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conditions and the frequency of development of respiratory diseases,
due to the lack of thermal comfort [4]. A report published on July

Abstract 10 by the Ombudsman's Office revealed that 182 people have died

The objective of this research is to propose an architectural
design with bioclimatic criteria that affects the quality of life of
users of high Andean rural housing in Cajamarca, where the
lack of comfort is due to multiple factors, one of which is low
economic levels. of the area, the presence of frosts and cold
waves that are causing serious health damage to the population,
such as respiratory diseases, low educational performance. The
methodology consisted in the application of bioclimatic criteria
in the design to seek the comfort of the users, such as (climatic
analysis, eco-friendly materials, construction systems), also
supported by digital tools (AutoCAD, SketchUp, Lumion and
Design Builder). As a result, a rural house model was obtained,
which applies multiple active and passive strategies and achieves
illuminated environments 12 hours a day, properly ventilated
and reaching interior temperatures between 18°C and 24°C in
an environment where temperatures oscillate between -0.1°C
and 24°C. In conclusion, the strategies help to reduce the effects
of climate change and allow the use of climate resources.
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I. INTRODUCTION

In Peru, the high Andean areas have always been the most
disadvantaged in many aspects, being subjected to extreme cold
weather conditions in the southern, central and north-eastern areas
of the country, with the department of Cajamarca being one of the
most affected. [1]

It is also known that the inhabitants, living in rural adobe dwellings,
have been subjected to extreme weather conditions in the
departments of Arequipa, Ayacucho, Cajamarca, Ancash,
Apurimac, Cusco, Huancavelica, Huanuco, Junin, La Libertad,
Moquegua, Pasco, Puno and Tacna [2].The impact of these frosts
and cold waves is causing serious damage to the population, for
which policies and regulations have been developed to implement
actions such as the development of specific plans for each type of
disaster. [3] There is a direct relationship between difficult weather
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so far this year in 9 regions due to frost. This area of Peru is
characterized by cold weather, which causes different types of
damage to materials and the destruction of houses (caused by strong
winds and extreme snowfall). The material used by the inhabitants
for the construction of their houses is adobe (60.40% of the total
number of houses); this is because it is a good insulator, it is
manageable and economical. The houses found in this region
probably do not have adequate thermal comfort, the National
Disaster Risk Management Plan mentions that these houses are
precarious buildings and were built without architectural direction
and being a vernacular architecture, it does not provide the desired
thermal comfort for the inhabitants [5].

The lack of comfort is aggravated by multiple factors, among which
is the low economic level of the area [6], this has a poverty rate of
42.5%, the fifth highest in the country [7] Cajamarca has 16 of the
20 poorest districts in the country. This level of poverty prevents a
large part of the population from having access to construction
professionals. [8] This means that not only are the professionals in
charge of building management not trained, but also those who
provide the labour generally suffer from this lack. Cajamarca is one
of the least favoured in terms of education, being the third
department with the highest illiteracy rate, with 14.8% of its
population illiterate. Of its 1,341,012 inhabitants, only 176,489 have
higher education, or only 13.2%. 2%, so it can be concluded that
most of the people involved in construction are not properly
educated [9]. On the other hand, it is observed that self-construction
is due to unskilled labour for the planning and execution of
buildings, as well as the use of artisanal inputs to reduce investment
costs [10]. The problem of self-construction is so serious and
widespread that approximately 80% of housing in Peru is self-
constructed, unsupervised and unlicensed [11].

This problem, added to the previous ones, leads to another, which is
the lack of use of materials and techniques suitable for the area,
which would allow us to have a better heat retention and limit heat
loss due to its low conductivity, improving in turn the comfort of the
person. [12] Traditionally, shingles or calamine are used as roofing,
the latter being the most used due to its low cost and light weight;
however, as this metallic calamine allows heat to flow from the
outside to the inside (during the day) or vice versa (at night), causing
high temperatures during the day and low temperatures at night
inside the house. [13] To this must be added the situation of extreme
poverty in which the inhabitants of these places live, which causes
high levels of child malnutrition and makes them more vulnerable,
in some cases, to death [14].
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In the altiplano, measures are taken to combat the cold, such as
heating systems that require electrical energy. This problem has
been dragging on for years, so the need to implement heating
systems without the need for direct, low-cost energy sources has
arisen. The objective is to take advantage of available energy
resources (renewable energies) to implement a prototype solar
thermal system with flat plate collectors to improve the quality of
life of the inhabitants of the high Andean areas, especially in cold
weather [15],[16],[17] The bioclimatic design and the construction
system of walls and roof of modular ferrocement panels and
volcanic cement glass generate energy savings of 47% compared to
a conventional house with cement block walls and a reinforced
concrete roof lightened with polystyrene cassettes. [18] The use of
local materials abundant in nature is much more sustainable [19],
since it involves little energy to obtain them, having a lower
environmental impact, since less fuel is used for transportation, the
transportation time wused is saved, greatly reducing the
environmental impact. It considers the different factors that help to
take advantage of the climate and the different conditions of the
environment to reach or achieve thermal comfort inside a building
[20].

In addition to the aforementioned factors, there is the limited
accessibility of rural housing, which can only be accessed through
roads, usually unpaved. The lack of roads represents 20% of the total
infrastructure gap and the progress of paving in departmental and
neighbourhood road networks is extremely slow (9.7% and 1.7%,
respectively) [21].

The objective of this research is to propose an architectural design
in the high Andean houses of Cajamarca, where it is intended to find
solutions to the general problem of lack of comfort and how
bioclimatic criteria influence the quality of life of the users [22].

1. METHODOLOGY
A. Methodologcal scheme
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Figure 1. Methodological scheme of the research

B. Place of study

The study area is in the town of Ingatambo, district of Tumbaden,
province of Cajamarca, department of Cajamarca, with coordinates
6°56'13.3" south and 78°39'41.2" west and 1.5 hours by car from the
main square of the city of Cajamarca.
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Country: Peru

DEPARTAMENTO:
Cajamarca

Figure 2. Study location
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C. Cimate analysis
1) Solar radiation and sunshine hours
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Figure 3. (a) Solar radiation (b) Sunshine hours

Figure 3 (a) shows that the brightest shows that the brightest period
of the year lasts 2 months, from August 1 to September 30, with a
daily average of incident shortwave energy per square meter of more
than 6.5 kWh, and the darkest period least from February 2 to May
20, with an average of 5.6 kWh/m2. The difference between the
darkest and brightest periods is not so significant. The figure 3 (b)
shows that the hours of sunshine are not abundant, with an
average of 5 hours per day, with a maximum average of 6.5
hours during the month of July and a minimum of 4.2 hours
per day.

2) Temperature and relative humidity
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Figure 4. (a) Solar radiation (b) Sunshine hours

Figure 4 (a) shows that the cold season lasts 2.0 months, from June
3 to August 4, and the average daily maximum temperature is less
than 21.4 °C. The coldest month of the year in Cajamarca is July,
with an average minimum temperature of 3.1 °C and a maximum
temperature of 21.4 °C. In addition, the maximum temperature
remains stable throughout the year, while the minimum temperature
varies slightly. Another constant factor in the climate of Cajamarca
is the enormous thermal oscillation that exists, which can reach up
to 18 °C between the hottest and the coldest point of the day. Figure
4 (b) shows that Cajamarca has a dry climate, oscillating on average
between 60% and 70%.

3) Wind and precipitations
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Figure 5. (a) Wind (b) precipitations

Figure 5(a) shows that the most frequent wind comes from the west
for 6.0 days, from February 26 to March 4, and for 2.3 weeks, from
November 20 to December 6, with a maximum percentage of 40%
on December 2. The most frequent wind comes from the north for
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4.0 weeks, from March 4 to April 1; for 1.1 months, from October
16 to November 20; and for 2.7 months, from December 6 to
February 26, with a maximum percentage of 40% on October 30.
The wind comes most frequently from the east for 6.5 months, from
April 1 to October 16, with a maximum percentage of 80% on July
31. Figure 5 (b) shows that the hours of sunshine are not abundant,
with an average of 5 hours per day, with a maximum average of 6.5
hours during the month of July and a minimum of 4.2 hours per day.

. RESULTS
A. Location of the Project and volumetric
proposal

Goldmine
Yanacocha

Porcén farm . o 3@

Fig. 6. (a)Satellite view of the project, (b)Plan and volume of the
proposal

Figure 4(a) shows all the components of the proposal, the
most important of which are th@o gardenthe fog catcher,

the water collection cistern and the house.

B. Project climatology

1) Solar Path and winds
@ (b)
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Fig. 5. (a) June 21 and B: December 21 at 2 pm, Air circulation in
the proposal.
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1. Floodgate
Added to prevent heat
loss

2. Cross ventilation
Trough high and low
Windows, for better
temperature control

3. Passive solar gain
Direct sunlight allows the
room to be heated during
most of the day

—

4. Thermal mass
Through 80 cm perimeter
walls made of mud and
straw with a thermal
conductivity of 0.20 W/m
K
5. Radiant wall
Wall covered by PVC
pipes heated with
methane gas

| _lwlfy Yo

6. Small openings B
Minimal to avoid heat n‘
leakage but enough to .

ensure lighting comfort

—t s

1 Roof made of crushed cane and mud covered | 2 Tapial walls

with serrano tiles Of low cost and simple construction, it offers compressive
strength and has a low thermal conductivity index (0,20 W/m ° K,

To insulate the interior with local materials with a density of 750 kg/m3), much lower than masonry walls

4 Stone and cement overlay

3 Wooden beams and joists

Local production and low cost. Also used for door and window To protect the wall from soil moisture and rainfall. a 60 cm stone
lintels. wall was built.

Fig. 6. (a) Summary plan of bioclimatic strategies, (b) Materials
used in the project

Figure 6 (ashows a resume of the bioclimatic strategies used
in the projectFigure6 (b) shows the use of materials such as
crushed cane and mud, which serve to maintain adequate
insulation inside the house; wood in the use of beams in the
openings and joists for ¢hceiling; rammed earth for the
walls, which mixed with straw provides tensile strength and
helps store energyndstone to protect the mud wall from
humidity.
1) Passive solar gain and thermal mass

- - (@

Fig. 7. (@)Window illumination ranges in proposal (b) Thermal
mass operation
Figure 7(a) shows that, in order to heat the interior of the

house, they will be placed strategically and with their

Figure 5(a), (b) shows the solar incidence on the mostrespective solar protection, to allow the entry of sunlight in
extreme dates: June 21 (winter solstice) and December 2he coldest seass and always keepoothbedroons warm, ()

(summer solstice). Figurg(c), (d) shows that, in order to

in addition to always having sufficient lighting to achieve

avoid overheating the house during the hottest perioddéighting comfort [23]. Figurer(b) shows the operation of the

multiple windows were designed to allow héatescape at

the user's will.

C. Bioclimatic strategies

m
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thermal mass through a cross section of the building. The
thermal mass system works througlickhperimeter walls

with low transmittance [24] in 2 stages, in stage 1 the walls
are heated during the day by solar radiation. In stage 2, during
the night, the walls release the accumulated heat, thus heating
the interior of the building.
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2) Radiant wall system g e i i
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‘, (perforated pipes)

Biodigester

. Mathane gas hase

. Burner/Heater

Water Pump

Coil

. Reservoir with pressure relief
valve

: \\.Gravel. pebble or crushed
stone bed

Biodigester

s

Output matrix
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w0 o Fig. 9. Sewage treatment system
g:_fﬂ:-:‘mu o o Figure 9 shows the waste processing in the project with the
dining room g . use of a biodigester and its parts. As can be seen, in addition
to solving the wastewater problem, the biodigester also
Fig.8. Radiant wall system, Detail of the radiant wall. provides irrigation water for the subway, which riauch

. . ) appreciated in dry seasons.
Figure 8(a), (bshows the operation of the radiant wall and

tube system and its component parts [25], modified and) Fog traps and Rainwater Collection

adapted to the project, thus taking advantage of the gddue to the abundant amounts of fog that invade the area at
generated by the biodigester. Although the graphic shows @usk, it was decided to implement fogtching elements in
direct connection, between elements 2 &ntire chambers the project to provide the house with drinking water [28].Due
could also be used to store the methane gas and then feed thé¢hewater supply that exists in several places, specifically

heater through them. in rural areas, where there is no access to drinking water
; supply systems, it was decided to implement systems for the

D. Clean technologies use of natural resources such as water, which is conducted

1) Solar Panels through canals and pés to a storage tank, and then used for

Due to the high radiation index in the area (5.93 kW/h/m2ne or more uses, either for irrigation, washing, toilets and
annual average), it was decided to supply energy todhge  urinals or even for human consumption [29],[30].

by means of common solar panels installed on the roof of tt Q ~ ik
building. These panels have an efficiency of 20.2% and * =

surface area of 2 m2, which would provide an average ds
2395.2 w/h. However, they are limited to a maximum of 455
W/h. Assuming a mamum consumption of 698.5 w/h for 4
hours, an average consumption of 126.5 w/h for 12 hours, ; ,
would have a daily consumption of 4312 W. This demand A COLLECTION PIPE
could be supplied, considering an annual average of 5.3 ho '
of useful sunshine, with 2 panels, althougis suggested to
add a third one to have a greater safety margin.

COLLECTORMANKS

Table 1. Table of maximum daytime and nighttime consumption.

Fig. 10. Water collection systems

Maximum dayti pti Maximum night p
Element Consumption/ | Quantity Partial Consumption/ Q\gxantity Partial . 3 . .
L hout - unp hour p Figure 10shows the location of the fog catcher in pheject,
Refrigerator 100 1 100 100 1 100 which is located perpendicular to the wind direction to obtain
Miorowave 1000 015 = : - : as much water as possible. The collected water is stored in a
Radio_ - L 10 10 1 10 covered cistern, along with the collectednwaterfrom the
Cell phone 5 3 15 5 1 3 roof of the hous¢31]-[32].
s R
: mhg/leal}dmum consumption per hour: 635 115 4) BIOdIgeSter
Percent sec (10%). 63.5 11.5
Maximum ption per hour: 698.5 126.5

2) Sewage Treatment

Due to the need to properly dispose of sewage, the use of PE
ring biodigesters for sewage is proposed. Already commonly
used in Peru, they are an excellent option; they do not pollut
the environment or are not a possible source of pests as
septic tankvould be; they provide gray water that can be used
for irrigation; they do not require constant or complex
maintenance; they providedourlesscompost; they are Fig. 11. Location and detail of the biodigester in the project.
inexpensive compared to other solutions; and they are easyAobiodigester was chosen to make use of the solid organic

install [26],[27]. waste resulting from datp-day life and guinea pig
4
IEERS
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husbandry. Among the available biodigesters, the floating
dome biodigester was chosen besmit is cheaper and easier

to manufacture compared to other models [33]. [3]

E. Test

R VL
nce the strategies and technologies to be used in the
proposal were selected, the data were introduced in [al

simulation software (Design Builder), providing us with the
following temperature results: [6]

Fig. 12. Graph of temperatures inside and outside the dwelling. [7]
As can be seen in the graph, the proposal manages L(%
maintain, for most of the time, a comfortable temperaturgg,
range, well above the outdoor temperatures (in deep).bl
The lowest indoor temperatures (17.2 °C) are reached in eano]
March and midlune and July, and the highest (24.8 °C) at
times between mifctober and early January. Although [11]
these temperatures fall outside the comfort range, they can Bél
counteractedising the radiant wall system (in the case of
minimum temperatures) and cross ventilation (in the case ?13]
low temperatures) to maintain the desired 18 °C and 24 °C.

[14]
Iv. Discussion [15]
The design of the bioclimatic housing for the high Andean
zones of Peru imnovative and ecologically sustainable, as
shown in the results, the housing takes advantage of natural
resources such as the sun, the materials of the area and
others, making it ecologically sustainable, also proposes thél7]
use of clean technologies suchapassive conditioning
system for thermal comfort, a biodigester. [385]

[18]
V. Conclusions
[19]
The consideration of bioclimatic criteria in the architectural
design of a rural dwelling has a positive impact on the [20]
quality of life of its inhabitants, since it provides a state of 1]

general comfort, which in turn contributes to a state of

physical, mental and material well-being.

The use of local building materials, thanks to their physica
characteristics (especially their insulating capacity), have a
positive immact on the correct application of bioclimatic
criteria in rural housing in Cajamarca, in addition to being?
affordable and leaving a minimal carbon footprint. The use o o]
design strategies, due to the improvement in user comfort iés]
a passive and active wayasa positive impact on the quality

of life of the rural inhabitant of Cajamarca, since it allows a
high degree of environmental protection without requiring[26]
periodic expensesle want to express our special thanks and
gratitude to the colleagues who gawethe golden opportunity to
carry out this wonderful project on the subject of bioclimatic criteria
and quality of life in high Andean rural homes in Cajamarearu.

22]

[27]

[28]
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