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Abstract— Sustainable energy design is particularly challenging in equatorial climates with large tourist 

populations because of demands on fossil fuels for comfortable indoor temperatures. This study analyzed the 

relationship between windows buildings, design variables usage during hot tourist periods by life cycle analysis 

in buildings. A study was conducted in buildings of Esmeraldas, Ecuador. A database was used to reconstruct 

the local microclimatic variations in MERRA 2 coastal areas, on-site observations were made, and a life cycle 

analysis using SIMAPRO software was used to process the data. The results revealed that window size and 

exterior protections from solar energy were important features. These findings contribute to the study of 

buildings in hot coastal areas that require air conditioning, which could be reduced if bioclimatic designs were 

used on the exterior walls that are most exposed to solar radiation, implying an adverse internal heat gain. 

Effective bioclimatic design parameters could be used regarding unprotected buildings on beaches to reduce 

their energy consumption for air conditioning. 
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I. INTRODUCTION 

The energy consumption mostly is for artificial air 

conditioning, which contributes to air pollution and 

greenhouse gas (GHG) emissions, and much of the usage 

relates to the building’s designs. To address these 

problems, it is necessary to investigate and quantitatively 

assess the environmental impacts of buildings in various 

climatic regions to provide designers with information 

they can apply to effect preventive measures. These 

measures are urgent for coastal cities that rely on tourism 

and for residents who might seriously be affected by rising 

sea levels and temperatures related to global climate 

change. The city of Esmeraldas, Ecuador, is an example of 

this global problem, and this study performed a 

comparative life cycle analysis (LCA) between modern 

and traditional designs in the Esmeraldas region. 

The effects of climate change on buildings located in 

warm microclimates indicate the need to conduct research 

on sustainable energy design. Achieving energy 

sustainability in response to climate change might be most 

important in the world’s coastal areas. Galindo, 

Samaniego, Alatorre, and Ferrer argued that Latin America 

could reduce its exposure to climate change and adaptation 

costs using a regional integration process by considering, 

for example, food and energy security issues in the 

regional context [1]. Economic Commission for Latin 

American and the Caribbean indicated that climate change 

demands adjustments in current production and 

consumption patterns and establishing a new style of 

sustainable development [2]. The International Panel on 

Climate Change issued a warning more than a decade ago 

about the negative effects of climate change on economies, 

population well-being, and ecosystems [3] According to 

Stern, the evidence in 2007 suggested that a temperature 

increase of 2º C and accompanying planetary impacts 

during the first half of the 21st century is practically was 

almost inevitable [4]. Others have warned us that Latin 

America needs to recognize the importance of adapting to 

new climatic conditions during this century if it hopes to 

reduce the effects of climate change, and the region should 

simultaneously seek a sustainable development path [1]. 

They highlighted the importance of implementing effective 

adaptive measures to reduce the negative impacts [1]. 

https://dx.doi.org/10.22161/ijaers.711.31
http://www.ijaers.com/
https://creativecommons.org/licenses/by/4.0/


International Journal of Advanced Engineering Research and Science (IJAERS)                               [Vol-7, Issue-11, Nov- 2020] 

https://dx.doi.org/10.22161/ijaers.711.31                                                                                ISSN: 2349-6495(P) | 2456-1908(O) 

www.ijaers.com                                                                                                                                                                            Page | 251  

Latin America and the Caribbean might be particularly 

sensitive to climate change because of their diverse 

geographical, social, economic, and environmental 

features [5]. Climate-sensitive activities, such as 

agriculture, livestock ranching, fisheries, tourism, 

population density in coastal and other vulnerable areas, 

high levels of biodiversity, and the historically hot 

temperatures point to the need to integrate climate change 

response measures into municipal and national policies [1]. 

According to climate indicators, energy use emissions 

comprise more than 40% of the total emissions by Latin 

America and the Caribbean [6]. Consequently, effective 

measures are needed to reduce energy consumption in 

residential areas and by various economic activities, such 

as tourism. The Ministry of Environment of Ecuador 

recently proposed measures to mitigate climate change 

effects caused by energy consumption, which included 

strengthening the implementation of existing measures to 

promote energy efficiency and sovereignty and a gradual 

transition in the energy consumption matrix to increase the 

proportion of renewable energy uses [7].  

Because climate change implies consistent increases in 

average daily temperatures and greenhouse gas 

concentrations in the atmosphere, buildings will need more 

energy to control interior climates and more mechanical air 

conditioning systems to cool them. Many climate change 

response measures have eco-designs or green buildings 

designs that apply the principles of energy efficiency 

through bioclimatic designs based on efficient uses of 

resources and materials, as well as support human well-

being and provide optimal indoor climatic comfort [8, 9]. 

Bioclimatic principles form the foundation of this 

sustainable energy design in architecture [10], and the 

microclimate and individual well-being define the 

comfortable conditions [11]. The negative effects i of 

climate change on equatorial microclimates and indoor 

temperature of buildings are numerous and complex. Some 

studies have described these implications [12], [13], [14], 

[15] [16]. 

The climate is arguably the most important factor in 

bioclimatic design because it encompasses temperature, 

structural type, and atmospheric factors, such as wind, 

relative humidity, urban weather factors, and vegetation 

factors. Implementing sustainable architecture criteria in 

cities should be economically beneficial for the real estate 

market because building performance, operating costs, and 

energy savings are enhanced [16].  

A definition by the US Environmental Protection 

Agency (EPA) [17] is as follows: “Green building is the 

practice of creating structures and using processes that are 

environmentally responsible and resource-efficient 

throughout a building's life-cycle from siting to design, 

construction, operation, maintenance, renovation and 

deconstruction.” Indoor Air Quality refers to the air quality 

within and around buildings and structures, especially as it 

relates to the health and comfort of building occupants 

[17].  

Green building certification for different types of 

buildings and some programs such as include the Building 

Research Establishment Environmental Assessment 

Methodology (BREEAM) [18].  and Leadership in Energy 

and Environmental Design (LEED) [19], are used in many 

countries. Green buildings are implemented by various 

programs and criteria around the world. The impact of 

ambient temperature on the total electricity consumption 

showed that the actual increase of the electricity demand 

per degree of temperature increase varies between 0.5% 

and 8.5%.They emphasize efficient use of energy and 

resources and, to lesser extent, healthy indoor air quality 

[20] [21].  

Many studies have investigated the association 

between ventilation and energy design in buildings 

includes the effect of the design on the outdoor 

environment, [22], [23], [24], [25], and [26]. The relation 

between wind effects, wind comfort, wind danger and 

wind climate is outlined Air temperature surrounding the 

building significantly increases due to the multiple 

reflections of the radiation heat flux, leading to an increase 

in the cooling demand A number of studies have 

investigated the efficiency improvement of building 

cooling systems with the implementation of an air-side 

economizer. Applying energy storage building materials 

that can efficiently use thermal energy to a building can 

reduce the peak load of building energy use and reduce the 

heating and cooling load by efficient use of thermal energy 

and, furthermore, increase the thermal comfort time [26], 

[27], [28], [29], [30])  

The global contribution from buildings towards energy 

consumption, both residential and commercial, has steadily 

increased reaching figures between 20% and 40% in 

developed countries [31], like Ecuador. Few studies have 

been done regarding other aspects of air distribution. 

Amongst existing types of ventilation systems, the 

performance of each ventilation methods varies from one 

case to another due to different usages of the ventilation 

system in different buildings [31], [32], especially on 

equatorial microclimate zoning, and temporary 

adjustments to zone temperature set points is one approach 

for implementing demand response measures during peak 

cooling periods [33]. 
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The coastal areas hot and dry characteristics usually 

require cooling of building interiors, which consumes large 

amounts of energy, and the energy conservation strategies 

based on bioclimatic and sustainable designs should be 

implemented there. Criteria for Assessing Sustainable 

Buildings in Developing Countries: The Case of 

Esmeraldas, reported on the studies on climate zoning in 

Ecuador [34]. It used geographic information systems to 

map the climatic zone extending from the southern Manabí 

coast to Ecuador’s coastal provinces of Esmeraldas which 

have hot and extremely dry conditions with continuous 

airstreams from the sea [35], [36].   

A bibliographic review was conducted on the life cycle 

analysis (LCA) applied to energy management in buildings 

[37], [38], [39], [40]. Life cycle analysis and multi-criteria 

decision-making techniques when used in combination 

within the same methodological framework have been 

shown to be the best tool for sustainable evaluation [39]. 

Time differentiation along the framework could have a 

significant impact on the LCA results and on decision 

support], [40].   

 

II. MATERIALS AND METHODS 

The current study collected primary data to reliably 

perform an LCA, which was conducted in accordance with 

the current international standards. Energy demands, GHG 

emissions, and environmental impact categories were 

assessed to obtain an integrated sustainability analysis for 

windows in building’s façade with high level of energy 

consumer in Esmeraldas, Ecuador. A life cycle approach to 

design has the potential to reveal the balance between 

projected operational energy savings and inverted 

incorporated energy.  

However, some authors [41], [42], [43] point out 

limitations in these methodologies but for the purposes of 

the present investigation if it is feasible to use for the 

windows of existing buildings and robust primary data 

measured [37], [38], [39], [40], in each place at different 

times have been collected. 

2.1 Study Site.  

    Esmeraldas is the province of the northernmost 

Ecuadorian coast, that is, the one in the north of the 

country. The territory is flat, with small hills of a 

maximum of 30 meters above sea level. Small existing 

elevations. The climate of Esmeraldas varies from tropical 

subhumid, subtropical humid and subtropical very humid, 

with an average temperature of 23 ° C. 

    The Province of Esmeraldas is made up of 7 cantons, 

with their respective urban and rural parishes. According 

to the latest territorial ordinance, the province of 

Esmeraldas will belong to a region also included by the 

provinces of Carchi, Imbabura and Sucumbíos, although it 

is not officially formed, called North. Esmeraldas occupies 

a territory of about 14,893 km², being the seventh province 

of the country by extension. It limits to the east with 

Carchi and Imbabura, to the south with Santo Domingo de 

los Tsáchilas and Manabí, to the southeast with Pichincha, 

to the north with the Province of Tumaco-Barbacoas, of 

the department of Nariño belonging to Colombia, and to 

the west and north with the ocean Pacific along a maritime 

strip of about 230 kilometers. According to the 

demographic projection of the INEC for 2020, being the 

eighth most populated province in the country with 

643,654 people live in the Emerald territory. 

    The province of Esmeraldas is known for its beautiful 

beaches, its exuberant landscapes and its hot and humid 

climate, for being traditionally the Afro-Ecuadorian 

territory par excellence. Its main attraction is its coasts -

especially the beaches of the southern sector- as well as its 

ecological reserves -such as the Cayapas Mataje ecological 

reserve, to the north. All this makes the province one of 

the most visited tourist destinations in the country, with 

most of the provincial territory enjoying a favorable 

temperature throughout the year (21 and 25 ° C); [48], 

[49], [50], [51]. 

    Esmeraldas has the mangrove forests that are among the 

highest in the world, the Majagual Mangroves, located in 

the Cayapas-Mataje Ecological Reserve, these are located 

in the north of the province (San Lorenzo) near the border 

with Colombia. Likewise, the Emerald jungles are the 

cradle of 3 of the 4 indigenous nationalities of the Litoral 

Region of Ecuador: the cayapas, the épera and the awá. 

The area of the province was the cradle of cultures such as 

the Atacames, Tolas, Cayapas, [52], [53], [54]. 

2.2 Study design 

    The study was conducted in three stages: data 

collection, analysis, and synthesis and discussion of 

results. First, the main design variables regarding solar 

influences on buildings were identified: window height, 

the projection of shadows with solar heat gain, and 

electricity consumption for cooling purposes.  

    The  hypothesized: (1) more solar energy filtered into 

the buildings and more electricity was used for air 

conditioning by larger windows and (2) shadow projection 

negatively related to solar gain and electricity consumption 

for air conditioning. 

   The weather data files investigated are the experimental 

data from the reference station of  Esmeraldas airport and 

other data were obtained from the global databases of the 
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Modern-Era Retrospective Analysis for Research and 

Applications model, version 2 (MERRA-2), using the U. 

S. National Aeronautics and Space Administration 

documentation as a reference. MEERA-2 is a large 

database relevant to reconstructing variations of 

microclimates on any place on earth [20], particularly in 

coastal areas and small islands. MERRA-2 data were 

publicly available from the Data and Information Services 

Center of Goddard Earth Sciences [44], [45].  

2.2 Analytical Methods 

    The following five variables were considered the 

most important to solar heat gain: 

1. Relative solar heat gain (GCSRi), defined as the heat 

gained through opaque and transparent parts of a 

building’s south facade. 

2. Orientation of a building as facing south, measured by 

the solar radiation density of the south orientation 

because it occurs almost all year and all day. 

3. Concrete block wall area on the south wall. 

4. Aluminum profile, fixed transparency of four-mm 

thick glass window area of the south wall. 

5. Width of the eaves that projected over the windows 

for solar protection (awnings). 

The life cycle analysis (LCA) method was used to 

assess the influences of the architectural design variables 

on electricity consumption for comparison in case studies. 

LCA reveals the energy and resources consumed and the 

environmental impacts of a device during its useful life. 

By comparing these data, designers can theoretically 

identify aspects of a device that cause environmental 

damages LCA is believed to be particularly useful for 

comparing devices that perform the same function but 

have different initial and operating costs to select the one 

that maximizes net savings.  

The development of the Eco-indicator 99 methodology 

started with the design of the weighting procedure [46].  

This study used Eco-Indicator 99 and the Eco invent 

Version 7 database to perform the LCA on variables that 

mainly affected the admissible solar windows heat gain on 

the south walls of buildings [47].  

However, we did not analyze relative solar heat gain, 

which involves variables that are relatively complex, such 

as the measured amount of heat transmitted through the 

glass under standardized conditions accounting for interior 

humidity and the direct and diffuse solar radiations [46]. 

 

 

III. RESULTS 

Comparing the recorded temperatures to the historical 

temperatures (Table 1 above) indicates a 4° C increase in 

the low temperatures, suggesting evidence of climate 

change. The LCA evaluated energy performance during 

the buildings’ operational phase with allowable solar heat 

gain per functional unit at the same time during the hottest 

days of that same month. Using Ecuadorean Construction 

Standards, we analyzed the design variables used for the 

buildings [55].  

The permissible indoor heat gains due to thermal load 

(during the hot season) were considered constant for both 

case studies. The incoming heat caused by sunlight on the 

windows increased the ambient temperatures, which was 

undesirable in the hot areas because the indoor 

temperatures increased to the point of discomfort. Other 

building characteristics, such as structural components, 

which mainly were bricks and reinforced concrete, were 

not analyzed because of the high consumption of natural 

resources and energy and, further, their influences were 

inconvenient for visualizing the data of the variables under 

observation.  

The comparison of the end environmental impacts in 

both case studies found high levels of fossil fuel energy 

consumption for air conditioning and its contribution to the 

adverse environmental impacts of climate change.  

Table 2 compares the two cases. The differences 

between them were that the area of aluminum profile fixed 

glass three-mm thick windows was much smaller for Case 

2, and, although the concrete block wall areas were 

similar, there was a one-m wide projecting eave (Case 2). 

The environmental benefits included less solar heat in 

the interiors of the air-conditioned rooms, which thereby 

lowered the air conditioning and electricity consumption 

requirements during the life of the buildings. It was found 

that smaller windows on the south walls and those that 

were protected with one-m wide eaves annually used 50% 

less electricity for air conditioning, which is considered a 

significant energy saving.  

In general, windows should have glass areas equal to or 

less than 25% of the total wall area for air-conditioned 

buildings designed to protect the interiors from direct solar 

radiation, and, when selecting materials and components, 

to account for the amount of energy used during the 

buildings’ life cycles. The results found that, in most 

categories, the biggest influence related to electricity 

because of the extended period of use and the 

aggressiveness of the generation processes.  
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The objective of the simulation was to ascertain the 

amount of electricity consumed by air conditioning. Two 

models were created in which the selected variables were 

combined. Both case studies of the rooms of the buildings 

were conducted during the operational stage, which is the 

most significant energy use period. The LCA’s functional 

unit was one m2 of south-facing wall with an estimated 

area of 42 m2.  

The correct design of windows in buildings, with 

comfortable indoor environments at the same time zeroing 

energy demand for heating, ventilation, and air-

conditioning.  The environmental impacts, energy 

consumption, and potential for contributing to global 

warming due to inefficient building designs in the within 

case studies were much higher than for other building 

designs, particularly for buildings with windows directly 

aligned with exposure to the maximum possible solar 

radiation. 

   The data revealed a correlation between the design of the 

window area with aluminum profiles and the fixed 

transparent four-mm thick glass covering one-half of the 

walls without solar protection eaves on the windows 

during the period of maximum sun exposure between noon 

and 3:00 PM (Case 1). In Case 2, significantly less fossil 

fuel energy consumption by air conditioning was observed 

because of its different window design with one-m wide 

eaves for solar protection on the southern windows (Figure 

1). 

IV. FIGURES AND TABLES 

Table.1: Temperatures (Celsius) in Esmeraldas Ecuador 

compared to historical averages 

                 Temperature  Timeframe 

          Case study 1  Case study2 

Actual  24°/10°                  24°/14° 

Historical 20°/8°                  20°/8° 

 

Table 2. Comparison of the results of the LCA. 

Variables                 Case 1                  Case 2 

Orientation  South                    South 

Area                         18 m2                   10 m2 

Width eaves  0.30 m                    0.90 m 

Concrete area  42 m2                    40 m2 

Solar heat     0.25                      0.38 

 

 

Fig.1: Comparison of environmental impacts of selected 

buildings. 

 

V. CONCLUSION 

This analysis concludes that the most important 

characteristics in the design are the size of the windows 

and the external protections of solar energy (awnings). The 

results obtained contribute to the study of buildings in hot 

coastal areas that require air conditioning, which could be 

reduced if bioclimatic designs were used on exterior walls 

that are more exposed to solar radiation, which have an 

adverse internal heat gain. Unprotected buildings on the 

beaches can reduce their energy consumption in air 

conditioning.  

The research hypotheses were verified with the results 

of the analysis that determined that more solar energy was 

filtered inside the buildings and more electricity was used 

for air conditioning through larger windows. 

The method for modeling the bioclimatic conditions 

that air-conditioned buildings’ exterior designs should 

meet and revealed the strong influence of certain designs 

on the amount of energy consumed during the operational 

stage of air-conditioned buildings and the usefulness of 

employing LCA during the design phase  

Buildings tend to consume large amounts of natural 

resources and generate environmental pollutants. Energy 

consumption is a major cause of these impacts, which 

aggravate the effects of climate change in coastal cities 

with dry hot climates, such as Esmeraldas, Ecuador. 

Building designers need updated tools to help them 

address energy management and sustainability criteria in 

their air-conditioned building designs and the results of 

this study contribute to their ability to develop designs and 

regulations for buildings in equatorial coastal cities that 

will minimize the negative impacts of energy consumption 

on the environment. 
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