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Featured Application: To date, the ‘values’ associated with ‘heritage buildings’ have received
little attention in designing technical interventions for energy efficiency. This may be due to a
fear that modern interventions for improving energy performance clash with heritage conserva-
tion, especially conservation of original features. We argue that energy efficiency interventions
and heritage conservation can co-exist if an in-depth understanding of people’s heritage values
and attitudes is obtained. This paper adds to our limited knowledge of residents’ approaches to
heritage conservation and energy efficiency. It does so by presenting the first study of its kind
in Mexico’s City Historic Centre (a World Heritage Site since 1987). The results reveal the type
of heritage values that residents assigned to their buildings when seeking to achieve thermal
comfort and energy efficiency in heritage buildings.

Abstract: With building construction representing one of the largest sectors responsible for the use
of natural resources, retrofitting existing heritage buildings becomes a necessity, albeit a challeng-
ing one. The emergence of specific guidance on retrofitting heritage buildings has unveiled more
than never the need to understand how residents negotiate, thermal comfort, energy efficiency, and
heritage conservation decisions. The paper reports the complexity of the decision-making process
of residents of heritage buildings in the Historic Centre of Mexico City regarding energy efficiency,
intending to improve thermal comfort and reduce energy consumption while preserving heritage
values. The study involved in-depth semi-structured interviews with users of heritage buildings that
were thematically analysed, complemented by the monitoring of internal environmental conditions
and system dynamics analysis. The results show that although the residents perceived the buildings’
temperature as poor, passive thermal comfort actions (e.g., wearing more clothes and closing win-
dows) were preferred against invasive retrofitting solutions for thermal comfort due to residents’
resistance to a potential loss in the buildings’ values and the high cost of changes. The degree of
change necessary for maintenance, renovation, and actions for improving the thermal comfort of
a heritage building is related to values and to their preservation for future generations. The users’
changes were limited to small-scale interventions in floors and ceilings while avoiding touching
what they consider essential to preserve and protect (i.e., social and cultural values). Integrating the
user into the decision-making process would enhance the long-term continuity and sustainability of
retrofitting policies and guidelines, thus avoiding losing heritage-built stock.

Keywords: heritage values; user; sustainability; thermal comfort; energy efficiency; heritage
buildings; decision-making; preservation; Mexico City
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1. Introduction

Historic buildings are increasingly considered in literature dealing with energy ef-
ficiency actions and renewable energy systems [1–9]. Recent projects such as Energy
Efficiency for EU Historic Districts’ Sustainability, Climate for Culture, and Efficient Energy
for EU Cultural Heritage are some examples addressing the impacts of changing climate
conditions on historic buildings. The projects propose energy-efficient retrofit solutions
while respecting buildings’ heritage values. Historic England has developed one of the
most comprehensive guidelines that intends to adopt a holistic approach to historic build-
ings and energy efficiency. The guidance seeks to address every factor that affects energy
use in the buildings and tries to balance saving energy, sustaining heritage significance,
and ensuring comfort (a whole-building approach) [9]. However, although the emphasis is
placed on heritage values, there is an assumption on what these ‘values’ are and how they
should be retained [10]. These programmes rely mostly on research to integrate technology
into the built heritage but do not explore users’ ‘heritage values’ in depth. Qualitative
research on heritage and energy efficiency began to show the connection between energy
efficiency and values. For instance, Yarrow [11] offers perspectives that underline a social
negotiation of the values by inhabitants of old buildings and heritage professionals and in-
volves concepts of climate change and energy efficiency. Yarrow conducted ethnographical
research of specialists, planners, and homeowners interested in renovating and retrofitting
buildings of attributed historical value. Koukou and Fouseki [12] conducted a study in
Greece that included residents’ approaches to heritage conservation and energy efficiency
in neoclassical buildings. Their research explored how residents’ meanings and values
regarding historic buildings drive or inhibit energy-efficiency interventions. Their study
involved semi-structured interviews with residents that revealed a conflict between the
urgency to improve thermal comfort during winter through installing a mechanical heating
system (at the loss of the original characteristics of the building) and against interventions
on the façade of the building. The study found that in most cases, the changes made by
residents complied with current legislation and the architectural significance of the building
as most buildings were listed.

Overall, we lack in-depth, qualitative studies on energy efficiency and heritage con-
servation. In this regard, Fouseki et al.’s [10] research have understood and integrated
heritage values into decision-making to improve the energy performance of the heritage
buildings’ stock, which motivated this research. Fouseki et al. [10] show that decision
making in thermal comfort improvement, energy efficiency, and heritage conservation
is a sociocultural and dynamic practice. In the connection or discontinuity of elements
(materials, competencies, resources, values, senses, and time), the decision-making process
changes based on external factors surrounding the building (context, listed status, age,
climate, and ownership status) [10].

In Mexico, Murillo et al. [13] reported on the heritage values attributed to historic
buildings and how they change, drive, or prevent energy efficiency changes over time.
Their study consisted of in depth semi-structured interviews complemented by monitoring
indoors environmental conditions that revealed what users prioritise between energy effi-
ciency interventions and heritage values. Their research shows a tension in the limitations
on buildings with listed statuses, which restrict changes in use and prevent energy-efficiency
interventions and highlighted that a fundamental requirement for developing effective
energy policies, standards, and guidelines is understanding the meaning of heritage at-
tributed by the users. More international approaches that contribute to decarbonising the
built environment are needed.

Given the foregoing, this paper details the results of a qualitative study conducted
in Mexico’s City Historical Centre (a World Heritage Site) that includes residents’ and
buildings’ thermal conditions to understand user decision-making processes for energy ef-
ficiency and thermal comfort. The study focused on the social and cultural values residents
of listed and non-listed buildings attach to their buildings and which values they prioritise
during energy-efficiency interventions. The work offers new research insights from Mexico
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City, where heritage values, user behaviour, and thermal comfort data were obtained in
a protected heritage site. The study’s premise is that social meaning, spatial structures,
heritage values, sustainability preservation, and energy efficiency are interconnected and
reinforced over time, driving or preventing changes in energy efficiency. Moreover, ten-
sions can arise between limitations on a listed building (that impede change) and the lack
of interventions applied (which directly affects the structure). The study assumes that
both values associated with the tangible characteristics of a building (e.g., architectural,
historical, and aesthetic) and sentimental, symbolic values (e.g., family attachment) increase
the overall value of a residence over time and determine which building characteristics
residents are willing to change, compromise, or maintain as they strive to improve the
building’s energy performance.

Improving Energy Efficiency in Mexico City

In Mexico City, the need to retrofit existing residential buildings [14] has been high-
lighted in recent years to prevent buildings’ abandonment and obsolescence due to indoor
thermal problems. The retrofitting of existing residential buildings to improve energy
efficiency or reduce green housing emissions is not applied either [14]. More studies regard-
ing improving energy efficiency in Mexico have only focused on electricity consumption.
Mexican government programmes to reduce electricity use nationwide include the Trust
for the Thermal Insulation of Housing and the Program for Integral Systematic Savings.
Both programmes—managed by the Secretary of Energy [15]—have achieved a national
energy use reduction of 3410.72 GWh and 1,534,824 fewer tonnes of concentrated CO2 in
the atmosphere [14,16] obtained by 120,703 thermal insulation actions. Despite the progress
and goals set regarding retrofitting existing buildings in the heritage sector, significant
challenges remained unsolved.

2. Methods and Materials
2.1. Case Study

The Historic Centre of Mexico City was chosen as the case study. The urban area has
approximately 1,500 listed buildings with historical and artistic value [17].

Declared a World Heritage Site in 1987 [18], the Historic area has faced challenges on
the social, political, environmental, and economic fronts, given its geopolitical location and
historical transformation of the social context. The social transformation began after the
earthquake of 1985, which caused the area’s depopulation. In 1987, with the World Heritage
Site declaration, the local government started urban revitalisation management plans to
repopulate and attract more inhabitants. Precisely, Heritage status imposes restrictions
upon users concerning what they can and cannot modify. Therefore, it is intriguing to
study how residents negotiate their heritage conservation and energy efficiency decisions
in this specific context. Furthermore, social housing (planned for people who cannot afford
to buy housing with the private sector) also makes this area compelling to examine.

2.2. Sample Selection

Through system dynamics [19,20], social data (related to resident attitudes regarding
heritage values, thermal comfort, and energy efficiency) were collected, analysed, and
synthesised, alongside environmental (relative humidity and temperature) and building
condition data (materials and maintenance). As stated by Levi-Strauss [21], due to the
complexity of social phenomena, the data collection is guided by successively evolving
interpretations made during the study and by the researcher interpretations. To this end,
a number of participants and apartments is based on an in depth case-oriented analysis
essential to qualitative research [22]. Additionally, qualitative samples are selected by
their capacity to provide rich information relevant to the study. As a result, it sets an
‘information-rich’ case [23] and with deep understanding. The sociotechnical approach
employed consists of qualitative and quantitative methodologies, summarised in Table 1.
The procedure of our approach starts firstly with a formulation of objectives clarifying
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the research—next with a description of analysis and theoretical framework required
for qualitative and quantitative methodologies. Afterwards, the experimental procedure
collects and processes the data (with tools and instruments), confirming (or not) our initial
objectives. The results interpretation in data analysis leads to indicators (relevant for
research objectives) and finally to the results.

Table 1. Sociotechnical approach.
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The final sample of five buildings for this study was considered suitable for an in-depth
case study to test methods and tools and gain the residents’ approval to install the monitors
in the properties. We identified buildings that have preserved their original typology and
belonged to the Heritage Site protection list of Mexico City Council (a total of 134 housing
buildings making up the total housing unit). The typology of housing building in the
Historic Centre (known as vecindades) has a significant connotation on the architectural
characteristics dating from the colonial period. Inside, the rooms are organised around
a rectangular patio or corridor that serves as the central circulation and, simultaneously,
a source of ventilation and lighting (Figure 1). A layout with current internal uses of
social housing is shown in Figure 1. The buildings have mixed uses consisting of housing
and commerce.
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The final sample includes one listed monument (assets linked to the nation’s history),
one non-listed but protected apartment building, and three listed apartment buildings
(within the area of historical monuments and with architectural value). Their architectural
styles are dated from the 16th to 19th century (primary baroque or colonial style), which
influenced each building’s materials (tepetate, masonry, and brick) (Figure 2).
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analogous to the houses of pre-Hispanic Mexico. These houses were built inwards, usually with two
stories and simple façades, surrounded by walled gardens; (e) modern style—rationalist language
with a series of horizontal windows on its façade. The modulation in the proportions is an important
element of the early stage that characterised the architectural design.

2.3. Data Collection

Data collection was conducted over one month during the winter (from December
2019 to January 2020). Participants were recruited for the study fulfilling at least one of the
following two criteria: they must have lived in the area or in the building since 1987 (the
Declaration of World Heritage), or their construction must belong to the government official
heritage catalogue, which provides more information about the building (historical files,
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interventions, renovations, ownership, and previous uses of the building). Semi-structured
interviews were conducted with five users (four owners and one tenant), and written
informed consent was obtained complemented with photo-elicitation (i.e., interviewers
were shown energy-efficiency options and prompted to comment on them) [24] to gain
deeper insight into the values assigned. The semi-structured questionnaire design was
divided into four sections: the first part focussed on building conditions; the second
concerned understanding the attributed values, combined with photo-elicitation; the third
part was designed to explore attitudes towards thermal comfort and energy efficiency,
and the fourth explored user actions and interventions undertaken in the building. Each
resident and apartment was assigned with a unique code of identification, including the
country and number of participants. For instance, the first one was MX-U1 (see Table 2).
For environmental data collection, the tiny tag data monitors were placed during the visit
where the user felt more dissatisfaction with perceived thermal comfort (the data loggers
are battery-powered instruments with electronic sensors that use data logger software to
download the data from the monitors). The installation was in living rooms and bedrooms.

Table 2. Building main characteristics and numbers, including resident code.

Building Number
and Resident Code

Orientation of
the Facade

Location of the
Apartment Total M2 Total

Apartments
Number of

Floors
Space

Monitored
Total
M2

Walls
Width

Building 1
MX-U1 north Ground floor 1923 6 2 Bedroom

Living room
20
20 0.60 mts

Buiding 2
MX-U2 south First floor 400 4 2 Bedroom

Living room
13
24 0.60 mts

Building 3
MX-U3 north Fifth floor 544 15 5 Bed room

Living room
15
20 0.30 mts

Building 4
MX-U4 north First floor 926 24 2 Living room 12 0.60 mts

Building 5
MX-U5 north First floor 2046 120 2 Bedroom

Living room
13
20 0.60 mts

The thermal imaging exercise helped explain materials’ thermal properties to the
residents (when pointing at an object or area, the thermal camera sensor allowed the
user to view the infrared spectrum. The warmer regions were shown as red, orange, and
yellow on the camera’s colour screen. In contrast, the colder parts showed up as purple
and blue). During the data collection stage, collaboration with local authorities was also
essential, including a participatory workshop on energy efficiency and heritage values
with 12 neighbours, 3 stakeholders and 4 professionals in the Trust of the Historic Centre
(Fideicomiso del Centro Historico). The course aimed to introduce the present pilot study
and exchange ideas for proposals related to the Historic Centre regarding energy efficiency,
conservation, and heritage values. This study is the first of two research studies carried
out in the heritage site. The second study was conducted in 11 buildings and 11 residents
during the winter of 2020–2021; the results are part of another publication.

2.4. Data Processing

The interviews were transcribed and translated from Spanish to English. Afterwards,
they were thematically analysed using NVivo software, which enabled coding and the
identification of cause-and-effect relationships among factors that affect a specific interven-
tion (or lack thereof). The approach followed principles of grounded theory allowing the
data to drive the hypothesis [21]. The interviews were first coded through an open coding
process, identifying all factors. The codes were then reclassified through axial coding into
251 final codes related to the main aim and objectives and different subnodes from the
decision-making process regarding energy-efficiency actions to address heritage building
conditions and user values over time. The coding process and analysis used were based
on Fouseki et al.’s [10] research. During the coding process, cause-and-effect relationships
between nodes were discovered [10] and recorded in Excel. Table 3 shows the 12 categories
of codes groups. The objective of the identification was to show the system elements that
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affected the dynamic interaction between values, thermal comfort, and energy-efficiency
actions and practices. These categories interconnect, reinforce, and balance the system
over time.

Table 3. Categories and code groups.

Category Code Category Code

Time Time living in the property,
changes, age of the building Materials Façades, walls,

humidity, porosity

Needs
Thermal comfort in winter
and summer, perception of

thermal comfort
Practice Qualified

interventions

Feelings Satisfaction, guardianship,
family attachment Cost Rent, cost of

changes

Value Sentimental, aesthetics,
historic, symbolic, originality Risk

Earthquakes,
humidity, lack of

maintenance

Place/Space Urban context, size of
the rooms Ownership status Owner, tenant

Actions
Type of maintenance,

thermal comfort actions,
ventilation, preservation

Building status Listed, not listed

2.5. Mapping Data through Systems Dynamics

The relationships were mapped using Vensim software for systems dynamics anal-
yses [25,26] to illustrate cause-and-effect relationships identified through the feedback
thinking [25,26] and that are part of the system of preservation, thermal comfort, and
energy efficiency. Systems dynamics is grounded in the theory of nonlinear dynamics,
feedback, and interconnected loops and helps capture the complex causal structure of the
system in a formal model that can be simulated and validated against real-world observa-
tions. A causal loop can grow or decline, allowing identification of the gap between the
current objective and the desired one [25,26].

The five interviews were analysed using the same process, resulting in five diagrams
that portray the dynamic system between heritage buildings, values, thermal comfort,
and energy efficiency (decision-making process). To summarise the 251 interconnected
variables identified during the interviews, an aggregate version of the five interviews (and
five apartments) is shown in Figure 3. The symbols positive (+) or negative (−) are used
to indicate reinforcing (growing) (R symbol) or balancing (B symbol) relationships. A
reinforcing relationship between the two variables indicates continuous growth. On the
other hand, an equilibrium is intended to be achieved by balancing relationships. For
instance, a reinforcing relationship between original features and aesthetic values means
that the more original the façades, the higher the aesthetic value assigned by the user. On
the other hand, a balancing interrelationship was noted between the deterioration of the
physical condition and replacing old materials with modern ones.
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Figure 3. Causal loop diagram produced with Vensim showing relationships between values, inter-
ventions, and thermal comfort. Colour scheme: yellow, time; green, needs; light blue, feelings; pink,
value; dark blue, place; orange, actions and practice; purple, materials; brown, cost; grey, risks; dark
green, type of ownership.

3. Results
3.1. Heritage Values Assigned to Historic Buildings

Residents’ values to their buildings and apartments varied according to their lifestyles.
The everyday life of the inhabitants of the Historic Centre is characterised by commerce,
tourism, architecture, and the political powers that are concentrated in the area. The
inhabitants combine work activities (formal and informal) with those of the home. Most
have different educational levels and have lived in the Historic Centre for more than
35 years, witnessing this space’s social and urban transformations. In the same way, the
Historic Centre represents a labour resource for many of them, who have had a commerce or
workshop there.The first value associated with the house was the historical value, followed
by sentimental and aesthetic value: “Well, for the year it was made and for its architecture,
its balconies, its corridors because it is very beautiful. I like everything. I like it a lot” (MX-U2).
The existing relationship between the preservation of the original features and aesthetic
value is shown in R6 (see Figure 3). When mapped on Vensim (R7 in Figure 3), the family
attachment to the property is a significant relationship; the owner has a motive for living
in the building that becomes stronger over time due to the values appreciating and their
willingness to preserve and protect. The residents endeavoured to maintain the building
in fidelity to its original structure because of its architectural and sentimental value (R3
in Figure 3), in part due to family ties (R7 in Figure 3). For instance, respondent MX-U2
said, “Well, the greatest meaning is sentimental because I have lived here (for many years with my
family) . . . because it is the original, the architecture and the shape of the windows, the doors, I like
it a lot, we do not touch it (we maintain it)”. Over time, the reason for living in the apartment
and family attachment reinforces the owner’s relationship with its architectural, aesthetic,
and symbolic value. As stated by MX-U2, “Well, it has a symbolic value and to me, they are



Appl. Sci. 2022, 12, 1486 9 of 17

very beautiful, as well as are the architectural features that characterise the construction and the
architecture” (Figure 4).
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Aesthetic value was directly related to architectural qualities such as space, form, use,
dimensions, and structure. Originality was important in terms of the materials and features
of the apartment: “The architecture and the shape of everything, the windows, the doors, and all of
that, I like a lot. We do not touch it” (MX-U1). The residents felt responsible for what happens
inside the building. They mentioned that all users needed heritage knowledge to make
good decisions: “People must become aware of how to treat a listed building” (MX-U5). The
architectural value, reinforced by the historic context, is related as a reason for living in the
building: “Because of the location, it is centric and for the benefits that we have in the Centre of the
city, we have everything and then it is something that interests us” (MX-U3) (see Figure 5).
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3.2. User Perceptions of the Condition of the Building over Time

This part was intended to understand the energy-efficiency interventions and their
impact on the environmental conditions provided by the buildings: the users’ perceived
thermal comfort and the presumptions about building performance, which could be con-
firmed (or not) with environmental data, related to what was happening inside the building.
It was found that humidity, deterioration, and use are interconnected and increase the need
to maintain in good quality the originality of materials and façades. Humidity deteriorat-
ing the original façades’ materials in all buildings raised the cost of changes due to their
aesthetic value, and old structures required specialised interventions and maintenance. The
older the building, the more susceptible it is (because of the original materials). MX-U5 said,
“Yes, it’s because the use of buildings has changed over time. For example, (original materials) need
a lot of maintenance”. However, there is regret regarding the changes made (unsupervised),
as reported by MX-U2: “Well, the floor [previous wooden floor] was cosier, warmer inside the
apartment, so I disagree that it was removed. But it had to be removed because it needed a lot of
maintenance and had deteriorated, and it costs a lot. The changes were made because they had
deteriorated, and the new material was supposed to last longer”. While exterior windows were
changed due to humidity and deterioration, interior modifications for comfort were further
driven by new materials’ durability over time (which implies less maintenance). How-
ever, the users’ actions for preserving the original materials are related to the supervised
government programmes for interventions despite costs, damage, and time (see Figure 6).
Respondent MX-04 said, “The roofs needed waterproof paint and, on the façade, some painting.
The local government approved carrying out the interventions on the façade”. MX-U1 stated,
“Fideicomiso Trust arranged everything for us, painted the façade of the house, all of this because the
whole façade was severely damaged; the government gave us support with the material, and with
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money . . . They are very beautiful façades that have been preserved very well, everything with the
supervision of the National Institute of Anthropology and History”.
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Despite the special treatment that the original materials of a historic building require,
residents felt satisfied with the maintenance over time and have resisted introducing
additional major interventions for comfort on façades. Such resistance is related to the
architectural value and elevated cost of interventions for historic buildings. Costs “are high
because all the interventions have to be done by expert people, people who know what material is
and they´ll do it right” (MX-U2). The residents considered heritage; they were aware of and
willing to preserve the value. “Well, it’s pretty. The building is beautiful, well preserved; it looks
very beautiful. We cooperate with INAH (National Institute of Anthropology and History social
housing programme) to preserve our building; we’ve shared the ownership with INAH for 80 years
. . . Well, it’s maintained, it’s presentable. We’re trying to keep it that way. So, it’s a benefit to
present the building in good condition. The government gives us the benefit of housing because we
are cooperating with the building” (MX-U3). The users also considered the economic value of
future interventions: “Because the government doesn’t give maintenance (listed private buildings),
the user must do it and look for the best price” (MX-U3).

3.3. Interrelationship between Thermal Comfort, Energy Efficiency, and Heritage Conservation

This section is intended to describe thermal comfort through the residents of heritage
buildings, their attitudes, and what is happening inside the building. It was possible to
compare users’ desired and perceived thermal comfort with the actual interior temperature
(see Table 4). From the interviews, there was clearly a difference between the users’ desired
and perceived temperature described as freezing, cold or unbearable. For instance, the
ideal internal temperature for some residents was 28 ◦C or over: “I say 28 to 30 ◦C [would
be a suitable temperature for me]” (MX-U1). “28 ◦C”, seconded MX-U5. From monitoring,
indoor temperature and external temperature showed no significant difference. However,
when contrasted with users’ perceived temperature, the performance is experienced as bad
(Table 4) (Building 4 bedroom and living room share the same space).

Table 4. Buildings average temperature monitored, perceived, and desired temperature by the user.

Building
Number

Average Indoor
Temperature
Living Room

◦C

Average Indoor
Temperature

Bedroom
◦C

Average External
Temperature

◦C
User Desired

Temperature ◦C
User

Perceived
Temperature

Building 1 18.91 16.25 19 28–30 freezing
Buiding 2 19.37 19.57 19 28 cold
Building 3 18.88 19.69 19 28 cold
Building 4 18.91 18.91 19 24 cold
Buildng 5 17.85 17.77 19 28 unbearable
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According to the International Organization for Standardization, thermal comfort
is a mental condition related to the satisfaction of the thermal environment [27,28]. In
the apartments studied, thermal comfort is vital for residents, as it can affect their health
and quality of life. It is shown (Table 4) that users have their own criteria for thermal
comfort. Thermal comfort is also related to a space and its characteristics, where they feel
pleasant. For instance, MX-U4 stated, “In my bedroom, because I like to rest there [and] because
I have health problems, then I can watch TV and rest“. MX-U2 said, “In the living room, I like
it more because we have the windows, natural light, and I see people (outside) come and go and
the atmosphere is very warm”. Perceived thermal comfort during winter and summer is
influenced by the building architecture and materials, as reported by respondent MX-U1:
“During winter, it’s a little bit cold. I always bring my coat. In the summer, it’s a delight. It’s
a delight to get inside from the street and find natural air conditioning. Thanks to the height of
ceilings and thanks to the walls that keep a delightful temperature, it’s very nice”. Users also
related internal conditions (temperature) with specific building materials: “I recognise that
the building is very well designed, [including] the spaces. The building is solid; it has masonry walls.
Both function and form are very well designed. The spaces are wide, large, spacious . . . What I do
not like is that it’s very cold because of the concrete that was used to change the old structure that
had deteriorated from the old building” (MX-U5). The architectural characteristics appreciated
by the user show that although the structure reinforces the building against earthquakes, it
is also more susceptible to humidity and deterioration. The older the building, the more
susceptible it is (because of the original materials).

The climate in Mexico City is temperate subhumid in most (87%) of its territory.
During monitoring, the external temperature was a maximum of 24 ◦C, a minimum of
14 ◦C, and an average of 19 ◦C. Figure 7 shows temperatures in the bedrooms and living
rooms monitored. From the figure, we can see that the lowest temperature occurred in
Building 1 with, 16.25 ◦C in the bedroom and 18.91 ◦C in the living room. In contrast, the
highest temperature was found in Building 2, with 19.57 ◦C in the bedroom and 19.37 ◦C in
the living room.
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Residents control the indoor temperature with natural ventilation and by performing
passive activities such as opening and closing windows or, as last resort, with a portable
heater during nights. The passive actions performed gave them the opportunity to under-
stand their needs for thermal comfort and to help them adapt to the apartment thermal
conditions. As reported by MX-U3, “Well, today it’s a little bit cold, but during winter, I close
them (the windows and doors), and the inside temperature remains warmer because the roof retains
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the interior heat”.Monitoring was also performed for relative humidity. The data for relative
humidity was between acceptable ranges of 40% and 70% [28,29]. User dissatisfaction
regarding the buildings’ indoor thermal comfort was related to deterioration caused by
humidity. MX-U1 noted, “If you look, the temperature is something that impacts; it’s very cold.
It’s very cold here because of the height; we have high ceilings and then the materials. It feels humid”.
MX-U4 commented, “We have humidity in all the bedrooms because the material is so porous that
I feel that it filters, and I have to repair regularly because the paint disappears quickly”. Within the
building, the deterioration and humidity were expressed on the surfaces of walls, ceilings,
and façades (because of the materials’ natural properties), and the subsoil characteristics
could be contributing. During the Spanish conquest, the Mexico City Historic Centre was
constructed on a lake. What is of interest here is that despite the relatively stable humidity
levels, the perception of how humid the houses felt was fundamentally different from the
data. This may be explained by the limited environmental data, as they reflect only a short
(but cold) period in a year. It may also relate to the overall perception (or misconception)
that “old” buildings are cold and humid without necessarily being so. The misalignment
between “actual” and “perceived” humidity is an area for further exploration.

3.4. Interaction between Heritage Values, Perceived Buildings Conditions and Thermal Comfort

Residents’ perceptions of thermal comfort and thermal building conditions interact
with the actions to preserve the assigned value while improving thermal comfort. Per-
ceived thermal comfort was affected by floor level, façade orientation, ventilation, room
size, natural light, and humidity. The lack of direct solar radiation has to do with apart-
ment orientation, location, and interior layout. Two buildings (first-floor apartment and
fifth-floor apartment) were compared to show differences in perceived thermal comfort.
Figure 8 shows building 3 and 5 temperatures in bedrooms and living rooms. Although
monitoring showed not much variation from the external temperature, in building 3 (fifth-
floor apartment), we can see fluctuations in temperature that achieved higher temperatures
than building 5. In both buildings (north orientation façade but different floor location), the
perception of indoor temperature was bad, but one of them was perceived as unbearable.
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indoor temperature and external temperature; (b) buildings 3 and 5: living room internal and
external temperatures.

As reported by the user of building 3 MX-U3, “In the summer, I feel very hot. It’s very
hot because the sun always enters everywhere. It is super hot, but during this season, it’s
okay”. The thickness of the walls and the windows’ height and dimensions also influenced
user perceptions of the space’s temperature. For example, the thermal perception was cold
in a first-floor north orientation façade (Building 5) compared to the same orientation façade
on the highest floor (Building 3), where it was perceived as warm. MX-U5 stated, “How
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comfortable do I feel? Very uncomfortable; it’s very cold. The truth is that it’s unbearable
during winter . . . because my apartment is on the first floor. I feel that it’s affected in that
sense. I don’t have enough natural light either”. The ventilation and size of the rooms
could increase user perceptions of thermal comfort. Although there was a consensus that
internally it was cold, depending on the floor the residents occupied, indoor temperature
was perceived differently: “I feel warmer in the living room and my bedroom because the
sun hits them up, and the others are in the back (so they don´t get much sun) . . . I live on
the fifth floor and particularly like where I live on because it’s the top last floor” (MX-U3).
In addition, time reinforced thermal comfort; for instance, the more time residents had
lived in the apartment, the greater their awareness of changes (during different seasons)
affecting its thermal properties. Over time, they improved comfort and conditioning spaces
for their lifestyles and needs but preserved the originality of the building.

The relationships between thermal comfort, actions, and changes by the residents can
be observed in Figure 9. The narrative of the diagram starts in R12 (reinforcing loop), which
is at the centre of the diagram where it is shown the relation between poor thermal comfort
in winter. The less thermal comfort in winter, the less satisfied the user was. Therefore,
thermal comfort in winter is balanced with passive actions and less use of heating overnight
(B4 balancing loop): “Well, we have a heater, which we use in the evenings for a while, then we
have a warmer environment, a little bit, not a big deal. Yes, if I’m freezing, I turn it on. Look at this
heater, but close to me. I install it near the bedpost, connect it, leave it here, then it heats us a bit,
and it gives us peace” (MX-U1).
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ing overnight (B4 balancing loop): “Well, we have a heater, which we use in the evenings for a 
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Figure 9. Causal loop diagram created in Vensim (part of the aggregate version in Figure 3 showing
relationships between values, interventions, and thermal comfort, and changes by the residents)
Colour scheme: yellow, time; green, needs; light blue, feelings; pink, value; dark blue, place; orange,
actions and practice; purple, materials; brown, cost; grey, risks; dark green, type of ownership.

Because of the perceived poor thermal comfort in winter, some changed the original
wood floors, but they regret the changes made. As stated by MX-U2: “Well, what I didn’t like
was to change the floor (ceramic tile) because the wooden floor (previous floor), that was cosier, it made
you feel warmer inside the apartment, so I disagree that it was removed”. Still, the changes were
made because the cost of maintenance and the replacement occurred with materials that did
not always improve internal conditions in winter, creating a balancing loop (B3) (Figure 9).
The desired thermal comfort reinforces the perceived thermal comfort (R16) and because of
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materials’ deterioration, the bad perception of thermal comfort creates reinforcement (R18).
There is a relationship between the aesthetic of the façade and preservation of original
features in R6. The preservation simultaneously has a relationship between architectural
value, materials, thermal comfort, and actions in R8. The value was a driver for preserving
and conserving, but, at the same time, the residents resisted changing for thermal comfort.
Passive actions were preferred during the winter and summer (R11 and B4).

Despite the discomfort perceived inside the buildings, the users did not want to
implement intrusive changes for thermal comfort in interiors for three fundamental reasons.
The first reason was an attachment to the building and its value (sentimental, architectural,
and historical). Second, status for the protection of the historic area was an additional
barrier to interventions. The third reason relates to preservation for generations to come.
If residents felt thermally uncomfortable inside, they would reflect on making minimal
improvements, such as replacing the materials in floors to wood (thought to have better
thermal properties) and in ceilings (thermal insulation).

4. Discussion

Research on the values that society assigns to heritage has shown that it is a complex
concept based on intellectual, cultural, historical, and psychological references and that
it varies according to the person and time [10]. The present authors used a sociotechni-
cal approach to comprehensively evaluate the following parameters as part of a whole
system: historic buildings, users, values, thermal comfort, and energy efficiency. The
findings present different understandings of the type and degree of change necessary for
the maintenance (corrective or preventive), renovation, preservation, and conservation of
the value and actions for the thermal comfort of a heritage building. The values assigned
to the buildings were related to elements that residents were willing to change or maintain.
User-assigned values need a focussed assessment in accordance with buildings’ heritage
meanings and cultural heritage, which are more than objects of aesthetic, architectural,
and historic value [10,30]. Thus, instead of a standard approach to buildings, guidelines
are needed to integrate users. In the case of Mexico City (World Heritage City), residents’
attachment to buildings is strong. Values are related to the physical attributes of the build-
ings, but there is also family attachment. This relationship between value and feelings is
explained by the preservation of original materials. The users sustain the sentimental value
associated with their own memories, reinforcing the will to maintain the building for future
generations. Mapping the impact of this interaction on the buildings revealed a holistic
path that shows the reinforcement of values over time (aesthetic, symbolic, sentimental, and
historical) and the balance created (actions, feeling, and practice) in the decision-making
process. In heritage buildings, the conservation process involves the interconnection of
practices, actions, needs, values, feelings, time, and materials that reinforce and balance
the system.

In Mexico, heritage preservation of original features becomes stronger with the values
appreciated and a willingness to preserve and protect over time. The process is affected by
the restrictions on the heritage area that inhibit residents from making changes for thermal
comfort. The users thus used their own resources to adapt to the space, temperature,
and humidity (e.g., wearing more clothes, closing windows, and blocking cold air from
outside and dividing areas). These passive activities and low-cost solutions improved a
sense of thermal comfort and thereby are likely to improve the historic building’s energy
performance, reducing the use of natural resources while preserving its value. In this case,
they would deliberate on making minimal improvements in the future, such as changing
the floors and ceilings’ materials. Due to the buildings’ original features, aesthetic value,
architectural value, and cost of interventions, the residents resisted significant changes.

This study illustrates the findings of a rather unique setting. It is likely, as has been
shown to some extent, that there are distinct attitudes in each context. It is therefore
imperative to acknowledge that a one-fit ‘whole house’ approach is not feasible. As was
stated by Fouseki et al. [10], efforts for a correct assessment and choice of energy-efficiency
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measures—such as a whole-house approach [9]—must consider residents’ decisions on
heritage conservation, thermal comfort, and energy efficiency. The final objective must
balance users’ needs and values comprehensively and effectively. Understanding the
complexity of user decision-making processes for preservation, thermal comfort, and
energy efficiency in heritage buildings is fundamental for long-term, practical applications
in government management plans, where actions regarding sustainability in heritage
buildings in Mexico are needed [31]. After all, the ultimate managers of the historic
residential buildings are the residents themselves. Therefore, it is essential to develop, with
them, management strategies for sustainable living while preserving the cultural values
with which such buildings are embedded.

5. Conclusions

International guidelines and policies on energy efficiency of historic buildings suggest
that values of aesthetics and authenticity often determine the correct type of energy-
efficiency intervention. However, in practice, users’ values are often neglected; conse-
quently, interventions can lead to the potential loss of value appreciated by users. ‘Value’
is a critical element in the user’s decision-making process when there is a negotiation
involving their thermal comfort requirement, energy bills cost reduction, and heritage
conservation. For instance, residents may initially prioritise the aesthetics of original
windows over the need for thermal comfort because of the potential loss of value. In
contrast, the cost and the need for energy-efficiency changes may change over time [32]. In
many listed buildings and protected areas, there is a set of values that the introduction of
energy-efficiency interventions should not compromise. This concern becomes even more
challenging in social housing characterised as a heritage site, which was examined as part
of this paper, and which showed that residents might have their own value systems that
may or may not align with official ‘value systems’(for instance included in international
guidelines and conventions). Thus, it is important to capture the complete sets of values so
that regulations on the energy efficiency of historic buildings can better be contextualised.
Mexico City has been through many urban management plans without significant progress.
While one area has been conserved and renovated, another has been prioritised for com-
mercial uses, exacerbating depopulation in housing buildings and resulting in abandoned,
deteriorated buildings. Heritage management challenges should be addressed in future
studies where questions on sustainability should also be included. This research adds to the
knowledge base on this subject by using an example where no studies have been reported
in Latin America. Therefore, examining Mexico offers a new understanding of the subject
matter. The sociotechnical approach evaluated and explored the parameters of values,
energy efficiency, and users alongside building components (including environmental
conditions). The analysis, combined with systems dynamics [10], unveiled the complex
and, to some extent, dynamic interrelationships of the parameters contributing to users’
decision-making processes. The residents adapt to the conditions of the building and prefer
passive actions that produce thermal comfort and low-cost solutions for them. In the same
way, the dynamic and complex relationships identified in the paper illustrate that heritage
values, preservation, thermal comfort, and energy-efficiency interplay when residents
make decisions involving energy and thermal comfort interventions. By preserving the
unique materials, occupants sustain the sentimental value associated with personal and
family memories. When they conduct maintenance and interventions for conservation,
they maintain the building and its authenticity for the generations to come. With the
active participation of the users, the risk that deterioration and abandonment cause to the
heritage site on a larger scale would be prevented. Mexico City has shown challenges for
Historic Centres where user values and sustainable goals must be included. We advocate
for a participatory approach, such as this one, in guidelines to sustainable design in the
environment of buildings with historic value.
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