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DefinitionofWaste

Compact Oxford English Dictionary
Waste: unusable or unwanted material; a large area of barren, uninhabited land; an act or
instance of acting (2010 a).
Cambridge dictionary
Waste: unwanted matter (2010 b)
Hyperdictionary
Waste: Any materials unused and rejected as worthless or unwanted (2008).
Drosscape
”Contemporary modes of industrial production driven by economical and consumerist
influences contribute to urbanization and the formation of waste landscape— meaning
actual waste (such as municipal waste, sewage, scrap metal, etc.), wasted places (such as
abandoned and/ or contaminated sites), or wasteful places (such as oversized parking lots or
duplicate big-box retail venues)” (Berger, 2006).

In this thesis, ‘waste’ refers to the ‘actual waste’ including solidwaste (also called ‘garbage’,
‘trash’ and ‘refuse’), wastewater and wasteheat.
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Introduction

Human have replaced nature’s endless cycling and recycling of materials and processes at
the core of the earth’s operating system, with an encompassing system of one way flows (Lyle
1994). This one way flow system directly causes a result that does not exist in natural systems:
waste. Waste causes environmental problems which remains an global issue. Most of the time
people consider pollution as most essential waste issue. However it is not the issue I am going
to address in this thesis. The Netherlands has good waste management and advanced waste
treatment technology. Following European Union’s legislation on waste collection, reuse, recycling
and disposal, waste does not cause big environmental problems (for instance pollution) in the
Netherlands. The country leads the way in Europe with a national recycling average of 64.4%
(2007b). However this good achievement doesn’t mean that we are in the perfect situation.
Confronting with depletion of resources, climate change and globalization we need to think how
waste affect our life, how to prevent waste and how use waste as a valuable resource— to change
futility to utility in an effective way.

Three issues we need to deal with
•

The mass productions of the industrial society require mass extractions of all kinds of
resources. However “human took substances from the Earth’s crust and concentrated,
altered, and synthesized them into vast quantities of material that can not safely returned
to soil” (Braungart and McDonough 2009). This process leads to the rapid depletion of
resources. A lot of minerals and nutrition get lost when the products reach their end of life
and become waste. Fossil fuel as the one of the most important resource for human society
is facing the same situation, and yet the energy demand is growing.

•

Every year we are discharging 10 billion tonnes of carbon into the atmosphere, only four
or five billion tonnes are reabsorbed into the ecosystem (Girardet and Mendonca 2009).
A large amount of carbon is created as waste gas in term of carbon dioxide from burning
fossil fuel in manufacturing or transportation. Now climate change becomes a more and
more serious threat all over the world. Reducing green house gas emission and waste heat
is pressing.

•

Globalization brings many useful and important things that enhance the quality of our life.
But we are depending on a fragile long chain supply with long transport distances and
complex manufacture processes taking place in different places. Vulnerability to the effects
of globalization is the dependency on forces which nobody and no single group is able to
control (Girardet and Mendonca 2009). And in another way the uniformed products bring
more unnecessary waste like packing paper and plastics to our life. It is the time to move
towards localization for more local supplies.

These three issues are all related to the topic of ‘waste’. Waste should be a concern of landscape
architects because the creation of the waste and the end result of waste treatment are tightly
related to landscape. Landscape architects and urban planners have addressed the waste issue
in their design. Most of them have worked on renovating damaged landscapes caused by waste.
For example the project to cleanup the toxic waste on Staten Island leads by James Corner; and
the domestic waste hill in Israel designed by Peter Latz. However not many landscape architects
have been thinking about the creation and utility of the waste which is equally important as cleanup
polluted site cause by waste.

The concept “waste = food” from the book ‘Cradle to cradle’ gives a new philosophical way of
thinking. They propose taking nature as a model for a new paradigm of production. Products
we produce would either of materials that biodegrade and become food for biological cycle, or
of technical materials that stay in closed technical cycle. This concept has been examined and
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is currently being used wildly, but so far mainly from manufacture aspect, and there is no clear
suggestion for how to use this concept to deal with existing waste. Moreover the new production
system they provided, which can shape our future completely different, cannot be applied
immediately. Complex changing processes are unavoidable for the transformation from the old
to the new system. Suggestions are not being given for the transformation processes. However
theory of “mimicking nature’s model to our environmental advantage” can be applied in landscape
design.

Recently some landscape architects examine the usage of waste for energy provision in their
project. In the chair group of landscape architecture the thesis report of Arjen Meeuwsen is
inspiring (Meeuwsen 2009). It touches the issue of using waste to produce energy, but more on a
conceptual level. The thesis report of Arjan Boekel and Kees Neven concerned waste as one of
the resources for renewable energy (Boekel and Neven 2008). Waste is utilized in different ways in
different scenarios for the planning. But this thesis research is more about using various renewable
energy resources in a regional plan, so there is not much have been done about how to deepen
the relationship between waste, energy and landscape. Outside the university, there is a whole
engineering discipline of waste-to-energy conversion, with many applications in various waste-toenergy plants. In addition, there are some projects concern waste-energy transitions, like eco-city
Dongtan in China and ‘Bio-energy village’ in Jühnde in Germany.
As a matter of fact waste has greater utilities then just energy provision. Reusing waste material
is seriously concerned and practiced by industrial society. Industrial ecology as a new field of
study emerged in recent years which link the waste material cycle and energy flow in industrial
consumption and production process. The article ‘Landscape of disassemble’ by Pierre Bélanger
demonstrates a new age in the field of global waste economy, the re-evaluation of the overlooked
relationship between industry, waste, and urbanism; and a survey of successful industrial
ecologies. The theory used for industry society could be implemented into the landscape design.

With a growing consensus of regarding waste as resources, we can see an opportunity of using
waste for building and strengthen the landscape. In this thesis design research I want to find
the interrelationship between landscape and waste. The aim is to show how to use waste for
energy provision and by reorganising landscape to increase the use of waste material for other
productions.
The area around Klazienaveen in the province of Drenthe has heterogeneous land use pattern.
It is also facing the problems of growing demand of energy and growing amount of waste. Waste
and energy issues need to be solved. More importantly the whole area needs to be considered
systematically. Accompanied with climate change, depletion of resources and globalization,
dynamic changes in future is unavoidable. These dynamic changes can be natural or social
disasters which seriously threat the development of the area. It is necessary to increase the ability
to handle the enforce changes. In other words, we need to enhance resilience of the area, and let
it have the ability to endure shocks from outside world, and repair rapidly from the shocks. In this
thesis I will focus on how to use the relationship between landscape and waste as driving force to
increase resilience.

As a landscape architecture student in Wageningen University we are taught to look outside the
‘box’ of our own study, and bring challenge to landscape designs. The design work is based on
three different facts of our field, being social and natural sciences combined with the artistic skills
of designers. (WUR landscape architecture group) As landscape architects we are not only looking
at the maximum outcome for maximum economical profit. We want to find an optimal solution
which brings no harm to the environment and impetus on sustainable development, moreover
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to let people more aware of the issues. By using Landscape Approach which is based on the
understanding of ecosystem processes and creative spatial thinking, landscape architects can
contribute towards sustainable and resilient landscape transformation (Stremke and Koh 2008).

The role of landscape architects in this thesis is to combine the theories and principles of other
disciplines into design, borrow the knowledge from waste management, industrial ecology and
cradle to cradle so as to emerge them with our academic knowledge. We also need to look at the
characteristics of the landscape and keep in mind the common value of the people in order to
avoid conflictions. In short we need to translate scientific argumentations, geographic information
and social value to spatial quality and, eventually, give a vision of how to transform the landscape.
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Methodology

1. The study area
The study area is in the province of Drenthe and the municipality of Emmen. The area is about
7400 hectares and it is divided by the motorway A37. The area has a heterogeneous land use
pattern which contains residential area, chemical industry, nature, greenhouse horticulture, and
arable land [Fig. 1].
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2. Problem definitions

Three global issues
• Climatechange,wastegasandheatarethecauses.
• Depletionofresourcesandpeakoil,illusionofinfinitywillnotlastlong
• Globalization,fragilelongchainsupplyandextrawaste

Problems and facts in the study area
• Growingdemandofenergy
• Growingamountofwaste
• Wastetreatmentcentralized
• Heterogeneouslandusepattern

3. Goals and aims
Both growing energy demand and waste have certain effects and bring spatial problems.
Confronted with climate change and depletion of resources and vulnerability of long chain
supply, the study area is facing dynamic changes in future. Those changes like extreme weather
conditions, energy crisis or shortage of food supply may threat survival. To increase resilience of
the study area is necessary.
There are many ways to build a resilient system. In this thesis research I will focus on how to use
interrelationship between waste and landscape as driving force for increasing resilience. The aim
is:
 Reorganise landscape to increasetheuse ofwastematerial (from one waste stream)
by 10percent for other productions.
 Use waste to provide 50percentofenergyfor the study area. So as to reduce
dependence on fossil fuels.
 To achieve 100percentcarbonneutral for the study area, this means zero CO2 emission
from the area.
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4.Research by design

4.1 Research questions
Mainquestion:
Howtodevelopamoreresilientsysteminthestudyareabyusingwastefor
energyprovision,andbyreorganisinglandscapetoincreasetheuseofwaste
materialforotherproductions?
Subquestions:
Because the research is aiming for development planning, energy production and waste treatment,
so there are several main stream of information and data need to be collected. To gain more
knowledge for the spatial planning of the study area several questions need to be answered.
Landscapeandwaste:
What is the interrelationship between waste and landscape?
What are the main waste streams of the area and how much is produced?
Energy:
What is the present energy demand, and how to estimate the future energy demand of the area?
Wasteandwastematerial:
What waste material can be reused locally?
How to reorganise landscape to increase the use of waste material, and how can that strengthen
the landscape?
What waste can be treated locally and how?
What is the outcome of the local treatment of certain waste?
Wasteandenergy:
How to use waste to provide energy?
How much energy can be provided from an amount of waste (of a certain waste stream), in what
way?

Combining all the questions above several questions will be asked:
 Howtousethewasteforenergyprovision?
 Howtoincreasetheuseofwastematerialthroughlandscapereorganization;and
howcanthatstrengthenthelandscape?
 Whatarethemainwastestreamsoftheareaandhowmuchisproduced?
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Resilientsystemandlandscape:
Any changes and development will have influence on the landscape. So if a new system is
designed, it should be visualized from the landscape.
How does a landscape look nice and attractive while it functions well in the new system?
How to make the system flexible to allow future innovation through new technology?

4.2 Research method
In order to let the thesis research go smoothly, a systematic method is needed. The research
progress is divided to four parts; each part has several steps and a main goal [Fig. 2]. All those
steps have a certain contribution on the process and most of them base on a cyclic approach. So
after a period of research I will look back to analyse the design or research I have done to rectify
mistakes, add more information or make clear directions for next steps.

Fig. 2.
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Research method

4.2.1 Preparation towards proposal:
Through personal interests a topic relating to ‘waste’ was found. I also want to explore more
knowledge about resilient system and energy landscapes. The subject has been narrowed down
through problem definitions.
The contribution of a landscape architect can be estimated. This thesis will open a discussion on
the interrelationship between waste and landscape. Waste being used to strengthen the landscape
is still quite new, an integrated landscape approach is needed. “Landscape Approach aims to alter
human environments in a way that facilitates natural processes in combination with technological
solutions” (Stremke and Koh 2008). By using holistic landscape designs to solve waste and energy
problems is the contribution of landscape architects.
Research questions are defined to guide research more specific, and point out what information
and data is necessary to be collected.

4.2.2 Searching guidance and collecting data:

This phase consists of four parts. Casestudy will give inspirations for design. Cases will
be from different fields including renewable energy landscapes, waste-energy transition in
landscape design, ‘zero waste’ cities and projects related to transition town and city about
building resilience. Example like:
• ‘Fossil fuel free city’ Växjö in Sweden. The municipality of the town established a
partnership with local firms, industries and transport companies to achieve this goal.
They created a policy commitment “Fossil Fuel Free Växjö” to stop using fossil fuels
and reduce CO2 emissions in heating, energy, transport, businesses and homes.
The city is now ahead of its goals in the majority of these commitments. 51% of its
energy comes from sources such as biomass, hydro power, geothermal and solar
energy (2009a).
• ‘Bio-energy village’ Jühnde in North Germany. The project demonstrates that rural
areas can become self-sufficient in energy, saving money and making excellent use
of organic by-products (Girardet and Mendonca 2009).
• City of Kawasaki in Japan under the program ‘Eco Towns’ is encouraged to let
communities and industries to work together – making them responsible for
recycling their waste between each other. The programme is based on the “zero
waste” concept and is figuratively deduced from the natural food chain where
nothing is wasted as waste products and organisms become essential sources
of nutrients for other organisms. ‘Eco Towns’ is aiming at recycling waste that is
generated in an industrial sector or in households and reuse it in another sector as
material (2009b).
• ‘Transition town’ Totnes working together with communities to transform the town
from present oil dependence system to a resilient system which could face the twin
threats of peak oil and climate change (Hopkins 2008).
Literaturestudy is the backbone of the research; it provides core theories to support
the research and design. This thesis is related to the topic of ‘waste’, which not many
landscape architects are familiar with. So I will separate the literature study about waste
from the literature study about landscape architecture. More specific questions will be
asked about waste related to energy, and material recycles. With the literature study I
can summarize a guideline for design concept or principles for design. Datacollection
andlandscapeanalysis are preparations for site analysis. Data collection is to gather
information of the study area about geography, waste, energy and etc. Landscape
analysis includes landscape structures, history study. The qualities and non-qualities of the
landscape will be showed during the research. This will give constrains to the design but
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also offer opportunities for creative solutions.
These four research steps will not be done simultaneously. They can support and inspire
each other. All these steps can push research to the next phase.
4.2.3 Implementing theories into design:
The theory researches of the previous step will be translated into a concept of design. But it will not
start after all the theories and data are collected. The first sketches can be made during the second
phase, and this concept will be growing and modified all the time. Eventually several designs will
be made (with uncertain future changes, different scenarios applying to different models).
4.2.4 Finalize research by design:
In this phase I will analyse the design and theoretical findings and give conclusions about the
process and result. An overview of the research methodology will be given, research questions
will be answered. The summary of the whole research will be written as thesis report and the
final vision of the designs (scale 1:10000) will be included as well as detailed designs, photoshop
collages and hand sketches.

5. Supervision
This thesis is supervised by Sven Stremke (primary), and Rudi van Etteger (secondary) from the
Landscape Architecture chair group. Ljiljana Rodic from Environmental Technology chair group is
the tutor. She helped with problems concerning waste and waste management.
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3

Threeglobalissuesandwaste
Climate change is a putative global problem. Anthropogenic greenhouse gas as the waste
production of industrial society, is the main cause of climate change.
While much of the earth’s resources are getting depleted, waste with valuable materials is left
behind as ‘useless’ and ‘unwanted’. The ‘one way flow’ system out of industrial society is the cause
of resource depletion.
Globalization is an un-reversible global trend. The problem of globalization is that we are heavily
depending on forces that no body and no single group can control. Besides, more waste is
generated and more energy is consumed because due to long transport distances.
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Climate change & waste gas emission
Universal consensus
During recent years climate change has shifted from an unappealing topic towards mainstream.
Governmental, public and private organizations are taking measures to deal with this global threat.
There are many models about climate change which try to foresee the consequences in future.
And yet, “climate change is happening faster than most models are able to keep up with. Models
are constantly being revised and updated as the scale of this challenge becomes apparent.”
(Hopkins, 2008). Though single data may change, consensus of definition of climate change has
been achieved.
Climate change is a massive problem. We know that climate change has consequences for rising
air and water temperature, widespread melting of snow and ice and rising global average sea
level (Intergovernmental Panel on Climate, 2007). Low laying counties like the Netherlands are
facing a heavy threat. Many natural systems and most oceans are being affected by regional
climate change. More and more extreme weather may come and would influence many aspects of
people’s life, like agriculture, manufacture and transportation etc.
Greenhouse gas & greenhouse effect
The greenhouse effect is not a human invention. Without it, no life would exist on this planet. As
a matter of fact, CO2 is only a small part of the overall atmosphere around us that is measured in
parts per million (ppm). Normally the amount is so insignificant that it is hardly worth bothering.
Carbon levels have risen significantly from 278 ppm in pre-industrial time to 385 ppm in 2007.
The incessant and ever-growing amount of carbon dioxide, small amount as it may be, is badly
disrupting the balance of the planetary climate. The rise of carbon dioxide concentrations has lead
to a rise of global average temperature by 0.8 °C above pre-industrial level (Hopkins, 2008).
Carbon dioxide: the waste product of industrial society
The creation of anthropogenic greenhouse gases (GHG) has many causes, for example: change
in land use, deforestation, intensive farming and drying out of wetland. And yet, the biggest
contributor is the combustion of fossil fuels [Fig. 3]. When we think about waste, we automatically
think about ‘solid waste’ like plastics and paper, whereas carbon dioxide is one of the biggest
waste products of industrial society. We can’t see it, but it is continuously being emitted into the
atmosphere.
“In resent years GHG emissions as well as GHG concentrations, have increased even in worstcase scenarios drawn up by IPCC researcher” (Girardet and Mendonca, 2009). Governments and
corporations are falling over each other in the urge to become ‘carbon neutral’. Meanwhile we still
need to deal with the continuous discharge of greenhouse gases across the world. In this context
Carbon Capture and Storage (CCS), has become a favorable intermediate technical option. The
idea is to capture and store the CO2 from fossil fuel burning within earth’s crust. Though it may
sound promising, potential external environmental effects is far from enough. Technically CO2
capture is very complex, and yet security of the storage is under question. Around the world a
number of engineers are trying to develop CCS technology. However, no single full-scale pilot
project has started recently (Girardet and Mendonca, 2009). Here we have to ask: is technology a
long lasting and cost-effect solution for the future? Simply to ‘hide’ the waste gases under the earth
is not a long term solution.
One of the efficient ways to reduce greenhouse gas is to use the waste gas. For example, because
carbon dioxide is used by plants during photosynthesis; CO2 can contribute to food production
in greenhouses. In the current situation, many greenhouses are still burning natural gas to get
enough CO2 (den Braber, 2009). If CO2 emitted from factories, for example, can be guided to
greenhouses, it can help to reduce CO2 emission as well as fossil fuel consumption. CO2 can also
be used to grow algae to provide bio-energy.
Fig. 3.

Global anthropogenic GHG emissionsResearch

21

Resource depletion & waste generation
The mass production of industrial society requires mass excavation of all kinds of resources.
But after we concentrate and alter the materials into various products, we use the products and
throw them away. Large quantities of materials can’t be returned to earth again. As a result of an
increasing demand of raw materials, it’s not surprising that after two hundred years of intensive
extraction, our resources are getting depleted.

Fig. 4.

Estimated metal depletion

There is no putative data about how long different resources will be available for human use.
Natural gas, for example, is estimated by the ratio of proven natural gas reserves to the current
consumption rate. According to the Energy Information Agency, in 2005 the world had about
60 years of natural gas left (2009c), and maybe there is enough coal for at least 200 years.
The American Petroleum Institute estimated in 1999 the world’s oil supply would be depleted
between 2062 and 2094, estimating total world oil reserves at between 1.4 and 2 trillion barrels
and consumption at 80 million barrels per day. A study published in the journal Energy Policy by
researcher from Oxford University, predicted demand would surpass supply by 2015 (Owen et al.).
Though some of the data is controversial, it is now clear that at least 60 out of 98 oil-producing
nations of the world are having a declining of oil production (Hopkins, 2008).
More important is the fact that, energy resources are not the only ones getting depleted. Some
scholars point out that measures also need to be taken for consumption of metals like copper and
zinc due to the exclusive use of raw material and low recovery rate in manufacturing process. If no
actions will be taken, it will not last long before these metals will get depleted [Fig. 4].
Other risks, like running out of artificial phosphorus fertilizer (a crucial nutrient for agriculture), are
also pointed out by scholars. This finite resource cannot be replaced by another nutrient. Little is
known about the distribution of global food production and consumption when phosphorus would
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be short in supply. But it is likely to be fierce, because of the fundamental importance of this
element in plant production (Smit et al., 2009).
”Throughout the 20th century consumption, the throughput of the one-way flow, become
increasingly concentrated in large cities, demanding ever increasing volumes of material from the
sources” (Lyle, 1994). This ‘one way flow’ process, which emphasize on making products fast and
getting them to customers quickly and cheap without thinking about much else (Braungart and
McDonough, 2009). The end products of the linear process are what we call ‘waste’. If we don’t do
more than just burn and landfill this waste, the day all resources get depleted is inevitable. It is very
important to reuse and recycle material for the sake saving precious resources. Waste contains
various materials. Good use of waste can largely reduce the demand of raw materials, and reduce
damage to the environment.
The Netherlands has good waste management and advanced waste treatment technology.
Following European Union’s legislation, the country leads the way in Europe with a national
recycling average of 64.4%. However this good achievement doesn’t mean they are in a perfect
situation. Of the total waste stream around 40% is still not separated, resulting in an unusable
mixture which is burned in incinerator for heat and electricity production. Though energy recovery
increases the use of waste, the materials still get lost and can never be recovered again. Much
of the non-separated waste contains organic and packaging waste, which could be turned into
fertilizer and new products.
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Fig. 5.

Globalization, fragile long chain supply

Globalization
The last few decades have been characterized by economic globalization resulting in an evergreater expansion of worldwide trade (Girardet and Mendonca, 2009). A growing number of writers
now argue that the decline in availability of liquid fuels and their rising price will inevitable lead to
the local scale (Hopkins, 2008).
We do benefit from globalization. It creates many useful and important things to enhance quality
of life, it speeds up the exchange of new sciences and technologies, and it connects many parts
of world in many ways and different levels. It becomes so powerful that a change of one part will
influence the other. This ever greater expansion of world wide trade increases the dependency on
forces which nobody and no single group is able to control. Vulnerability to effects of globalization
is not restricted to developing countries. In many developed countries cities and towns are heavily
depending on long chain food supply and centralized energy supply. They require elaborate
infrastructure, as well as regional and global transport systems to take goods and materials in
and out of cities and towns. For instance, Japan, the world’s second largest economy, imports
78 percent of its energy, 60 percent of its food and 82 percent of its timber from other countries.
England pioneered in the long-distance import of food, spices, tea, coffee and timber. It ‘grew’ a
global hinterland (Girardet, 2004).

Fig. 6.
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Globalization, extra waste

Fragile long chain supply
We can imagine that if something in the long-chain supply would go wrong, cities and regions
which are heavily dependent on this supply would be hit severely. If these cities and regions would
be cut off from supplies, lives would be threatened. The danger of this long chain supply is that
when something goes wrong, especially the energy supply, the impact will go much faster, much
wider and much more severe [Fig. 5].
More energy input
People nowadays are very much used to consume food and other products form regions and
countries far away. They hardly aware of the products’ origins and energy expended in processing
and transporting to our homes. Our food production and distribution system as a whole uses 1015 calories of energy for every calorie of energy food produced. For example, a mango from India
to west Europe will consume several hundreds times as much energy as the calories it actually
contains. Fish caught by modern trawling requires around hundred times as much energy as the
calories contained in the fish (Girardet, 2004).
Extra waste being generated
The long chain supply also brings unnecessary waste to our life. Because of the long transport
distances and complex manufacturing processes are done in different places lots of the packages,
which made of paper, plastic and other materials are needed to preserve the products. These
packages will eventually end up in the waste stream. The Netherlands is one of the countries to
generate most of the packing waste in Europe next to Ireland, France, Italy and Luxembourg. In
average each person in the country generates around 200 kilograms of packaging waste per year
(EUROSTAT) [Fig. 6].
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Theoriesconcerningwaste
In recent year years, people start to look at waste from a different point of view. The natural
system, in which no waste exists, is studied and used as a paradigm for the man-made system.
There is also a growing consensus regarding waste as resource. Landscape architects can use
concept like ‘waste= food’, and method like ‘system analysis’ to study and analyse the landscape
system.
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Cradle to cradle
Cradle to cradle is a manifesto calling for a transformation of industry through ecologically
intelligent design. It pointed at the present linear industrial system that ‘takes, makes and wastes’ is
conflicting with natural, ecological system. It models human industry on natural processes in which
materials are viewed as nutrients circulating in healthy and safe metabolisms.
Nature as model
There are many driving forces to make industry less destructive. Many movements about reducing,
reusing and recycling. But reduction of raw materials and producing waste does not halt depletion
of the earth recourses and destruction of the environment. It only slows down the process of
depletion, allowing people to take longer time to face consequences. To avoid, hide or simply to
be ‘less bad’ proves to be a fairly unappealing option. Searching for real solution, we should learn
from nature. The cherry tree brings a good example. Blossoms of the tree provide energy and
materials for other organisms, which actually are essential for its own success in the ecosystem.
Because a tree is not an isolated entity cut off from the system around it. “It is inextricably and
productively engaged with them.” Nature is a good paradigm of being cooperative and productive,
unlike human society of being competitive and reductive.
The paradigm of nature provides a direction of considering landscape as a holistic system.
However in many parts of the world landscapes are fragmented. Man-made landscapes are built
for human’s immediate need instead of long term benefit for the environment. Each function in the
man-made landscape is working by itself or even competing with others instead of supporting each
other. As landscape architects we can improve or change the situation by viewing landscape as a
holistic system, and we should not forget that complexity exists in all processes at all levels.
Waste equals food
Waste does not exist in the nature. Everything can be used and everything is part of the
metabolism. However most of our modern man-made systems are no longer designed to be part
of the natural metabolism. Today, with our growing knowledge of the living earth, design can reflect
a new spirit. Designers can employ the intelligence of natural systems and create a technical
metabolism next to biological metabolism. All materials used in industrial or commercial processes
should become nutrients of biological cycles or technical cycles.
‘Waste equals food’ is the one of the most profound theories. The notion that waste should not
exist according to nature’s never ending recycling system. Learning from nature, and nature’s
circular system is the beginning of a new industrial era. As landscape architects, we can also be
inspired by this paradigm. By looking deep into the functions and systems of the landscape, we
can help the landscape to recover from an unhealthy and linear metabolism to a healthy circular
metabolism.
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Industrial ecology
Industrial ecology is the study of physical, chemical, and biological interactions and
interrelationships both within and between the industrial and ecological system. The goal of
industrial ecology is to change the linear industrial system, in which raw materials are used
and waste is produced, to a cyclic system where waste is reused as energy or raw material for
other products or processes (Garner and Keoleian, 1995). The strategy of industrial ecology is
to reduce the amount of waste material and waste energy that is emitted from industrial system,
subsequently impacting ecological systems. The challenge of industrial ecology is to reduce the
overall environmental impact and provides some service to society (Garner and Keoleian, 1995)
Systems analysis
Industrial processes have benefited society, but they are also the sources of problems, like
depletion of fossil fuels and lacking of capacity in waste disposal sites (Jelinski et al., 1992).
Critical to industrial ecology is the systematic view of relationships between human activities and
environmental problems. “Industrial ecology is a higher order of a system approach to fram the
interaction between industrial and ecological systems” (Garner and Keoleian, 1995).
Material and energy flows
A primary concept of industrial ecology is the study of material and energy flows and their
transformation into products, by-products and waste throughout industrial systems. The
consumption of resources is inventoried along with environmental releases to air, water, land and
biota.
Mimic natural system
The natural system has evolved over many millions of years from a linear (open) system to a
cyclical (closed) system, which has a dynamic equilibrium between organisms, plants, and the
various biological, physical, and chemical processes in nature (Garner and Keoleian, 1995). Some
scholars studied the similarities and difference of natural and present industrial systems. They
hypothesized that industry and society would benefit from exploiting these natural principles.
Generally speaking, both natural and industrial systems have processes and flows of matter
and energy between compartments. The industrial society is less complex and less diverse that
natural system. Industrial society in general has linear flow of material, and using un- renewable
energy, like fossil fuels; natural system is cyclical system and only using solar energy. Industry
is less numerous in terms of compartments. Nature seems to evolve into increased numbers
of components, and at the same time tends to provide more equal and improved distribution of
benefits. Industrial system is driven by intermediate and low exergy resources and produce and
accumulated a wide diversity of material wastes; natural system is driven by high exergy, low
entropy resources and work with almost no waste (Nielsen, 2007).
Many researches have been done on industrial ecology, and each of them has a different focus.
As landscape architects, we can learn its systematic approach. By comparing the natural system
and man-made landscape system, and by studying inter-relationships between each component,
we can adjust the man-made system according to the nature’s paradigm. We should use more
renewable energy and find ways to reduce the amount of waste. To study the material and energy
flow of a certain landscape will help to indicate whether the landscape is sustainable or not. And
we can see if the landscape needs to be restored, improved, or changed to increase sustainability;
to reduce negative environmental impact.
Utilizing waste
The vision of industrial ecology has emerged mainly on the basis of using waste as a resource, or
creating a value for previously unused waste. In this way mimic the closed loop system of nature
in the industrial ecosystem. Waste, to be used as energy resource, has less greenhouse gas
emission than fossil fuels, can also reduce the need for incinerators and landfills. It is important to
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note that the kind of waste utilized in the industrial ecosystem vision is only one of the many ways
to practice industrial ecology (Niutanen and Korhonen, 2003).

Permaculture
Permaculture is about designing human settlement, mirroring the natural ecosystems in their
diversity and production. Permaculture designs endeavor to integrate all components of the
ecosystem in a holistic approach to sustainable living and practice (Mars, 2003).
Permaculture is a land use and community building movement which strives for the harmonious
integration of human dwellings, microclimate, annual and perennial plants, animals, soils, and
water into stable, productive communities. A truly successful design creates a self-managed
system. Different than industrial ecology, permaculture is aiming to prevent waste to get out from
the system, no pollution will be caused. To keep energy in the system other than transmitting it.
A very valuable design concept of permaculture is how to place the elements of the system in
the landscape to let all of them function well and for each other, rather then focusing on the
elements themselves. This concept can be very useful and inspiring for landscape architects. For
example, land-use is the display of a certain function, and result from many forces, e.g. geological
background, human invention, policy, etc. So, in order to understand a landscape, relations of the
components should be studied, rather than just look at each single ones. By understanding the
landscape, a cooperative and comprehensive system can be built.
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Fig. 7.
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Photo by April Sampson-Kelly of Permaculture. VisionsMature species on a keyline
irrigation channel, 'Orana' Farm Temperate Victoria, Austral

Summarize three theories
If we look back to these three theories, all of them have distinct ideas about waste. And yet,
several comparable concepts can be drawn.
Studying the system
Waste is not an isolated object. To tackle the problem of waste, the system which created it needs
to be studied. All three theories are more or less about designing a system; a natural eco-system
as the most equilibrium system, is the paradigm of all of them.
For landscape architects, studying the landscape’s system and the processes in the system is
important. Landscape can be seen as a mirror of defined processes and subsystem that steer land
use including cultural values, politics, economics, and ecological opportunities and restrictions
(Duchhart, 2007). To study the landscape system, we need to know the material and energy flows
in the system. These flows influence or determine the function and inter-relationship of all the
components. By comparing the man-made system and natural system, we may find out where
the problem is laying, whether new functions are needed to adjust the system, and what are the
constraints and opportunities of changing a system. By learning the natural system, we know that
a harmony, sustainable landscape has all functions cooperating to each other, each component
works efficiently and effectively in the system.
Resource value of waste
Looking at the resource value of the waste is also shared by all three theories. In some extends
the traditional meaning of ‘waste’ (‘useless’ or ‘dumped’) is disappearing. By designing or changing
the system, the output of one component becomes the input of the other. Waste, as resource,
becomes the nutrient for flora and fauna in the biological world, and it becomes the new material
for technological cycles.
Waste is a part of the total landscape system, especially man-made landscape system. If
landscape architects can see the resource value of waste, the ‘worthless’ waste may help to
strengthen the landscape. If landscape architects start to consider the resource value of the waste,
we may change futility (waste) to utility (resource) and embody the process to a spatial context; we
may find another way to develop a sustainable landscape, and diminish negative environmental
impacts caused by human activities.
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Wastemanagementhistory
Waste management is a system comprised of regulatory, administrative, market, technology,
and social subcomponents (Wilson, 2007). It is a complete domain with a long history. To learn
the basics of waste management and technology can help landscape architects see what has
been done, and in which process designers can be involved. Only by studying the context of the
historical development, some understanding of the process can be achieved.
Throughout the time, waste has always been a part of our life. From the waste management point
of view, there have been different driving forces to stimulate the development of technology and
management systems. Due to historical context and economical level, driving forces and waste
management development can be very different from place to place. So in this part, the description
is mostly about western countries, to be specific: western European countries.
To separate the part from before 1970s to after 1970s is because that this period was a turning
point in the history of waste management. Waste disposal finally came onto the political agenda in
the developed world with the emergence of environmental awareness as a key drive.

Before 1000 AD
In Romans time, there was no organized system of waste removal. Disposal and waste
accumulated in the streets and around the town and villages (Wilson, 1976).
1000 -1800
During the middle Ages, city streets were covered with foul-smelling mud — soil compost,
household waste, human and animal excrement and stagnant water. Many attempts were made on
the countryside to clean up. In England, ‘rakers’ were periodically employed to remove waste from
street (Girling, 2005). There was however one fairly constant drive: resource was relatively scarce.
Most of the ‘consumer’ items were repaired and reused rather than entering the waste stream.
Human and animal waste was often applied to land as fertilizer. In some cases, waste was used as
fuel for indoor burner or outdoor bonfires (Louis, 2004).
1800-1850
In the beginning of the 19th century, resource value of waste began to provide a much more
systematic drive, especially in England. The industrial revolution and rapid urban expansion led to
an excess in demand for bricks for building, for which municipal waste became an important raw
material. The waste was taken to a network of dust-yards across London, where a small army of
workers were employed to sift through the waste, separating coal, breeze, or ‘soil’ to be used as
fertilizer or in brick making, and a whole range of sellable materials. This ‘soil’ seems to have been
traded internationally, even reaching Moscow (Wilson, 2007).
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Fig. 8.

Waste management history before the 1970s

1850-1900
The public health and sanitation movement was a new drive in this period (Wilson, 2007).
Epidemics, and the fear they engendered in the public, played a significant role in rising awareness
about public health and the need for organized municipal sanitation services (Louis, 2004). Public
pressure for a change stimulated the development of organized municipal sanitation services.
Effects to construct water and sewage networks were well under way by the 1870s (Louis, 2004).
1900- 1970
Public health continued to be a main drive, with the focus on collecting — getting the waste ‘out
from the underfoot’. Services were generally provided directly by municipalities. Municipal recycling
centers were gradually established in big cities. Systematic processes were applied, including
street cleaning, source separation, waste collection, transportation, resource recovery and
disposal.
At the same time the scientific development of bacteriology led to the establishment of municipal
waste collection and disposal as an field of responsibility outside of the health department (Louis,
2004).
Before the First World War, Industrial Revolution drove economy growing rapidly. This also led to
a growth in population, automobile, chemical and electrical industries. Accompanying this growth
was an increase in the amount of municipal waste generated (Louis, 2004). One estimate put the
increase in generation rate of waste in between 1920 and 1970 at five times the rate of population
growth (Melosi, 1981). Though during the wars, because of resource scarcity, recycling rate
became higher. At the end of the wars, the need for recycling was de-emphasized.
Technological innovation, like organized incineration and sanitary landfill, also stimulated the
development of municipal solid waste management. However disposal was largely uncontrolled,
either by dumping on land or by burning. Energy generation was common in Europe, but air
pollution control was not on the agenda (Girling, 2005).
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Fig. 9.
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Waste management history after the 1970s

After 1970
Waste disposal finally came onto the political agenda in the developed world in late 1960s or
1970s. Environmental protection was a key drive.
Environmental protection
Environmental protection was the initial drive for phasing out uncontrolled disposal. This was
followed by an emphasis on technical standards, focusing initially on the leachate and gas control
from landfill, and reducing dioxin and other trace gas levels from incineration, but now also
including odour control for anaerobic digestion and in-vessel composting facilities (Wilson, 2007).
A more recent environmental drive has been climate change, leading both to a move away from
landfill of biodegradable wastes (a major source of methane emission) towards a renewed focus on
energy recovery from waste.
Resource value
An important drive in Europe has been the ‘waste hierarchy’, which was first introduced in 1977 in
the EU’s Second Environment Action Program. It calls for a move away from disposal towards the
more sustainable options of reduction, reuse, recycling and energy recovery (Wilson, 2007).
Recycling rates in Western Europe had generally dropped from high levels in the nineteenth
century to single figures in percentage terms by the 1970s, but have now been rebuilt to level 25%
or higher, often driven by statutory targets rather than by resource value. For example, recycling is
practiced because it is the right thing to do, but not because the value of the recovered materials.
The waste hierarchy can also be seen as a ‘historical’ first step towards moving away from the
‘end of pipe’ concept of ‘waste management’, towards the more integrated concept of ‘resource
management’. This emerging drive is termed here ‘closing the loop’; a focus on ‘decoupling’ waste
growth from economic growth; and a shift of emphasis upstream to product design (Wilson, 2007).
Public awareness
Public awareness is also an important drive. The move towards better resource management,
including more repair and reuse, higher recycling and more home composting etc. All of them
require behavior change, which has become an active area for applied research (Sharp, 2006).
Institutional and responsibility issues
A key international drive that emerged at this time is the concept of extended producer
responsibility. This involves producers taking more responsibility for managing the environmental
impact of their products throughout the products’ life. In particular raking responsibility for the
collecting, recycling and safe disposal of their products at the end of their working lives (Wilson,
2007).
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Wasteinthehandsofartistsand
architects
Waste and art
Waste is not only a concern of waste management and technology scientists. In recent decades
with the rising awareness of environmental problems, artists created many inspiring art pieces to
educate people. Waste materials in combination with rich imagination are used to make fine pieces
of art [Fig. 10].
Different than scientists, artists most of the times do not have the intention to solve real problems,
but by addressing the issue in their work, they bring information to public from their own
understanding. Landscape architects are often inspired by artists. Though landscape design is
aiming at real problems, quite often also bring information to people. By giving different identity,
structure and meaning to landscape, designs may also influence the opinion and behavior of
people towards environment.

Fig. 10. Art made from waste materials

36

Landscape architects and waste issue
The waste issue has always been a concern for landscape architects and urban designers. Many
designers who worked on renovating damaged landscape caused by waste, like the domestic
waste hill in Israel designed by Peter Latz, or the project to clean up toxic waste on Staten Island
by James Corner. Concepts like ‘bio-shelter’ and ‘living machine’ by John Todd were developed to
treat organic waste and waste water.
There are also designers who start to look at waste from a social and economical point of view.
For example, the article “Landscape of disassemble” by Pierre Bélanger, which demonstrates
a new age in the field of global waste economy, the re-evaluation of the overlooked relationship
between industry, waste, and urbanism (Bélanger, 2007). Some students of Wageningen University
examined how to use waste for energy provision in their thesis for regional development.
Waste is created by the man-made system. This ‘one way flow’ man-made system has been
changing the landscape immensely since Industrial Revolution. Waste is not included in ‘normal’
landscape elements, i.e. trees, rivers, farmlands and buildings. Waste is normally concerned as
unattractive object, so it can not be literally put into the design. When landscape architects are
considering waste, the system which creates the waste needs to be studied. “Landscape can
be seen as a system, a web of structural elements of interconnected biological and geological
systems”. Designing is a logical process. As designers, our function is to analyse the complex
interconnected biological and geological system, to see which processes or functions are causing
the problem. Then we will balance the system by directing functions into spatial forms (Duchhart,
2007). We can use our knowledge to adjust the landscape system, to let landscape become less
wasteful and more productive.
Limitation to landscape architects on waste issue is that we can only follow existing technologies.
We can borrow the knowledge from other professions to select appropriate tools for our design
process. Most of the times we cannot get the complete image of other professions, so we might
miss some important tools. If this can be overcome by multi-disciplinary cooperation, another
barrier lays in the scope of our profession. Our design discipline is ordering space and directing
landscape processes. Much waste does not involve into the landscape processes, i.e. plastic,
glass, and tin can. From factories that create the objects, to consumers, to waste disposal
sites. These plastic packages and glass bottles are going through a purely industrial system. As
landscape architects, we can not do much about those kinds of waste in the present situation.
Some waste does involve, or can be involved into landscape processes. Most of it is biodegradable waste like food and garden waste and wastewater of municipal waste, manure and
plant residues from agriculture. Nevertheless, they have a high proportion from each source
(municipality, agriculture and industry) [Fig. 11]. To involve waste into landscape processes,
landscape architects can use small-scaled decentralized treatments, and natural processes.
For example constructed wetland [Fig. 12]and helofytenfilter [Fig. 13] can treat wastewater;
organic waste can be treated in anaerobic digestion plants [Fig. 14]and pyrolysis plants [Fig. 15].
For landscape architects, these technologies are the tools for landscape design, as well as the
knowledge we gain from waste management and theories like ‘cradle to cradle’, ‘industrial ecology’
and ‘permaculture’. But what we also keep in mind is the landscape process, and if functions in
the system will work harmonious together. Eventually, by using those tools while emerging to our
academic knowledge, a vision of how landscape is transformed can be given.
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Fig. 11. Waste sources and types
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Fig. 12. Constructed wetland

Fig. 13. Helophytenfilter

Fig. 14. Anaerobic digestion plan

Fig. 15. Pyrolysis plant
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Thestudyarea

Fig. 16. Historical map 1850
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History and challenges of the study area
In the end of the Ice age, ice started to melt. The river ‘Hunze’ which flowing through the
municipality of Emmen grow wider. It created a 6 kilometers wide ‘Hunze valley’ and cut out the top
layer of boulder clay. This created good conditions for peat to grow.
The peat in the Hunze valley was a part of the Bourtangermoor. Bourtangermoor was an area
about 50,000 hectares big. It was one of the biggest peat area of North west Europe.
Until half way the 19th century there was not much development in the area. South east Drenthe
was the only untouched high peat area in the North of the Netherlands. Around the1850s,
systematic peat excavation started in the study area. People form the west bought big areas,
started companies for peat digging.
The top layer of peat , was used to mix with sand to become fertile arable soil. Other part of the
peat, known as ‘turf’, was used as fuel to burn. The cut out peat was put out to dry on higher
ground for three or four weeks, then turned and put into low walls. After the turf had been dried,
most of it was sold to cities in the west. Canals were dug to transporting the turf. Ribbon villages,
like Klazienaveen, started to grow alongside the canal.
Because of the turf digging business, the area changed significantly during the second half of the
19th century. Though some other peat areas were reclaimed during several centuries, biggest part
of the peat in this area disappeared in less than 100 years.
At the start of these developments in 1850, the area was inhabitant by only a few thousand people.
However, in 1940s only Emmen already had 50,000 inhabitants. The turf excavation had its high
tide in between 1880 and 1920. Due to the reduction of stone coal production in Germany, the
First World War was a golden age for this area. Many poor people from cities in west moved to this
area to dig turf and change the ‘wild land’ to forest and agriculture. But in 1920s, this flourishing
time suddenly ended. Stone coal replaced turf, and the area got into a deep crisis which lasted
until the Second World War. Thousands of turf diggers became unemployed and lived under very
poor conditions. After the Second World War, turf excavation stopped permanently (Foorthuis et al.,
2002).

Fig. 17. Turf digging activities
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Fig. 18. Historical map of 1900
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Nowadays, the area is still relatively poor. 50% of the people in the area have low income. The
average income of the area is lower than the average of the Netherlands, and there is a higher
unemployment rate (CBS, 2010).

Fig. 19. Klazienaveen, Hoogeveensevaart 1920
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Need for extra water storage,especially in summer

Fig. 20. Bargerveen peat area
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Sandy soil difficult to keep water

Fig. 21. Arable land Amsterdamsche Veld
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Fig. 22. Former peat digger's farm
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Fig. 23. Ribbon village along the canal
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Large quantities of emission: CO2 and heat

Fig. 24. Norit chemical factory
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Expansion of greenhouse area leads to higher energy demand

Fig. 25. Greenhouses north of Klazienaveen
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Buildingaresilientlandscape

The study area demands an increase of resilience. The high unemployment rate calls for an
economical impulse. Further, confronted with climate change, depletion of resources and
vulnerability of long chain supply, the study area is facing dynamic changes in future. Those
changes like extreme weather conditions, energy crisis or shortage of food supply may threat
survival of people.
“The concept of resilience is one of the most important research topics in the context of achieving
sustainability” (Brand and Jax 2007). The term resilience originally came from domains of
engineering and ecology. From ecological science point of view, resilience can be defined as the
capacity of a system to experience shocks while retaining essentially the same function, structure,
feedbacks, and therefore identity. Nowadays this concept has been used by various scientific
disciplines, like economics, social science as well as planning and landscape design (Brand and
Jax 2007). In the book ‘Design for ecological democracy’ Hester thinks that design with nature is
the basis of resilience, and resilient urbanity has the internal ability to persist – to recover easily
without significant loss (Hester, 2006).
In this thesis, resilience means the ability to deal with external shocks and enforced changes. In
other words, the ability of a city or an area to retain the essence of its form even after it has been
deformed (Hester 2006). Fluctuations caused by climate change, depletion of resources and
globalization will definitely alter the structure of the study area in some way in future. Enhance
resilience will make the area healthier and capable to handle the shocks form outside world.
There are three important features that are essential to a system’s ability to reorganize itself after
shocks. They are:

• Self- reliance
• Diversity
• Tightness of feedback
A self-reliant system is a system which has its own food, energy and water supply. This
disconnects us from the uncontrolled forces brought by globalization. Being self-reliant is more
than retaining or providing resources, it is also a positive interaction and co-operation between
components of the system. A self-reliant landscape should be a productive landscape, no matter
from food or energy point of view. It has a closed or nearly closed water cycle.

Diversity relates to the number of elements that comprise a particular system. The resilience of
a system comes not only from the number of species that make up that diversity, but also from
the number of connections between them. Diversity of land use like farmland, market garden,
aquaculture, orchard, and so on, are the key to resilience of the settlement (Hopkins, 2008).
Another meaning of diversity is that of diversity between system components. For example, some
functions may normally rely on one energy resource, i.e. electricity. But when it is necessary,
these functions can also change to use another energy resource, i.e. biogas. An efficient energy
converting sub-system should be built to switch connections between components easily. Another
example can be to introduce different scales, types or models of agriculture. This enhances
the diversity of food production, and also weakens the pressure for competitive export-oriented
farming.
Tightnessoffeedback refers to how quickly and strongly the consequences of a change in
one part of the system are responded to other parts. In a more localised system, the results of a
change is more obvious. Tightening feedback loops allows us to bring the consequences of our
actions closer to home. For example when people live off the grid in terms of energy, they are more
mindful about their consumption because they are closer to its generation. Tightening feedback
loops also allows us to adjust the system easier by finding problems faster.
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Metabolicprocessofman-made
landscape
In this part an analysis of energy use, nutrient flow, water flow and waste emission of the study
area will be shown. By doing this we can get an overview of the landscape metabolic process of
the study area. We can see how energy intensive and wasteful the present landscape is. Though
waste has potential for energy provision and other productions, new functions are needed to be
placed in the existing landscape. These new functions can ‘translate’ waste to other resources and
can help the present system to become a more interconnected and robust system.
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Fig. 26. Abstraction of natural metabolic system

Definition of metabolism
Metabolism means the building up and breaking down of matter (Prigann and Strelow, 2004). The
metabolism of an ecosystem has been defined by ecologist as the production (via photosynthesis)
and consumption (by respiration) of organic matter; it is typically expressed in term of energy
(Christopher et al., 2007).
Nature and man-made
From about twelve thousand years ago until now, people are continuously changing the
landscape and designing the ecosystem for their own use. The interaction between human
and nature creates our landscape, and it changes through time. Now ad days, two thirds of the
world’s surface has been occupied, exploited, cultivated and developed by humans. This part
of landscape has developed its own identity and system, and it shares less and less similarities
with ‘true nature’ like rainforest. We may call this part of the landscape ‘man-made’ landscape,
it shares some similarities with nature, but differs a lot in the systematic level. The man-made
system is a dissipative and non-equilibrium system (McHarg, 1967). To be able to understand why
the man-made landscape has a dissipative and non-equilibrium system, we need to look at the
characteristics of material and energy flows which take place in the man-made system. We call this
‘landscape metabolism’.
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Fig. 27. Abstraction of man-made metabolic system

Landscape metabolic process
Like other organisms, landscape has a definable metabolism. This metabolic process helps
landscape to build towards high level of complexity and organization with constant energy
and material supply. No matter man-made or natural system, it is “a process in which energy
continuously falls, which inevitably will be degraded, but which through physical process and life
is arrested and entrapped in creatures, raising matter, as evolution proceeds, to higher and higher
order” (McHarg, 1967). The man-made landscape increases efficiency, complexity and productivity
through process and human intervention; and nature evolves through self-organizing.
The metabolic process of man-made landscape has profound difference with natural metabolic
process. Differences in energy, material, waterand nutrient flows can demonstrate
distinguishable human landscape metabolism from natural ones (Christopher et al., 2007).
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Fig. 28. Energy consumption / intensity in the study area

Energy consumption
Unlike nature which is entirely dependent upon solar energy, human society is almost entirely
dependent on fossil fuels. In modern times, man-made landscape often has intensive human
activities which come along with intensive energy consumption. Cities, most of the time, are
considered as the places where energy consumption is most intensive. Country sides, however,
with modern agriculture technologies, also consume more and more energy.
In the study area, villages, chemical industry and greenhouses have most intensive energy
use. Agriculture is meant to be productive. But from energy point of view, only arable land can
provide more energy (calories in food) than what it consumes. For pig farms, the yearly energy
consumption for each pig is 3.5 GJ (Meul et al., 2007). The average energy out put (calories in
meat) is only 1.3 GJ per pig. This means for every pieces of pork meat, almost three times of
energy (from fossil fuel) was put in then it can provide (food energy). Greenhouse horticulture
is the most energy intensive type of agriculture. In the Netherlands greenhouses consume ten
percent of total Dutch natural gas. In the study area, greenhouses consume 2500-2600 GJ of
energy per hectare per year. In comparison, the energy from the food which greenhouses produce
is six times less than the energy input. This landscape is no longer productive from energy point of
view [Fig. 28].
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Fig. 29. Water flow in the study area

Water flow
Water is by far the largest component of landscape metabolism. In the rural and natural area, water
cycles obey the rules of the ecosystem. In the urban area there are much more paved surfaces
then in the rural areas. Water cannot infiltrate into the soil and causes water run off. Most of the
water inflow of the city is discharged as waste water into sewage pipes or as steam in to the air. In
the Netherlands every person uses 70 m3 of drinking water every year. Most of it will eventually go
to the waste water treatment plant [Fig. 29].

Fig. 30. Nutrient and CO2 flow in the study area

Nutrient flow
Natural nutrient flows are altered in human-dominated ecosystem. In nature nutrients flow through
whole ecosystem and remains equilibrium. In man-made landscape, although a small amount of
nutrients are recycled in urban areas, the majority are accumulated in municipal and industrial
waste sites, agricultural soils, and groundwater pools. Accumulation often results in negative
environmental consequences. In traditional agricultural systems biological waste, including
sewage, was used as fertilizer and put on the field. But since nineteenth and early twentieth
centuries, synthetic fertilizer was developed to bring intensified production of industrialized
agriculture. Until today, the extensive use of fertilizer is disturbing the natural balance of nitrogen in
the atmosphere. At the same time, the sanitarian sewage system brings waste, as well as nutrients
away. There is not much nutrient exchange between city and its hinterland any more.
CO2 flow
It is known that CO2 causes global warming, but the emission never stops. In the Netherlands each
household emits 2300 tons of CO2 per year, each hectare of greenhouse emits 180 ton of CO2 per
year (CBS, 2007). In the study area approximately 15 million tons of CO2 are emitted each year,
which cannot entirely be absorbed by nature. And yet, greenhouses are burning natural gas to get
extra CO2 to grow crops [Fig. 30].
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Fig. 31. Waste transportation and CO2 emission

Fig. 32. Useful and valuable materials in the waste have been transported away

Waste emission and its energy potential
In both the natural and man-made landscape are material cycles. However, until now we are
unable to return all of the materials which have been used back to earth safely. Materials from
anthropogenic sources, in form of pollutant or waste, get into the natural system, alters natural
equilibrium of materials on the planet. Waste as human invention, mostly is not being returned to
the soil as nutrient, but put away as ‘unwanted’ stuff. In the study area solid waste is transported
away to disposal site, waste heat and CO2 is emitted into the air, and waste water is transported
though sewage pipes to the waste water treatment plant. The transportation of waste also
contributes a large quantity of CO2 emission. For example, every year more than 4000 tons of
combustible waste is transported away from the study area to the incineration plant in Wijster. It
takes four trucks with 20 ton capacity to go back and forth between Klazienaveen and Wijster 52
times. In total these trucks will travel 8320 kilometers. These tracks are emitting almost 10 tons of
CO2 a year. In other part of country, waste is also being transported long distances to the disposal
sites. More than that, the Netherlands export about three million tons of waste to other countries.
The waste is taken away by trucks, trains and even airplanes. It’s not difficult to imagine that a
large quantity of CO2 is emitted during the transportation [Fig. 31]. And yet, many of this waste
contains useful and valuable materials, like wood, plastic and metal [Fig. 32].
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Fig. 33. Waste: emission and enery protential

As a matter of fact, all of the organic waste can be used as a resource locally. It saves
transportation and has potential to provide energy. If plant residues, manure and chopped wood
can be treated in anaerobic digestion plant or pyrolysis plant, bio-gas can be generated during the
digestion process. We can see that pig manure has a quite high conversion value, plant residues
and sewage sludge can also provide a certain amount of energy. Besides, residues from the
digester can be used as fertilizer for agriculture again [Fig. 33].
If we compare the total primary energy use of each sector with the energy which can be provided
from the waste, we can see that using waste for energy provision does make sense. Biogas from
waste and waste heat together can cover 22 percent of total energy demand of the area [Fig.
34]. Though, heat does not need to be used all year round. One of the options is to store the
heat underground. When cold seasons come heat can be pumped up again to warm houses and
greenhouses [Fig. 35].
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Fig. 35. Heat storage under the ground

Fig. 34. Comparing primary energy use and energy from waste
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Fig. 36. Material and energy flow for each function

Puzzling with patterns and processes
The requirements of being resilient are: self-reliance, diversity, tightness of feedback. We can
see that to make the area self-reliance, next to using waste for energy provision, we also need
local food and water supply. We need to look at the amount of functions in the landscape, and
the amount of connections in between the functions. Last but not least, we need to tighten the
feedback loops by providing local production and local consumption.
The material and energy flow through the landscape can be divided six sub-flows: water, CO2, food,
nutrient, heat and energy flow. The energy flow includes anthropoid energy sources, like electricity,
gas and oil. For each function in the area there are material and energy flows in or out. The red
arrow means ‘input’, and the green arrow means ‘output’ [Fig. 36].
City and pig farm both have nutrient output, because nutrients are contained in the black water and
animal manure. These nutrients are not being used. Woodland is supposed to have energy output,
if chopped wood can be used for energy provision.
This landscape is not resilient. Waste could be used for energy provision, energy from waste only
covers 22 percent of the total energy demand. In this area, is not much local food production.
Most of the food from arable land and greenhouses is exported to other regions and countries
due to the economical forces. Food which is consumed in the area is coming from other regions
and countries. In the present situation, not many cycles are within a function or in between the
functions [Fig. 37]. Flows of material and energy are mostly linear.
So what can we do to enhance resilience of the landscape? What can we change by means
of changing forms and land-uses? Or maybe which new functions can we add to the present
landscape [Fig. 38]?
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Fig. 37. Not many connections in between the functions (present situation)

Fig. 38. Exsisting landscape is not resilient
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Fig. 39. How to enhance resilience of the landscape?
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New functions to build resilience
To enhance resilience of the study area, new functions need to be put in. These new functions
should be able to utilize waste locally; to complete the nutrient cycle by providing organic fertilizer;
to clean waste water and have more water storage; to produce local food; and to provide energy.
Four functions which can meet the requirement are chosen. These four new functions are:

• Anaerobic digestion plant and pyrolysis plant
• Constructed wetland
• Community garden and organic garden
• Algae production
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Anaerobic digestion plant and pyrolysis plant

Anaerobic digestion is the process of breakdown organic material by micro-organisms in the
absence of oxygen. Biogas, mostly methane, is generated during anaerobic digestion. This gas
can be used as fuel. Anaerobic digestion can treat many biodegradable wastes, including wastes
that are unsuitable for composting, such as meat and cooked food. At the end of the digestion
process, residual fibrous material is left. This can be used as fertilizer for agriculture (2007b).
The advantage of anaerobic digestion is that it is a net producer of energy; and it contributes to the
sustainability of biomass chains by generating a valuable soil conditioner. In this way it reduces the
need of artificial fertilizer (Pabón Pereira, 2009).
Pyrolysis is the chemical decomposition of condensed substances by heating that occurs
spontaneously at high a enough temperature.
In pyrolysis processes, a certain temperature (200-300 °C) is used to break down carbon-based
waste. The pyrolysis process degrades the waste to produce char, or ash, pyrolysis oil, and
synthetic gas. Bio-oil form the pyrolysis plant has a heating value around 17 MJ/kg. In general,
pyrolysis of organic substances produces gas and liquid products and leaves a solid residue rich in
carbon content.
The advantage of using pyrolysis processes is that it can mitigate air emissions by using no or low
oxygen. It is also easier to control emissions, because they are extracted to remove contaminants
(Brett and Dong-Shik, 2008).

Constructed wetland
Constructed Wetlands are artificial marshes or swamps, which are constructed to improve water
quality (constructed treatment wetlands), to provide flood control (constructed flood control
wetlands), and can function as habitat for wild life as well (Abira, 2008).
In the study area, the sewage water system is a combined system. This means that rain, shower,
kitchen and toilet water are all transported through the same pipe. Rain, shower and kitchen water
together is called ‘grey-water’, toilet water is called ‘black-water’. A normal household emits 70 -80
m3 of waste water per year, 90 percent of the waste water is grey water, and only ten percent is
grey water (CBS 2009). Most of the contaminate materials are in the black water, because of the
combined system, grey water is also treated in the waste water treatment plant. If grey water and
black water are separated, grey water can be treated in constructed wetland [Fig. 40]. It will save
a large amount of energy compared to conventional chemical treatment facilities. The black water
can be treated in anaerobic digestion plant, which can produce biogas. The investment costs to
constructe wetland are two to five times lower than a chemical treatment plant (France, 2003).
The advantage of wetland is that it can increase water storage capacity. This is rather necessary
for the study area. In the present situation, arable land already needs large quantities of irrigation
water in summer. State Forestry Service (the organization who owns the Bargerveen) is also
looking for ways to store more water for Bargerveen (peat area). In future, extreme weather
conditions, i.e. drought, will become a more serious problem. Sufficient water storage can help
diminishing impact of an environmental crisis.
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Fig. 40. Seperate treatment of grey and black water

Algae production
Algae are small plants that grow in or near water and do not have ordinary leaves or roots (2010c).
During photosynthesis, algae and other photosynthetic organisms capture carbon dioxide and
sunlight and convert it into oxygen and biomass. Algae are very rich in natural hydrocarbons. It can
produce bio-diesel up to 150,000 litters per hectare per year. Unlike other crops, which can only
be produced twice a year, algae have continuously production cycle (Keeffe and Swietochowski,
2010).
During the growth, algae can absorb large quantities of CO2. Using oil from algae does not reduce
CO2 in atmosphere, it does eliminate the introduction of new CO2 (Sheehan et al., 1998). In the
study area, chemical industry, households and agriculture are emitting 15 million tons of CO2
every year. If algae fuel can replace or partly replace the use of fossil fuels in the study area, CO2
emission will decrease significantly, and it is possible to achieve ‘Carbon natural’.
Algae can consume residue material from anaerobic digesters. If greenhouse and arable land can
not use all the residual material as fertilizer, algae can digest the rest of them.
Algae are biodegradable, and in fact edible. After the algae are used for extracting oil, algae can be
compressed to cakes and can be feed to animals.

Community garden and organic farm
A community garden is a piece of land gardened collectively by a group of people (2007c). The
function of community garden is to produce local food. It provides fresh products and plants, and
enhances sense of community and connection to the environment.
Organic farming is a form of agriculture that relies on: crop rotation, manure, compost, biological
pest control. It excluding or strictly limiting the use of synthetic fertilizer and synthetic pesticides,
plant growth regulators, livestock antibiotics, food additives, and genetically modified organisms
(2008b). To have organic farming in the area can increase varieties to the agricultural system,
and cultivation methods. Organic farms primarily produce food for local consumption, but if they
produce more food than the need of the study area, the rest of the food can also be sold to other
areas and regions.
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Fig. 41. Proposal for edding more interconnections between the functions

After the new functions are put in, relations between functions are largely increased [Fig. 41].
Functions like city, industry, greenhouse, algae production and digestion plant have many inflows
and outflows, which indicate they are the most important functions in the landscape. In the new
system, there is a closed nutrient cycle in the study area. Food, including human food and animal
food, is produced locally. Increasing water storage can meet the need for irrigation water of
agriculture. However, the water cycle is not closed, because water from the wetland can not reach
drinking water quality. Heat and CO2 from point source (of which substances enter environment
through pipes or ditches) can be used for greenhouses and algae production. Heat and CO2 from
nonpoint source (of which substance originate from numerous scattered or different sources) can
not be captured, this means it can hardly be used (Odum, 1989). But to replace fossil fuels by bioenergy, elimination of new CO2 getting into the atmosphere can be achieve.
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Fig. 42. Changing to a resilient landscape
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Locatingnewfuctionsinthelandscape
The locations of the new functions are important, because it will influence the functions’ operation.
The spatial relations between each function (old or new) are mainly decided by the transport
distances of energy and materials. Other factors, like the accessibility of a certain function, are also
taken into account. Here we look at the possibilities for the new functions locations from seven
points of view.
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Fig. 43. Where to locate new functions: from bio-energy flow point of view

From bio-energy flow point of view
In the study area anaerobic digestion will use organic waste and black water to produce biogas.
To collect solid organic waste, we can use existing waste collection sites and transport routes. To
transport black water the existing sewage pipe line can be used. A pyrolysis plant will use chopped
wood for energy production, so it should not be too far from the woodland. But the study area
is relatively small. Theoretically, it can be built anywhere by only considering transportation of
chopped wood. Bio-diesel will be produced from an algae bio-reactor. Diesel is can be transported
easily by truck. Since it is only used in the study area, the algae bio-reactor can be located
anywhere [Fig. 43].

69

Fig. 44. Where to locate new functions: from CO2 flow point of view

From CO2 flow point of view
Greenhouses and algae need CO2 input from a point source, like industry. Maximum transport
distance of CO2 from its source to consumer is 4 kilometers, so the algae bio-reactor can be
located with in this range. It is also better to locate the algae reactor near to the greenhouses. CO2
can be better used if algae can use the leftover CO2 from greenhouses [Fig. 44].
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Fig. 45. Where to locate new functions: from nutrients flow point of view

From nutrient flow point of view
The anaerobic digestion plant is the key in the nutrient cycle. It should be closed to the source.
Cities emit big amount of black water, greenhouses emit lots of plant residues. A medium to large
scaled digester plant should be located near cities and greenhouse. The dark dotted area is the
most suitable location. Arable land also emits plant residues. But because farms are spread all
over the area, it is best for every farm to have their own small scaled anaerobic digestion plant.
Farmers take care of the digestion plant as well as using its bio-energy for the farm. By using plant
residues for energy provision, farms can provide more energy than they actually need. The extra
energy can be used by cities, industry or greenhouses. If it is necessary, it can be even sold to
other areas [Fig. 45].
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Fig. 46. Where to locate new functions: from food flow point of view

From food flow point of view
Human and animal food can be easily transported by car or truck. In this way, new functions can
be located anywhere [Fig. 46].
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Fig. 47. Where to locate new functions: from water flow point of view

From water flow point of view
New pipe lines need to be built for transporting grey water from the cities to the wetland.
Considering pipe line construction, it will be cheap to locate wetland near to all cities. The dark
dotted area, will be the optimal location for the wetland [Fig. 47].
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Fig. 48. Where to locate new functions: from heat flow point of view

From heat flow point of view
There are three options for using heat for greenhouse, algae and city. (1) Heat from industry can
be provided to algae. Then use the bio-diesel from algae in a combined heat-power plant (CHP),
to provide electricity and heat for city and greenhouses. (2) In general similar to the first one. But
in this option bio-energy from anaerobic digestion plant and pyrolysis plant is also used in CHP. (3)
Heat from industry is provided to algae, greenhouses and houses at the same time. Heat can also
be provided by converting biogas and bio-oil to heat.
Different options bring more flexibility to the processes. Synergy can be achieved by good
cooperation in between the functions.
No matter which option, the maximum transportation distance of heat from point source to
consumer is 4 kilometers [Fig. 48].
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Fig. 49. Where to locate new functions: spatial consideration

Spatial consideration
Odor can occur during the digestion process of an anaerobic digester. It is unpleasant for people
in the cities to smell it. So digestion plant should be located at the place which is at least one
kilometer away from the city.
Opposite to an anaerobic digester, a community garden should be close to the city. For the
convenience of people, it should be located within walking or cycling distance from the houses [Fig.
49].
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Locationofthenewfuctions

Fig. 50. Locations for the new functions
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Conceptanddesign

Fig. 51. Multi-layered, mulit-functional

The analysis of the functions, their interconnectivity and spatial relationships leads to the concept
of the design. The characteristic of landscape in the study area is open, big scaled, and rational.
It represents a functional landscape, in which everything is built upon the need of production. This
need hasn’t been changed since 19th century, from the first inhabitants changed the wild swampy
land to forest and agriculture. After two hundred years, the scale of the landscape has been
changed, but the meaning of the landscape is kept.
By putting put new functions into the landscape, some land use will be changed. But we should
try to avoid conflict with the need of production. New functions should not occupy too much
agricultural land. Based on that the fist conceptual idea is: multi-layered and multi-functional [Fig.
52].
To be able to provide enough energy for the study area, algae production is introduced. Normally
algae production needs a lot of space, no matter algae pond or algae bio-reactor. But if we put
large scale algae bio-reactor on top of the existing greenhouses and inside the new greenhouses,
no extra land will be occupied. Another reason is that greenhouses are continuously emitting heat.
Normally if 100 percent of the heat is put in to greenhouses, 40 percent will get lost. In summer
as much as 80 percent of heat will be lost or actually released due to ventilation for cooling the
greenhouses. By combining algae bio-reactors together with greenhouses, algae can use the
emitted heat from greenhouses. It is a more efficient way of using energy.
New living can be fit together with organic farms. The new living area will have more space than in
a normal city neighborhood. People can have their small piece of land for food production, or they
can share the responsibility and profit with organic farms.
From the constructed wetland a lot soil will be dug out. Instead of transporting it away. This soil can
be used to build dikes around wetland, and terraced community gardens near the wetland.
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Fig. 52. Conceptual idea 1: multi-layered, multi-functional

Fig. 53. Conceptual idea 2: ecological connection as an 'axis'

Conceptual idea 2: ecological connection as an ‘axis‘
There are two peat areas in the study area, Bargerveen and Berkenrode. The municipality wants
to connect these two areas together. The ecological connection will go through wetland, organic
farm and greenhouses. It will not only be a long and thin line running through, but more of an ‘axis’
to connect several natural areas together. Each of these natural areas has their own functions and
characteristics [Fig. 53].
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Fig. 54. Conceptual idea 3: connecting canals for water recreation
Conceptual idea 3: connecting canals for water receation
The big canals in the study area are the results of peat digging
from 19th and 20th century. Now ad days, most of the canals are
disconnected because their function of transporting turf is no long
there. However, these canals can be used well for recreation, and
connected to the open water in the wetland [Fig. 54].

Fig. 55. Historical picture of turf transportation
Fig. 56. Conceptual idea 4: waste and fertilizer railway

Conceptual idea 4: waste and fertilizer railway
The study area use to have a railway network to transport the turf to the factory [Fig. 55]. Inspired
by that, this railway system is reintroduced, and it has a new meaning and function. The new
railway network can be used to collect organic waste from greenhouses, organic farms and
community gardens, and transport the waste to the anaerobic digestion plant. Residue from the
digester can be used as fertilizer. It will be transport by the train to the greenhouses, organic farms
and community gardens again. Similar to the ‘peat train’, the new ones will also be quite small, and
using narrow rail. So they will not bring big visual impact to the existing landscape [Fig. 56].
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A design for the area of 2020
•

Ecological connection as an ‘axis’ is crossing wetland, organic farms and greenhouses to connect two peat areas.

•

Two lookout points are located on each side of the ecological connection, to have a visual connection in between the two peat areas.

•

The water in the ecological connection is separated from the wetland water and water in the canals, because peat needs nutrient poor water,
and wetland has nutrient rich water. Only in emergency cases, like heavy drought, wetland water will be used to supply the peat.

•

Water retention ponds of the greenhouses and hardwood swamp in the wetland also become part of the ecological connection.

•

Algae bio-reactors are placed on top of the existing greenhouses, and inside the new greenhouses.

•

An anaerobic digestion plant and a pyrolysis plant are located north of organic farms, surrounded by woods to prevent odour pollution.

•

Clusters of new living areas are amongst the organic farms. People who live there can share the responsibility and profit with organic farms.

•

The wetland is located in between the two villages (Klazienaveen and Zwartemeer).

•

The edges and separation dikes in between the cleaning ponds are wider, so they can be used as terraced community gardens. By doing so,
the soil dug out of the wetland can be used locally.

•

Grey water, cleaned by the wetland, is stored in a recreational lake. The lake is connected to the water recreation route, which is using the
existing canal structure.

•

The willow forest in the wetland can handle water fluctuation of the wetland, at the same time it can be used as biomass for energy provision.
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Fig. 57. Detailed design for new living

Fig. 58. Detailed design for new living in between organic farms
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Fig. 59. Detailed design for the wetland
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Fig. 60. Land use and different water levels (low, medium, high)
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In different seasons there is a different supply and need for water. This causes fluctuation of the
water level in the wetland. Therefore the land on the east side of the wetland is constructed into
different heights. This leads to different functions on the land. Natural islands, sand beach and
willow forests can be flooded partly or completely during the year. Fish ponds, plant nursery and
community garden are constructed higher, so they will never be flooded.

Fig. 61. Different sports can be taken place in different areas

Different areas have different recreational functions. The open lake can be used for water sports
like, rolling, serving and swimming. Sand beach can be used for beach volleyball. Cyclists can
cycle in between the willow forests [Fig. 61].
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Fig. 63. Existing greenhouse underneath algae production. Vacant land between greenhouses can
be used for plant nursery

Fig. 64. Algae production inside the new greenhouse.
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Fig. 65. Waste and fertilizer train
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Fig. 66. Winter scenery: skating on the recrational canal
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Fig. 67. Growing vegetables on the terraced community garden
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Fig. 68. Energy, food and water supply for a resilient landscape
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Conclusion,discussionandfuther
research
Conclusion
The research and design work in this thesis indicates that by considering waste as part of the
landscape process brings a different perspective to the landscape. Considering waste as resource
helps reduce waste emission and transport distances. Most important is by utilizing waste,
including organic waste, waste water, waste heat and CO2, a self-reliant and diverse landscape
with tight feedback loop can be achieved.
Waste cannot be studied separately. More than study the object of waste, the system which
creates and emits the waste has to be studied. In this thesis the system with characteristic material
and energy flow which take place in the man-made landscape, is called the landscape metabolic
system.
To study landscape metabolic system is to demonstrate that the present landscape of the
study area is not productive from the energy point of view, and it is wasteful because the use of
materials is linear and not cyclic, many resources are not being used. Therefore the landscape
is not resilient. To increase resilience of the landscape, new functions are put in. To put four new
functions (digestion plant, wetland, algae production and community garden) in the landscape is
to increase diversity of the functions. They can change useless waste to valuable resources, they
provide renewable energy, and keep material cycles on a local level. Beyond that, they bring much
more interconnections in between all the functions (including old and new ones), and a smaller
production and consumption loop.
New functions can only work well when relations with old functions are considered well. Besides
that they need to be fitted into the existing landscape, so the history, identity and structure of the
landscape are also studied. When positioning new functions, transportation distances are the
primary consideration to ensure that functions will not be diminished by loss of resources lost, i.e.
heat and CO2.
The designing process is the test part of the total research. By integrating technical principles and
spatial identity of the study area, urban and rural landscape can work as a comprehensive robust
system. Though we deal a lot with systems, processes and functions, a final landscape is achieved
by reorganizing the shape, structure, and use of the landscape. What we need to keep in mind is
the successive characteristic of landscape. Design should not destroy the historical identity of the
landscape. So the reorganization of shapes and structures is to keep the regularity of the existing
landscape and bring different senses and meaning to the landscape.
Since waste is essential to this research, it should be shown in the design. Designing a railway for
the special ‘waste train’ is an expression of revealing waste in the landscape. ‘Revealing’ waste
needs to be done in an attractive way and become a part of the daily rituals, to gain more public
acceptance. ‘Revealing’ waste may also change the awareness of people and lead to changing
behavior.
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Discussion and futher research
Landscape systems are complex and inter-connected. Landscape processes are fluid that changes
through the time. Limitation to this thesis research is that only the general system of the study area
is studied, many subsystems are not researched. These subsystems can have important roles
in the whole system, and they may change the point of view or even the result of the landscape
design. So further research can be done on the study of subsystems and their inter-relationships.
”Systems develop structures and processes adapted to the environmental inputs available to them”
(Odum, 1994). That means system can change itself through time. A successful system can evolve
towards a higher level; an un-successful system will become more dissipative and eventually
disappear. Difficulty on designing a system is that designers may not be able to keep pace with
the changes of the system. The changing system can lead to various material and energy flows
and uncontrolled processes. Designers should not under-estimate the complexity of this kind of
research.
One of the goals is to show the transition process of the landscape. However it has not been
achieved completely. The design only gives a vision of the landscape in 2020. Because technology,
economy and people’s life style can change enormously, the future is unpredictable. Energy
demand, waste type, quantity, and so on can also be very different. Landscape architects can not
give a vision which bases on our own conjecture. If a system needs to be redesigned, functions
need to be reorganized in 2020 for another ten years (until 2030), a new study should be made
and new calculation needs to be done based on the situation at that time.
Utilizing waste can help building a resilient landscape. This has been proven in the study area. But
if other areas and regions want to achieve the same goal, the same set of solutions may not work.
We need to keep in mind that a “one size fit all” solution does not exist in landscape design. The
message this thesis tries to bring is that as designers we should keep our mind open. Even waste,
an object that is normally considered as ugly and unwanted, can be used into landscape design,
we can also find many other solutions for building resilience. In the sense of solving the problems
of waste, for example to reduce of amount of waste, landscape architects can only contribute a
little. Lots of effect still needs to be made by policy makers, consumers and producers.
In the end, is some discussions about word ‘resilience’. The concept has been used by various
scientific disciplines. Some say resilience is one of the most important research topics in the
context of achieving sustainability (Brand and Jax, 2007). While others say the concept of
resilience goes far beyond sustainability (Hopkins, 2008). In the context of my thesis research,
I do agree with the second opinion. For example, to recycle plastic is sustainable, but it does
not help to increase the landscape resilience. To reduce fossil fuel consumption by increasing
energy efficiency is sustainable, but is not resilient. Recycling cannot have added value for
building resilience. Increasing the energy efficiency can not stop depletion of fossil fuels. Though
recycling plastic and increasing efficiency certainly does reduce negative environmental impact.
What we need to keep in mind is same concept in a different context and scope can have different
meanings.
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Energyconsumption
A
Total agriculture area is 3900 hectares (A0).
Potato 1400 ha (A1)
Sugar beet 890 ha (A2)
Cereal 1050 ha (A3)
Maize 195 ha (A4)
Grass 310 ha
Other 55 ha

Energy input of the arable land differs from crops and many other factors, like soil and weather condition. Heat it takes four different crops from
the area: potato, sugar beet, cereal and maize into account.
Yearly energy input (including energy from fertilizer) for potato is 40 GJ/ ha (Ea1), sugar beet is 27 GJ/ ha (Ea2), cereal is 19.5 GJ/ ha (Ea3), and
maize is 16 GJ/ year (Ea4) (Börjesson, 1996). So the average energy input is (Ea1×A1+Ea2×A2+ Ea3×A3+Ea4×A4) ÷ A0=27-30 GJ/ha/year.
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Energy out put is the energy contained in the crops. Four different crops contain different amount of energy. Potato contains 3210 KJ/ kg (Eb1),
sugar beet contains 430 KJ/ kg (Eb2), cereal contains 15060 KJ/ kg (Eb3), and maize contains 3600 KJ/ kg (Eb4).
In the province of Drenthe, the yearly yield of potato is 42,000 kg /ha (K1); sugar beet is 71,400 kg/ha (K2); cereal is 5600 kg/ ha (K3), and maize
is 11700 kg/ha (K4) (CBS 2009).
So the average energy output is (Eb1×K1×A1+ Eb2×K2×A2+ Eb3×K3×A3+ Eb4×K4×A4) ÷ A0= 160 GJ/ha/year
B
Energy consumption of pig farms. The average weight of the pig is 200 kg. The yearly energy consumption for each pig is 3.5 GJ.(Meul et al.,
2007)

Energy out put is the energy contained in the pork meat. From each pig average 130 kg of meet can be produced (Meul et al., 2007). Every kilo
gram of pork contains 10.1 MJ of energy. So the yearly energy out put 1.3 GJ per pig. Hear it takes a whole pig (200kg) into account. However in
Western countries only 50% of the total weight is used. So the actual energy out put is even less.

C
Low dense urban has average 1.5 households per hectare.
Medium dense urban has average 4.5 households per hectare.
High dense urban has average 8 households per hectare.

Average Dutch household consumes 3700 kwh of electricity and 1983 m3 of gas (CBS 2004). The average Dutch house energy consumption is
89.6 GJ/ year.
D
The chemical industry (Norit) consumes 460,000 GJ per year in total (Boivin, 2008).
E
Greenhouse yearly consumes 2500-2600 GJ of energy per hectare (Djevic and Dimitrijevic, 2009), (CBS 2009), and (Roza, 2006)
The energy out put is the energy contains if the crop from green house. Here it takes cucumber, pepper, tomato and pot-plant into account. I
assume each every hectare of greenhouse produces 6000 kilograms of vegetable or fruit per year.
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WastetoEnergy
A
Total agriculture area is 3900 hectares (A0).
Potato 1400 ha (A1)
Sugar beet 890 ha (A2)
Cereal 1050 ha (A3)
Maize 195 ha (A4)
Grass 310 ha
Other 55 ha

Agriculture residues here mainly refer to crop residues. Crop residues encompasses all agricultural wastes such as straw, stem, stalk, leaves,
husk, shell, peel, etc (2007c).
The residues from potato, sugar beet, cereal and maize are taking in to account. Potato emits 2 tons of dry residues per hectare (R1). Sugar
beet emits 4.2-4.8 tons of dry residues per hectare (R2). Cereal emits 2.5-3 tons of dry residues per hectare (R3). Maize emits 7-7.2 tones of dry
residues per hectare (R4)(Jiménez et al., 1991) (Ignaciuk and Dellink, 2006) (Sehgal and Sharma, 1993) (Dornburg et al., 2005).
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So the average agriculture residues are calculated as:
(R1×A1+ R2×A2+ R3×A3+ R4×A4) ÷ A0= 3200-3500 kg/ha/year

The potential energy from residues here means by using anaerobic digestion to get bio-gas (i.e. methane). 1 kilo gram of dry matter (agriculture
residue) can produces 0.45 m3 of methane. Each m3 of methane contains 38MJ of energy. So the average potential energy from agriculture
residues is 55.5- 60 GJ/ ha/ year.
B
Each pig produces 1025 kg of wet manure each year. The moisture contains in the manure is 90%. Then each pig produces 102.5 kg of dry
manure each year.

The potential energy from pig manure here means by using anaerobic digestion to get bio-gas (i.e. methane). 1 kilo gram of dry matter (pig
manure) can produces 0.75 m3 of methane. So from manure of each pig 2.9 GJ of energy can be produced each year.
C
Low dense urban has average 1.5 households per hectare.
Medium dense urban has average 4.5 households per hectare (H1).
High dense urban has average 8 households per hectare (H2).
Average household size: 2.3-3 persons (H3).
Each household emits 46 kg of dry solid waste from sewer waste each year (W1) (CBS).
Each person emits total 150 kg of garden, fruit and vegetable waste each year (CBS). I suppose all the GFT waste has 70% of moisture content.
So each household emits 100-130 kg of dry organic, kitchen and garden waste each year (W2).

The potential energy from dry solid of sewage here means by using anaerobic digestion to get bio-gas (i.e. methane). 1 kilo gram of dry matter
from sewage waste can produces 0.75 m3 of methane (C1).

1 kilo gram of dry matter from fruit and vegetable waste can produces 0.55 m3 of methane (C2).

1 kilo gram of dry matter from garden waste can produces 0.4 m3 of methane (C3).
Here I suppose 50% of the total GFT waste is garden waste, and 50% is fruit and vegetable waste.
So the potential energy from waste in residential area is:
W1×Hi×C1+ 0.5×W2× (C2+ C3) ×Hi
i=1,2,3

D
Emissions form Norit Nederland B.V. is on European Pollutant Emission Register (EPER) (Google Earth)
E
The average amount of plant residues (dry matter) from greenhouse horticulture is 5000-6500 kg per hectare per year.

Here I suppose all the plant residues have same conversion factors, that 1 kilo of dry matter can produce 0.4 m3 of methane by using anaerobic
digester. So potential energy from greenhouse plant residues is 87-111 GJ/ ha/ year.
F
The yearly production of fresh wood is 9 m3/ ha, from which 70% can be harvest, which equals to 13500 kg/ha (Kuiper and de Lint, 2008). If
suppose the average moisture content of fresh wood is 75-80%. Then the yearly dry wood production is 4000-4500kg/ha.

The potential energy from residues here means by using pyrolysis to get bio-gas (i.e. methane). Each kilogram of dry wood can produce 6.6 – 10
m3 of methane. So there is potentially 42-45 GJ of energy can be produced from wood land.
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Primaryenergyuseandenergyfromwaste
Figures and facts
Greenhouse 284 ha
Woodland 616 ha
6880 households in the area

A
The yearly production of fresh wood is 9 m3/ ha, from which 70% can be harvest, which equals to 13500 kg/ha (Kuiper and de Lint, 2008). If
suppose the average moisture content of fresh wood is 75-80%. Then the yearly dry wood production is 4000-4500kg/ha.
By using pyrolysis to get bio-gas (i.e. methane). Each kilogram of dry wood can produce 6.6 – 10 m3 of methane. Each hectare 37-40 GJ of
energy can be produced from wood land. There is 616 hectares of woodland in total, so about 22,900 GJ of energy can be provided.
B
Each household consumes 89.6 GJ of energy per year (CBS 2007). There are 6880 households in the area. So the total household energy
consumption is 643,000 GJ per year.
Each household emits 46 kg of dry solid waste from sewer waste each year (W1) (CBS).
Each person emits total 150 kg of garden, fruit and vegetable waste each year (CBS). I suppose all the GFT waste has 70% of moisture content.
So each household emits 100-130 kg of dry organic, kitchen and garden waste each year (W2).

The potential energy from dry solid of sewage here means by using anaerobic digestion to get bio-gas (i.e. methane). 1 kilo gram of dry matter
from sewage waste can produces 0.75 m3 of methane (C1).
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1 kilo gram of dry matter from fruit and vegetable waste can produces 0.55 m3 of methane (C2).
1 kilo gram of dry matter from garden waste can produces 0.4 m3 of methane (C3).
Here I suppose 50% of the total GFT waste is garden waste, and 50% is fruit and vegetable waste.
Each house hold can provide 4.5 GJ of energy from its sewage, food and garden waste. In total about 30,950 GJ of energy can be provided from
residential area.

C
Total agriculture area is 3900 hectares
Potato 1400 ha
Sugar beet 890 ha
Cereal 1050 ha
Maize 195 ha
Grass 310 ha
Other 55 ha

Energy input of the arable land differs from crops and many other factors, like soil and weather condition. Heat it takes four different crops from
the area: potato, sugar beet, cereal and maize into account.
Yearly energy input (including energy from fertilizer) for potato is 40 GJ/ ha sugar beet is 27 GJ/ ha, cereal is 19.5 GJ/ ha, and maize is 16 GJ/
year (Börjesson, 1996). Grass and other land use are not taken into account to calculate energy consumption.
D
Agriculture residues here mainly refer to crop residues. Crop residues encompasses all agricultural wastes such as straw, stem, stalk, leaves,
husk, shell, peel, etc (2007c).
The residues from potato, sugar beet, cereal and maize are taking in to account. Potato emits 2 tons of dry residues per hectare. Sugar beet
emits 4.2-4.8 tons of dry residues per hectare. Cereal emits 2.5-3 tons of dry residues per hectare. Maize emits 7-7.2 tones of dry residues per
hectare (Jiménez et al., 1991) (Ignaciuk and Dellink, 2006) (Sehgal and Sharma, 1993) (Dornburg et al., 2005).
E
Greenhouse yearly consumes 2500-2600 GJ of energy per hectare (Djevic and Dimitrijevic, 2009), (CBS 2009), and (Roza, 2006)
There are 284 hectares of greenhouse. So the total energy consumption of the greenhouse area is about 738,400 GJ per year in total.
F
The average energy consumption on transportation is 23.8 GJ per year in the municipality of Emmen (MNP Emissieregistratie 2002). In the study
there are 17200 inhabitants, so the total energy consumption on transportation in the area is about 410,000 GJ per year.
G
There are around ten chemical industries in municipality of Emmen, and consume 4,600,000 GJ of energy per year (Boivin, 2008). In the study
area, there is one. I suppose all of them consume equal amount of energy. So the chemical industry in the study area consume 460,000 GJ of
energy per year.
If we suppose the energy efficiency of this chemical industry is around or less than 50 percent (Worrell et al., 2009). It means that half of the
energy the industry is using will eventually be converted into waste heat.
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