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Abstract. Historic buildings have been gradually considered within energy efficiency practices
and renewable energy systems, but the implementation of such measures is more complex for
historic buildings. It is fundamental to understand the importance of users in the heritage-energy
sector. Thus, energy conservation practices of historic buildings that involve less invasive
interventions that could lead to loss of value must be promoted. The paper illustrates how
residents of historic buildings in the Historic Centre of Mexico City (World Heritage) make
decisions on energy efficiency with the ultimate goal of improving thermal comfort and reducing
energy consumption. This study consists of five in-depth semi-structured interviews
complemented by monitoring internal environmental conditions such as temperature and relative
humidity. The thematic analysis of the interviews was followed by a system dynamics analysis
to better understand the changes in decision making over time. The dynamic hypothesis is that
heritage values assigned to historic buildings change over time and they drive or prohibit changes
in energy efficiency. Moreover, a tension arises over time between the limitations on listed
buildings in which making many changes in use and energy efficiency interventions is prevented.
Our results show that participants take passive thermal-comfort actions (e.g., wearing more
clothes and closing windows) when internal temperatures are low. They oppose major
interventions or invasive retrofitting to the building, given the high cost and potential loss of
value assigned to their buildings. The changes the users would consider while dealing with
uncomfortable internal conditions are small interventions in floors and ceilings; however, they
avoid making changes to aspects they consider are important and must be preserved and
protected (social and cultural values). Integrating the understanding of users’ behaviours toward
energy efficiency and heritage values can enhance retrofitting policies and guidelines that help
protect and maintain the heritage-built stock.

Keywords — heritage values, user, energy efficiency, thermal comfort, Mexico City.

1. Introduction

Although historic buildings are excluded in most cases from the energy performance of buildings in
Europe and worldwide [1],[2],[3].[4].[5],[6], EU-funded research programs revolving around climate
change, energy efficiency and heritage have been increasing in recent years. The ‘Energy Efficiency for
EU Historic Districts' Sustainability (EFFESUS)” and ‘Climate for Culture, and Efficient Energy for EU
Cultural Heritage (3ENCULT)’ are some of the few examples that exist that aim to address the impact
of changing climatic conditions on heritage while proposing energy-efficient retrofit solutions that
respect the heritage values of historic buildings. In the United Kingdom, technical guidance from
Historic England seeks to improve the energy efficiency of historic buildings ‘by approaching each
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building in its entirety’ [7]. A historic building should be understood as a part of a socio-cultural
organisation (i.e., the values and the communities that inhabit or use it) and the building architectural
system (physical elements such as walls, floors, ceilings, structure, windows, doors and stairs), which
changes and is subject to users' behaviours and preservation. The programs mentioned above rely on
research that aims to integrate new technologies into the built heritage stock. In addition, most legislation
does not entail an in-depth discussion of users’ values. Fouseki et al. [8] applied a cross-disciplinary
method for understanding and integrating heritage values into decision-making to improve the energy
performance of the heritage building stock, which inspired the present work. A fundamental condition
for developing effective energy policies, standards and guidelines is to understand the significance of
the users of the heritage building. This paper presents an investigation of the Historic Centre of Mexico
City, which aimed to address the users’ decision-making processes for energy efficiency and thermal
comfort in a world heritage site. The study focusses on the social and cultural values residents of listed
and non-listed buildings attach to their buildings, and which values they prioritise over time during
energy efficiency interventions that benefit both the residents involved in the process and energy
efficiency policymakers. Numerous management plans have been developed for the Historic Centre of
Mexico City (Centro Historico) without much progress. Current plans should highlight the need for
better policies and management plans for heritage sites in developing countries that must include
sustainability. This work offers new research insights using data obtained on heritage, values, user
behaviour and thermal comfort in a world heritage site. Our dynamic hypothesis is that social meaning,
spatial structures, heritage values, sustainability preservation and energy efficiency are interconnected
and reinforced over time, driving or prohibiting changes in energy efficiency. The present study assumes
that the tangible characteristics (e.g., architectural, historic and aesthetic) and sentimental or symbolic
aspects of a building (e.g., family attachment) increase the overall value of the residence over time. This
change in value determines the building characteristics residents are willing to alter, compromise or
maintain to improve the energy performance of the building.

2. The case of Mexico City’s historic centre

The Mexican programs for reducing electricity consumption nationwide include the Trust for Thermal
Insulation of Housing (FIPATERM) and the Integral Systematic Savings (ASI). Both programs, led by
the Secretary of Energy [9]have achieved an estimated reduction of 3,500 GWh and led to 1.5 million
fewer tonnes of concentrated CO; in the atmosphere [10][11]. Despite this progress and the goals that
have been set to retrofit existing buildings, much work remains to be done in Mexico for the heritage
sector and its users. The Mexico City historical centre provides an ideal opportunity for researchers to
examine how owners and tenants of historic houses in a world heritage city negotiate their decisions on
heritage conservation and energy efficiency. The world heritage status imposes certain restrictions upon
users regarding what they can and cannot change. It is therefore interesting to examine how residents
intervene in this specific context. The existence of social housing (intended for people with limited
resources) also makes this region compelling to study. The area comprises 668 blocks that lodge
approximately 1500 buildings catalogued with artistic and historical value[12]. Since its declaration as
a world heritage site in 1987 [13]the Mexico City historic centre has faced challenges on the social,
political, environmental and economic fronts, given its geographic situation and the historic
transformation of its social context. Hence, management instruments must be developed given the
political and management complexity of the heritage site.

3. Methods and materials

Through the socio-technical method of system dynamics [14],social data (related to residents' attitudes
towards heritage values and energy efficiency) were collected, analysed and alongside environmental
(relative humidity and temperature) and building condition data (materials and maintenance). The
environmental data are related to the environmental impact of decisions on energy consumption and
user’s thermal comfort. The social data are associated with the current perceived conditions of the
buildings. The study started in October 2018 with the recruitment of participants based on at least one
of the following two criteria: they must have lived in the building since the Declaration of World
Heritage in 1987, or their building must have belonged to the government-listed building and land use
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inventory. Subsequently, between December 2018 and January 2019, residents were interviewed in five
apartments of buildings. On the same day, environmental monitors for temperature and relative humidity
were installed. The housing buildings in this study are part of the local regeneration program of the City
Council of Mexico City. The heritage area is occupied in most if it by social housing inhabited by people
with limited resources while other buildings that have been conserved and renovated are privilege for
commercial uses. The historical buildings preserve the original typology of the architectural unit and are
part of the World Heritage Site catalogue (134 residential buildings). The representative sample included
one historical monument, one unlisted but protected building apartment and three listed apartment
buildings. A historical monument is linked to the history of the nation, and a building is listed or
protected because of its historical or artistic value or its age. Their architectural styles range from the
18th to 19th century (predominantly baroque or colonial style), which define each building’s
construction materials (tepetate, cantera and brick) (Image 1).

18th century ~ 18th century
Image 1. Architectural styles of buildings included in the final sample

A semi-structured interview was designed and divided into three main parts. The first part included
the conditions and values attributed to the buildings by users, the second included thermal comfort
perceived by users and the interventions undertaken by the users in terms of thermal comfort and the
third included energy efficiency interventions undertaken. All interviews were performed in Spanish
and translated to English for analysis afterwards. A total of 52 questions were included in the semi-
structured interviews. The question focuses on the interventions they made based on the building’s
condition as they perceived it (retrofitting and maintenance) in walls, ceilings, floors, windows,
ventilation, and heating. Complementary data regarding the buildings' physical conditions were
collected and combined with environmental data collected using a thermal imaging camera and
environmental monitors (tiny tags). This information was used to compare and contrast people’s desired
and perceived thermal comfort with the actual interior temperature and humidity. The monitoring was
conducted in winter for 28 days during December and January. Monitoring sensors were placed in spaces
that were perceived as thermally uncomfortable by users, as identified in the interviews. The interviews
were transcribed, and the subsequent data were thematically analysed through NVivo that enabled us to
identify the cause-and-effect relationships among factors that affected a certain intervention (or lack
thereof). The data were coded in relation to the research question. The first coding resulted in 251 codes
that were then processed through axial coding. This process resulted in 12 broader categories, similar to
the categorisation of Fouseki et al. 2020 [8]. The cause-and-effect relationships between nodes were
identified and recorded on Excel. Table 1 presents the codes grouped into 12 categories
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Table 1. Categories and code groups

Category Codes Category Codes

Time time in the property, changes over Materials facades, walls, humidity,
time porosity

Needs thermal comfort in winter and Practice qualified interventions
summer, perceived thermal comfort

Feelings satisfaction, guardianship, family Cost rent, cost of changes
attachment

Value sentimental, aesthetics, historic, Risk earthquakes, humidity, lack of
symbolic, originality maintenance

Place/ Space | urban context, room size Ownership owner, tenant

Actions preventive maintenance, corrective Building type listed, not listed

maintenance, thermal comfort
actions, ventilation, preservation

The cause-and-effect relationships were then mapped on Vensim, a commonly employed software
for system dynamic analysis (Figure 2). System dynamics is a tool that allows users to understand the
interconnections among factors associated with the behaviour of a system. In this case, our ‘system’ is
the decision-making process of residents in historic buildings in energy efficiency and thermal comfort.
We used the software Vensim to create a ‘causal-loop’ diagram which shows how some factors are
constantly interconnected, forming a ‘reinforcing loop’(R) or negative relationships (B). For instance,
the reinforcing loop R1 shows that the more original the fagade of the building is, the higher the aesthetic
value attributed by the user is. In contrast, the balancing loop shows that the more original features the
building has, the more likelihood deterioration occurs; however, users resist changes because they want
to retain the original features, creating a balance.
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4. Results

The findings follow what users’ priorities were in terms of heritage values assigned to historic buildings
and the interventions implemented to improve thermal comfort. The results also show the tension caused
by the limitations imposed on a listed building in which making many changes in use and energy
efficiency interventions are prohibited, which affects the process of decision-making over time. The



SBE21 Sustainable Built Heritage IOP Publishing
IOP Conf. Series: Earth and Environmental Science 863 (2021) 012031  doi:10.1088/1755-1315/863/1/012031

historical value is the primary value associated with properties followed by architectural, aesthetic and
symbolic value, which are reinforced over time. The preservation of values is a priority followed by the
physical conditions of the building (materials and maintenance needed) and the need of a negotiation
between thermal comfort, energy efficiency and heritage conservation.

4.1. Overall heritage values

The analysis illustrates that the original facade reinforces the building’s aesthetic value, which in turn
enhances the tranquillity of the surrounding space and the overall satisfaction of residents associated
with living in the building. This encourages the users to spend more time on the property and strengthens
the sentimental value attached with the house. As stated by one of the residents: ‘Well, the facade is
pretty. The building is beautiful and well-preserved, and it looks very beautiful... It is a very beautiful
place on my street. | consider it beautiful” (MX-U3). In addition to the building’s beauty, the values
attributed by the users to the buildings include architectural value, historical value and originality. The
exterior characteristics that are appreciated include the facades, orientation and number of floors,
whereas the interior characteristics include the structure, distribution, amount of space, materials, natural
ventilation and natural light. Users prioritise the preservation of original facades as a valuable
opportunity for future generations. ‘Their facades have been preserved impeccably and are as they were
many, many years ago. No entries or exits have been modified; they are as they were bought by the
family of my children's great-grandmother’ (MX-U3).

4.2. Heritage values assigned to historic buildings

The historical value was the primary value associated with the properties: ‘Well, for the year it was
made, and for its architecture, balconies, and corridors because it is very beautiful. | like everything. |
like it a lot" (MX-U2). The historical context also reinforces the owner’s relationship with the
architectural, aesthetic and symbolic value over time. The residents endeavour to maintain the original
building as much as possible because of its architectural and sentimental value, in part due to familial
ties: ‘Well, the greatest meaning is sentimental because | have lived here (for many years), and this is
where my father, my uncle and my husband died; | met my husband here, and my son was born here’
(MX-U2). The familial attachment to the property (Figure 2) seems to have a significant relationship
when mapped on Vensim; the owner has a reason for living on the property, which is strengthened over
time despite the fact that the physical conditions of the apartments (original materials) require
maintenance.

reason for

/r iving =P | "
\Jr‘
heritage value family
value | = g @ atachment | =Jp| place

§ )
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value | = | Cesthetcs value = | value
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Figure 3. Reinforcing loop of value

4.3. How users think about changes to the condition of the building over time

Excess humidity has deteriorated the materials of the original facades of all buildings, which has
increased the cost of interventions and maintenance due to the aesthetic value of the properties. The
users were aware of the relationship between humidity, deterioration and use and the need to maintain
the original facades and materials in good conditions. MX-U5 said, ‘Yes, it is because the use of
buildings has changed over time. For example, (original materials) need a lot of maintenance’. While
changes to windows were made because of deterioration and humidity, over time, changes made were
further driven by the durability of the new materials. However, despite the cost, deterioration and time,
users demonstrated willingness to preserve the original materials and turn to government programs for
interventions. ‘The roofs need waterproof paint and, on the facade, some painting. The FIDEICOMISO
(Historic Centre Trust) approved to carry out the interventions on the facade ’ (MX-04). Despite these
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conditions, residents feel satisfied with the maintenance given and resist making massive changes. Such
resistance is also related to the architectural value, the high cost of intervening in heritage buildings and
listed status. As indicated by (MX-U2) ‘costs are high because all the interventions have to be
performed by specialised people’.

4.4, Negotiating thermal comfort, energy efficiency and heritage conservation

In terms of indoor environmental conditions, thermal comfort is important for the residents. Most
residents perceived their building as cold in winter but cool and pleasant during summer. As reported
by one resident, ‘During the winter, it is a little cold... | always bring my coat. In summer, it is 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 maintain a delightful temperature. It is very nice’ (MX-U1). Mexico City, in
most of its territory, has a temperate sub-humid climate (87%). The ideal thermal conditions for most
residents were between 20 to 30°C. MX-U1 stated that, ‘I say 28-30 °C [would be the ideal temperature
for me]’. Most residents perceived their building as being cold in winter but cool and pleasant during
summer. As reported by MX-U3, ‘Well, right now, it is a little bit cold, but here. When it is very warm,
| open the windows, and it gets colder. During the winter, | close them, and it keeps the inside
temperature warmer because the roof retains the interior heat, so the climate is stable.’ The residents
control the inside temperature by opening and closing the windows or using heating during the night (as
a last resort), but users would not like to use it. Because of the buildings’ original features and aesthetic
value, the residents feel satisfied and resist making changes. However, they would consider making
changes (as minimum as possible) using modern materials for windows and doors (because the
intervention will last longer) in the case of severe deterioration. Nevertheless, regarding certain materials
replaced for floors and ceilings, the users regret some interventions made; ‘Well, for the floor, it was
cosier with the original material (wood) and it was warmer inside the apartment, so | believe that should
not have been removed....” (MX-U2). Monitoring showed that users’ perception of the buildings’
relative humidity is different, and they feel discomfort. Monitoring showed that relative humidity and
temperature are average (Figure 4).
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The interior temperature was also perceived differently depending on the number of floors occupied,
although there was a consensus that the indoors were cold. Some apartments lacked direct solar radiation
during winter due to their orientation and interior layout. For instance, a first floor north-oriented facade
was perceived as cold compared to a fagade with the same orientation but on the fifth floor, where it
was perceived as warm. The natural ventilation and size of rooms improve the users’ perception of
thermal comfort. The users open windows in the morning daily for a couple of hours. However, they
keep them shut when the perceived temperature has dropped. Thermal comfort is also reinforced by
time; the more time residents have spent in the property, the more the user is aware of the seasonal
changes affecting thermal comfort. Despite the thermal comfort described above for winter, the users
were not prepared to make interventions to the buildings for three main reasons: the attachment to the
building and its value (due to its sentimental, architectural and historical value), the barrier to
interventions given by the listed status of the historic area and a drive for preserving buildings for future
generations. In general, if residents felt thermally uncomfortable inside, they would consider making
minimal changes for improvements such as changing materials of the floors and ceilings. They also
expressed a willingness to make interventions for reducing energy consumption (e.g., solar panels on
the roof). However, this has not materialised due to the government’s restrictions and the associated
costs for listed buildings on a heritage site.

5. Conclusion

Current research on how residents of historic buildings negotiate their need for thermal comfort, reduced
energy bills and heritage conservation shows that the values they attribute to the building can be critical
in the negotiation process. Values are also changeable. In the case of Mexico City Historic Centre, users
resist changes to original features of the building, such as changing windows over time. A pre-set of
non-negotiable heritage values is provided by heritage guidelines to which the energy efficiency policies
need to adhere. The non-negotiable nature of the heritage values is inevitably more prominent in
protected areas. In contrast, the need for energy efficiency changes can be rather high for some residents.
This issue becomes even more challenging in the context of social housing which was examined as part
of this study. The heritage area was occupied by social housing inhabited by people with limited
resources, while other buildings that have been conserved and renovated were privileges for commercial
uses. The dynamic relationships explored showed that heritage values, preservation, thermal comfort
and energy efficiency are at interplay when residents decide over energy and thermal comfort
interventions. The values associated with the building’s tangible characteristics and meanings
unquestionably affect what elements residents are willing to change or maintain. However, there is a
usual diversity of values, and each case is unique. It is due to this uniqueness that a participatory
approach to sustainable design and renovation is required that assesses the individual’s heritage values
and needs (financial, social, energy or thermal comfort related) alongside the individual characteristics
of the building instead of applying a universal, standardised approach to the building. Current and future
guidelines need to integrate the need for a participatory approach to sustainable design in the context of
historic buildings. In the case of Mexico, we showed that the owners and tenants appreciate similar
values as heritage professionals such as architectural, historical and aesthetic values. They significantly
value the aesthetics of the facade. This may be explained by the fact that the area has been a World
Heritage Site since 1987; thus, the residents have had time to adopt the value system. Alongside those
values attached to physical attributes of the building, there is a strong familial attachment. By preserving
the original materials, residents sustain the sentimental value associated with personal and family
memories, and on a practical level, they sustain the building for future generations. This study adds to
the knowledge base on this subject by using an example from Latin America, where no studies on this
topic have been conducted. Current studies on how users’ heritage values drive or prohibit energy
efficiency interventions in historic buildings are derived mainly from Europe. Therefore, by examining
Mexico, we can gain new insights into the subject matter. The residents used their own means to adapt
their needs to the space, temperature and humidity (e.g., wearing more clothes, closing windows and
blocking the cold air from outside). These actions passively provide thermal comfort and low-cost
solutions. The final objective for energy efficiency in heritage buildings, in any case, must be to balance
the different needs of users and values comprehensively and effectively. This work developed methods
and a strategy to conserve the built environment’s historical and cultural value in Mexico City. The
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present research will help the decision-making process associated with energy efficiency which includes
the importance of heritage. Given the rapid growth of cities leading to greater consumption of resources,
a sustainable federal and local legislative framework will need to be continuously updated. Practices
and tools for historic centres should put heritage buildings and users in Mexico on a sustainable path to
continue mitigating climate change, thus serving as a model for other Latin-American countries.

References

[1] K. Fouseki and M. Cassar. (2014) “Editorial: Energy Efficiency in Heritage Buildings: Future Challenges
and Research Needs”. The Historic Environment, [Online] 5 (2), pp. 95-100,
https://www.tandfonline.com/doi/full/10.1179/17567505142.00000000058 [Jan. 21, 2017].

[2] F.Berg, A. Flyen, A. Godbolt and T. Brostrém (2017) “User-driven energy efficiency in historic
buildings: A review”. Journal of Cultural Heritage [Online] Available:
https://www.sciencedirect.com/science/article/pii/S129620741730362X [Dec.20, 2017]

[3] Cassar, M. (2011) ‘Energy reduction and the conservation of cultural heritage: a review of past, present
and forthcoming initiatives’, International Preservation News.

[4] EECHB (2016) ‘Energy efficiency and comfort of historic buildings. Proceedings, Brussels, Belgium.
Efficiency in historic buildings: a review’, Journal of Cultural Heritage, 28, pp.188-195.

[5] Webb, A. L. (2017) ‘Energy retrofits in historic and traditional buildings: a review of problems and
methods’, Renewable and Sustainable Energy Reviews, 77, pp.748—759. doi: 10.1016/j.rser.2017.01.145.

[6] Martinez-Molina, A., Tort-Ausina, I., Cho, S., & Vivancos, J.-L. (2016). Energy efficiency and thermal
comfort in historic buildings: A review. Renewable and Sustainable Energy Reviews, 61, 70-85.
https://doi.org/10.1016/j.rser.2016.03.018

[7]  Historic England. Energy Efficiency and Historic Buildings: How to Improve Energy Efficiency. 2018.
Available online: https://historicengland.org.uk/images books/publications/eehb-how-to-improve-energy-
efficiency/heag094-how-to-improve-energy-efficiency/ (accessed on 23 April 2020).

[8] Fouseki, K., Newton, D., Murillo Camacho, K.S., Nandi, S., and Koukou, T. (2020) ‘Energy efficiency,
thermal comfort, and heritage conservation in residential historic buildings as dynamic and systemic
socio-cultural practices’, Atmosphere, 11, p.604.

[9]  Secretaria de Energia (2014) - Fondos Sectoriales de Energia — Estrategia [Secretary energy funds —
Strategy 2014-2018]. Available at: https://www.gob.mx/sener/acciones-y-programas/fondos-sectoriales-
de-energia

[10] Ma, Z., Cooper, P., Daly, D., and Ledo, L. (2012). Existing building retrofits: Methodology and state-of-
the-art. In Energy and Buildings (Vol. 55, pp. 889-902). https://doi.org/10.1016/j.enbuild.2012.08.018

[11] Medrano-Gémez, L. E. and lzquierdo, A. E. (2017) ‘Social housing retrofit: improving energy efficiency
and thermal comfort for the housing stock recovery in Mexico’, Energy Procedia, 121, pp.41-48. Doi:
10.1016/j.egypro.2017.08.006.

[12] Fundacion Carlos Slim, (2011), Centro Historico. 10 afios de revitalizacion, México, Fundacion del
Centro Histérico de la Ciudad de México A.C [Historic Centre.10 years of revitalisation,Mexico, Mexico
City Historic Centre Trust A.C].

[13] UNESCO (1972, 2014 ) Convention for the Protection of the World Cultural and Natural Heritage,
United Nations Educational, Scientific and Cultural Organization. Available at:
http://unesdoc.unesco.org/images/0011/001140/114044s.pdf#page=139.

[14] Forrester, J.W. (1987) Lessons from system dynamics modelling. System Dynamics Review, 3, pp.136—
149.

Funding

This research has been supported by the Secretaria de Energia y Consejo Nacional de Ciencia y
Tecnologia (SENER-CONACYT Mexico) and the EPSRC Doctoral Training Centre in Science and
Engineering in Arts, Heritage and Archaeology (EP/L016036/1).

Acknowledgements

To SENER-CONACYT Mexico and EPSRC Doctoral Training Centre in Science and Engineering in
Arts, Heritage and Archaeology for supporting the research fieldwork in Mexico. Special thanks for the
time given by the anonymous participants in the study.


https://www.sciencedirect.com/science/article/pii/S129620741730362X
https://doi.org/10.1016/j.rser.2016.03.018
https://historicengland.org.uk/images
https://www.gob.mx/sener/acciones-y-programas/fondos-sectoriales-de-energia
https://www.gob.mx/sener/acciones-y-programas/fondos-sectoriales-de-energia
https://doi.org/10.1016/j.enbuild.2012.08.018
http://unesdoc.unesco.org/images/0011/001140/114044s.pdf#page=139

