=T
—
—
e
L
w

IDA: ADVANCED
DOCTORAL RESEARCH
IN ARCHITECTURE

Antonio Tejedor Cabrera, Marta Molina Huelva (comp.)



IDA: Advanced Doctoral Research in Architecture
Sevilla: Universidad de Sevilla, 2017.

1.408 pp. 21 x 29,7 cm

ISBN: 978-84-16784-99-8

All right reserved. No part of this book may be reproduced stored in
a retrieval system, or transmitted, in any form or any means without
prior written permission from the Publisher.

EDITOR
Universidad de Sevilla

COMPILERS
Antonio Tejedor Cabrera
Marta Molina Huelva

DESIGN AND LAYOUT BY
Pablo Blazquez Jesus

Maria Carrascal Pérez

Daniel Longa Garcia

Marina Lopez Sénchez

Francisco Javier Navarro de Pablos
Gabriel Velasco Blanco

ADMINISTRATION AND SERVICES STAFF
Adoracion Gavira Iglesias

Seville, november 2017

©2017. IDA: ADVANCED DOCTORAL RESEARCH IN ARCHITECTURE




=T
—
—
-
Ll
w

ORGANIZED BY

UQCC IE‘ eldus arquitectura

d Escuela Técnica Superi
INSTITUTO UNIVERSITARIO Escuela Internacional de Doctorado N abvarskind iis Savills

COLLABORATORS

Consejo Andaluz .
de Colegios Oficiales fundacion arquia
de Arquitectos




All manuscripts have been submitted to blind peer review, all content
in this publication has been strictly selected, the international
scientific committee that participates in the selection of the works is
of international character and of recognized prestige, an scrupulous
method of content filtering has been followed in terms of its veracity,
scientific definition and plot quality.



COMMITTEES

CONFERENCE CHAIRPERSONS

Antonio Tejedor Cabrera, Coordinator of the PhD Program in
Architecture and Director of the University Institute of Architecture
and Construction Sciences, Professor Department of Architectural
Design, University of Seville

Marta Molina Huelva, Secrefary of the University Institute of
Architecture and Construction Sciences, Professor of the Department of
Building Structures and Geotechnical Engineering, University of Seville

ORGANISING COMMITTEE

Maria Carrascal Pérez, Department of History, Theory and
Architectural Composition, University of Seville

Mercedes Linares Gémez del Pulgar, Department of Architectural
Graphic Expression, University of Seville

Angel Martinez Garcia-Posada, Department of Architectural
Design, University of Seville

Pilar Mercader Moyano, Department of Architectural Constructions I,
University of Seville

Domingo Sanchez Fuentes, Department of Urban Planning and
Spatial Planning, University of Seville

Manuel Vazquez Boza, Department of Building Structures and
Land Engineering, University of Seville
CONFERENCE SECRETARY

Pablo Blazquez Jesus, Ph.D. student, Department of Architectural
Design, University of Seville

Marina Lopez Sanchez, Ph.D. student, Department of Architectural
Design, University of Seville

IDA: Advanced Doctoral Research in Architecture



SCIENTIFIC COMMITTEE

José Aguiar-Universidade de Lisboa

Benno Albrecht-Universita IUAV di Venezia

Francisco Javier Alejandre Sanchez-Universidad de Sevilla
Dario Alvarez Alvarez-Universidad de Valladolid
Antonio Ampliato Briones-Universidad de Sevilla
Joaquin Antuna-Universidad Politécnica de Madrid
Angela Barrios Padura-Universidad de Sevilla

José Maria Cabeza Lainez-Universidad de Sevilla

Pilar Chias Navarro-Universidad de Alcala

Juan Calatrava Escobar-Universidad de Granada

Maria Carrascal Pérez-Universidad de Sevilla

Helena Coch Roura-Universitat Politécnica de Catalunya
Jorge Cruz Pinto-Universidad de Lisboa

Carmen Diez Medina-Universidad de Zaragoza
Fernando Espuelas Cid-Universidad Europea

Alberto Ferlenga-Universita IUAV di Venezia

Luz Fernandez-Valderrama-Universidad de Sevilla
Vicente Flores Alés-Universidad de Sevilla

Maria del Carmen Galan Marin-Universidad de Sevilla
Jorge Filipe Ganhao da Cruz Pinto-Universidade de Lisboa
Carlos Garcia Vazquez-Universidad de Sevilla

Sara Giréon Borrero-Universidad de Sevilla

Francisco Gomez Diaz-Universidad de Sevilla

Amparo Graciani-Universidad de Sevilla

Francisco Granero Martin-Universidad de Sevilla
Francisco Hernandez Olivares-Universidad P. de Madrid
Miguel Angel de la Iglesia-Universidad de Valladolid
Paulo J.S. Cruz-Universidade do Minho

Francesc Sepulcre-Universitat Politécnica de Catalunya
Angel Luis Leén Rodriguez-Universidad de Sevilla
Mercedes Linares Gémez del Pulgar-Universidad de Sevilla
Maria del Mar Loren Méndez-Universidad de Sevilla

IDA: Advanced Doctoral Research in Architecture

10



11

Margarita de Luxan Garcia de Diego-Universidad P. de Madrid
Madelyn Marrero-Universidad de Sevilla

Juan Jesus Martin del Rio-Universidad de Sevilla

Luis Martinez-Santamaria-Universidad Politécnica de Madrid
Angel Martinez Garcia-Posada-Universidad de Sevilla
Mauro Marzo-Universita IUAV di Venezia

Pilar Mercader Moyano-Universidad de Sevilla

Antonello Monaco-Universita degli Studi di Reggio Calabria
Marta Molina Huelva-Universidad de Sevilla

José Morales Sanchez-Universidad de Sevilla

Eduardo Mosquera Adell-Universidad de Sevilla

Maria Teresa Muioz Jiménez-Universidad Politécnica de Madrid
Jaime Navarro Casas-Universidad de Sevilla

José Joaquin Parra Bainoén-Universidad de Sevilla

Victor Pérez Escolano-Universidad de Sevilla

Francisco Pinto Puerto-Universidad de Sevilla

Mercedes Ponce Ortiz de Insagurbe-Universidad de Sevilla
Juan Luis de las Rivas Sanz-Universidad de Valladolid
Carmen Rodriguez Lifidn-Universidad de Sevilla

Javier Ruiz Sanchez-Universidad Politécnica de Madrid
Joaquin Sabaté Bel-Universitat Politécnica de Catalunya
Victoriano Sainz Gutiérrez-Universidad de Sevilla

Santiago Sanchez Beitia-Universidad del Pais Vasco
Domingo Sanchez Fuentes-Universidad de Sevilla

José Sanchez Sanchez-Universidad de Sevilla

Juan José Sendra Salas-Universidad de Sevilla

Julian Sobrino Simal-Universidad de Sevilla

Federico Soriano Pelaez-Universidad Politécnica de Madrid
Rafael Suarez Medina-Universidad de Sevilla

Miguel Angel Tabales Rodriguez-Universidad de Sevilla
Antonio Tejedor Cabrera-Universidad de Sevilla

Jorge Torres Cueco-Universidad Politécnica de Valencia
Elisa Valero Ramos-Universidad de Granada

Manuel Vazquez Boza-Universidad de Sevilla

Narciso Vazquez Carretero-Universidad de Sevilla

Tedfilo Zamarreio Garcia-Universidad de Sevilla

IDA: Advanced Doctoral Research in Architecture



L4




ANALYSIS AND ADVANCED PROJECTS /| ANALISIS Y PROYECTOS AVANZADOS

p. 1057-1067: NATURE INSIDE. THE FIGURES OF THE TREE AND THE FOREST AS SYMBOLIC REFERENCES IN THE
CONTEMPORARY JAPANESE ARCHITECTURE / p. 1068-1079: LA NATURALEZA INTERIOR. LAS FIGURAS DEL ARBOL Y EL
BOSQUE COMO REFERENTES SIMBOLICOS EN LA ARQUITECTURA JAPONESA CONTEMPORANEA

Loépez del Rio, Alberfo

p. 1081-1088: THE SATURATED WORLD OF CHARLES AND RAY EAMES: OBJECTS, ATMOSPHERE AND CELEBRATIONS /
p. 1089-1096: EL MUNDO SATURADO DE CHARLES Y RAY EAMES: OBJETOS, AMBIENTES Y CELEBRACIONES
Jodar Pérez, Ana Irene

p. 1097-1103: CARLO SCARPA: ABSTRACTION AS AN ARGUMENT OF THE SUBLIME. RESEARCH STRATEGY /p. 1104-1111: CARLO
SCARPA: LAABSTRACCION COMO ARGUMENTO DE LO SUBLIME. ESTRATEGIA DE INVESTIGACION
Ros Campos, Andrés

p. 1113-1123: REM AT BOTH SIDES OF THE MIRROR /p. 1124-1134: REM A LOS DOS LADOS DEL ESPEJO
Butraguerfio Diaz-Guerra, Belén

p. 1135-1144: DOMESTIC BIG DATA. CLUSTER TOOL FOR THE ANALYSIS, ASSESSMENT, DIAGNOSIS AND DESIGN OF THE
CONTEMPORARYCOLLECTIVEHOUSINGINDENSECITYCENTRES/p.1145-1155:DOMESTICBIGDATA.CLUSTERTOOLPARA
ELANALISIS,EVALUACION,DIAGNOSTICOYPROYECTO,DELAVIVIENDACOLECTIVACONTEMPORANEAENLOS CENTROS
DENSIFICADOS DE LA CIUDAD

Sallago Zambrano, Borja

p. 1157-1167: ARCHITECT, WORK AND METHOD /p. 1168-1179: ARQUITECTO, OBRAY METODO
Besa, Eneko

p. 1181-1191: ACRITICALANALYSIS OF THEARCHITECTURAL WORK OF MILTONBARRAGANIp. 1192-1203: ANALISIS CRITICODE
LA OBRA ARQUITECTONICA DE MILTON BARRAGAN
Casado Lépez, Guillermo

p. 1205-1216: CONTEMPORARY ARCHITECTURE AND ITS INTEGRATION WITH PATRIMONIAL ARCHITECTURE /
p. 1217-1228: ARQUITECTURA CONTEMPORANEA Y SU INTEGRACION CON EDIFICIOS PATRIMONIALES
Martinez Gémez, Josué Nathan

p.1229-1240: THE URBAN FORM IN MORELLA AS A HISTORIC LABORATORY IN THE 21ST CENTURY / p. 1241-1251: LA FORMA
URBANA EN MORELLA COMO UN LABORATORIO HISTORICO EN EL SIGLO XXI
Beltran Borras, Julia

p. 1253-1263: MODEL MANAGEMENT OF HABITABILITY IN PROTECTED WILD AREAS (ASP) CASE STUDY TORRES DEL PAINE
NATIONAL PARK (PNTP), PATAGONIA CHILE /p. 1264-1274: MODELO DE HABITABILIDAD EN AREAS SILVESTRES PROTEGIDAS (ASP)
CASO DE ESTUDIO PARQUE NACIONAL TORRES DEL PAINE (PNTP), PATAGONIA CHILENA

Villanueva, Laura; Cuchi, Albert

p. 1275-1282: DWELLING. INVARIANTS IN CONTEMPORARY ARCHITECTURE / p. 1283-1290: LA MORADA. INVARIANTES EN LA
ARQUITECTURA CONTEMPORANEA
Moreno Sanchez-Canete, Francisco José; Martinez Diaz, Daniel; Bolivar Montesa, Carmen; Mufioz Carabias, Francisco

p. 1291-1300: THE RECONSTRUCTION OF THE TRADITION. JUVENAL BARACCO AND THE RECOMPOSITION OF THE LOST CITY/
p. 1301-1311: LA RECONSTRUCCION DE LA TRADICION. JUVENAL BARACCO Y LA RECOMPOSICION DE LA CIUDAD PERDIDA
Montestruque Bisso, Octavio

p. 1313-1321: FROM THE IMMEASURABLE TO THE MEASURABLE /p. 1322-1331: DE LO INCONMENSURABLE A LO MENSURABLE
Delpino Sapena, Rossana Maria.

p. 1333-1343: HIDDEN SPACE CARTOGRAPHY. ARCHITECTURAL EXPERIMENTATION LABORATORY /p. 1344-1354: CARTOGRAFIAS
DEL ESPACIO OCULTO. LABORATORIO DE EXPERIMENTACION ARQUITECTONICA
Garcia Garcia, Tomas ; Montero-Femnéndez, Francisco J.

p. 1355-1364: ARCHITECTURE & ENTROPY. TIME AND DESTRUCTION AS A CREATIVE SUBJECT /p. 1365-1375: ARQUITECTURA Y
ENTROPIA. TIEMPO Y DESTRUCCION COMO GENERADORES DEL PROYECTO ARQUITECTONICO
Blazquez Jesus, Pablo

p. 1377-1381: ARCHITECTONICAL LIMITS IN THE BIDIMENSIONAL WORK OF EDUARDO CHILLIDA / p. 1382-1386: LIMITES
ARQUITECTONICOS EN LA OBRA BIDIMENSIONAL DE EDUARDO CHILLIDA
Dovale Carrién, Carmifa

p. 1387-1396: DISASSEMBLING DOMESTICITY. HABITING HETEROTOPIAS / p. 1397-1406: DESMONTANDO LA DOMESTICIDAD.
HABITANDO LAS HETEROTOPIAS
M-Millana, Elena




MODEL MANAGEMENT OF HABITABILITY IN PROTECTED WILD AREAS (ASP)['l CASE STUDY
TORRES DEL PAINE NATIONAL PARK (PNTP), PATAGONIA CHILE.
Villanueva, Laura. ", Cuchi, Albert @

(1) Universidad Politécnica de Catalufia, laura.villanueva@umag.cl
(2) Cuchi, Albert. Universidad Politécnica de Catalufia.

Abstract: Tourism in the Chilean Patagonia has grown rapidly since the last decade,
promoted to a large extent by state actions and encouraged by private companies with the
aim of turning this region into a pole of attraction for tourism, by encouraging the productive
development of the country. This tourism is based on the geographic values of this extreme
territory and on one of the most fragile natural environments of the country. These foci of
interest are mostly located within the Magallanes Region located within the National System
of Protected Wild Areas belonging to 58.9% of the total area of the region, with Torres del
Paine National Park receiving the largest number of visitors doubling their income over the
last decade over an area of 181,229 ha. This "invasion of nature tourism" has so far
demanded services that cover the needs of visitors, which have been resolved unsustainably
and with little management measures of the impacts that these facilities can cause in the
Protected Wild Areas, generating a risk to the conservation, therefore the most important
objectives in the creation of a National Park. Today they have been designed to open to
medium-term tourism development with the arguments to decentralize the flow of activities in
Torres del Paine Park. In general they are places of great extensions where the time to travel
them entails the temporary permanence within them which implies to inhabit them by times
limited. There are currently no management plans with a Sustainability approach for these
wilderness areas of the region that can solve the habitability management within them
through a methodology of material flows. On this enormous territory is where it is proposed to
approach the subject, studying the metabolic flows that the habitability implies in Torres del
Paine as well as the material flows that are given to satisfy it, then formulate a proposal that
can be adapted to the rest of the Wild Areas Protected and with the limitations that this
implies of its relation with the environment, which is a challenge that is extrapolable to
another scale if we consider that for sustainability, the whole planet is but a great natural
park in which we must inhabit.

Keywords: Habitability, Protected Wild Areas; Sustainable Architecture; Material Flows;
Satisfaction of needs.

1. Introduction

National parks are attributed on one hand as being places recognised for their extraordinary resources,
generally characterised by exceptional natural conditions. On the other hand the social protection of
these places is given through a configuration of parks implying the acknowledgement of the risk of
deterioration due to human activity. So far, the intrinsic activity that visitors carry out in this national park
is mainly based on recognising the natural landscape and the temporary stay in the area. These

activities are delimited by a trail that has always been accessible to the people.
Because landscapes require the active participation of their observers. The lived landscape is a vital experience, where the
senses feel, creative talent is set in motion and knowledge is enriched with knowledge. But all this requires integration into

the landscape and rhythms. (Garbizu 20186)

It is implied that social interaction should not allow the deterioration of the park and its natural quality,
therefore the activities will be constrained to that condition. As a result, the relationship with the
environment will be limited to focus on the real necessities of the visitors’ habitability without the need to
carry other out productive or consumerist activities. This is shown in the region of Magallanes, Fig 2,
and in the PNTP by the challenge that in the last ten years the number of tourists has doubled.
Nevertheless, the aim is to preserve the national parks through education so tourism management and

1253 IDA: Advanced Doctoral Research in Architecture



its impact is not seen as an objective by the Corporacion Nacional Forestal' (CONAF) National Forest
Coorporation which does not have the resources to manage it properly. This directly affects the way in
which touristic activities are held in the circuits proposed in the PNTP and how these actions are
reflected in the infrastructure analysis. Many of these are collaborations and tend towards sustainable
habitability that is not yet present in the park. This leads to thinking of different solutions that would allow
freedom in economical, legal and political aspects.

Everybody sees tourism in good light as well as a model of growth, employment and foreign exchange with an
innocuous effect with the natural environment that has been exploited throughout history. The social collective,
authorities, communication media, citizenship and business entourage perceive touristic activity as good for itself, often
used as ecotourism to reaffirm a perception of environmental innocuousness. Therefore the region projects and owns its

future in a natural environment with the intention of creating better opportunities for this type of tourism which wants to
be more involved with opportunities in the special strategies of the Patagonia territory (Inostroza 2008)

| If the consumption of tourism is the natural territory, the natural resources are infinite and so the
strategies to manipulate and manage the interventions in the park. These interventions are focused in

Categoria  Nombre Chilenos  Extranjeros TOTAL  Superficie H8 technical possibilities
to satisfy the visitor’'s

MN Cueva del Milodon 72.408 29409  101.817 189  pecessities through a

MN Los Pinguinos 6.947 21.970 28.917 97 model of sustainable

PN Bernardo O’higgins 15.704 12,612 28.316 3.525901 j abitability.

PN Cabo de Homnos 1.011 6.532 7.543 63090 The documents

PN Pali Aike 1.154 782 1.936 63.093

regarding regulations

PN Torres del Paine 87.328 110.175  197.503 181.229  in the National Parks
PN Vendegaia 0 0 0 150612 in Chile only provide
PN D'agostinni 0 0 0 1480000 partial data for the
RN Alacalufes 324 689 1.013 2.313.875 research since none
RN Laguna Parrillar 7.227 313 7.540 18.814
RN Magallanes 7.328 1.030 8.358 13.500 ZT’Ch;‘.:\eeCI’R"a;SO|Ve tr;e,,
SUBTOTAL REGIONAL 199.431 183.512 382.943 7.790.400 habitability model for
Fig.1 Tourists arrival in 2014 to the different ASPs of the Chilean Magallanes and a National Park. This

Antarctica. Source: own elaboration based on the CONAF statistics. MN: National

Monument, PN: National Park, RN: Natural Reserve [3]. Villanueva L. lack of regulations

needs to focus in a

model of habitability
for Torres del Paine, to motivate and justify this research project. It is necessary to analyse how
visitor's inhabit the infrastructures and how the material flows and other necessities function in the
park to be able to have an approach to a management model of sustainable habitability that can be
adapted into the design and construction guidelines of this conservation sites in the region of
Magallanes.

2. Delimitation of the scope of study (Background)

The Magallanes region is located in the far south of the south American continent and it conforms part of
the Patagonia Fig 2. and it is extended 41° between parallel south which includes the Andes and part of
the trans Andean territory. It reaches to the Atlantic ocean and ends in Cabo de Hornos, covering a
surface of 700.000km? Fig 2. This last region of the Chilean Patagonia is one of the most extended in
the country and it covers 13.203.400ha, corresponding to 58% to SNASPEZ2. This percentage includes
six national Parks,, three Natural Reserves and three Natural Monuments in 52% of the total SNASPE
territory that is managed by CONAF' (National Forestal Corporation.  Corporacion Nacional
Forestal,2008).

' Autonomous institution that belongs to the State of Chile. It depends on the Chile Ministry of Agriculture and it is in
charge of managing the forests’ politics, incentivate de region’s development, fight forest fire and manage the conserved
wild areas of the national parks and national reserves.

2 The natural wealth of Chile is protected within the National System of Protected Wild Areas of the State, created and
administered by CONAF. It is defined as a national park to a generally extensive area, where there are diverse
environments unique or representative of the natural biological diversity of the country, not significantly altered by human
activity. It is an area of capable of self-perpetuation and in which species of flora and fauna or formations geological, are
of special educational, scientific or recreational interest. It is called a National Reserve to the area whose natural
resources need to be conserved and used with special care, the susceptibility of these to be degraded or their
importance in safeguarding the welfare of the community. The Natural Monument is a generally reduced area,
characterized by the presence of native species of flora and fauna or by the existence of relevant geological sites from
the natural landscape, cultural or scientific point of view.
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This high number of territory emphasizes the ecological importance of the region and functions as a
reservoir of fragmented ecosystems of international relevance (Jax & Rozzi, 2004).

The region of Magallanes occupies one of the most important water reserves in South America (Rivera
et al. 2002) and it is algo ine og the most important unexplored territories that include hundreds of
islands that correspond to more than 48.000km of
the coastline in the region Fig. 2.

This research delimits the importance of its
geography and aims to understand the new ASPs
of the region. In the study case of the PNPT and
the Yendegaia National Park, Agostini and Cabo de
Hornos have recently been approved be exploit
tourism in this region with unsufficient infrastructure
for long stays of park rangers and visitors. In 2017,
the Sustainable Tourism Management was
presented for the Cabo de Hormos Biosphere
Reserve which was held by the university of
Magallanes (UMAG) the Omora Foundation® and
the North Texas University. This Plan intends the
realization of the management plans for this Park
between 2017 and 2019.

Moreover, the PNPT is one of the major resources
that generate tourism market in the region of
Magallanes and Fig. 1 shows the influx of annual :
tourists in the different ASPs. This Plan was e By
created in 1975 and covers an area of 227.298 ha, AR
where the closest community, Puerto Natales : > el
locates to 150 km. and the capital city Puerto
Arenas to 400 km. Fig. 1. The PNPT is located at
50°45" - 51°20" in the south latitude and 72°31" -

73°22" in the west latitude. _Accordlng to the Fig. 2 Satelite image of the Patagonia. It can be appreciated
temperature records, the region presents low  the ice south fields, the Strait of Magallanes, Tierra del Fuego
temperatures with very little variations between island and the Parque National Torres del Paine.

summer and winter. The daily temperature is

relatively constant during the seasons, with

minimum variations that do not exceed 12°c. July is the coldest month, presenting low temperatures of
2.5°c and reaching the highest to no more than 8°c. During the summer, the lowest temperature can
reach 3°c and the highest can reach to 15°c. in January (CONAF, 2007). Spring and summer belong to
the windy season, with the windiest months in November where the speed of winds can burst up to
100km/h. (Soto et al., 1994).

The Paine Mountain Circuit is the most important one in the PNPT since it surrounds the entire
mountain massif with an extension of 93.2 km. and it takes from 8 to 10 days to make the entire trail.
The “W" trail is the busiest one since it goes through the main landmarks of the park in its 76,1
kilometre extension. It carries this name because seen it in the map, the path forms a “W” in the
territory. This trail crosses the Gray Glacier in the west side of the Paine massif and takes from four to
five days, depending on the weather conditions and how long the visitor plans to stay in each place.
This circuit is located within the Zone of Primitive Use* next to the eighteen sets of infrastructure that
function according to the visitor's necessities and its permanence in each place. Mostly this
infrastructure belongs to shelters and camping areas Fig. 3

3 The Omora Foundation, is a research centre for the Biosphere Reserve Cabo de Hornos that belongs to the University
of Magallanes, in the region of Magallanes, Chile.

4 The zones of primitive use are natural areas that have had a minimum of human intervention. It contains unique
ecosystems of scientific value that could adapt to moderate public use. There are no roads or other use of motorized
vehicles. The aim is to preserve the natural environment and at the same time to facilitate scientific, environmental
education and recreation studies.
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Fig. 3 Location of the Mountain Circuit inside the PNPT and the 18 infrastructure
stations, Own elaboration.

2.1. Habitability regulations in a natural environment

Habitability is determined by the relationship and adequacy between man and his environment and refers to how each of
the territorial scales is evaluated according to his ability to meet human needs. (Jirén 2004).

Currently the publications issued by state and regional agencies, as well as from different independent
organizations on design and construction regulations in ASP are very broad when taking criteria to
develop projects of habitability in National Parks, focusing more than anything in the conservation of
the biodiversity. At the national level; The Chilean General Urban Planning and Construction
Ordinance (OGUC) defines protected areas as "areas of protection of natural resources" and repeals
the responsibility for the Territorial Planning Instruments, (OGUC 2008). However, there are more
specific documents such as the Management Plans of the ASP, which are mainly referred to as
management tools, which is based on a planning process and includes technical, normative and
guiding aspects to ensure the conservation of a protected area, through the ordering of the use of its
space, (Nufez 2008). The Chilean Law 19,300 on general bases of the Environment, explain the
criteria for conservation in protected areas, however, it does not refer to guidelines on habitability in
the design of tourist facilities as administrative within the Parks. On the other hand, the Technical
Manual 23 of CONAF, Method for Planning Protected Areas Management (Nufiez 2010) presents
criteria for the classification of zones within protected areas, which are based on landscape units,
species of flora and fauna , water resources, and other aspects relevant to the conservation of
biodiversity, so that the management plans focus on the regulation and use of the different zones that
could exist within a protected park.

In the year 2011, Chile's National Tourism Service (SERNATUR)S and the Federation of Tourism
Companies (FEDETUR)S jointly produced a document titled Chile for sustainable tourism, Manual of
good practices, (SERNATUR 2011), which promotes sustainable tourism with the aim of ranking the
country as one of the most attractive destinations for both local and international markets. Focussing
mainly on holiday accommodation and travel facilities, the study discusses issues such as the
management of water, energy, waste and the territory itself, as well as involving the local community
in the development of the project.

5 El Servicio Nacional de Chile or the National Tourism Service is a public organisation responsible for the promotion and
development of tourism in Chile.
6 Federacion de Empresas de Turismo de Chile or the Federation of Tourism Companies is a trade union which

collaborates with other trade associations as well as with both public and private tourism companies.
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Fig 4. Vista hacia las Torres del Paine desde mirador; dic.2015, PNTP, Autor

The "Manual for the formulation of plans for public use in the Protected Wild Areas of the State",
CONAF 2014; suggests that public bodies such as the municipality, the SERNATUR, the Chambers
of Tourism, as well as other similar non-governmental organizations for environmental protection
collaborate on the project. Other publications have also provided detailed information on the impact
of tourism in Patagonia. One such paper titled "Tourism in Patagonia: a threat to the ecological
integrity of the environment" (Inostroza 2008) makes a comparative analysis between tourism
development in the

Modelo de Sistema de Manejo Turistico region and the natural

environment. By
means of a dialectical
approach to landscape
Capacidad de ecology, the study

Capacidad de

Capacidad de

Carga Turistica Carga Social | + Manejo (CM) reveals that in
(ccT) (CCs) Magellan there are
relevant ecological

areas outside the
state's protected zones
Flexible = Fisica Fija = . which require prompt
Infraestructura Ecolégica action with regard to
conservation due to
their growing potential
as popular tourist
destinations.
Furthermore, keeping in mind the process of material flows, which is instrumental in developing a
sustainable model, Fentanes. K., and Cuchi. A., analyze and attempt to implement the process of
material flows in the field of architecture in order to understand the habitability of a particular place.
Fentanes (2004) concludes that the demand for a closed-loop material flow in order to ensure
sustainability extends the scope of architecture to managing these cycles on a global level as well as
to a better understanding of how the scarcity of existing resources in a specific terrain determines the
architecture of the place. Likewise, in his essay Perception of territory from the analysis of
material flows, Albert Cuchi discusses material flows as an effective tool for sustainability by
highlighting the importance of its form and how it reinforces the essential role of the territory as the
main factor of sustainability. In Chile, no references where the study of material flows has been
applied so as to develop a suitable model of habitability in a National Park have been found.

On the other hand, the Center for Quaternary Studies (CEQUA)” has just completed a study known
as the Tourism Management System for Protected Areas of Chile, (CEQUA 2016), which will improve
the management of public use, conservation of the biodiversity and the quality of the experience of the
visitors in favor of sustainable tourism. It uses as a study site the mountain circuits of Torres del Paine
National Park. In this study two variants intervened, one defined by the fixed ecological load and the
other by the physical load of the infrastructure of the park, the latter being an area of interest for my
investigation, on which | worked for the duration of my Master's thesis. During this period, data related
to PNTP's environmental load capacity related to infrastructure and obtained through the CEQUA
foundation was analyzed. Subsequently, the data was collected and verified with the help of a field trip
to the park in December 2015 and October 2016, which consisted of visiting all the stations built on a
trekking circuit that surrounds the Torres del Paine Fig. 5

So far the data | have gathered after having interviewed the park rangers and administrators of private

stations with the objective of obtaining information on the supply system, data on energy consumption
and waste management, is an account of the human activities of the visitors, the conditions of

Fig. 5 Modelo de Sistema de Maneja Turistico. Esquema utilizada por CEQUA para el
proyecto Sistema de Manejo Turistico para Areas Protegidas de Chile (Villanueva 2015)

" The CEQUA is the first scientific research centre in the Magallanes region with in studies conducted in the fields of
ecology, territorial studies and climate change.
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habitability, satisfaction of needs as well as the means by which they are satisfied. It is observed that
regulations for sustainable habitability in the park are not followed, thereby giving rise to the freedom
to opt for different infrastructure solutions, which in most cases respond to economic, legal and
political necessities.

As an important contribution to the elaboration of a broad conceptual framework that requires
incorporating the habitability in ASP, beyond what we currently find in them and management plans, this
research intends to carry out a study of the current habitability conditions in the PNTP will be carried out
through the collection of current material and documents on the infrastructure of the park, where we will
find different typologies of socially accepted habitability, which we believe are recognized by the
regulations or the responsibility for environmental impact assessment instruments.
Recently the situation in Torres del Paine National Park is being modified due to the studies that the
Cequa Foundation carried out in the park since 2014 and that they have been approaching to define an
environmental load capacity as well as the capacity of infrastructure load, being the latter the reason for
an investigation that from 15/02/16 Conaf placed a restriction of 80 people to the Massif Paine due to the
wastewater systems and camps were far exceeded. That number was arbitrary and not part of the
results of the project.

3. Obijetives

The objective of this thesis is to define a Habitat Management Model for the Protected Wild Areas of the
Chilean Patagonia, a PNTP® case study, with the in situ analysis of the activities and needs of the
visitors in Torres del Paine National Park, to through a study of the needs that this habitability implies
and of the material flows necessary to satisfy them, carrying out a critical analysis of the existing
habitability and its impact on the environment, where the basic purpose is to achieve a balance between
the ecosystem of Patagonia Chilean and human activities; analyzing alternative strategies and finally
proposing actions that can be considered as a whole as a model applicable to other natural parks in a
Chilean Patagonia, which are rapidly beginning to be exploited driven by the local tourism economy and
the country. Thus, in Chile, resolving habitability management within ASP through a material flow
methodology is relatively new.

4, Methodology

The methodology was organized in such a way as to obtain relevant information so as to analyze the
processes generated in the PNTP. FIG. It shows the structure of the research, based on these concepts,
the objectives, aspects to be evaluated and the methodology which were proposed. The study was
based on research obtained from field work in the PNTP in order to obtain quantitative and qualitative
data through interviews with public and private entities involved in the park as well as visitors.

s Theory - Norms

Information was collected and updated from legislative texts of the regional tourism sector, ASP
management plans of the Magallanes region as well as general regulations that also affect them.

e Spatial structure of the Patagonian natural environment of the PNTP

Necessary information corresponding to the field of study on the spatial structure of the Patagonian
natural environment and the spaces constructed within the Mountain Circuit of the PNTP was obtained.
It is also important to understand the formation of this park in order to study the infrastructure such as
cattle ranches? built in the park before the creation of additional models, and not the least, to study the
history of mountaineering in the sector, since the first ascents to its summits attracted the attention of
many visitors keen on exploring places little known to them, thus originating in one of the first trails
around Massif Paine. In other words, making a study of the patrimonial subject of the PNTP which has a
great significant value compared to others of the region and the country would be essential.

8 The previous study was based on an estimate of the Protected Wild Areas, which served as a management model in
the mountain circuits of the PNTP.

9 Livestock productive unit in the southern pampas. For reasons of productivity, given the low yield of the land, each
room occupies a lot of ground. It is estimated that, at present, economic sustainability requires an extension of at least
3,000 hectares. Historically, stays organized by business groups followed an industrial model, and were much larger (up
to 200,000 ha). The estancias were the only settlements in the pampa; and great distances made communications
difficult. Benavides, J.
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¢ Metabolic Flows and Material Flows

Schemes and tables were developed to identify activities, needs and metabolic flows. A study was
carried out on the material flows of each of the stations recording energy resources and waste
management between Conaf, private concessions and Est. Co Paine."?

o Critique of alternatives and proposal of habitability management model PNTP

Currently under study, the guidelines will be structured to define a Habitat Management Model for PNTP
as a hypothesis, which can then be checked during the last stage of the investigation.

¢ Model of Habitability Management in ASP of Magallanes.

This next step consists of replicating this Habitability Model in the management of the next interventions
in the national parks of the region. To this end, the necessary information will be collected corresponding
with the study of the spatial structure of the Yendegaia National Park, the Cabo de Hornos National Park
and the D'agostinni National Park.

¢ Check the model.

The results of this work, beyond the aspects related to the case study, try to raise awareness of the
methodological aspects of the realization of this study, keeping in mind its applicability to other cases, in
other ASPs of the Chilean Patagonia.

5. Results

5.1 Field study

The 18 stations around the mountain circuit were visited and comparative tables were developed in
order to have a complete view of the infrastructure within each park, such as maximum capacity, Fig. 6
services, energy, water, supply and waste Fig. 6, administered by CONAF, partly a private collaboration
and although in some, as in the sector of Gray Glacier Fig. 3 share the place 4 of them. From 2014 to
2016 the number of visitors exceeded the maximum capacity in each of the stations. It is observed that
the historical capacity does not surpass the declared limits but that all the historical maximums are equal
to the declared maximum. It is inferred that all stations use firewood as an energy source at least for
some of their needs, such as heating, cooking and hot water. For the production of electricity all the
stations use diesel or benzine with generators.

& = MODELO HABITABILIDAD turistica/capacidad maxima x dia max.historico al 2015
ESTACIONES CRCUTO D | 5 g EE REFUGID | CAMPAMENTO T capafas] oMOS | TOTAL mie| CAMPAMENTO [~ T g~ TOTAL SERVICiOS
MONTARA PNTP 5"{: B R [ ne nt  |peonsspod otpencaasen] nf | oo o] B |:pardia L":duchas WC  |Lo:lavatorios| Lp:lavaplatos
g 5 tiendas| personas | persanas| dia{noche) | unanoche | tiendas E | o

privados |  R.TORRE CENTRAL 18 60 0 0 0 0 60 a 0 0 ° 60 12 15 1 4
privados R TORRE NORTE 0 60 0 o 0 0 50 o 0 60 o 60 8 8 7 0
privados C. LAS TORRES 2 0 600 300 0 0 600 500 250 [ -100 | 500 12 8 8 ]
privados SERON 3 0 100 50 0 8 108 0 0 0 -108 0 3 3 3 2
estatal COIRGN 2 0 2 1 0 0 2 2 1 0 -2 0 2 2wes® 2we 2 1
estatal DICKSON 2 0 o | oo 0 0 0 0 0 0 0 0 2 2 2 1

| concesién DICKSON 4 27 a0 | 20| o 0 a7 300 150 27 00 | 327 6 6 4 3
| estatal PERROS 2 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1
| concesion PERROS 1 0 240 12| o 0 240 0 0 0 -240 0 2 2 0 3
estatal PASO 2 0 0 50 0 0 30 320 160 0 200 | 320 1 2 1 3
concesién GREY 7 60 400 00| o 0 460 414 207 60 14 | 4 18 2 23 5
estatal GREY 2 0 o 0 0 0 0 0 0 0 0 0 3 3 3 1
privados GREY 8 12 0 0 0 0 12 0 0 12 0 12 1 1 1 1

| concesisn PAINE GRANDE 30 100 a00 00| o 0 500 420 20 100 20 | s 31 31 2 4
estatal PAINE GRANDE 2 0 o 0 0 0 0 0 0 0 0 0 1 1 1 1

| estatal ITALIANO 2 0 s | 100 0 0 80 600 300 0 520 | 600 1 dwes® Twe 1 1
privados FRANCES 7 32 200 w0 | o 2 256 104 52 ) 120 | 136 13 13 18 1
privados LOS CUERNOS 15 35 200 00 | 16 12 263 300 150 35 72 | 838 14 18 1 4
privados CHILENO 9 32 120 60 0 0 152 800 00 32 620 | 832 12 12 10 2

| estonal BASE TORRES 2 0 100 00| o 0 100 260 130 0 160 | 260 1 5 1 1

* Baiios secos

Fig. 6 Table summarizing the infrastructure and activities of habitability in each Station. Master Thesis (Villanueva 2015)

0 The Cerro Paine ranch is the only private property within the Torres del Paine National Park belonging to the
Kusanovic family from Croatia since 1979.
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Of the 18 stations that use firewood, 7 of them, belonging to Conaf use firewood collected from the
surrounding area. Regarding the use of alternative energies, the Conaf stations that have the installation
of photovoltaic cells to load communication equipment but until 2016 they did not work.

When comparing the levels of hygiene in each campsite according to the current regulations' of the
Ministry of Health for public spaces, which is very general; we found that in most cases the requirements
were not be met. This indicates that there must be two toilets for every 6 camping sites, if we consider
each camping site as the space to install a tent for two people, we find that one would need 1 toilet for
every 6 visitors in the stations.

The septic tanks in 7 stations collapsed due to the large number of visitors or there is no way to transport
the sludge that accumulates due to the insulation of the place, flow of visitors and form of storage. For
example, in camp dogs two years ago they excavated an absorption well (pit), in Dickson camp a
second well / pit. In ltalian camp there are 14 toilets of which 10 were closed, 4 of them are dry tops that
reached their maximum. The Chileno and Cuernos stations have biofilter treatment plants based on
earthworms, and then infiltrate the land. All stations with camps occupy infiltration fields (fish bones or
absorption wells). However, it is concluded that the current health regulations are not specific to
installations in protected wild areas, so the water toilet system would not be the solution for these types
of places. Therefore there is no efficient use of water. On the other hand there is no priority of use of
renewable energies by the administration of the Park. Otherwise the waste management is deficient.

5.2 Material flows

The study has analyzed the material cycles by monitoring consumption of each station within the PNTP
Fig. 8, water being the only resouce to form a part of a closed-loop cycle although not in a sustainable
way as the treatment systems are not adequate, while the others outsource the ecological footprint
to and from a local economic system, Puerto Natales. The current condition of the PNTP responds to
the immediate solutions, sustained with the support of external resources of private companies that, at
best, cause pollution outside the park and, at worst, inside, which has only been bearable as the inflow
(of what- water or tourists?) to the PNTP remained low until 2013 as well as during winter seasons.
Subsequently, the level of water pollution rose to such an extent that a crisis ensued, resulting in the
temporary closure of the park. So far, the results show that the way in which the satisfaction of needs are
accounted for and solved, corelates to an economic model that determines or defines the habitability and
with it a model that although, on the one hand tries to be sustainable, the process is not applied from the
origin, so the material cycles remain open-looped.

Tierra Tierra
Fig. 7 Cycle of Materials.. (G.Wadel 2010) > Cflos materiales s e

Addressing this situation is even more difficult in the context of the characteristics of Torres del Paine, as
it exceeds the limits of a traditional analysis environment and at the same time recognizes conservation
and seeks sustainable habitation.

This model, through its flows should close the cycle of materials. This suggests that a model of
habitability management in the current context that is Torres del Paine and to approach sustainability, is
the closure of two cycles, some within the park, so far carried out by the water cycle and the other
outsourcing the footprint outside of it, but seeking a supply of local resources and reducing waste
generated by visitors.

1 Regulation (article 15 clause 301)
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EHERGE AGUA AGUAS RESIDUALES RESIDUOS ABASTECIMIENTO |
ESTACIONES CIRCUITO DE LERA GA DIESEL
MONTARLA TR Fuente ?I:T:“';;’ Consumo dia (L) ;isgj c""s‘:‘L';"’ dia :sﬁj captacion "'"l:t‘f"a c:'[‘:'zl'_';“ TIPO '2'“;:;""" separa ”"'(:;T 93 medio | frecuencia
R. TORRE CENTRAL | 400 Arroyo 5520 3fosa e | camioneta
R. TORRE NORTE compra 0.198 a7 500 40 104.4 Arroyo 1200 6560 1fosa 45000 si 13 camicneta | diario
C. LAS TORRES 133 Arroyo 16000 2 fosas si camicneta

SERON compra | o0 75 1184 13 3 Arroyaa 100me| 4000 1500 fosa 2500 st 03 Ei!;:t:d semanal

CORGN recogida | 0,08 576 288 73| 1mas arroyo T & 320 fosa 1500 e | camioneta | cada 10 dias|
DICKSON recoge 0,11 577 8.89 733 17.45 lago ne 160 fosa 1500 si 12 “a";;'l’:::" semanal
DICKSON compra 0.06 17.28 26.64 7.8 18.56 lago 2000 6720 fosa 3000 NO 02 “ar:i"’;!n“" semanal
PERROS recogida 0,11 288 4.44 733 17.45 rio no 160 fosa 1500 st 8 porteo seglin rol

PERROS recoge T o0e 1728 1.48 a 352 fio no 6480 fosa 3000 No | o | cobao mensual 1
PASO recoge 011 0 0 7.33 17.45 arroyo no 4160 posa 0 El 12 portea | semanal
GREY compra 022 100.8 155.4 60 1428 lsgo 10000 22160 fosa 10000 El 12 lancha | semanal
GREY ‘“"‘::" ¢ op88 288 444 733 17.45 lago 1000 160 fosa 1500 sl 10 lancha | mensual

GREY compra 0.055 4 5.92 25 | 59.5 lago | 2000 960 planta 0 St [ 01 lancha | cada 10 dias‘
PAINE GRANDE compra [ 1296 199,8 s | 1547 lago 1 30000 26400 fosa 10000 s | 13 catamardn | semanal
PAINE GRANDE compra 0,088 576 .88 7.33 1745 arroyo 2000 160 fosa 1500 NO 10 catamardn | mensual
ITALIANG recogida | 0,088 0 0 7.34 17.45 arrayo 1000 6560 fosa 5000 El 2% portea | quincenal

FRANCES compra | 0.033 27 41 20 | 476 arroyo | no 9520 planta 40000 si 11 h“*e":aha" semanal |
LOS CUERNOS compra [ 0.7 90 139 20 | 476 arroyo | no 11440 planta 30000 sl [ 13 me";“h“" semanal
CHILEND compra 0.16 50 a1 20 476 arroyo no 5880 planta 14000 El 11 caballo | semanal
BASE TORRES recoge 011 0 0 733 17.45 arroyo 500 6560 fosa 1500 El 24 portea | semanal

Fig. 8 Table summarizing source and consumption of energy, water, wastewater, waste and supply. Master Thesis
(Villanueva 2015)

6. Conclusions

What is the model of habitability management in a national park with the characteristic
conditions of Patagonia?

We can conclude that Torres del Paine National Park, which exceeds the limits of a traditional
environment of analysis and at the same time recognizes conservation, requires a model of sustainable
habitability as such, which should close the material cycles and at the same time , through appropriate
management of the use of foreign (local) resources, can reduce the impact of material flows with the
objective of meeting the basic human needs, maintaining the quality of the environment, both inside and
outside the park. Fig.7

The above supports us so far in proposing a Habitability Management Model in the current conservation
context of the Torres del Paine Park, it would be the closing of the material cycles, some within the park,
until now carried out by the water cycle and the others outsourcing the footprint outside of it, but seeking
a supply of local resources and reducing waste generated by visitors. In order to establish this
Habitability Management Model, it will be necessary to determine the effects of foreign materials on the
PNTP it will be possible to determine the materials necessary for the habitability of the visitors and the
capacity of the mountain circuit to support a new architectural intervention, bringing with it a need to
satisfy food, fuel for cooking, thermal conditioning, sanitary system, water supply , hygiene, waste
management, communications and transport that together affect the biodiversity of the park. Fig. 9

Finally, it is concluded that in order to achieve a suitable habitability model, in a natural
environment of high environmental value, through the principles of sustainability, it is necessary,
first, to manage visitors. "It is not the buildings that consume energy, those who must want to
change is the human group that occupies them". (Cuchi. A.)*

12 Based on notes taken during the Master’s programme MAEMA 2015, UPC.
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Fig. 9 Current Habitability Model of PNTP
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