
Research for Development

Oscar Eugenio Bellini · Andrea Campioli · 
Claudio Del Pero · Cinzia M. L. Talamo · 
Davide Chiaroni · Stefano Guidarini · 
Camillo Magni   Editors

Innovative Approach 
for the Development 
of Sustainable 
Settlements in 
East Africa
Affordable Housing for Mogadishu



Research for Development

Series Editors

Emilio Bartezzaghi, Milan, Italy

Giampio Bracchi, Milan, Italy

Adalberto Del Bo, Politecnico di Milano, Milan, Italy

Ferran Sagarra Trias, Department of Urbanism and Regional Planning, Universitat
Politècnica de Catalunya, Barcelona, Barcelona, Spain

Francesco Stellacci, Supramolecular NanoMaterials and Interfaces Laboratory
(SuNMiL), Institute of Materials, Ecole Polytechnique Fédérale de Lausanne
(EPFL), Lausanne, Vaud, Switzerland

Enrico Zio, Politecnico di Milano, Milan, Italy
Ecole Centrale Paris, Paris, France



The series Research for Development serves as a vehicle for the presentation and
dissemination of complex research and multidisciplinary projects. The published
work is dedicated to fostering a high degree of innovation and to the sophisticated
demonstration of new techniques or methods.

The aim of the Research for Development series is to promote well-balanced
sustainable growth. This might take the form of measurable social and economic
outcomes, in addition to environmental benefits, or improved efficiency in the use
of resources; it might also involve an original mix of intervention schemes.

Research for Development focuses on the following topics and disciplines:

Urban regeneration and infrastructure, Info-mobility, transport, and logistics,
Environment and the land, Cultural heritage and landscape, Energy, Innovation in
processes and technologies, Applications of chemistry, materials, and nanotech-
nologies, Material science and biotechnology solutions, Physics results and related
applications and aerospace, Ongoing training and continuing education.

Fondazione Politecnico di Milano collaborates as a special co-partner in this
series by suggesting themes and evaluating proposals for new volumes. Research
for Development addresses researchers, advanced graduate students, and policy and
decision-makers around the world in government, industry, and civil society.

THE SERIES IS INDEXED IN SCOPUS



Oscar Eugenio Bellini · Andrea Campioli ·
Claudio Del Pero · Cinzia M. L. Talamo ·
Davide Chiaroni · Stefano Guidarini ·
Camillo Magni
Editors

Innovative Approach
for the Development
of Sustainable Settlements
in East Africa
Affordable Housing for Mogadishu



Editors
Oscar Eugenio Bellini
Department of Architecture, Built
Environment and Construction Engineering
(DABC)
Politecnico di Milano
Milan, Italy

Claudio Del Pero
Department of Architecture, Built
Environment and Construction Engineering
(DABC)
Politecnico di Milano
Milan, Italy

Davide Chiaroni
Department of Management Economics
and Industrial Engineering (DIG)
Politecnico di Milano
Milan, Italy

Camillo Magni
Department of Architecture and Urban
Studies (DAStU)
Politecnico di Milano
Milan, Italy

Andrea Campioli
Department of Architecture, Built
Environment and Construction Engineering
(DABC)
Politecnico di Milano
Milan, Italy

Cinzia M. L. Talamo
Department of Architecture, Built
Environment and Construction Engineering
(DABC)
Politecnico di Milano
Milan, Italy

Stefano Guidarini
Department of Architecture and Urban
Studies (DAStU)
Politecnico di Milano
Milan, Italy

ISSN 2198-7300 ISSN 2198-7319 (electronic)
Research for Development
ISBN 978-3-031-00283-0 ISBN 978-3-031-00284-7 (eBook)
https://doi.org/10.1007/978-3-031-00284-7

© The Editor(s) (if applicable) and The Author(s), under exclusive license to Springer Nature
Switzerland AG 2022
Chapters “The Dynamic and Fragile Context of Mogadishu as a Representative Case” and “Construction
Technologies and Materials for Sustainable Affordable Housing” are licensed under the terms of the
Creative Commons Attribution 4.0 International License (http://creativecommons.org/licenses/by/4.0/).
For further details see license information in the chapters.
This work is subject to copyright. All rights are solely and exclusively licensed by the Publisher, whether
the whole or part of the material is concerned, specifically the rights of translation, reprinting, reuse
of illustrations, recitation, broadcasting, reproduction on microfilms or in any other physical way, and
transmission or information storage and retrieval, electronic adaptation, computer software, or by similar
or dissimilar methodology now known or hereafter developed.
The use of general descriptive names, registered names, trademarks, service marks, etc. in this publication
does not imply, even in the absence of a specific statement, that such names are exempt from the relevant
protective laws and regulations and therefore free for general use.
The publisher, the authors, and the editors are safe to assume that the advice and information in this book
are believed to be true and accurate at the date of publication. Neither the publisher nor the authors or
the editors give a warranty, expressed or implied, with respect to the material contained herein or for any
errors or omissions that may have been made. The publisher remains neutral with regard to jurisdictional
claims in published maps and institutional affiliations.

This Springer imprint is published by the registered company Springer Nature Switzerland AG
The registered company address is: Gewerbestrasse 11, 6330 Cham, Switzerland

https://doi.org/10.1007/978-3-031-00284-7
http://creativecommons.org/licenses/by/4.0/


Foreword

BECOMe: A Bet and an Act of Reciprocal Trust

Over the past decades, the role of Academia in the complex field of Cooperation and
Development has seen a major evolution and recognition. Universities are indeed
capable of producing innovation and high-level knowledge, suitable to find solutions
during emergencies as well as support strategies with a long-term vision, making
them the main driver of science diplomacy, a qualifying element of the European
Union foreign policy designed to meet the shared needs of development and equity.

This is the context in which Politecnico diMilano Cooperation strategy and initia-
tives are activated, with an approach that enhances scientific knowledge and skills
and puts people back at the center of innovation processes, as globally required by
the 2030 Agenda of the United Nations and Agenda 2063 of the African Union. At
a national level, Law 125/2014 recognizes the academic world as an actor in the
system of development cooperation. The efforts of Academia to enrich its traditional
missions of teaching and research are therefore encouraged. In the last 15 years,
our university has refined its own vision, giving origin to a more specific elabora-
tion of its efforts linked to the valorization of the different polytechnic competences
and the institutionalization of Cooperation towards a progressive alignment with the
international reflections.

Sustainable and affordable urbanization is one of the most pressing issues for the
global community and it also stands at the core of BECOMe (Business ECOsystem
Design for Sustainable Settlements in Mogadishu), an investigation into innovative
approaches to build sustainable settlements in Mogadishu. The research discussed in
this publication was conceived in 2018 and initiated in 2019 with the aim to deliver
an integrated development plan for a business ecosystem based on the co-existence of
affordable housing, local entrepreneurship, social facilities, and renewable energies
as an enabling factor of the sustainability of modern settlements. In line with the
approach to Cooperation at Polimi, BECOMe starting point is the belief that complex
issues should be approached from a multidisciplinary perspective.
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vi Foreword

BECOMe contributes to the mission to build an academic institution committed
to dialogue with society and capable of serving communities by addressing major
social issues. Since 2005, the vision on the role of Politecnico di Milano in the ever-
evolving field of Cooperation and Development has been refining, giving way to an
alignment with the national and international frameworks. Politecnico di Milano has
institutionalized its vocation for Academic Cooperation, which originated from the
commitment of individual professors who, over time, laid the foundations to build
an institutional interest.

Among the over 100 Cooperation initiatives mapped within our university from
2010 to 2021, projects involving one or more African countries are around three
times more than those involving Asia and six times those involving Latin America,
showing a well-defined interest in working with African partners. A recent in-depth
mapping revealed that the projects activated in the past 10 years involve 25 African
countries, with 70% of the total represented by 10 nations: Mozambique, Tunisia,
Egypt, Kenya, Ethiopia, Morocco, Senegal, Somalia, Tanzania, and Algeria. The
number of initiatives in collaboration with African partners tends to increase every
year.

In accordance with Politecnico di Milano tradition, collaborations developed
with African universities and research centers prevail, but a share of partners from
the private sector and national institutions is in constant growth. Partnerships and
networks lead to the development of a constructive and continuous dialogue between
universities and the outside world: these partnerships guarantee an effective and
efficient impact on Cooperation and Development strategies at both national and
international levels. Additionally, acting in synergy with a variety of stakeholders
facilitates enhancing the technical, scientific, and innovation contributions intrinsic
to our university, and such approachwill help Politecnico diMilano to further consol-
idate its institutional commitment. The latter can be synthesized in three strands of
work, sometimes interlinked:

• Higher Education and Capacity Building
• Research for local Development
• Science Diplomacy

Within this framework, more than 50% of Higher Education and Capacity
Building projects focus on Africa, as well as over 60% of Research for local
Development initiatives, while 100% of Science Diplomacy actions involve the
Continent.
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It is worth mentioning that BECOMe is part of a growing portion of Cooperation
and Development initiatives activated by Politecnico di Milano that are self-funded
by our university through the competition Polisocial Award in support of scientific
research with a high social impact. The Award is made possible by the 5 per Mille
IRPEF funds and promotes projects in a variety of scientific areas at Politecnico di
Milano, involving all 12 departments. Since its creation in 2013, a total of 46 projects
have been funded, 18 of which are in cooperation with developing countries. The
initiative, which is unique at the national level, has strengthened several constructive
interactions between Politecnico di Milano and the outside world, focusing on a
combination of traditional forms of knowledge transfer and a “horizontal” exchange
with stakeholders.

One of the common traits of the Polisocial Award projects is the attempt to tackle
needs identifiedoutside of the academic realm: university research is enrichedby such
an approach and becomes a practice of Cooperation, based on scientific evidence,
characterized by inter-actor dialogue and mutual learning.

The Award has strengthened a culture of university-society collaboration with
numerous partners, including public service bodies (local authorities, hospitals, etc.),
universities and research centers, associations, NGOs, international organizations,
foundations, companies, universities, and schools

BECOMe responds to the urgency of the housing emergency affecting the Somali
population after decades of unrest, that the research team proposed to approach
through the construction of neighborhoods that can guarantee stability and durability.
The project has promoted several declinations of how the commitment and social
responsibility manifest within Politecnico di Milano:

Multidisciplinary research creates synergies to address complex issues of rele-
vance to communities for human and socio-economic development in international
socio-economic development.

Innovation, through the placement of research activities in problematic contexts,
with the aim of developing methods and knowledge of more general applicability.

Dialogue with the outside world and the co-production of knowledge, through
the creation of stable partnerships with institutions, companies, civil society, and
international organizations, in which the role of the university is enhanced as an
expert interlocutor and organizer of research activities on issues of direct interest to
multiple communities.

BECOMe is therefore a bet and an act of faith by all the stakeholders—Somali and
Italians—local institutions, construction workers, representatives of business activi-
ties, and academicians. The Somali National University, UN-Habitat, AICS Somalia,
ANCE Lombardia, Holac Construction Company, and Architetti Senza Frontiere
Italia made their expertise available in the spirit of co-production of knowledge for
a local development plan to be shared with local stakeholder. The project has also
contributed to strengthen the research team experience, which can be transferred to
students—a future generation of professionals.

Despite the challenges that it encountered in the 2 years of work, the project was
made possible thanks to both institutional and personal dedication.
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Our gratitude goes to the principal investigator Prof. Oscar Eugenio Bellini,
the project managers Prof. Claudio Del Pero, and Prof. Camillo Magni and all
researchers, research fellows, Ph.D. candidates, and partners that embarked on
challenging research that—we hope—will encourage further joint projects with
Somalia.

Emanuela Colombo
Rector’s Delegate for Cooperation
and Development, Politecnico di
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Manuela Nebuloni
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Introduction

The book deals with sustainable affordable housing in developing countries,
providing the main results of the research BECOMe “Business ECOsystem design
for sustainable settlements inMogadishu: affordable housing, local entrepreneurship
and social facilities”, winner of the Polisocial Award 2018 competition, promoted
by Politecnico di Milano.1

The topic of sustainable affordable housing in developing countries is becoming
increasingly important for African and international stakeholders. At present,
massive urbanization processes involve many countries, that are consuming large
parts of territories and natural resources. These processes are developed far from
any strategy of sustainability and social equality, without considering the long-term
effects on the environment and on the next generations. Attention to the natural
and human resources, the specific climate conditions, the preservation of the tradi-
tional culture, the improvement of social welfare, the development of enterprises,
and expertise at the local scale are some of the hardest challenges that most of the

1 This research “Business ECOsystem design for sustainable settlements in Mogadishu: afford-
able housing, local entrepreneurship and social facilities—BECOMe,” was funded by “Poliso-
cial Award 2018—City and Smart Community in Africa—Politecnico di Milano, fifth edition.”
It involved the following Departments: Architecture, Built Environment and Construction Engi-
neering (DABC); Architecture and Urban Studies (DAStU); Management, Economics and Indus-
trial Engineering (DIG). Scientific Coordinator: Oscar Eugenio Bellini. Project managers: Claudio
Del Pero, Camillo Magni with Andrea Campioli, Davide Chiaroni, Stefano Guidarini, Cinzia Maria
Luisa Talamo. Project team: Nazly Atta, Abdihakim Awaale, Anna Dalla Valle, Davide di Summa,
Giuliana Maria Miglierina, Maricla Martire, Armin Mostafavi, Lucrezia Sgambaro. The research
received the endorsement of the following subjects: ASF Italy (Architetti Senza Frontiere), no-profit
design organization with an international network knowledge; Agenzia Italiana per la Cooperazione
allo Sviluppo (Italian Agency for Development Cooperation) (AICS)Mogadishu (Somalia); ANCE
Lombardia (Associazione Regionale dei Costruttori Edili Lombardi) Milan, (Italy), Regional asso-
ciation knowledge of the Italian Architecture, Engineering & Construction (AEC) sector/business;
HOLAC Construction Company, Mogadishu, (Somalia)—Somalian construction company; UN-
Habitat—United Nations Agency for Human Settlements and Sustainable Urban Development,
Nairobi (Kenya).

ix



x Introduction

African countries will face in the next years. In this perspective, the issue of afford-
able housing opens to many aspects that need specific approaches adapted to the
many different African contexts.

Focusing on East Africa,2 it is possible to assume the case of Somalia as represen-
tative of a fragile context characterized both by the uncertainty of the social, polit-
ical, and economic situation and the lack of common shared legislative references
and strategies. In this kind of contexts, the risk of developing inadequate construc-
tion practices is very high and the negative effects of unregulated urbanization are
widespread and persistent. At the same time, the economic recovery and the high
demand for affordable housing disclose the opportunity to create sustainable and
durable settlements, going beyond basic shelters.

Starting from these premises, the book reports the main contents of the research
whose aim is to provide knowledge, propose a methodological framework for the
development of affordable and sustainable settlements and provide housing models
and tools for the simulation of various scenarios. The long-term perspective is the
development of sustainable settlements involving local entrepreneurship, boosting
social facilities, andusing renewable energies in order to stimulate the growthof a new
housing market and attract national and international investors. The investigations
and the proposals presented in the book are focused on the case of Mogadishu,
but they are replicable in other high-risk environments, especially in East African
countries.

On the basis of this main objective, the book deals with:

1. Knowledge, criteria, approaches, leverages, and barriers related to the develop-
ment of strategies for the creation of new sustainable housing ecosystems, able
to activate and boost local enterprises and to stimulate foreign investors for the
revamping of the national AEC sector and the related manufacturing industries.

2. Models for modular settlements (considering typological, technical, economic,
social, and environmental aspects), able to answer to the housing demand of low-
medium-income population. The modular settlements integrate various types
of flexible low-cost single/multi-family houses with adaptive spaces for craft,
productive, and commercial activities for artisans/small local enterprises and
social services.

3. Business models and assessment methodologies are useful to evaluate a set of
appropriate technological solutions. These solutions are related to various types
of construction process organization and some possible economic strategies, in
the perspective to ensure a balance among the sustainability pillars (economic,
environmental, social, and cultural).

The book is structured in three parts and nine chapters.

2 East Africa (Eastern Africa or East of Africa) is a subregion of the African continent. According to
the United Nations Statistic Division it consists in 18 countries and 2 dependencies. The subregion
extends from Eritrea to Mozambique and borders the Indian Ocean. The Countries are Burundi,
Comoros, Djibouti, Eritrea, Ethiopia, Kenya, Madagascar, Malawi, Mauritius, Mozambique,
Rwanda, Seychelles, Somalia, South Sudan, Tanzania, Uganda, Zambia, Zimbabwe (Worldatlas,
accessed in 2021).
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Part I—East Africa Context

• Chapter “Ecosystem Perspective for Sustainable Settlements in East Africa”,
starting from some recent trends characterizing the social and economic context
of the East Africa region, opens up some research questions related to the develop-
ment of housing settlements assuming the ecosystem perspective and affordability
and sustainability as strategic goals.

• Chapter “Housing in East Africa” analyses the housing issue in East Africa in
its various forms. The chapter focuses on climate context and related climate
responsive design and the new housing needs of the growing population.

Part II—Mogadishu as a Representative Case

• Chapter “The Dynamic and Fragile Context of Mogadishu as a Representative
Case” provides an overview of the geographic, historical, political, and socio-
economic dynamic and fragile application context of Mogadishu (considered
as a representative case), highlighting its construction traditions and the main
strengths, weaknesses, and open issues connected to a sustainable development.
It investigates housing demand and defines levels of affordability.

• Chapter “Climate-Responsive Design and Energy Performance Goals” analyses
the climate features of Mogadishu and provides the main rules for climate-
responsive design and renewable energy integration.

• Chapter “The Fragmented and Heterogeneous Nature of Manufacturing
and Construction Sectors in Mogadishu” sets up an investigation methodology
appropriated for the specific context to describe the fragmented and heterogeneous
nature of manufacturing and construction sectors in Mogadishu, underling main
information gaps, current local practices, technical solutions, and organizational
models.

Part III—Proposals for Sustainable and Affordable Housing
in Mogadishu

• Chapter “Settlement Strategy Towards New Business Ecosystems” presents the
concept of modular settlements for new business ecosystems, based on a set of
incremental housing typologies to meet the high rate of low-medium-income
population housing demand.

• Chapter “Construction Technologies and Materials for Sustainable Affordable
Housing” proposes a methodology for assessing and selecting appropriate
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building technologies for affordable housing, including a method for the system-
atic classification of building components, and investigates construction technolo-
gies andmaterials for sustainable affordable housing. It outlines possible perspec-
tives of improvement towards industrialization of construction, use of local raw
materials, and enhancement of construction quality through training.

• Chapter “Estimation of Construction Costs: From Technological Solutions
to the Settlement Scale” introduces an estimation of construction costs to
overcome inaccurate information, ranging from building to settlement scale.

• Chapter “Appropriate Tools for Decision-Makers: Proposal of a Decisional
Support System (DSS)” develops a Decisional Support System (DSS) whose
aim is to support decision-making processes towards affordable settlements in
Mogadishu and the achievement of their long-term sustainability.
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