources of employment and services have higher land values. In contrast,
agricultural and forestry areas without urban infrastructure and physically separated from
the city’s limits have lower land values.

The cost of the intra-urban land we studied exceeds 4.4 times the cost of peripheral land.
This limits low-income families’ opportunities to have access, formally, to intra-urban hous-
ing. If we add to this social housing financing located on the outskirts of cities and the lack
of regulation in land use change, a city eviction scheme emerges for low-income families10.
Some of these effects could be mitigated by a change in the housing architectural design;
for example, through the transition analyzed in this study, which consists in moving from
a horizontal housing model to a vertical one. The main opportunities to reduce costs by
changing the model are:

• Edification with the same living area (45m2) is 17% cheaper in the vertical model than
in the horizontal model.

• Vertical housing model requires 40% less land than the horizontal model.

Despite the information given above, we found that, at the pre-occupation stage, intra-
urban housing has an acquisition cost 44 thousand pesos greater than the peri-urban hous-
ing. We also estimated that the carbon footprint is 32% higher in the peri-urban housing
than the intra-urban.

It is important to stress that, at the pre-occupation stage a different behavior exists be-
tween environmental and economic variables: vertical housing has a better environmental
performance and poor economic performance. Such differences could be accentuated if
we add other variables that are outside the study’s scope (such as impacts related to land
use change, displacement of agricultural areas and the extension of primary roads, etc.).

Occupation stage

The distance from the household to services and sources of employment are factors that
directly influence in the households’ travel patterns. In peri-urban areas, lack of services
causes marked changes in travel costs. This study found that most families spend an addi-
tional 12 thousand pesos a year on transportation, when they live in peri-urban areas, and
they generate over 44% more of CO2eq emissions (490 tonCO2/a, approximately). Ad-
ditionally, families that are located in peri-urban areas spend an additional 50 minutes in
transportation per day, which translates to 210 more hours a year dedicated to transporta-
tion (only for business days), that is, they require 26% more time to transport themselves
each year (1012 hours against 801 hours).

As it is shown, when moving to areas with lower land prices, families avoid the initial ac-
quisition costs of an intra-urban household. However, the avoided amount is transferred to

10This is because the alternatives available for families to meet their housing finance needs are limited to the
supply of peri-urban housing.
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the cost of transportation1111 during the household’s occupation stage. The results of this
behavior have important economic and environmental implications, for both families and
government.

From this we can say that, if one considers only the pre-occupation stage, intra-urban
housing would have a higher cost than the peri-urban. In contrast, when considering all
housing life cycle costs -specifically transportation costs-, a different behavior is observed:
the annualized costs of a peri-urban household are 36 thousand pesos a year, while intra-
urban housing’s are 25 thousand pesos (as explained in the table 3.6)12.

From the buyer’s perspective, in the following two tables we can see that the combined
cost of the credit’s annual fees for acquiring a household and the money spent on trans-
portation is greater in peri-urban housing (see table4.1) than in intra-urban (see table4.2).
Therefore, a household buyer who opts for intra-urban housing may face a higher inter-
est rate on the credit he/she is granted, for the same category of salary. This is shown in
black numbers on the payment table calculated under several interests: on an intra-urban
housing a family earning 4 times the minimumwage can afford a housing credit (plus trans-
portation expenditure associated therewith) of up to 6% annually. In contrast, a family with
the same income, in order to buy a peri-urban house would require a larger subsidy, as
they could only pay a maximum of 2% of annual interest on their credit, making it less likely
to get the credit, given the high subsidy required. On both tables we compare the payment
which would have to be done (and that includes the cost of transportation and mortgage
at a rate that is specified under each item) against the amount of 40% of their salary, since
the percentage normally recommended to spend on rent or mortgage is maximum 30%
and it is advisable to allocate a maximum of 10% of the family income for transportation.
These percentages, together, represent 40% of what a family should spend, at the most,
for the combined cost of their home and transportation. When these figures, because of
the interest rates employed, exceed 40%, they are shown in red in both tables.

Table 4.1: Cost of choosing a peri-urban housing of $390,867 pesos with annual trans-
portation expenditures of $18,216

Salary (tmw): 4 6 8 10 12
Annual Salary: 65,278 97,917 130,556 163,195 195,834

40% of annual salary: 26,111 39,167 52,222 65,278 78,334

Interest rates Annuities† Cost for choosing that household*
2% 7,817 26,033 26,033 26,033 26,033 26,033
4% 15,635 33,851 33,851 33,851 33,851 33,851
6% 23,452 41,668 41,668 41,668 41,668 41,668
8% 31,269 49,485 49,485 49,485 49,485 49,485
11% 42,995 61,211 61,211 61,211 61,211 61,211
13% 50,813 69,029 69,029 69,029 69,029 69,029
14% 54,721 72,937 72,937 72,937 72,937 72,937

tmw: times the minimum wage
† Interest’s annuities of loan
* The cost is made up of the credit’s annuities plus transportation expenditures

From the point of view of the institution granting the mortgage credit, tables 4.1 and 4.2
are also useful because they show the level of salary that the buyer must have in order to
be eligible for a low interest rate credit, or the extent to which the interest rate should be
reduced so someone, with a lower salary level, can be a candidate for a loan.

11This behavior has been recognized and explained in greater detail by Smolka [22].
12The amounts that were estimated without rounding figures are 36, 140and 24,959 for intra-urban and peri-

urban households, respectively.
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Table 4.2: Cost of choosing a peri-urban housing of $434,640 pesos with annual trans-
portation expenditures of $5,819

Salary (tmw): 4 6 8 10 12
Annual Salary: 65,278 97,917 130,556 163,195 195,834

40% of annual salary 26,111 39,167 52,222 65,278 78,334

Interest rates Annuities† Costs for choosing that household*
2% 8,693 14,512 14,512 14,512 14,512 14,512
4% 17,386 23,205 23,205 23,205 23,205 23,205
6% 26,078 31,897 31,897 31,897 31,897 31,897
8% 34,771 40,590 40,590 40590 40590 40590
11% 47,810 53,629 53,629 53,629 53,629 53,629
13% 56,503 62,322 62,322 62,322 62,322 62,322
14% 60,850 66,669 66,669 66,669 66,669 66,669

tmw: times the minimum wage
† Interest’s annuitiets of loan
* The cost is made up of the credit’s annuities plus transportation expenditures

Finally, from the constructor’s point of view, and as his/her utility is calculated only on the
value of the building and not on the total value of construction plus land, the peri-urban
housing will always be more profitable.

4.1 Perspectives
Although in recent decades housing financing strategies have led to an expansive pattern
in cities, current public policy has shown interest in improving housing finance schemes
and land management13. The implementation of instruments to facilitate efficient use of
land could foster a more equitable social development, reduce government costs in terms
of subsidies and mitigate environmental impacts.

In this study we estimated the carbon footprint and the costs associated with two housing
models. The analysis was based on two case studies, from which we recognized trends in
the behavior of each of them. Regardless of the results, the most important contribution of
this project is that it has enabled creating a methodological analysis that can be adapted
to other reference sites or cities and define scenarios for better urban planning.

To provide continuity to this study we recommend:

1. Generating tools and models that allow us to estimate:

(a) transportation demand in reference to household location,

(b) the cost of land in reference to urban context,

(c) the cost of different edification model.

2. Subsequently, use these models to propose financing and public policy instruments
that:

(a) avoid real estate speculation and

(b) encourage a more efficient use of land.

The methodological approach presented in this document has as a main limitation that it
allows us to compare specific cases -and not general behaviors- and that in long-term pro-

13This can be seen in the proposal of the 2013-2018 National Urban Development Program [23].
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jections there could be biases in the results. However, this investigation involves a funda-
mental step in the analysis of different housing models; especially in regards to quantifying,
projecting and explaining the impacts of different alternatives.

The most important contribution of this study lays not only in the comparison of alter-
native housing, but in the new questions that have been posed during its development:
how can these methodological principles to identify trends on a city or metropolitan area
scale be used?, What policy instruments could encourage a more efficient use of land and
resources? And how can we measure the implementation impact of these instruments?
Solving these questions would allow us to propose implementation of technical and eco-
nomically feasible measures that help increase social welfare and the creation of a more
equitable society.
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