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Abstract The focus on energy is becoming a central
focus of sustainability of the built environment, where the
latest concerns focus on limiting greenhouse gas (GHG)
emissions. From this perspective, the urban areas are the
largest consumers of energy and face the difficult
challenge of reducing emissions. In this context, the
potential of building envelopes to reduce energy demand is
highlighted, as it can incorporate both bioclimatic and
energy efficiency (EE) strategies. This work focuses on a
design-based research methodology for the design of
existing homes and those to be built, applying new energy
efficiency standards. This methodology allows for the
evaluation of applied construction designs and systems, as
well as the assessment of architectural envelope solutions
that achieve GHG reduction targets in the construction
sector. The research focuses specifically on the potential of
bioclimatic housing design with an EE approach. The
research methodology is structured in two interactive
phases: Phase I: Analysis of residential buildings and
Phase I1: Prospective scenarios for sustainable construction
and GHG emission estimates. The results of the
prospective scenarios will allow for the quantification of
emissions reductions based on the efficiency of residential
buildings in the city of Huancayo-Peru. This is a
medium-sized city located in the Andes, at 3,249 meters
above sea level, 380 km east of the capital, Lima. The
initial results estimate the standard consumption of the
residential sector and its equivalent in CO, emissions at

150 kWh/m=%year and 15.05 kg/mZyear, respectively.
These are used to estimate prospective results for the 2050,
2060, and 2070 horizons.

Keywords Prospective  Scenarios, Sustainable
Construction, GHG Mitigation, Bioclimatic Design,
Energy Efficiency, Sustainable Housing

1. Introduction

In the context of climate change, the Intergovernmental
Panel on Climate Change (IPCC) defines climate change as
a statistically significant variation in the mean state of the
climate or in its variability, which persists over an extended
period [1]. In its special report of the year 2000, IPCC
shows the possible scenarios of emissions and projections
of surface temperatures [2] as shown in Figure 1. In its
sixth assessment report, the IPCC continues to warn that
global temperatures will increase even further if GHG
emissions are not reduced; this may have irreversible
negative impacts on people and ecosystems [3]. Warnings
that have been described since the 90s and the effects must
be mitigated urgently by taking actions to reduce GHG
emissions [3], [4], [5], [6]. Approaches to mitigate GHG
emissions include reducing energy demand from buildings,
with the application of passive and active strategies, as well
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as reducing the use of fossil fuels [7]. Among these actions,
the IPCC states that energy efficiency plays an important
role in achieving climate stabilization goals [8].

*  New energy policies and emissions

International concerns about climate change have raised
awareness of energy issues, focusing on energy efficiency
[10]. To reduce energy demand, governments around the
world are developing new policies and regulations to
reduce GHG emissions and thus mitigate climate change.
To this end, they are targeting the building sector by
focusing on avoiding excessive energy use, reducing
energy losses, and monitoring and managing energy
consumption.

Since Kyoto Protocol (1997), many countries have
joined the idea of introducing laws and regulations for the
reduction of GHG [11], as well as instruments to transfer
these environmental objectives into practical and specific
work in some fields of science, such as architecture [12].
Currently, the construction sector benefits from several EE

promotion programs. Some examples are green
certifications, which promote EE, thus providing
constructive solutions [13]. Recent research has

highlighted the approach to energy management through
bioclimatic design and EE in buildings [14]. The result is a
lower energy balance and thus reducing GHG emissions.

o The built environment and emissions

The International Energy Agency (IEA) indicates that
the dramatic population increase expected in the coming
decades, coupled with the resulting increase in energy
demand, poses a challenge for reducing GHG emissions

4657

requirements and the increasing use of electrical equipment
are accelerating the increase in global energy consumption
[15]. This problem of growing population is a global issue,
which raises the question of accommodating the growing
population in a quality urban space [16]. The prospects for
population growth are expected to lead to intense activity
in the construction sector, which is already the largest
consumer of energy in the world. In Europe alone, the
construction  sector accounts for 40% of energy
consumption and 36% of GHG emissions [17].

. Energy management,
sustainable buildings

energy efficiency and

In fact, according to some publications, CO, emissions
linked to the final energy consumption of buildings are
responsible for accelerating current global warming. In
2018, residential buildings accounted for 21% of energy
consumption, and by 2022, the construction sector was
already responsible for 31% of energy consumption, which
would be linked to the planet's total CO, emissions (Figure
2). It should be noted that the above emissions also include
those linked to land use during construction, as well as
those emitted by industries that have an activity linked to
the construction of a building [18].

Technological and scientific progress today allows for
the optimization of fossil fuel consumption and its possible
replacement by alternative energy sources, as well as the
application of energy efficiency strategies in the building
sector. For Kohler, a sustainable building integrates the
three dimensions of sustainability. See the left side (Figure
3) [20], this vision of the sustainable building is
comparable to the comprehensive vision of current energy

from buildings. In addition, increased comfort ~management, see the right side (Figure 3) [21].
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Source: IPCC Special Report on Emissions Scenarios [2], [9]. https://archive.ipcc.ch/publications_and_data/ar4/syr/en/spms3.html

Figure 1.

GHG emission scenarios between 2000 and 2100 (in the absence of additional climate policies), and surface temperature projections
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Figure 3. Sustainable building and energy management

1.1. Problem Statement

*  Global Problem: City
solution

building problem or

For Silvia Coccolo, cities occupy 0.5% of the Earth's
surface but consume 75% of the world's energy and are
responsible for 50% to 80% of GHG emissions. For the
author, cities are directly responsible for climate change
[22]. Urban planning and sustainable construction could
improve environmental conditions by reducing energy
flows at both the city and building levels. The effectiveness
of energy management in saving energy and mitigating
emissions is a global concern, but uncertainty in the cost
and benefits of sustainable planning and construction in
different regions of the world complicates the selection and
implementation of new regulations [23].

*  Local problem: The Peruvian city

In Lima, as in Peru, it is estimated that the formality of

the built environment only represents 30%, and informality
represents 70% of our buildings [24], with the main
characteristic of these last buildings generally being
inefficient from an energy perspective. The application of
bioclimatic design and EE strategies in buildings is
scarcely developed in the country; however, the
application of these design criteria and strategies has
significant potential for reducing GHG emissions from the
built environment. In Peru, in recent years, the issue of
sustainable buildings has begun to be addressed, based on
international agreements to reduce GHG emissions. Proof
of this was the introduction in 2014 of the technical
standard EM.110, which deals with thermal and lighting
comfort with energy efficiency in buildings [25]. In 2015,
the Technical Code for Sustainable Construction was
enacted, recently updated in 2021 [26]. Regarding the city
of Huancayo, the following question arises, which guides
the investigation.
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1.2. Problem Formulation

To what extent does the implementation of sustainable
construction practices impact GHG mitigation in the
residential sector of the city of Huancayo?

1.3. General Objective

To estimate the contribution of sustainable construction
to GHG mitigation in the residential sector of the city of
Huancayo by using prospective scenarios as GHG
mitigation alternatives.

2. Theoretical and Conceptual Bases

*  Bioclimatic design

Bioclimatic design is the built response based on the
analysis and results of studies conducted on the physical
context [27], another definition of bioclimatic design
considers the built environment based on the climate [28];
Vernacular architecture is an excellent example of
bioclimatic design [29], since it is built according to the
site, maximizing the use of natural resources and
minimizing the energy needs of the home [30]. In short, it
iS necessary to carry out climatic studies for building
purposes [31].

*  Eco-design, sustainable architecture and similar
terms

“Eco-design” is manifested in the search to minimize the
environmental impact in the conception of a building, and
combines multiple parameters, such as the choice of
location, local resources, climate, reuse of existing
elements, with its goal being a passive building, which
means zero emissions. We also find in the literature terms
such as “sustainable architecture” or “sustainable
construction”, where these carry the connotation of an
environmentally friendly building [32]. It is also possible
to say that the response and integration of the sustainable
building to the physical spatial context is the application of
the design of special construction elements adapted to a
particular context [33].

¢  Contemporary bioclimatism

The Master of Modern Architecture Frank Lloyd Wright
as well as Le Corbusier were pioneers in the use of solar
radiation in architectural conception. Frank Lloyd Wright,
in particular, explored the forms and materiality of housing
strategies that made it possible to take advantage of the
sun's rays in winter while protecting them in summer. The
solar hemicycle built by Wright between 1944 and 1948 in
Wisconsin is one of the most notable examples of passive
solar strategy knowledge [34]. Le Corbusier in the 1930s
experimented with sun protection elements that he called
parasols or “brise-soleil” [35]. In later decades between
1960, 1970 and 1980, there were several pioneers of
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scientific research on bioclimatic architecture and thermal
comfort; among them stand out authors such as Givoni,
Olygiay, Mahoney and others [31].

Among the tools for bioclimatic design is the
Psychometric Abacus, it is one of the most used graphs for
the evaluation of thermal comfort. This graph proposed by
Givoni for the first time in 1969 shows us the relationship
between air temperature and humidity. In this graph, the
author proposes a comfort zone for humans and proposes
areas with bearable conditions, which evidently lead to
design recommendations to be considered. His improved
proposal dates back to 1981 [36].

*  Energy efficiency (EE)

The United Nations Environment Programme (UNEP)
defines energy efficiency as the ability to provide the same
(or higher) level of energy services, such as thermal
comfort, natural and artificial lighting, etc., at lower energy
consumption and costs [37]. The energy approach in
buildings, according to Olgyay, has its origins in the
bioclimatic conception or bioclimatism [38]. Contributing
to the building being well adapted, that is, it is energy
efficient in relation to the thermal behavior of the building
throughout the day and throughout the different seasons of
the year, see (Figure 4). The EE of the building then
involves bioclimatic design and the application of energy
efficiency strategies for the services that users demand in
their interior spaces and for their different activities. Its
energy consumption is lower due to the energy
performance of the building envelope.
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Figure 4.  Sustainable building and energy management

*  Greenhouse Gas (GHG) Mitigation

GHG emissions in buildings due to space heating for
residential buildings in 2017, according to IEA data and
statistics, the total final energy consumption in the world is
estimated to have been 400 EJ with emission of 33 billion
metric tons of CO,. Compared to 1990, energy demand and
CO; emissions increased by 5.4 and 1.6 times, respectively.
Globally, the residential component of the building sector
consumed 86 EJ of final energy, accounting for 21% of the
world's final energy use 406 EJ, and was responsible for
17% of total global energy-related carbon dioxide
emissions [39].
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3. Climate in Huancayo-Peru

In Peru, due to its varied configuration over its territory,
there is a great variety of climates. This is because of the
presence of the Andes Mountain range; another factor is
the latitude of the country which is very close to the
equatorial line in the north, reaching latitude 18<S. The

Sustainable Housing Construction Scenarios for Greenhouse Gas Mitigation, Huancayo 2024

climate of Huancayo city, according to Figure 5, which
shows the climate map of Peru, is cold and rainy. "This is
characterized by average annual rainfall of 700 mm and its
medium annual temperature is around 12<C; it presents
rainy summers and dry winters with the presence of frost,"
[40]. The Peruvian climate classification is based on
Thornthwaite's methodological proposal.
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Figure 5. Climate of Huancayo-Peru
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The analysis considered the parameters of temperature,
relative humidity, precipitation, and most importantly,
wind. The official data were obtained from three

meteorological stations located in the city and environment.

The meteorological stations selected were Santa Ana,
Viques and Huayao. See Figure 6.

Huancayo has a high-altitude subtropical climate, with
mild days and cool nights, characterized by distinct dry and
rainy seasons. The dry season runs from May to August,
with sunny, clear skies and daytime temperatures between
6 and 20<C. The rainy season, from October to April, is
characterized by rainfall, with the heaviest months being
January through March.

Temperature, Figure 7, shows the monthly averages of
maximum, minimum and medium temperatures for the city
of Huancayo. The general characteristic of the city with
respect to temperature is that it has a large thermal
oscillation in the winter months, reaching temperatures of
up to 18.8 <C. Due to its high altitude, temperatures vary
greatly between day and night, especially during the dry
season.
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Figure 6. Meteorological stations Huancayo-Peru
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The Psychrometric data charts, based on Givoni and
ASHARE zones, show that the lines representing the daily
averages of temperatures and average relative humidity for
the city of Huancayo, are on the left side of the comfort
zone (1), which means that to achieve comfort, it is
necessary to use the first internal heat gain strategy (2), the
second strategy is to use the passive solar direct gain low
mass (3), which basically means good orientation and solar
energy collection through the materiality of the buildings,
the next strategy is to use passive solar direct gain high
mass (4), which means basically good orientation and solar
energy collection through the materiality of the buildings,
and finally to use the wind protection of outdoor space (5),
strategies that aim to achieve internal comfort for users.

4. Materials and Methods

4.1. Materials

The materials used are the review of scientific articles,
the instrument, the observation and evaluation forms, as
well as the use of software.

Table 1.

Sustainable Housing Construction Scenarios for Greenhouse Gas Mitigation, Huancayo 2024

e Article review to establish the theoretical framework
with a thorough review of the literature related to the
problem. This will allow us to identify social,
economic, and environmental issues, as well as
clarify concepts.

e Data collection and analysis. In this section, we will
compile and process statistical and cartographic data
using different sources and data collection methods in
a sample of the object of study at a representative
level in the city of Huancayo.

J Tools, use of software to generate statistics, create
databases, and develop graphs and charts. M. Word,
M. Excel, AutoCAD, and ArcGIS.

4.1.1. Analysis Instrument
o Observation and evaluation form instrument.

Observation and Evaluation Form (Table 1) is based on
lighting and thermal comfort criteria. Observation and
evaluation of the different spaces within the home are
based on 5 levels for each indicator. Indicators: Lighting
Comfort (6 indicators) and Thermal Comfort (5
indicators).

Observation and Evaluation Form

Test Name: Observation and Evaluation Form

Administration:

Individual to each sample dwelling.

Duration:

There is no time limit, but an estimated duration of approximately 10 minutes per rubric.

Significance:

Evaluation of the following capacities:
Assessment of the application of residential habitability in the dwellings of Huancayo.

Description of the Instrument
Indicators:
LIGHTING COMFORT: FIRST PART: Light Comfort

Descriptors:

THERMAL COMFORT:
Descriptors:

thermal comfort.

The Observation and Evaluation Form consists of 2 parts:

Natural light enters directly through the windows.

Natural light is captured through light tubes into the interior.

There is one or more windows in the room.

The windows allow for proper natural lighting.

The window allows users to see through it towards the exterior while maintaining their privacy.
The openings in the house provide adequate, optimal, and comfortable lighting for the residents.
SECOND PART: Thermal Comfort

The orientation of the house, aligning with the path of the sun, takes advantage of solar energy to generate

The shape of the house helps to create warm environments.

Consider the specific thermal properties of materials. Some materials have significant thermal capacity,
which means they can store and release heat slowly.

Use materials that provide thermal insulation such as fiberglass, rock wool, or polyurethane.
Use energy-efficient windows, such as double or triple glazed windows, which help reduce heat loss.
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4.2. Methodology

This study explores the contribution of bioclimatic
design and energy efficiency to GHG mitigation in the
residential sector of the city of Huancayo, using
prospective scenarios as GHG mitigation alternatives. We
begin with an introduction, developing the problem
addressed and formulating the research question and
central objective. The second item addresses the theoretical
and conceptual framework as a starting point for this
research. The third item develops the climate in the region.
The fourth item develops the materials and methodology to
be followed. The fifth item addresses the results obtained
in the different analysis phases. The sixth item presents the
discussions of the results. Finally, the seventh item
presents the conclusion of the research.

4.3. Research Design

The research is descriptive, focusing on residential
buildings. The impact on GHG emissions for the city of
Huancayo will be estimated by applying future
sustainability scenarios.

4.3.1. Residential Buildings
e Population

The population, residential buildings, and housing in the
Huancayo metropolitan area are presented in Table 2. The
metropolitan area is made up of 18 conurbation districts.
The districts of EI Tambo, Huancayo, and Chilca are the

most central and densely populated in the city of Huancayo.

For the present study, they represent 72% of the
population.
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Sample, the probability sample is taken in the 3 most
populated districts as representative. Taking the total
number of buildings in the 3 districts, 125,674, for the
sample calculation for a finite population with a maximum
margin of error of 7%, the result of the sample size, for a
population size (N) and confidence level of 93%, is 165
buildings (Figure 8). Distributed as follows: 80 in El
Tambo, 55 in Huancayo and 30 in Chilca (Figure 9).

Equation, n = {N*p*q*Z* Z}/{ e*e(N- 1)+ p*q*Z*Z}

N; 125,674 population size.

n; sample size.

e; 0.07 desired margin of error.

p; 0.5 expected portion that meets the desired
characteristic.

g; 0.5 expected portion that does not meet the desired
characteristic.

Z; 1.8 coefficient Dependent on the confidence level
(93%).

4.3.2. Prospective Sustainability Scenarios

After 2014, there is the regulation of thermal and
lighting comfort with energy efficiency (EM.110 first
standard) and the technical code of sustainable
construction [25]. These are applied in their first phase,
optionally to all new buildings in Peru.

e  Regulatory evolution scenario

After 2021, the CTCS regulation will become
mandatory for the public sector for all new buildings in
Peru [26]. In the future, it is expected that the evolution of
the regulations will seek to reduce energy consumption as
shown in Figure 10, considering new buildings and
renovations for the years 2050, 60s and 70s.

e Sample
Table 2. Huancayo city and metropolitan area. Housing 2017-2024
2017 2024

Ids District Houses Population Houses Population % Hou %Pop
1 El Tambo 50,376 166,359 55,584 183,277 31.5% 31.8%
2 Huancayo 38,293 119,993 42,252 132,196 23.9% 22.9%
3 Chilca 25,230 91,851 27,838 101,192 15.8% 17.6%

Total Partial 113,899 378,203 125,674 416,665 71.1% 72.3%
4 over 15 districts 46,255 144,698 51,037 159,414 28.9% 27.7%

Total metropolis 160,154 522,901 176,711 576,079

Source: INEI. Statistics 2007-2017.
N*prq*Z?

e2(N-1)+pxq*z2’
(125674)*0.5%0.5%(1.8)?

"~ (0.07)2(125674—1)+0.50.5%(1.8)2 ’

n = 165.1

Figure 8. Sample Size Calculation
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# Homes studied

Figure 9. Location of housing in the districts of Huancayo, EI Tambo and Chilca
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Figure 10. Scenery evolutionary expected consumption energy of buildings and by scenery

e  Energy efficiency evolution scenario

To allow the evaluation of the residential building, the
following energy efficiency classification is proposed,
linked to the EE evolution scenarios for its consumption
(Figure 11). Starting from the average energy consumption
for the city of Huancayo (standard house, ranging from 131
to 170 KW eg/m?.year), then moving towards efficiency
Class A (less than 50 kW eg/m2.year) and the opposite,
which consumes a lot of energy, Class F (greater than 211
kW eq /m2.year).

Based on the previous classification, the link between
energy consumption and its respective CO- equivalent of
emissions (COqeq) is established (Figure 12). The results
consider these scenarios, as well as the evolution of new
construction and possible improvements to older homes
and renovations. All estimates are based on the estimated
emissions standard for the city of Huancayo of 15.05 kg
eg/m2.year. The physical characteristics of the different
types of houses according to the existing buildings and the
desired scenarios are shown in Table 3.
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Effiency house To passive house

51-90 B

91— 130 C>

131 - 170 D>
171-210 E

Efficient house | 51 —-90 B
Bioclimatic house | 91 — 130 C>
Standard house | 131 — 170 D>
Inefficient house | 171 — 210 E
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Figure 11. Classification of buildings according to the level of annual energy consumption

low emissions CO2
To passive house | < 5 A

Efficienthouse | 51 -9 B
Bioclimatic house | 9.1 — 13 ( >
Standard house | 13.1 — 17 D

Inefficient house

Very inefficiency h.

strong emissions CO2
Figure 12. Buildings according to the annual emissions level per m?

Table 3. Physical characteristics of housing type

Housing type  Physical characteristics of the building envelope

A Nearly Zero-Energy Houses: Buildings with highly efficient thermal envelopes, low or near-zero energy consumption,
and which generate part of their energy requirements with the support of renewable energy.

B Houses built with bioclimatic and energy efficiency strategies. Efficient envelopes make the building efficient and use less
energy for thermal and lighting conditioning.

C Houses whose design uses bioclimatic strategies, which are expected to become the new standard in accordance with the
new building regulations for climate zones. Efficient, Moderate-Consumption Envelope

D Houses built from the 1990s to the present. These buildings are standardized in terms of materials, with the predominant
construction method being masonry and a frame system. The envelope is inefficient and standard for the study.

E Houses built between the 1970s and 1990s, buildings constructed using mixed, modern, and still traditional construction
methods. The envelope is generally inefficient.

F Old houses built using traditional construction methods, generally with earth walls and metal openings and roofs. These
were built in urban and rural areas before the 1970s, and their physical characteristics of the envelope are very inefficient.

5. Results obtained are shown below. (Figure 13) for sample 20, and

(Figure 14) for sample 58.
This section presents the following results of the
analysis of residential buildings, as well as the application L. .
of prospective sustainability scenarios for the city of 5-2- Overall Results on Comfort (Bioclimatic Design

Huancayo. and EE)

As a result, obtained in Comfort for the built
environment, we have that the buildings are inefficient
(57.6%). This result includes two categories, very poor

The observation and evaluation instruments (lighting condition (20.6%) and poor condition (37.0%). The others
and thermal efficiency) were applied to each of the 165 results were, in fair condition (33.9%), in good condition
homes. The example of the application and the results (7.3%), and in very good condition (1.2%) (Figure 15).

5.1. Analysis of the Buildings, Application of the
Instrument to the Sample
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THERMAL

Kitchen 100 0
Bedroom 1 50 0
Bedroom 2 50 545
Bathroom . 100 0
Study Room | 500 | 530 =
sm,;’ 500 | 480 1st FLOOR 2st FLOOR 3st FLOOR
[ Spaces that do not receive sunlightl [ Spaces that receive sunlight
ORIENTATION ___ COMPACITY ENVELOPE
N ] Real Orientation ;
\ Sty I Buit Area
~ leal Orientation TR
y 3 // \- Free Area
N\ Conductancia termica (U)
// \
[ \ SRS i
| & Optimal or low
\ d : / temperatures
J /
\\ g &
\‘b‘// ’
1st FLOOR 2st FLOOR 3st FLOOR
1 2 3 4 5
T3 = 7 = DESCRIPTOR (ITEMS) (Very Bad) | (Bad) |(Regular)| (Well) | (Very Good)
DESCRIPTOR (ITEMS) (Very Bad) | (Bad) |(Regular)| (Well) | (Very Good) T
Az ®
1 o H
3. o R g P
4. o o M
5. £ A 4. Y
1 L
6, o 5. o
RESULT [ ) RESULT [ ]
CONCLUSIONS : According to the analysis, it is determined that the COMFORT of the home is BAD

Figure 13. Sample No. 20, Instrument (Light and thermal comfort criteria)
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CONCLUSIONS :

Based on the analysis, it is determined that the COMFORT level in the house is VERY BAD

Figure 14. Sample No. 58, Instrument (Light and thermal comfort criteria)
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Figure 15. Percentage, overall result of Comfort

5.3. Estimated Result, Energy Consumption According
to the Proposed Classification for Housing in
Huancayo

The estimated energy consumption for standard housing
in Huancayo is 150 kWh eg/m2.year, based on current
regulations. The calculation for new buildings was also
based on sustainable construction scenarios and the
implementation of future regulations. Class C (bioclimatic
house) has a 27% energy saving, Type B (efficient house) a
53% saving, and those close to Class A (passive house) a

Sustainable Housing Construction Scenarios for Greenhouse Gas Mitigation, Huancayo 2024

55% saving (Figure 16).

5.4. Prospective Outcome According to Sustainable
Construction Scenarios

The estimated emissions from the residential building
environment for 2024 are 0.189 million tons of CO.eq.
This calculation was based on Standard House D, which
has an estimated annual emission of 1,505 tons of CO,eq
per dwelling. The results of a future scenario for the
residential building environment, due solely to population
growth in the units studied, for the years 2050, 2060, and
2070 are as follows. Total estimated emissions for 2050 are
0.252 million tons of COeq, for 2060 they are 0.283
million tons of COeq, and finally for 2070 they are 0.312
million tons of COzeq. This would mean an increase in
emissions of 33.12% by 2050, 49.48% by 2060, and
64.78% by 2070 compared to 2024 (Table 4).

If we apply the sustainable construction scenarios for
new buildings, the following prospective results are
obtained for 2050 (E1-120) and the result is 0.235 million
tons of CO.eq which means a reduction of 6.6% of
emissions; for 2060 (E2-110) to 0.251 million tons of
CO.eq which means a reduction of 10.9%; finally for 2070
(E3-90) to 0.261 million tons of CO.eq which means a
reduction of 16.16%. Results applying scenarios with
bioclimatic buildings (C), with energy efficiency (B) and
passive buildings (A) are provided in Table 5.

Energy
Building consumption saving
kwh/m2.year %

A 50 55%  To passive house

B 70 53%  Efficient house

c 110 27%  Bioclimatic house [91-130 C :\;ear:gae 2‘02128

D 150 0% Standard house | 131-170 D >----- —

E 190 -27% Inefficient house | 171 — 210 = kWh ep/m2.year

F 230 -33%  Very inefficiency h.

Source: Based on standard EM. 110 and CTCS
Figure 16. Consumption energetic according to the classification according to the proposal
Table 4. CO, equivalent emissions projected

Year 2024 2050 2060 2070
Scenery EO0-150 EO0-150 EO0-150 EO0-150
Class Emissions D D D D
emissions (tn) 1,505 1,505 1,505 1,505
Total House 125,674 167,296 187,861 207,085
Standard House D 125,674 167,296 187,861 207,085
Total Emissions 189,139 251,780 282,731 311,663
Increased emissions % 33.12% 49.48% 64.78%
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Table 5. CO, equivalent emissions according to scenarios and

classification proposal
Year 2024 2050 2060 2070
Scenery E0-150 E1-120 E2-110 E3-90
Class Emissions D C B TO
emissions (tn) 1,505 1,105 0.805 0.5
Total House 125,674 167,296 187,861 207,085
Standard House D 125,674 125,674 125,674 125,674
Bioclimatic HC 41,622 41,622 41,622
Efficient H.-B 20,565 20,565
Efficient H.- A 19,224
Total Emissions (tn) 189,139 235,132 251,686 261,299
Save Emissions 6.61% 10.98% 16.16%

If, in addition to applying the future emissions scenarios
already described, it is included that a portion of residential
buildings are renovated at a rate of 10% for the estimated
years (in scenario E1-120), the reduction results for the
same years are as follows. The total estimated emissions
for 2050 (E1-120) are 0.231 million tons of CO.eq, which
means a reduction of 8.44% in emissions; for 2060 (E2-110)
are 0.249 million tons of CO.eq, which means a reduction
of 11.78%; finally for 2070 (E3-90) are 0.259 million tons
of CO.eq, which means a reduction of 16.84% (Table 6).

Table 6. CO, equivalent emissions according to scenarios and

classification proposal, more renewal
Year 2024 2050 2060 2070
Scenery E0-150 E1-120 E2-110 E3-90
Class Emissions D C B B*2
Emissions CO.eq (tn) 1.505 1.105 0.805 0.5
Tot. House-renewal h. 125,674 - 4,162 - 62,19 - 8,141
Standard House D 125,674 125,674 125,674 125,674
Biclimatic H-C 41,622 41,622 41,622
Efficient H.-B 20,565 20,565
Efficient H.- B2 19,224
renewal h. E-120 10% 4,162 2,057 1,922
Tot.Emissions 189,139 230,532 249,414 259,174
Save Emissions 8.44%  11.78% 16.84%

6. Discussions

In the case of project or prospective studies around the
world, the results vary primarily depending on the climatic
characteristics of the regions studied. In the case of
simulations of prospective data and scenarios, all results
tend to agree that the application of bioclimatic and energy
efficiency strategies contributes positively to GHG
mitigation. The figures vary in the case where buildings in
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high-latitude regions face an adverse climate with extreme
summers and winters, compared to tropical regions where
climate severity is generally considered temperate, not
extreme. One of the main results was determining the
standard energy consumption building for the city of
Huancayo, whose energy consumption is 150 kWh
eg/m?.year and which also represents an average emission
of 15.05 kg CO.eq/m?.year.

The study was able to obtain global prospective results
for the years 2050, 2060, and 2070, based on positive
scenarios for the implementation of current regulations in
Peru and the assumption that their evolution will allow for
future growth in efficient buildings. The results for 2050,
as projected from the E0-150 scenario (standard housing,
type D) to the E1-120 scenario (improved housing, type C),
already show a positive impact with a 6.61% reduction in
GHG emissions. The results are more encouraging, with
significant mitigation if the progressive renovation of
existing buildings is included in this period, for which a
target of 10% was set. This represents an increase to 8.44%
in GHG reduction. The results for 2070 would be much
more encouraging, due to the presence of increasingly
efficient housing, which appears in the E3-90 scenario
(type A housing), whose positive impact would reach a
16.84% reduction in GHG emissions.

7. Conclusions

The contribution of sustainable construction to GHG
mitigation in the residential sector of the city of Huancayo
was estimated by considering prospective scenarios for the
implementation of new buildings that adopt passive
air-conditioning strategies (bioclimatic architecture) and,
in addition, the application of energy efficiency strategies.
Energy consumption in these latitudes is primarily due to
lighting and expenditure on conventional residential
appliances (household appliances). This work presents
overall results that we hope to detail in future publications
on the topic of sustainable construction and the
construction of increasingly efficient homes.

Also based on this work, it is recommended to deepen
the design research with emphasis on thermal comfort and
sustainable construction studies in the Jun . region, which,
as in the Peruvian case, presents different climatic zones
such as the Andean, inter-Andean, high Andean,
snow-capped, mountain and humid subtropical, a
fundamental context to take into account for future
building proposals, which should allow achieving the
objectives of reducing emissions from the built
environment, applying bioclimatic and energy efficiency
strategies.
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