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Resumen: Esta investigacion tiene como objetivo analizar la influencia de la aplicacion de criterios bioclimaticos
en las edificaciones para la obtencidon de bienestar integral, eficiencia energética y reducciéon de didxido de
carbono (CO;) al medio ambiente. La creciente tendencia al uso de vidrios expuestos al sol en los edificios, que
provocan el efecto invernadero, aumentan la temperatura interior del edificio y provocan deslumbramientos,
promoviendo el enfriamiento artificial mediante un uso ineficiente de la energia; calentar una habitacién de
forma natural y luego enfriarla artificialmente es una mala practica y estimula el cierre de las cortinas, lo que
provoca el encendido de las luminarias; con lo que el edificio emite didxido de carbono (CO,) al medio ambiente,
contribuyendo al calentamiento global. Se ha desarrollado, con un enfoque metodoldgico basado en los
principios de la arquitectura bioclimatica, el andlisis de las variables que permiten estudiar esta influencia, en los
edificios de oficinas de Miraflores (Lima, Peru), considerando el edificio AMOF bajo condiciones térmicas y
luminicas adversas. condiciones. Con los resultados obtenidos se comprueba que la solucién con geometria solar
propuesta para el edificio AMOF soluciona problemas de bienestar térmico, iluminaciéon y disminuye la emisién
de didxido de carbono (CO,) en un 74,07 %. Por lo tanto, se concluye, que estas consideraciones que no fueron
consideradas, influyen en las condiciones de habitabilidad y bienestar de los usuarios, haciendo de la ventana el
punto mas débil del edificio para lograr el bienestar humano, la eficiencia energética y la reduccion de la
contaminacion al medio ambiente. ambiente.

Palabras clave: Arquitectura Bioclimatica, Bienestar Integral, Geometria Solar, Eficiencia Energética, Didxido de
Carbono (COy)

Abstract: This research aims to analyze the influence of the application of bioclimatic criteria in buildings to obtain
integral well-being, energy efficiency and reduction of carbon dioxide (CO,) to the environment. The growing
trend for the use of sun-exposed glass in buildings, which causes the greenhouse effect, increases the interior
temperature of the building and causes glare, promoting artificial cooling by inefficiently using energy; heating a
room naturally and then cooling it artificially is a bad practice and stimulates the closing of the curtains, which
causes the lighting of luminaires; with which the building emits carbon dioxide (CO,) to the environment,
contributing to global warming. It has been developed, with a methodological approach based on the principles
of bioclimatic architecture, the analysis of the variables that allow to study this influence, in the office buildings
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in Miraflores (Lima, Peru), considering the AMOF building under adverse thermal and light conditions. With the
results obtained, it is verified that the solution with solar geometry proposed for the AMOF building solves
problems of thermal wellbeing, lighting and decreases the emission of carbon dioxide (CO,) by 74.07 %.
Therefore, it is concluded, that these considerations that were not regarded, influence the conditions of
habitability and well-being of users, making the window the weakest point of the building to achieve human well-
being, energy efficiency and reduction of pollution to the environment.

Keywords: Bioclimatic Architecture, Integral Well-being, Solar Geometry, Energy Efficiency, Carbon Dioxide (CO,)

1. Introduction

The situation of energy consumption worldwide and Peruvian has been in constant growth,
modern life depends on energy, energy is needed for appliances at home, to move from one place to
another, to perform the tasks of work, etc., a major energy-intensive sector is the residential,
commercial and industrial sector which ranks second in energy consumption in the country (Ministerio
de Energia y Minas, 2019).

Within this sector are the office buildings, which in recent years have increased their
construction in Lima (Peru), there is an average growth of 3.0% in recent years (Binswanger Peru,
2015), especially in districts from Lima city such as Miraflores, where this type of building has become
a major energy consumer due to its architectural approach. Construction is responsible for about half
of all U.S. greenhouse gas (GHG) emissions. Annually (Mazria & Kershner, 2008), the same occurs in
Peru, a product of the design outside the conditions of the local climate and sun (Serra, 2004).

Because of this, architectural solutions have been developed that have no natural comfort
conditions in office buildings, in recent years the proposals are artificially air-conditioned (air
conditioning, heating and artificial light), architectural solutions have been standardized, which has
promoted the misuse of energy, forgetting that buildings can be heated naturally, taking advantage
of the advantages and controlling the disadvantages offered by the local climate (See figures 1 and 2).

Figure 1. Platinum and Strip Mall Buildings in Miraflores. Photo Dr. Alejandro Gomez Rios.
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Figure 2. Leuro and Cantuarias Buildings in Miraflores. Photo Dr. Alejandro Gomez Rios.

Peru is a tropical country, located in the Tropic of Capricorn, has an incidence of solar rays with
a tendency to perpendicularity, determining a very high intensity, with average solar radiation of 5
kWh/m2 (Ministerio de Energia y Minas, 2003). The tropical zone has the largest solar radiation in the
world and has great energy potential (Gomez, 2013).

On the other hand, Peru has 28 of the 32 types of climates that exist in the world (Ministerio del
Ambiente, 2009), meaning that the country is a natural laboratory for the exercise of architecture,
because it has a great climatic variety that must imply various ways to face the architectural design.

In Peru, little theoretical work has been done in this regard, but they haven’t focused on how
the design with bioclimatic criteria appropriate to the local environment improves the comfort
conditions, avoiding energy consumption and reducing emissions.

In recent years, the residential, commercial and public sectors ranked second in energy
consumption in the country (Ministerio de Energia y Minas, 2019). The buildings have had large energy
consumption to be air conditioned artificially and to need artificial light during the day to be able to

carry out the activities inside the building, product of the deficit of integral well-being in the buildings,
promoting the emission of carbon dioxide (CO2).

It also ranks third in terms of emissions of carbon dioxide (CO2) and methane (CH4) (Ministerio
de Energia y Minas, 2019), which shows the negative influence of buildings that are not adequately
resolved.

This situation motivated the concern to study these topics and to be able to do an investigation
on The Design of Windows. Analysis in relation to Human Well-being and Energy Efficiency in Office
Buildings in the District of Miraflores. March 2013-March 2014 (Gémez, 2013), work from which the

current research is derived, also chosen, after the analysis of several buildings, the AMOF building as
a case study because it presents adverse conditions in terms of thermal and lighting well-being.
Considering the principles of the methodology of the bioclimatic architecture, to propose a solution

that improves the negative conditions found, thus verifying the proposed improvements, achieving
energy efficiency and reducing carbon dioxide (CO2) emissions.

The issue of energy saving is a global need, to reduce extra spending on poorly used energy and
avoid environmental pollution, that is why efforts have been made with work and research in the

development of passive technologies (natural air conditioning of buildings), to achieve a new society
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that thinks about non-polluting, applies the energy efficiency and seeks the improvement of the
quality of life.

"Architecture must materialize so that it can respond not only to the dynamics of the
environment that hosts it, living side by side with it in a synergistic way, but must also be in
concomitance with the cultural and economic diversity of today’s society" (Rosales et. Al, 2016), that
is, to work for environmental sustainability.

The work is part of the area of environmental conditioning for buildings (Serra & Coch, 1995),
research is carried out to improve the conditions of thermal comfort, lighting of the offices and by
means of the bioclimatic solution, take care of the environment. Demonstrating that the proposal of
passive architecture achieves improvements in terms of heat, light and reduction of carbon dioxide
(CO2) emissions.

It was determined that it is possible to achieve energy efficiency, reduction of pollution emissions
and improvement of welfare conditions in the AMOF building through bioclimatic criteria based on
solar geometry, showing the importance of architecture on environmental sustainability and
habitability conditions.

2. Development

2.1. Literature review
2.1.1. Bioclimatic Architecture

The research is theoretically based on the fundamental principles of bioclimatic architecture,
that is, that which has as premise to be designed with the climate, taking advantage of the solar
movement for the well-being (Vélez, 2012) getting environmental comfort, energy efficiency and no
pollution of the environment.

Energy consumption should be limited, it is essential to consider the local climate, the orientation
of the venue, the choice of the form and finally address the appropriate choice of the enclosure
(Heywood, 2017).

Passive bioclimatic design seeks to integrate form, matter and energy; and this is the great
challenge that the current situation of scarcity and rising fuel costs poses to the designer (Gonzalo,
2007).

This theoretical foundation is the basis for making the built habitat more friendly to the natural
habitat. What is possible with the criteria of the bioclimatic architecture, with the management of the
physical processes of conduction, convection and radiation, that allow to avoid inadequate energy
consumption. Exploiting natural resources is the fundamental premise for developing proposals with
passive solutions (Lacomba, 2012). This good practice reduces carbon dioxide (CO2) emissions from
buildings.

On the other hand, with the methodology based on the analysis developed in three well-defined
parts, bioclimatic criteria can be developed (Givoni, 1998):

e Climatology of buildings (analyzes human thermal well-being and design according to the
orientation of the place).

o The materials (the thermophysical conditions of the materials).
® The architectural design.
Bioclimatic architecture should not be copied or standardized, each place has its peculiarities. It

is necessary to think globally, but to act locally; each place must be studied, in its natural physical
characteristics (Climate, solar geometry, comfort conditions) to obtain architectural responses that
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are specific to each region, the universal model does not exist. Bioclimatic architecture is the basis of
energy efficiency in buildings.

In conclusion, the bioclimatic principle is based on building with the climate, that the architecture
is the element that this between exterior climate and the interior well-being, developing spaces that
satisfy the architectural functionality and the integral well-being.

2.1.2. Bioclimatic Architecture

The development of the bioclimatic architectural proposals has as an important component the
analysis of the apparent movement of the sun, which depends on the geographical location of the
place, since the latitude determines the inclination of the sun. The sun is therefore a fundamental part
of architectural design.

"The apparent movement of the sun should always be one of the determining aspects in the
conception of buildings and cities, The energy performance, the conditions of habitability and the
compositional qualities of the same will be closely related to the way in which direct solar radiation
affects them in the different moments of the year and in the different hours of the day. These
statements are all the more important in view of the ever-increasing demands for thermal and lighting
comfort in the face of an urgent need to reconsider the aspect of energy efficiency, which in turn
means saving money and protecting the environment" (Wieser, 2010)

The development of a proposal with solar geometry and climate considerations, the basis of
bioclimatic architecture (Olgyay, 1999), makes it possible to propose a proposal that takes advantage
of the advantages and can mitigate the disadvantages of the sun, according to climatic conditions.

With the solar geometry the celestial coordinates, azimuth angles and solar height are obtained,
with the solar graphics or with solar calculators, to with this information, to analyze the facades of the
buildings and to be able to determine the relevance of the proposed solutions. The solar analysis must
be done in parallel with the climate analysis in order to properly evaluate the application of bioclimatic
criteria in the architectural proposal (See Figure 3).

Figure 3. Equidistant polar solar chart. Source: Geometria solar para arquitectos M. Wieser (2010).

The knowledge of the solar movement is essential to be able to carry out the design process in
the architecture, with the analysis of orientations, because it is the sun that will significantly influence
the interior environmental conditions of the building. It is clear that solar radiation and its apparent
movement are what allow to achieve the right comfort conditions, as long as you take advantage of
the advantages and control the disadvantages offered by the sun, with a volumetry that also goes
according to the climate variable.
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2.1.3. Energy Efficiency

With the passive solution, buildings that mitigate the emission of carbon dioxide (CO:) to the
environment are achieved, since the bioclimatic architecture is the basis of energy efficiency (Heras
Celemin, 2004) and with the rational use of energy emissions are reduced (Villar-Burke et al., 2014).

Bioclimatic architecture as a fundamental part for energy saving in buildings (Heras Celemin,
1990), demonstrates the existence of a parallel concern for the issue of the energy consumption of
buildings, because today, the construction sector with the buildings as it is developing, have a high
energy consumption, reason why energy assessments are made to be able to plan more optimal
solutions with lower energy consumption.

Approximately half of the energy generated in the world is used for the operation of buildings.
If you add the movements to and from the buildings, it is verified that the designers of the built
environment control and are responsible for 75% of the global energy consumption, generating a lot
of CO2 emissions to the environment (Heywood, 2017).

Therefore, as a first possibility to achieve energy efficiency, local conditions and bioclimatic
criteria are taken into consideration, understood as basic technical foundations that allow to
contribute in the architecture to achieve energy savings, pollution to the environment and promoting
the principles of sustainability.

The entire literature review aims to determine how bioclimatic considerations improve the
conditions of well-being, energy efficiency and contribute to reduce carbon dioxide (CO2) emissions,
there is a concern, increasingly, to develop solutions to existing problems that are appropriate to the
place where one works.

2.2. Methodology

3. Results

2.2.1. Design and type of research

The work is carried out with the study of the current situation of the AMOF building (east facade),
for which the architectural survey was done and evaluated using the simulators Ecotect Analysis 2011,
Autodesk Revit and Archicad 14 the behavior of the facade with respect to heat gain, natural lighting
conditions, thermal comfort and carbon dioxide (COz) emissions.

The simulators were loaded with the information of the place, creating a climate file WEA,
likewise, placed the library of materials to analyze, the number of users and equipment in the interior
environment. With this data is calculated by determining the problems of the building in its current
state. The bioclimatic proposal was developed with solar geometry, the proposal was analyzed, as it
was done with the current state, finally, the comparison of the current form is made against the
window proposal that achieves solutions of integral comfort.

The results of the analysis of the AMOF building are presented, in its current state and with the
implementation of the proposal with bioclimatic criteria. These analyses will test the benefits of
applying bioclimatic criteria in the building to reduce carbon dioxide (CO2) emissions.

3.1. Study current status of AMOF building

The analysis of the study of the AMOF building allowed to verify the existence of problems of
thermal comfort, lighting and emission of carbon dioxide (COz), which will be presented below.

The AMOF building, was analyzed in its current state, is located at Av. Jorge Chavez 180, Miraflores:
(See Figure 4).
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BUILDING AMOF EAST ORIENTATION

ADDRESS AV. JORGE CHAVEZ 180, MIRAFLORES

ARCH. MESTANZA ZUNIGA, ENRIQUE

DESIGNERS
ARCH. GARCIA RIVERA , MIGUEL
ORIENTATION EAST
USE OFFICE BUILDING

TEMPERED GLASS 10mm TRANSPARENT
WITH GREEN INSULATED SHEET
SUN PROTECTION NO

HEIGHT 6 FLOORS
Figure 4. AMOF building in Miraflores. Photo Dr. Alejandro Gémez Rios.

WINDOW MATERIAL

For the evaluation of the AMOF building, in its current situation, east side (facade evaluated),
the analysis was carried out by making calculations with the information obtained, studying the
interrelation of dimensions and indicators, for the independent variable, bioclimatic criteria,
orientation (from the facade and windows), thermal comfort (definition of the comfort zone and
analysis of thermal balance inside the building), lighting comfort (definition of luxes inside the
building), solar protection (Solar penetration to the interior of the building), materials (Of the
windows); for the dependent variable, the emission of CO2, with the analysis of energy consumption
was evaluated with the factor of emission of CO; the behavior of the building.

For the software used, in the analysis for the thermal, energy and carbon dioxide (CO2) emissions
part, the Archicad 14 software was used, for the light analysis the Autodesk Revit 2020 software was
used with the complement Insight; the following information was placed on them: Location data
(latitude, longitude, altitude above sea level), comfort zone of Miraflores, architecture, materials,
climate information of Miraflores, quantity of equipment and luminaires with hours of use, capacity
of materials, climate information of Miraflores, quantity of equipment and luminaires with hours of
use, capacity of persons, with hours of assistance.

Determined the comfort zone of Miraflores, the analysis was done annually, the average of the
final analysis is shown, indicates that the east side receives incidence of direct sun for six hours, which
causes heating that harms the interior well-being, forces to use curtains to avoid the sun. This causes
the luminaires to be turned on during the day and the artificial air conditioning equipment, making a
bad practice and increasing heat load. Thermal conditions outside the thermal well-being zone were
obtained, the warmer day indicates a temperature difference between the indoor and outdoor
temperature of 7.5°C, causing more heat inside the building than outside, which is wrong and outside
the comfort zone (area bounded by red lines from 20.10°C to 27.50°C) (See Figure 5).
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MAXIMUM MAXIMUM
HOURS OF INDOOR OUTDOOR TEMPERATUR
EAST ORIENTATION |SUN (ANNUAL | TEMPERATURE °C | TEMPERATURE °C | E DIFFERENCE
AVERAGE) (ANNUAL (ANNUAL INDOOR
AVERAGE) AVERAGE) OUTDOOR
AMOF CURRENT
WINDOW: TEMPERED GLASS 6.0 36.5 29.0 7.5
10mm TRANSPARENT WITH
GREEN INSULATED SHEET

AMOF CURRENT WINDOW: TEMPERED
GLASS 10mm TRANSPARENT WITH GREEN
INSULATED SHEET
40.0 MIRAFLORES COMFORT ZONE OF 27.5°C-21.1°C

35.0
30.0

27.5°C

' 21.1%
15.0
10.0
50
00

TEMPERATURE
DIFFERENCE
INDOOR / OUTDOOR

MAXIMUM INDOOR
TEMPERATURE °C
(ANNUAL AVERAGE)

MAXIMUM OUTDOCR
TEMPERATURE'C
(ANNUAL AVERAGE)

HOURS OF SUN
(ANNUAL AVERAGE)

Figure 5. Thermal result. AMOF-Current State Building, Miraflores.
Based on Archicad 14 software. Own preparation.

Light analysis was also carried out in the current state of the AMOF building (east facade).
Determined the lighting comfort zone, we proceeded to do the analysis on an annual basis, we show
the average of the final analysis, showing that the east side is with problems of glare at the edge of
the windows and penumbra at the bottom of the environments, damaging the well-being of the users,
it forces to use curtains to avoid the sun, which decreases the natural lighting inside the environments.

This causes the lights to be turned on during the day, bad practice is to turn on the day lights,
the analysis determined that there was a glare zone near the window and another in penumbra at the
bottom of the environment with average values of 1500 luxes to 300 luxes, outside the lighting
comfort zone (from 500 luxes to 750 luxes for office work) (See Figure 6).
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NATURAL NATURAL
EAST ORIENTATION LIGHTING Lux | LIGHTING Lux
GLARE GLOOM
AMOF CURRENT
WINDOW: TEMPERED 1500 300
GLASS 10mm
TRANSPARENT WITH
AMOF CURRENT WINDOW: TEMPERED GLASS
10mm TRANSPARENT WITH GREEN INSULATED
SHEET
1600 LIGHTING COMFORT ZONE OF 750 luxes-750 luxes
1400
1200
1000
800
750 luxes
600
700 500 luxes

0 -
0
NATURAL UGHTING Lux
GLOOM

NATURAL LIGHTING Lux
GLARE

Figure 6. Lighting result. AMOF-Current State Building, Miraflores.
Based on Autodesk Revit 2020 software with the Insight plugin. Own Preparation.

The energy consumption and carbon dioxide (CO2) emissions of the current state of the AMOF
building were evaluated, with the analysis of the information obtained as a result an annual energy
consumption of the environments of the east facade of 36,548 kWh/a, which is equivalent to an
expenditure of S/. 12,060.00 soles.

With the energy consumption (kWh) and using the carbon dioxide emission factor (Kg of CO:
eq/kWh=0.385), an annual result of 14,071 kg/a (14 ton/a) of carbon dioxide (CO2) emission was
obtained, demonstrating the pollution emitted by the building (See Figure 7).

AMOF BUILDING CURRENT STATE
ENERGY CONSUMPTION BY SOURCES
ENERGY co2
EMISSION
SOURCE | NAMEOF AMOUNT MWh'a PRIMARY cosT CO2 EMISSION
TYPE ORIGIN MWhia Solesla Kgla
SECONDARY | ELECTRICITY 36 109 12060 14071
TOTAL 3% 109 12060 14071
L.
LIGHTING AND 365482  x 2.;:5 = 14071kg/a (14 Ton)
EQUIPMENT ENERGY EMISSION ANNUAL
365482 Kwhfa | CONsumPTion SRR iLos

Figure 7. Result CO; emission. AMOF-Current State Building, Miraflores.
Based on Autodesk Archicad 14 software. Own preparation.
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In the summary table of the analysis of the current state of the AMOF building, we can see the
problems it has in thermal non-conformity, lighting and carbon dioxide (CO2) emissions. The analysis
shows, great glare with levels near the window of 1500 luxes average, six hours of solar incidence in
facade which determines in working hours an average temperature of 33.792C, with peak of 36.502C
on the warmest day in the offices, temperature outside the comfort limits, which made an
environment totally unsuitable to develop work activities and based on the high energy consumption
emit 14.0 Ton /a carbon dioxide (CO2) emissions per year. (See Figure 8).

TYPICAL OFFICE WINDOW (CURRENT STATE)
TEMPERATURE
BUILDING SUN HOURS OFSUN | maxmum | DIFFERENCE | INATURALLIGHTING o2
WIDE | HIGH | MATERIAL | | ORIENTATION (ANNUAL AVERAGE)| TP | hsiDE | e loow ASSESMENT |
(AVERAGE) QUTSIDE
OUT OF
oF TENPHLD A THERMAL
61 | 24 | manseapenr | WTHOUTSW ESTE 60 %5°C | 75°C | 1500 | 300 AND  |14.0Ton/a
CURRENT STATE Wit cazy | PROTECTON LGHTING
INSULATED SHEET'
COMFORT

Figure 8. Thermal, light and CO, emission results. AMOF-Current State Building, Miraflores.
Based on Autodesk Archicad 14 and Autodesk Revit 2020 software. Own preparation.

Having verified the existence of the problems in the current state of the AMOF building (east
facade), we proceeded to make a bioclimatic proposal, to mitigate the problems detected.

3.2. Study proposed of AMOF building

The study was prepared to solve the problems detected in the AMOF building, with a proposal
with bioclimatic criteria, which consisted of developing a solar protection system with design angle of
409 height (analyzed in architectural cut) and 35° azimuth (analyzed in architectural plant), to control
the solar path based on the analysis that was made with the solar angles that were determined with
the Celestial Coordinates (azimuth and solar height) of the solar graphics of Miraflores, in this way, to
avoid problems of glare, overheating of the building and therefore to reduce energy consumption,
which allows as a consequence of the application of the bioclimatic criteria the reduction of carbon
dioxide (CO2) emission to the environment. (See Figures 9 and 10).
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Figure 9. AMOF Building - Proposal with solar control (Plants-Cut), Miraflores.
Based on Autodesk Revit 2020 software. Own preparation.

SECONDLEVEL _, o é

_— —; ﬁ e s
— b — —
| — _"-7_ —';:':ﬁ = R — . r:'O: a
—rn g s
- G
— —— = =
o e e |
qq“- e NIVEL & ~
- | T T ¥
= o o |
e e | i =
o o b e N =— T an ¥
=== |
= o e |
=== b e
o |
=== 1]
AMOF ELEVATION (EAST) - AMOF ELEVATION (EAST) .W..Q::
PROPOSAL CURRENT b

Figure 10. AMOF Building - Proposal and Current (Facades), Miraflores.
Based on Autodesk Revit 2020 software. Own preparation.
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The proposal reduced the impact of the sun, which allowed shading windows by the protection
system, avoids glare due to excess solar input, therefore, there was rational use of energy, reducing
carbon dioxide (CO2) emissions to the environment, using the same 10 mm Green Tempered Glass
with thermal transmittance coefficient U= 5.0 W/m?2. K.

Analysis of the proposal of the AMOF building was carried out, taking the same parameters that
were used in the evaluation of the current state of the AMOF building (east facade), showing that
bioclimatic criteria reduce carbon dioxide (CO2) emissions.

The average of the final analysis is shown, indicating that the incidence of direct sun decreases
to two hours, causing a decrease in solar heating, improving the well-being of users and controlling
glare.

Therefore, there is no need to turn on the luminaires during the day and there is no need to turn
on the artificial air conditioning equipment, achieving a good practice when lighting naturally taking
advantage of solar control, thus improving the thermal and lighting performance of the AMOF
building, thermal conditions within the thermal well-being zone were achieved, the warmer day a
difference in indoor and outdoor temperature of -2 was obtained,5°C, the exterior being warmer than
the interior, as it should be, leaving the interior temperature within the comfort zone (zone delimited
by the red lines of 20.10°C to 27.50°C) due to the proposal implemented in the facade (See Figure 11).

The proposal reduced the impact of the sun, which allowed shading windows by the protection
system, avoids glare due to excess solar input, therefore, there was rational use of energy, reducing
carbon dioxide (CO2) emissions to the environment, using the same 10 mm Green Tempered Glass
with thermal transmittance coefficient U=5W/m?2. K.

EAST ORIENTATION
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Figure 11. Thermal result. AMOF building- Proposal, Miraflores.
Based on Archicad 14 software. Own preparation.
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Also, the lighting comfort zone was determined, the analysis was done annually, the average of
the final analysis is shown, indicates that the glare detected at the edge of the windows is controlled
and the light is diffused better to the background of the environments, It is not necessary to use
curtains to avoid the sun.

Therefore, it is not required to turn on the luminaires during the day, the analysis showed the
natural lighting with better light distribution, with average values from 700 luxes to 500 luxes, within
the lighting comfort zone (from 500 luxes to 750 luxes for work in offices) (See Figure 12).

NATURAL NATURAL
EAST ORIENTATION [ LIGHTING Lux | LIGHTING Lux
GLARE GLOOM
AMOF PROPOSED
WINDOW:
TEMPERED GLASS 10mm 700 500
TRANSPARENT WITH GREEN
INSULATED SHEET

AMOF PROPOSED WINDOW: :
TEMPERED GLASS 10mm TRANSPARENT WITH

GREEN INSULATED SHEET

800 LIGHTING COMFORT ZONE OF 750 luxes -750 luxes

700
600
500
400
300
200
100

750 luxes

500 luxes

NATURAL LIGHTING Lux NATURAL LIGHTING Lux
GLARE GLOOM

Figure 12. Lighting result. AMOF building- Proposal, Miraflores
Based on Autodesk Revit 2020 software with the Insight plugin. Own Preparation.

The energy consumption and carbon dioxide (CO2) emissions of the AMOF building were
evaluated with the proposal with bioclimatic criteria, With the analysis of the information, an annual
energy consumption of the environments of the east facade was obtained with the implementation
of the bioclimatic proposal of 9,422.6 kWh/a, which is equivalent to an expenditure of S/. 3,137.00
soles.

With the energy consumption (kWh) and using the carbon dioxide emission factor (Kg CO:
eq/kWh=0.385), a result of 3.627 kg/a (3.63 ton/a) of carbon dioxide (CO2) emission was obtained,
comparing with the current state of the AMOF building there is a reduction that demonstrates the
importance of the application of bioclimatic criteria for thermal well-being, lighting, energy efficiency
and environmental nonpollution (See Figure 13).
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AMOF BUILDING WITH PROPOSAL
ENERGY CONSUMPTION BY SOURCE
ENERGY coz2
EMISSION
co2
SOURCE NAME OF PRIMARY COST EMISSION
TYPE ORIGIN AMOUNT MWh/a MWh/a Soles/a Kgla
SECONDARY |[ELECTRICITY 9 28 3137 3627
TOTAL 9 28 3137 3627
94226 x 0.385 = 3627kgfa{l4 Ton)
LIGHTING AND o2
EQUIPMENT ENERGY e ANNUAL
36548.2 KwH/a CONSUMPTION COEFFICIENT KILOS

Figure 13. Result CO, emission. AMOF-Proposal Building, Miraflores.
Based on Autodesk Archicad 14 software. Own preparation.

In the summary table of the analysis of the bioclimatic proposal for the AMOF building, it can be
seen that thermal and lighting well-being is achieved and the emission of carbon dioxide (COz2) is
reduced.

For the proposed fagade in the AMOF Building (east fagade). The analysis showed that it had,
adequate lighting levels for office work, near the window of 700 luxes average, decreased the solar
incidence in the glass to only two hours (from 6.00 am to 8.00 am), which allowed solar control and
working hours an average temperature of 24.802C average with a peak of 26.502C on the warmest
day in the offices, temperature within the limits of the comfort zone and with the decrease in energy
consumption obtain 3.63 Ton/a of carbon dioxide (CO2) emissions (See Figure 14).

TYPICAL OFFICE WINDOW (PROPOSED)

BUILDING SUN HOURS OFSUN | MANMUM | TEMPERATURE | L kv W)

WIDE | HIGH | MATERIAL ORIENTATION TEMPERATURE |  DIFFERENCE ASSESMENT

PROTECTION {ANNUAL AVERAGE) (AVERAGE] [INSIDE OUTSIDE GLARE  GLOOM EMISSION
TEMPERED GLASS WITHIN
10mm  |SUN PROTECTION THERMAL

AMOF SOLUTION| 6.1 2.4 | TRANSPARENT | DESIGN WITH 40° ESTE 2.0 26.5°C -2.5 700 500 3.63 Ton/a
WITH GREEN ANGLE AND LIGHT
INSULATED SHEET COMFORT

Figure 14. Thermal, light and CO; emission results. AMOF Building - Proposal, Miraflores. Based
on Autodesk Archicad 14 and Autodesk Revit 2020 software. Own preparation.

From the analysis carried out, the thermal and lighting comfort conditions of the AMOF building
with the bioclimatic proposal, achieve with the implementation of the passive solar protection system
to obtain indicators within conditions of thermal and lighting well-being.

Finally, a comparative analysis was made between the current state of the AMOF building and
AMOF with the bioclimatic proposal, in Figure 15, it is clearly seen as the proposal (passive system of
solar protection appropriate to the climate and sun of the place) was efficient and achieved indoor
temperature results that were found within the thermal comfort zone for Miraflores (area delimited
by red lines between 20.19C to 27.52C), while the building in its current state is outside the thermal
comfort zone.

Congreso Internacional de Arquitectura y Urbanismo 2024, 2, 2. https://doi.org/10.33413/eau.2024.358. ENTROPICO



BIOCLIMATIC CRITERIA IN THE AMOF BUILDING TO REDUCE THE EMISSION OF CARBON DIOXIDE (CO;) - LIMA - PERU 2021

15de 19

AMOF BUILDING MAXIMUM
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TRANSPARENT WITH GREEN INSULATED 6.0 36.5 75
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2.0 26.5 25
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Figure 15. Comparative Thermal Analysis. AMOF Building Current Status -AMOF Building

(ANNUAL AVERAGE)

(ANNUAL AVERAGE)

Proposal, Miraflores. Based on Archicad 14 software. Own preparation.

Figure 16 shows how the proposal, with solar protection systems calculated and diffusing light
(the horizontal and vertical elements of solar protection function as diffusers of natural light), was
more efficient and managed to obtain results of natural lighting that are within the comfort zone of
light for Miraflores, (from 500 to 750 luxes for work in offices), while the building in its current state

is outside.
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AMOF BUILDING COMPARATIVE

NATURAL
ANALYSIS LIGHTI:G —_— NATURAL LIGHTING
CURRENT WINDOW VS. GLARE Lux GLOOM
PROPOSAL
CURRENT: TEMPERED GLASS 10mm
TRANSPARENT WITH GREEN INSULATED SHEET 1500 300
PROPOSAL: SAME MATERIAL + SUN 200 500
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Figure 16. Comparative Light Analysis. AMOF Building Current Status - AMOF Building  Proposal,
Miraflores. Based on Revit 2020 software with the Insight plugin. Own Preparation.

The data obtained was submitted to the MINITAB software to perform the correlational analysis
with a T-test of two samples (See image 17), to develop an analysis with scientific statistics, giving as
results the following data run.

Two-Sample TE IC Test for AMOF INSIDE (CURRENT) vs. AMOF INSIDE (PROPOSAL)

BUILDING N | AVERAGE | DT 'OARD | GrANDARD ERROR OF THE MEAN
DEVIATION

AMOF INSIDE (CURRENT) 2 2137 5.9 12

AMOF INSIDE (PROPOSAL) 2 25.16 L12 0.3

Difference = mu [AMOF INSIDE (CURRENT)] - mu [AMOF | SIDE (PROPQSAL)]
Estimate of the difference= 2.21
95% IC for the difference =(-0.35, 4.76)

Difference T test =0 (vs. no =); Valor T=1.78 Valor P=0.087 GL=24

Figure 17. Data for correlational analysis. AMOF Building Current Status - AMOF Building Proposal,
Miraflores. Based on MINITAB software. Own Preparation.

This analysis has a Confidence Index of 95%, which allowed to check the work, because it is within
the confidence interval, likewise, developed the graphs of individual values between the two samples
AMOF Inside (Current) and AMOF Inside (Proposal) to demonstrate the best behavior of the proposal
(See Figures 18 and 19).

Congreso Internacional de Arquitectura y Urbanismo 2024, 2, 2. https://doi.org/10.33413/eau.2024.358. ENTROPICO




BIOCLIMATIC CRITERIA IN THE AMOF BUILDING TO REDUCE THE EMISSION OF CARBON DIOXIDE (CO;) - LIMA - PERU 2021 17 de 19

Box Graph AMOF INSIDE (CURRENT), AMOF INSIDE (PROPOSAL)
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Figure 18. Comparative Analysis Chart Box. AMOF Inside (Current)-AMOF Inside (Proposal). Based on MINITAB
software. Own Preparation.
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Figure 19. Comparative analysis Graph of individual values. AMOF Inside (Current) AMOF Inside
(Proposal). Based on MINITAB software. Own Preparation.

4. Discussion

The work shows that the application of bioclimatic criteria in the AMOF building allows improving
the conditions of thermal and light non-conformity found in the case of study, as well as significantly
reducing the emission of carbon dioxide (CO>).

Figure 16 shows that the application of solar geometry, decreased from 6 to 2 hours the solar
capture in the facade, 66.66% less solar gain, which allowed to avoid glare, which is indicated in Figure
17, that from 1500 luxes, was reduced to 700 luxes with solar control, light range suitable normatively
for office use, achieving a reduction of 46.66%.

In the same way, by reducing the solar gain (see Figure 16), the interior temperature is reduced
from 36.5°C, on the warmest day, to 26°C, achieving the temperature within the comfort zone for
Miraflores, which is 20.10°C to 27.5°C.

As a result of the application of the bioclimatic criteria, the annual energy consumption was
reduced from 36,546 kWh/to 9,422 kWh/a, which means a 74.22% reduction in energy consumption,
also shows the reduction of carbon dioxide (CO2) emissions from 14.0 Ton/a to 3.63 Ton/a, resulting
in a 74.07% reduction in emissions. All of which verifies the benefits of the implemented proposal.
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Currently, buildings account for about 40% of energy use, naturally constituting potential
scenarios for energy savings and emissions (Yang & Wang, 2013) (Pérez-Lombard et al., 2008)
(Morosan et al., 2010) (Duefias Del Rio, 2013) in addition, human beings have an occupation of 80%
to 90% of their time in built spaces (Van Hoof et al.,, 2010), which promotes an intense energy
consumption.

It should be noted that energy efficiency can be conditioned to the architectural form (Zhovkva,
2020), also, bioclimatic architecture is fundamental to energy efficiency (Guerra, 2013), that is why
the methodology of the bioclimatic architecture applied in the work, with its theoretical bases of use
of the climatic and solar conditions of the place, verify that the proposal proposed with bioclimatic
criteria offers conditions of thermal and lighting comfort, within the permissible parameters, which
allowed efficiency and energy savings, achieving the reduction of carbon dioxide (COz) emissions to
the environment.

5. Conclusions

The development of standardized design concepts, which have been repeated in all places, or in all
buildings in the same place, regardless of dimensions, materials and orientations, have promoted that
the buildings do not meet the conditions of well-being, as well as, have become vectors of
environmental pollution, harming environmental sustainability and habitability conditions.

The analysis showed that the AMOF building in its current state, having a standard architectural
solution, obtains bad indoor conditions of thermal well-being, lighting, as a result, an inefficient use
of energy and emits carbon dioxide (CO2).

The scientific contribution of the research lies in the proposal of bioclimatic criteria, developed based
on solar geometry. The implementation of the proposal verifies the improvement of welfare
conditions, the achievement of energy efficiency and the reduction of pollution emissions. It
demonstrates the importance of architecture for energy efficiency and the direct relationship
between energy consumption and pollution emissions.

The advantages of the proposal with bioclimatic criteria, applying a passive solar protection system,
in the district of Miraflores are:

o The proposed solar protection system promoted the shading of the facade (Passive cooling) and
diffusion of natural light inside the offices (Passive natural lighting). It was not necessary to
change the type of glass.

e |t did not negatively impact the environment by avoiding artificial systems, achieving efficiency
and energy savings, reducing carbon dioxide (COz) emissions, thereby taking care of the
environment and the environmental sustainability of the city.

e The bioclimatic architecture was the basis of the energy efficiency in the proposal, this was
verified by achieving the levels of thermal and lighting comfort suitable for the development of
work processes.

e The methodology of bioclimatic architecture is replicable, because the application principle is to
adapt to the place, with which, the solutions must be appropriate to each area of study and can
improve the environmental conditions of cities.

Apply the bioclimatic criteria, it is important to be able to generate energy savings, avoid
environmental pollution and obtain comprehensive comfort, with the proposal it was possible to
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make the AMOF building a vector of no pollution by achieving energy efficiency, by reducing the
emission of carbon dioxide (CO), it was achieved that the building is environmentally friendly.
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