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BACKGROUND

The winter school is part of the programme “Engineering for 
Development (E4D) - Science & Technology for the South”. 
The goal of this programme is to promote the development 
of products or methods which are directly relevant for 
improving the livelihoods of poor people in developing 
countries.

The E4D programme has evolved from a scholarship scheme 
supported by the Sawiris Foundation for Social Develop-
ment. Since 2008 it has awarded two doctoral scholarships 
annually. Since 2014 the scope has been expanded to include 
a series of winter schools, the first of which took place in 
January 2015.

STRUCTURE OF THE E4D WINTER SCHOOL

The E4D winter school will be composed of 30 graduate stu-
dents, coming from ETH Zurich, institutions in the Middle 
East North Africa Region (MENA) and from other academic 
institutions around the world, particularly in developing 
countries. They will be joined by faculty members and ex-
ternal experts from fields of expertise related to the winter 
school topic. The master and doctoral students will come 
from different disciplines related to the E4D topic. 

The winter school will take place in El-Gouna, Egypt. The 
aim of the E4D winter school is to foster interdisciplinary 
exchange on sand as a resource being rapidly depleted.
During the first week, students will be introduced to the topic 
through a series of input speeches, lectures and symposia. 
The second and third week will focus on workshops along 
three lines of investigation. 

The workshops will provide students with hands-on 
opportunities to work in an interdisciplinary and intercultural 
team and to assess alternatives to the chosen topic. Full 
attendance and submission of a presentation for the final 
idea competition is required.

TOPIC OF THE E4D WINTER SCHOOL 2016

The E4D winter school 2016 aims to develop an integrated 
vision to a global challenge of today’s construction industry. 
The programme revolves around the so-far untapped 
resource desert sand and the question of how to activate 
its potential as an alternative building material for future 
cities. Invited experts from around the world will share their 
knowledge and give insights in their field of research. In 
the workshops the acquired knowledge will be tested and 
applied. The results will be evaluated under the concept 
of stocks and flows of energy and material to assess their 
contribution towards sustainable development.

Workshops along three lines of investigation will be held:

(1) Bio-cementation
(2) Sintering
(3) 3D printing with desert sand

Further Information can be found under:
→ bit.ly/E4Dwinterschool_sand_2016

About the programme

Engineering for Development (E4D) Winter School 2016 | Sand: an (in)finite resource?



3

ETH GLOBAL,
ETH ZURICH

ETH Global is the unit for international relations at ETH 
Zurich. It fosters international partnerships in research and 
education and enhances the institution’s visibility abroad. 
ETH Global is responsible for implementing the global 
strategic goals of ETH Zurich and cooperates with other 
offices working with international issues. Its crosscutting 
mission complements the international relations of 
research groups, departments or administrative units at 
the institutional level.

ASST. PROF. DIRK E. HEBEL,
CHAIR OF ARCHITECTURE AND CONSTRUCTION

The Professorship of Architecture and Construction Dirk 
E. Hebel at ETH Zürich in Switzerland and at the Future 
Cities Laboratory in Singapore concentrates its research 
on alternative construction materials and their application 
in specific contextual settings. The Chair takes into account 
the availability of materials, human resource capacities, and 
skills to develop innovative and sustainable architecture. The 
Chair has developed the curriculum of the programme of the 
E4D Winter School 2016 and is responsible for its content.

SAWIRIS FOUNDATION FOR 
SOCIAL DEVELOPMENT

The Sawiris Foundation for Social Development sponsors 
the E4D Winter School. The Sawiris Foundation was founded 
on the belief that development is only sustainable when its 
beneficiaries are equal partners in the process. 

The Sawiris Foundation supports initiatives that encourage 
job creation through training, education and access to 
microcredit. The Sawiris Foundation also enhances efforts 
to improve health and further the endeavors of local 
communities to improve infrastructure and gain access to 
basic services — two important prerequisites for higher 
productivity and the increased empowerment of citizens.

TU BERLIN CAMPUS, EL GOUNA

Technische Universität Berlin established a satellite campus 
in Egypt to act as a scientific and academic field office in the 
heart of the MENA region (Middle East and North Africa). The 
nonprofit public-private partnership (PPP) offers German 
services provided by TU Berlin at the campus in El Gouna, on 
the Red Sea. TU Berlin has established three new Master’s 
degree programmes – in Energy Engineering, Urban 
Development, and Water Engineering – as pilot programmes 
at the El Gouna campus. It provides a fully equipped 
environment for studying, research and development as 
well as for cultural and scientific events.
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Sand is the most commonly used raw material for the pro-
duction of goods on our planet. It is found in concrete, glass, 
computers, detergents and toothpaste. Sand is the megastar 
of the industrial and digital era – our culture is literally built 
upon this resource. But sand is not equal to sand: The con-
struction industry requires grain sizes and rough shapes 
that are only found in river beds, lakes and the oceans.

Mining of aquatic sand comes at high environmental and 
social costs; Its growing demand cannot be met sustainably. 
Sand is mostly composed of quartz, a mineral form of silicon 
dioxide. Silicon is one of the most abundant materials on 
earth and also one of the strongest. These properties make 
it valuable to various industries. Desert sand on the other 
hand is presently unsuitable to the construction industry: 
Gradual wind erosion polishes the sand particles into round 
and even forms and therefore reduces their friction capacity; 
desert sand is simply too fine and spherical in shape to act as 
a high-friction aggregate in a concrete matrix. Recently, sand 
has become a scarce resource to the point that even sand-
rich countries like Saudi Arabia import sand. Alternatives 
using desert sand for construction have yet to be developed. 

Sustainability is often referred to as an interaction of so-
cial, cultural, economic, and ecological aspects. In the 
construction industry sustainability has been perceived as 
the optimisation of existing material and energy uses, yet 
the fundamental energetic and material character of these 
base resources has not been questioned. The speed of con-
sumption of these resources increases constantly due to 
demographic pressure and resulting construction, as seen 
e.g. in Egypt. A fundamental understanding of metabolic 
processes is required to frame the question of material and 
energetic sustainability. At the same time the definition of 
resources expands to include previously undervalued mate-
rials and waste. Finally, advances in digital technology and 
science have opened new avenues for alternative materials 
and processes. 

Sand: an (in)finite resource?

The winter school presents three areas that could mobilise 
desert sand for construction and other applications: 

I. Microbiologically Induced Calcite Precipitation (MICP) 
Also known as bio-cementation it is a process utilised in 
self-healing concrete and soil stabilisation. The application 
to desert sand will produce naturally grown structural sand 
bricks. This workshop will compare MICP for various desert 
sand types and bacterial cultures. 

II. Selective Laser Sintering Technology (SSS/SLS)
When it is applied to desert sand it melts sand particles 
into larger glass structures and thereby overcomes physical 
properties that have made desert sand undesirable so far. 
Since the process is controlled digitally, the exploration of 
geometry and structure of SLS desert sand in relation to 
energy and material use is in the focus of this workshop.

III. 3D Printing
3D Printing with desert sand, finally, explores the potential of 
desert sand as a substrate within a binding agent. In combi-
nation with a robotic arm, 3D printing of desert sand is an in 
situ digitally controlled construction process. It overcomes 
the need for traditional form-work and transportation of 
material, thereby reducing the so-called grey energy.

All workshops are meant to be open laboratories encour-
aging interdisciplinary exchange. The E4D winter school 
2016 aims to develop alternative methods to activate this 
so far unusable resource for the construction industry. Led 
by different experts from around the world, students will not 
only learn the theoretic background of this resource but ex-
periment with current and future technologies to transform 
desert sand. Based on a wide range of disciplines among 
participants and resource persons the workshops aim for a 
holistic approach considering economics, ecology, locality, 
material cycles, architecture, etc. 

Engineering for Development (E4D) Winter School 2016 | Sand: an (in)finite resource?



Desert Sand Samples (Photo Carli Teteris)
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Schedule
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PM

SATURDAY | JAN 9 SUNDAY | JAN 10 MONDAY | JAN 11

Registration / Welcome 
Reception

Introductory lecture

SATURDAY | JAN 16 SUNDAY | JAN 17 MONDAY| JAN 18

Lecture: Bio cementation

Group work

SATURDAY | JAN 23 SUNDAY | JAN 24 MONDAY | JAN 25

Lecture: 3D printing of 
sand 

Group work

Group work

AM

PM

AM

PM

AM

Film screening: Sand Wars

Welcome dinner

The making of El Gouna

UN development figures & 
sustainability

Demographic growth, new 
towns + inf. settlements

Symposium Hurghada: 
(in-)formal city? 

Creative use of limited 
resources

Ideas competition launch

Material Life Cycle 
Assessment

Workshop: Beyond sand 
and cement

Cultural dimension of 
sand in Egypt 

Policies and planning in 
Egypt

Field trip: Hurghada

Group work

Field trip: El Gouna



TUESDAY | JAN 12 WEDNESDAY | JAN 13 THURSDAY | JAN 14 FRIDAY | JAN 15

Field trip: Desert and Bali 
Wadi

TUESDAY | JAN 19 WEDNESDAY | JAN 20 THURSDAY | JAN 21 FRIDAY | JAN 22

Group work

Group workField trip: Sand mining

TUESDAY | JAN 26 WEDNESDAY | JAN 27 THURSDAY | JAN 28 FRIDAY | JAN 29

Competition workshopCompetition workshop Presentation: Competition 
workshop

Farewell dinner

Revisiting traditional 
Egyptian materials

Lecture: Selective Laser 
Sintering of sand

Intercultural student 
dinner with TUB

Hydrology and local sands 
in El Gouna

Global sand problematic Developing alternative 
materials

Aeolian deposits in Egypt

Mining abandoned cities

Urban interventions and 
participation

Zero emission and passive 
earth architecture
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Dr. Barbara Becker, ETH Global
+41 44 632 53 39
barbara.becker@sl.ethz.ch

Patricia Heuberger-Meyer, ETH Global
+41 44 632 56 13
patricia.heuberger@sl.ethz.ch

Aurel von Richthofen, 
Asst. Prof. Dirk E. Hebel,
Chair of Architecture and Construction
+65 8237 9924
vonrichthofen@arch.ethz.ch

Thomas Rieke, TU Berlin Campus El Gouna
+49 179 4802403
rieke@tu-berlin.de

Further information can be found under:

→ bit.ly/E4Dwinterschool_sand_2016


