Waste
The research platform ‘Constructing Waste’ aims to develop ideas
on how design can play an important role in activating waste as a
building material in future cities planning. The abundance of refuse
is the essential hypothesis of the research. A PhD seminar at FCL
Singapore in 2012 interrogated the concept of up-cycling strategies
in order to minimize the overall refuse amount in Singapore. In 2014,
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the book publication “Building from Waste“ collected more than
one hundred examples of a circular waste economy. In 2015, the
ETH pavilion for the Ideas City Festival in New York City applied for
the first time the knowledge of the research in a full scale building,
designed and implemented together with the Chair of Philippe Block
at D-Arch ETH Zürich and in collaboration with ETH Global.
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Constructing Waste

Investigating an alternative ressource for
future cities
Dirk E. Hebel, Marta H. Wisniewska,
Felix Heisel

Our economical system is based on the principle of the exhaustion of natural resources for the purpose of production,
entailing the fabrication of waste. This system functions
at the expense of our social integrity and environmental
sustainability. Images of the urban poor searching steaming
landfills for valuable items are iconic representations of our
modern life style. In a dramatic way, the garbage sites show
the entanglement of economic success and rapid urbanisation
with social segregation into “haves” and “have-nots”. It is
also telling that this image is almost exclusively to be found
in urban agglomerations, where by far the majority of nonorganic waste is produced. Instead of being included in a
metabolic cycle and flow model of goods and resources, waste
is considered within a dead-end scenario of a linear process;
to be literally buried from view out of sight out of mind as a
formless and value-free substance covered by thick layers of
earth, or burned to ashes.
Looking, by contrast, at the waste products reveals a completely different
story. It is the story of a resource, which is wasted until now. 1.3 billion
tons of municipal solid waste are generated every year by cities worldwide. This amount is expected to grow to 2.2 billion tons by 2025, within
the next ten years. Unsurprisingly, the 34 OECD countries (members of
the Organization for Economic Cooperation and Development) produce
more solid waste than the other 164 nations together. China is on a fast
track to break this record; the World Bank estimates that China will
produce more than half of the total of solid waste worldwide by 2025.
(The Economist online 2012 a) Looking at the map of the most waste-generating nations in the world, two readings are possible: either to see them
as the biggest polluters, following the traditional understanding of waste;
or to see them as countries with an enormous richness of resources. The
latter perspective requires a different view on garbage production.
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Fig. 01 Hebel, Dirk E., Marta H. Wisniewska and Felix Heisel (2014). Building from Waste, Recovered Materials in Architecture and Construction,
Berlin, Basel: Birkhäuser
8/13/14 12:15 PM
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Fig. 02 Global map of solid municipal waste production per capita per day

The call to understand waste as societies’ wealth follows, in fact, also
an economical principal: waste production is an investment, which needs
to be returned. So far, this investment is deadlocked and we seem to have
lost the key on how to open its potential and benefit from it as a life-long
revenue. Once the waste is produced – i.e. when a natural resource is transformed into a product with a limited life-span – society should be able to
make a profit of its constant reformulation. Instead, today the beneficiaries
of the way we treat waste as a result of the exploitation of natural resources
are to be found in a black spot of our economical system; they are another
by-product, so to say.

Shadow Economy
Strangely enough, criminal organizations have had a strong interest and bond to garbage since a very long time. It seems that our way to
suppress waste and enclose it in our sub-consciousness generates a legal
vacuum where space can be claimed by out-laws. The largest export good
of the United States of America to China is trash. (The Economist online
2012b) This has to do with the growing problem of finding landfill spaces or
new locations for incineration plants. There are countries, which happily
accept the trash from other societies, especially when they are paid for it.
Their understanding of environmental protection or human health is less
distinct. In the case of Ghana, one of the main recipient of e-waste from all
over the world, people move from the rural areas to scrap sites next to harbour areas to strip and burn electronic wastes in order to collect valuable
metals such as aluminium and copper inside. In order to do so, the plastic
casings are burned uncontrolled on open sites, creating thick, black, and
toxic fumes, containing ingredients known as carcinogen. According to
Al Jazeera (Stein 2013), people working in the business make between two
and three US Dollars a day, just enough to survive. The Basel Convention
E-Waste Africa Programme (Schluep et. al. 2011) estimates that approximately 40,000 tons of e-waste came into Ghana in 2010, compared to the
total for Africa of around 230.000 tons. This prosperity trash of Western
societies will continue to be shipped to Western Africa, as long as the
Northern nations do not conceive of it as a rich resource.
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Why is our society accepting these circumstances? The answer is very
complex. Waste is banned from our awareness with its potential of being
a substance of value or even a resource for our economy. Therefore, we
usually do not ask what happens with it after it left our home. Also, illegally treated waste became a very powerful global economic player, as the
example from Italy shows. The environmental organization Legambiente
claims that the business of black waste was over 16 billion Euros in Italy
alone in 2012, from more than 11.6 million tons of illegally disposed waste
substances (Mayr 2014). Compared to the Gross Domestic Product at the
same year, this represents almost 1 % of Italy’s economic power.

Linear Economy
The dominant economic model for our current waste management
was phrased by Annie Leonard, the author of the film and book The Story
of Stuff (Leonard 2010), as “Take, Make, Waste”. This is not per se an unsustainable principle, as it permits that the resource for “taking” would be
the outcome of “wasting”. But this is not the case. In fact, we are following
a linear process where the outcome of our consummation is not valued as
a resource, but seen as a kind of product excluded from the cycle of our
environmental system – belonging neither to the natural resources nor to
the desired products.
Absurdly enough, we pay our local authorities to collect our trash,
confirming that it has no value or is not seen as a resource by us. Today,
of the approximately 251 million tons of municipal solid waste generated in the US per year only around 87 million tons are recycled. The rest,
roughly 164 million tons, ends up in incineration plants and landfills.
(The United States Enviromental Protection Agency 2014) This waste of
waste is at the same time a waste of natural resources, thinking alone of
the energy, water and other materials which were needed (and wasted) to
produce the discarded items from virgin resources. The production of a
plastic bag requires crude oil not only as the raw material but the same
quantity of oil to produce the energy needed for the production of the bag.
In total one kilogram of CO2 is emitted for the production of five averagesized plastic bags (Time for change. org 2009). Almost half of this amount
could be saved if we were to start recycling our plastic waste materials instead of locking them away or burn them to ashes, emitting even more carbon dioxide and toxic fumes. Numbers are even higher in other industries.
Recycling steel saves 75 % of energy compared to the process generating it
from scratch. And to produce 1 ton of paper, it needs 98 tons of natural resources. But still high amounts of paper waste end up as trash, even though
the recycling of the material is one of the easiest processes we know and
could be part of a circular understanding of the stock and flow of materials.
(Sarantis 2002)
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Circular Economy
What we describe today as a circular or metabolic economy has been
rooted for decades in the thinking of economists and surprisingly enough
also architects. In the USA, landscape architect John T. Lyle developed a
theoretical concept in the late 1970s in which communities are envisioned
to base their daily activities on living within the limits of available renewable resources without causing environmental degradation. His work
and visions, developed together with his students at Cal Poly Pomona
University, found widespread interest due to the studies of Walter R. Stahel,
co-founder of the Product-Life Institute in Geneva (and Graduate of the
Department of Architecture of the Federal Institute of Technology (ETH)
in Zürich in 1971). He was a pioneer in the field of sustainable thinking by
promoting the “service-life extension of goods” and one of the first to introduce the three R’s to product life cycles: Reuse, Repair, and Remanufacture
It is also Walter R. Stahel who is credited to have first coined the term
”cradle to cradle”, an expression later turned into a well-known principle
by the architect and former student of John T. Lyle, William McDonough.
Together with the German chemist Michael Braungart, the Cradle to Cradle
framework was developed to introduce the idea that all materials used in
the industrial and commercial production process should be acknowledged as constituents of a continual circular growing process. Imitating a
natural metabolic life cycle, the authors developed a model of a technical
metabolism of the flow of industrially produced materials. The key idea
is very obvious: products should be designed in such a way that they can
become part of a continuous recovery and reutilisation process. They act as
nutrients in a global metabolism, without ever being discarded as useless
and value-free substances. Following McDonough’s and Braungart’s argument, systems need to be installed that constantly recover the stored economic value and there ought to be a social responsibility to do so. Taking
natural processes as a model positions the Cradle to Cradle concept in the
vicinity of the principles of biomimicry. Here, nature is used as an ecological standard to measure the sustainability of our doing, in a concept that
does not ask what we can extract from our natural surroundings but how
we can learn from nature to turn the abundance of renewable energies into
a circular metabolism of growth and economic surplus – without wasting
or polluting a single element inside this system.

Fig. 03 Cradle to Cradle principle by William McDonough and Michael Braungart
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Fig. 04 UltraTouch Denim is an alternative insulation material produced out of wasted jeans material.
Dirk E. Hebel, Marta H. Wisniewska, Felix Heisel
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What a waste?
Waste, as we see it, can be defined as unwanted or undesired materials. These materials include man-made matters as well as natural ones. In
general, when we use the term “waste”, we refer to so-called solid waste in
contrast to waste that is produced in form of energy or radiation emitting
to the atmosphere or ground. We do include in our argument air-born particles as well as waste discharged in sewage systems, which could be transformed into new building substances. Yet what is waste to one person is not
waste to another, which makes the definition of the term highly complex.
It requires a careful and differentiated recognition of the enormous differences in various cultures and social perceptions. Victor Papanek, in his
book Design for the real world (Papanek 1971), refers to Frances Fitzgerald,
who wrote about different views that concern the theme of waste between
American troops and the native population in South-East Asia during the
Vietnam War: „...while they (the Americans) saw themselves as building
world order, many Vietnamese saw them merely as the producers of garbage from which they could build houses.” (Fitzgerald 1972)
“Desire”, contrariwise, describes a sense of longing for something,
which apparently is absent when we think of items which we do not want
around us anymore or which are useless or even nauseous to us. The definition of waste, therefore, includes emotions and feelings, which are not to
be measured in objective terms. Aesthetics and other senses play an important role and the sheer thought that something is made out of waste might
trigger negative emotions in various cultural groups. This fact makes it
hard to think of waste as a future building material. But in our view, waste,
in a prospective way, should count among the renewable resources of our
planet.

Waste and society
The science, which studies the question of trash composition is called
“garbology”. In many instances it overlaps with the discipline of archaeology when it comes to determine societal developments, use of different
materials and techniques, spiritual preferences, as well as nutrition compositions, which can all be traced through the analysis of the waste that
any civilization produced at a certain moment in time. Today, the rather
young discipline of garbology is used to assess solid waste and figure out
new ideas for waste management, since the formation of waste is changing radically. Urbanization and financial status of diverse societies tend to
determine the type of waste generated. As people grow wealthier and move
towards urban conglomerates, the percentage of inorganic substances in
their waste is increasing, while the organic substances count only for a decreasing share. In rural areas, by contrast, this biological and compostable
component still reaches up to 85 %, according to the Worldwatch Institute.
(Kumar 2012)
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Fig. 05 CRT Glass Tiles utilize glass from electronic waste

Fig. 06 Tuff Roof panels are produced 100% out of discarded Tetra Pack and other drinking cartons of similar materialization.
Dirk E. Hebel, Marta H. Wisniewska, Felix Heisel
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Fig. 07 StoneCycling uses a powerful blender to pulverize glass, concrete, bricks, and other rubble materials to bake new stone-like products out
of this powder without adding any other artificial binders.
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The challenge for our society is more and more how to minimize our
waste production of inorganic substances and how to convert the remaining – maybe unavoidable – waste into a resource. This is the essence when
we talk about a minimum or even zero-waste society, following the four R’s:
Reduce, Reuse, Recycle, and Recover. This hierarchy of waste management,
as it is often called, aims for a total circular metabolism in order to avoid
any disposal. In the past two decades, this thinking altered the behaviour
of younger generations in our society. It became for example fashionable
to buy accessories made out of reused truck canvases or other throw-outs.
While this trend aims mostly at the reuse of materials and products, it could
easily be up-scaled to apply also to the other three R’s, leading to a society
without waste production. A definition of such a zero waste philosophy
was developed by the Zero Waste International Alliance in 2004: “Zero
Waste is a goal that is ethical, economical, efficient and visionary, to guide
people in changing their lifestyles and practices to emulate sustainable natural cycles, where all discarded materials are designed to become resources
for others to use. Zero Waste means designing and managing products and
processes to systematically avoid and eliminate the volume and toxicity of
waste and materials, conserve and recover all resources, and not burn or
bury them. Implementing Zero Waste will eliminate all discharges to land,
water or air that are a threat to planetary, human, animal or plant health.”
(Zwia 2009)
This definition introduces a socially responsible alternative to the
present take-make-throw model. It puts not only the producer, but also the
consumer into an ethically active role to reuse waste products as a resource
and also to avoid waste production by an unsustainable lifestyle.

Urban Mining
Urban Mining is a rather young phenomenon, embracing the process
of reclaiming compounds and elements from wasted or at least undesired
products or buildings, which contain high levels of valuable materials. In
their text “Mine the City“, Ilka and Andreas Ruby describe the contemporary shifting awareness that raw materials are not to be found anymore in
a “natural” realm, but more and more in the “cultural” domain of buildings.
“The material resources of construction are becoming increasingly exhausted at the place of their natural origins, while inversely accumulating within
buildings. For example, today there is more copper to be found in buildings
than in earth. As mines become increasingly empty, our buildings become
mines in themselves.” (Ruby 2010) In their view, the city is to be seen as
a container of buildings and mines as the same time, much needed for its
own reproduction.
Thomas E. Graedel of the Yale School of Forestry and Environmental
Science combines his analysis of Urban Mining with the question of how
much energy can be saved by recycling the wasted materials found in landfills or buildings. For him, buildings do not only store the materials to be
recycled, but together with them a large amount of energy, which could
be reactivated. He argues that the reuse of aluminium, which could be
recycled from buildings needs only 5 % of the originally used energy for
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its production. „Aluminium is extensively employed in buildings, but it
does not remain permanently in place. Buildings are remodelled periodically, and even deconstructed, thereby freeing the aluminium for recycling.
Therefore, it is not inaccurate to regard this aluminium as ‘urban ore’ and
cities as ‘urban mines’.” (Graedel 2014)
Urban Mining demonstrates a potential and possibility of how waste
products can be resourced at the end of their first life span, when entering
a second or third, by being transformed, reshaped, remodelled, or reconfigured. But it also opens up the questions whether the consideration of the
waste state of a product should not become the starting point of its design
proper.

Building from Waste
The title of this research combines two terms which so far were understood as separated entities, one – the waste – usually being produced by
the other – the building –, either through the act of production, construction, application, inhabitation, transformation, adaptation, or demolition.
Following this logic, waste is a result of any human action and interaction,
bringing raw natural materials – understood so far as our sole form of resources – from one stage of being into another, by applying various forms of
skills and energy. In this sense, waste was seen for centuries as something
specific which neither belonged to the family of natural resources nor to
the one of finished products. Waste was a by-product, unable to be categorized in our dialectic understanding of raw vs. configured.
The research tries to unfold the possibility to understand waste as an
integral part of what we define as a resource. We would thereby acknowledge its capacity to figure as the required substance or matter from which
to construct or configure a new product. And at the same time, the product
could be seen as the supply source for other artefacts, after its first life span.
This metabolic thinking understands our built environment as an interim
stage of material storage, or to say it in the words of Mitchell Joachim: “The
future city makes no distinction between waste and supply.” (Joachim 2013)
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