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Abstract

District heating networks are commonly addressed in the literature as one of the most effective solutions for decreasing the 
greenhouse gas emissions from the building sector. These systems require high investments which are returned through the heat
sales. Due to the changed climate conditions and building renovation policies, heat demand in the future could decrease, 
prolonging the investment return period. 
The main scope of this paper is to assess the feasibility of using the heat demand – outdoor temperature function for heat demand 
forecast. The district of Alvalade, located in Lisbon (Portugal), was used as a case study. The district is consisted of 665 
buildings that vary in both construction period and typology. Three weather scenarios (low, medium, high) and three district 
renovation scenarios were developed (shallow, intermediate, deep). To estimate the error, obtained heat demand values were 
compared with results from a dynamic heat demand model, previously developed and validated by the authors.
The results showed that when only weather change is considered, the margin of error could be acceptable for some applications
(the error in annual demand was lower than 20% for all weather scenarios considered). However, after introducing renovation 
scenarios, the error value increased up to 59.5% (depending on the weather and renovation scenarios combination considered). 
The value of slope coefficient increased on average within the range of 3.8% up to 8% per decade, that corresponds to the 
decrease in the number of heating hours of 22-139h during the heating season (depending on the combination of weather and 
renovation scenarios considered). On the other hand, function intercept increased for 7.8-12.7% per decade (depending on the 
coupled scenarios). The values suggested could be used to modify the function parameters for the scenarios considered, and 
improve the accuracy of heat demand estimations.
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Abstract 

Social housing in Mexico has been built without considering internal thermal comfort. This situation has forced people to live in 
adverse conditions, increase the use of air-conditioning systems for those who can afford it, or to abandon the houses looking for 
a better place. Currently Mexico has nearly five million abandoned dwellings and 40% of built housing deficit requires expansion 
and/or improvement. Retrofit of existing buildings has been carried out in the world to improve energy efficiency or to reduce 
green housing emissions; however, in Mexico retrofit is not widely applied and less in social housing. This paper proposes and 
applies in two case studies with hot, semi-humid climate a method to evaluate the improvement of indoor thermal comfort 
through enhancing envelope´s U value. Finally, an economic analysis is conducted to assess retrofitting social housing with 
Mexican government programs funds. 
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1. Introduction 

Housing is one of the biggest and most complex issues in Mexico. The number of built houses in the country 
went from 29 million in 2010 to 31 million in 2012, from which almost 5 million are abandoned [1]. This is mainly 
due to factors such as location, insecurity, lack of public services and poor quality of spaces and construction 
materials [2], which in turn causes high indoor temperatures and high energy consumption in air conditioning [3]. 

1.1. Energy consumption 

Residential sector in Mexico occupies the third place of the total energy consumption (18.8%), where electricity 
is the second most consumed energy source (30.4%) only behind liquefied petroleum gas [4]. In the same path, air 
conditioning appears as the third electricity consumption equipment (24%) behind television (26%) and refrigerators 
(35%) [5]. Data from “Secretaría de Energía” (SENER for its acronym in Spanish) [6], show that electricity 
consumption increases in the warmer months (Fig. 1), becoming more evident in the electric rates corresponding to 
the geographical areas with the highest average minimum temperature in the summer. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1. Total residential electricity consumption (2015) 

1.2. Indoor air temperatures 

For dwellings occupants, indoor temperature is one of the most valuable aspects, even sacrificing others such as 
indoor air quality to have thermal comfort [7]. The production of social housing prototypes almost identical in 
design and materials for any region of the country without considering the climate, makes them uncomfortable and 
forces the occupants to use ventilation and air conditioning systems increasing their energy consumption [8], and in 
some cases, emigrate in search for better thermal conditions. 

1.3. Current panorama 

Improving energy efficiency and thermal comfort in residential sector are increasingly important topics for 
Mexico. Government programs for energy efficiency such as “Fideicomiso para el Aislamiento Térmico de la 
Vivienda” (FIPATERM) and “Ahorro Sistemático Integral” (ASI) have allowed national savings estimated at 3, 
410.72 GWh and mitigation of 1, 534, 824 Tons of CO2 [9]. Mexico has the mandatory standard NOM-020-ENER-
2011 which limits heat gains through the envelope for new residential buildings; and the voluntary standard NMX-
C-460-ONNCCE-2009 which recommends thermal resistance values (R-value) for envelopes by thermal region. 

In recent years, many governments and international organizations have encouraged and supported existing 
residential buildings retrofit projects around the world [10]. However, much remains to be done in Mexico. Existing 
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building stock represents the majority of buildings which will be used within the following years consuming many 
energy resources [11]. Therefore, it is necessary to incorporate to the country a methodology to technically and 
economically evaluate the existing residential buildings retrofit, which will serve owners, builders and decision 
makers in the construction sector as a tool to promote existing building stock improvement, to recover those 
abandoned and prevent them from being abandoned for indoor thermal comfort reasons. There is a promising future 
in this topic. By 2012, 5.3 million homes required improvement, 3 million required expansions and 4 million both 
solutions; accounting for 40% of the built housing deficit [1].  

This paper proposes a new methodology to evaluate existing housing retrofit in Mexico through the improvement 
of the overall heat transfer coefficient (U-value) of the envelope by incorporating layers of insulation and solar 
control films on windows. For this purpose, two houses in a warm semi-humid region are analysed with this 
methodology. 

2. Methodology 

To date, methods to evaluate retrofit have been studied in countries such as Turkey [11], Sweden [12], among 
others; meanwhile, for Mexico, within the literature, only one study has been found in which energy efficiency and 
thermal comfort measures for residential buildings are presented [13]. Taking as reference the key phases in a 
sustainable building retrofit programme presented by Ma et al. [10] a methodology applicable to Mexico´s 
conditions is developed in this study which incorporates climatic characteristics and standards. The steps are as 
follows:  

Step 1. Emplacement: Identification of the bio climate and thermal characteristics of the region [14], define the 
zone of thermal comfort and establishment of the optimum U value from the envelope thermal behaviour 
parameterization [15] and from NMX-C-460-ONNCCE-2009 standard [16].   

Step 2. Baseline: Identification of housing typology [17], envelope characterization (U value), in site thermal and 
energy audit.  

Step 3. Retrofit scenarios: Establish the insulation layers’ thickness (walls and roof) and the solar control films 
(windows) needed to achieve the U value objectives set in Step 1. 

Step 4. Simulation: Create the building model and calibrate it for each base and retrofit case with corresponding 
materials and estimate indoor temperatures, energy consumption and energy savings through professional software 
energy simulation such as BEoptE+ [18]. In this step a comparison between results and zone of thermal comfort is 
made to determine the effectiveness of the proposed measures and energy saving potential.   

Step 5. Economic analysis: Determine feasibility of carrying out retrofit with owner funds or with government 
funds. For homes with air conditioning systems, this is achieved through economic savings from electricity 
consumption mitigation and financial return on investment is calculated. For homes without air conditioning 
systems, funding is proposed with the MEJORAVIT program [19]. 

3. Case study 

The methodology is used for the analysis of two case studies (H1 and H2), located in Jojutla, a town in the central 
region of the country. This place was chosen for the high temperatures it presents and for having an important social 
housing stock, many of which are abandoned. Both houses to be analysed are social housing with similar 
construction materials and distribution but with different orientations: H1 has a south-east orientation and H2 has a 
north-west orientation. 

3.1. Emplacement 

Data from “Servicio Meteorológico Nacional” (SMN) [20] show that in the last thirty-four years in Jojutla there 
have been maximum outdoor temperatures above 40°C and minimum around 20°C. The dominant winds come from 
east in spring, south-west in summer and north-west in autumn and winter.  

According to the list of bioclimatic regions published by “Instituto del Fondo Nacional de la Vivienda para los 
Trabajadores” (INFONAVIT) Jojutla is classified as semi humid warm climate. For standard NMX-C-460-
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