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BEYOND SUSTAINABILITY

IN THE
BUILT ENVIRONMENT

bility ' ' is visi d ;
This article describes a vision on ‘beyond sustainability’ for the built environment. In this vision we do |

: i ition is to achieve a positive footprint. In the
m for less environmental impact, but the ambition is i This partis followed by three
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not only ai ‘ :
first part an overview of all aspects and natural resources is describe

urces of energy, ]
sections summarizing the developments and challenges on the use of natural reso ay |

by PG Luscuere, RJ Geldermans,
MJ Tenpierik, SC Jansen

material and water.
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I Beyond sustainability: overview

Natural resources and challenges

The sustainability challenges we are confronted
within the built environment are all related to the
physical consumption of natural resources: energy,
water, materials and top soil' . Exiraction and
conversion processes lead to depietion and harmful
emissions, and as such fo challenges in terms of
ecology, economy and equity' .

The Matrix of Figure 1 depicts biodiversity, health
effects and climate change as the most relevant

ecological challenges we are confronted with, .

whereas scarcity of materials and natural resources
is seen as primary economic challenges. In terms
of equity, the unfair distribution of resources or the
deliberate dumping of our toxic waste in countries
with little regulations, stand out.

Energy Transition

At this moment (January 2016) the world population
is reaching 7.4 billion: more than seven times the
number of people at the start of the industrial
revolution™2. During the same timeframe the primary
energy consumption per capita has nearly tripled3+
whereby the pressure on our, nearly entirely fossil

Sustainability

based, energy supply has risen 23-fold. This leads

" fo the present 70 GJ per year per person®, the

equivalent of 2.2 kW or 3 hp. Fossil fuels are being
depleted, peak-oil has passed and the oil-addicted
industry and governments are frying all they can
to exploit their investments for yet a little longer or
to savor the extra fime of non-dependency from
foreign nations. ‘

One of the most logical alfernatives is solar energy:
it is abundantly available and it provides us with
5,000-10,000 times our .current need?*. Moreover,
it is clean, free, and everlasting (at least for the
foreseeable future). In approximately 10 years’
time Germany has installed a staggering 50 GWp
of Photo Voltaic Power® | the peak equivalent of
some 50 nuclear power plants, predominantly by
(groups of) individual citizens. This is a substantial
contribution of roughly one fourth of the required
transition towards 76% renewable energy in 2030,

" Top Soil being the fop few ceftimeters of fertile soil on which most of our food production depends.

"Equity in social context, like fairness,

" This matrix relates four natural resources to three value areas in our society: Ecology, Economy and Equity. Examples of non-
sustainable developments are given as wel| as possible solutions. It can be used to structure discussions on sustainability ambitions.

&
H

=




28

RuMoer #62 Sustainability
Equity
Economy
lo -
Values -~ Climate i Cost / PR Socxal. . Fairness
fe- Biodiversity Health Effects Change Scarcity Benefits |Metaphor| Responsibility
cources i -
02, Acidrain | NOx, PM2.5 o2 Fossiifuels | pay Back ‘Net |Energy Positive] g, o roq | Coal Powered
Energy |Solar-, Wind-, Environmental-, Geothermal Energy and Highly Time Positive' Buildings Electricity
’ Productive Biofuels {Algae) Rk K ok kA ARk
Contaminated Hormones & | RisingSea [k . \yored Life Cycle Cleaner Geo-Political | child Labor
Water Medicines Level | Analysis | 'Clean’ | Discharge as | Governance | sxxssxssinx
Water Local Cleaning {Reed filters), use of Algae, Nutrition PR Intake {lack of) Resource
Regeneration Total Cost of Depletion
* Hazardous Chlorofiuoroc Virglr\ Ownership Actively ‘Secur]ng. e gl Kok R R ROk
Waste *) Emissions arbons Materials m*w*;k "Healthy' Cleaning Racotiross ‘Externalising’
ials y : : i Life Cycle ildi Costs
Materia Non-Toxic, -Carcinogenic or —Mutagemc‘Substances, From : Stz‘ Buildings s
Down- to Re- and UpCycling osting
CH4 - Pk Positive Displacing Rampant
Loss & Contamination o Phosphate | hard & Soft| . Icontribution to P | Environmental
Degradation Emissions Costs and Fertile Top Soil Arable Land by, Dollution
Top Sol Apply Green Roofs & Walls, Close Cycles, Recovery of Benefits Production BioFuels
j -Rehabilitation Projects
CaNUtr.er\tsf;ILtaz:icS::Ie = Environmental Challenges / Solutions / model v11, PG Luscuere , December 2015
*} Toxic-, Carcinogenic-, Mista| . etc.

and a fine example of the power of democratization
of renewable energy generation as described by

J.Rifkin?.

Nearly Zero Energy?

Energy has been the most popular studied resou'rce,

aswe were —and are — confronted with the limitations

of our fossil fuel dependency as well as its related

sensitivity to price fluctuations and geo-political

interests. Subsequently, we are unpleasantly
surprised by global climate change as a - bighly
likely — consequence of our large-scale fossil fugl
driven economy. Thus far, solutions were sought in
terms of: reduction of consumption, replacement by
renewable sources and improvement of efficiencies
i.e. steps we know as the ‘Trias Energefica’. The
focus has gradually evolved from energy reduction
via low energy buildings to ‘nearly zero energy
buildings'. This approach aims at minimizing the
negative aspects of building and living, instead of

Figure 1: Matrix Resources-Values™

maximizing its potential posifive aspects, and is as
such hardly sustainable.

Positive Footprint: energy

Ifwe were abletorealize buildingsthatgeneratemore
renewable energy than they consume, including the
initially invested ‘embodied energy’ in production,
transport and construction, one could spgak of a
positive footprint (regarding energy). This is a rea’l
paradigm shift; the (group of) building(s) couldn't
be big enough from an energy point of view. It would
be energetically beneficial fo its environment and to

society.

Improvement Potential using Exergy

To generate an energetic positive foofprint we need
to use the full pofential of the available energy
sources. At this moment that is not yet the case, the
improvement potential of our energy conversions is

academic article

still very big.

The focus up until this moment was on reduction
of the demand and on production from renewable
sources. At a system level the focus was aimed at
energy efficiencies, only taking into account the
first law of thermodynamics. This approach does
not consider the quality of different forms of energy.
It thereby fails to identify the frue effectiveness of
the used energy carrier in different energy systems,
as well as its improvement potential. Exergy on
the other-hand , which is based on the second law
of thermodynamics, takes info account the ideal
conversion of one form of energy into another.
Hence, exergy identifies the real thermodynamic
performance and. improvement potential. Burning
high-value fossil fuels for low temperature heating

is energefically highly efficient but exergefically

disastrous. Simply analyzing energy flows can. be
very misleading indeed, see Figure 2.

Resource Depletion

Our fossil energy sources are exploited to the point
of depletion while at the same time causing potential
climate change. The other resources: water,
materials and fop soil face similar challenges. Water
gets contaminated in different ways, sometimes to
the point it can hardly be cleaned, several materials
are expected fo be depleted in the coming decades
812 and of all available top-soil approximately 50%
has been lost during the last 150 years®. Such linear
processes — referred to as 'Take, Make, Waste' by
Michael Braungart and William McDonough in their

Figure 2: Energy and Exergy Analysis of gas and heat. The amount of Energy
is constant for all three examples whereas the Exergy content is reduced
dramatically as indicated,

book on Cradle to Cradle®® - do not relate well fo
a finite planet, as illustrated in a striking manner by
Annie Leonard in her video-animation ‘The Story of
Stuff™. That is why circularity is key; we must be
able to endlessly renew all our natural resources.
Energy, water, materials and top soil should all be
renewable or from renewable sources.

Renewable energy is abundantly available in the
form of solar energy. Some material resources are
alsorenewable, but most resources used in industry
and the built environment are non-renewable. The
amount of those resources at our disposal is limited
and we are consuming them in an irresponsible rate,
like we have done with our fossil fuels. For example,
af the current rate - taking info account a 3.1 %
per annum increase - the existing world mineral
reserves” of Copper will be depleted by as early
as 2035™. Based on recent sources®™ and given a
general 2 7% increase per year, one can calculate the

RuMoer #62

29

i
i




30

RuMoer #62

Sustainability

depletion of about 12 elements, among which quite
common ones such as: Lead, Tin, Chromium, Zinc
and Copper, in the coming 20 years.

The depletion of resources is more imminent and
potentially more disruptive than the fossil energy
depletion alone. In this context circularity is a means
to achieve renewability, whether it concerns water,
top soil, materials or energy.

A growing economy, or rather: a growing production
of goods requires materials to answer fo the
increased demand. As most technological maferials
are finite, or only renewable in extremely long
cycles, we have to find new abundant renewable
alternatives alongside the extraction of materials
from our waste. Furthermore, it is imperative that
either the regenerative capacity of the earth allows
for sufficient food production or that the production
of renewable materials does not compromise food

Number of years left to depletion given 2% growth per year

Figure 3: Number of years left to depletian of minerdl reserves {Luscuere ahter
USGS8 and Diederen®)

production. In a way, technological materials that
are fully recyclable and capable of functioning in
continuing cycles can be considered renewable.

Besides this, rare technological materials for which

no substitutes exist need to be reserved for specific
essential processes. Harmful materialsandrecycling
processes must be avoided, just as hybrid materials
that thwart the continuation of pure - biological or
technological — flows (‘monstrous hybrids’ as they
are called by Braungart en McDonough).

The relation between resources

It is essential fo consider the inferrelationship of all
resources. Systems for the production of energy
from renewable sources also require materials,
many of which are finite.

Well-known examples are the so-called 'Rare Earth
Metals'. Water may be a carrier of materials as well,
in the form of impurities or salt for example. Ali these
materials can be 'nufrients’ for a material's cycle.
For the biological material cycle a relation exists
with top soil: the amount of renewable materials fo
be produced depends on the ecological capacity of
the earth to (re)generate top soil. This underlines
the importance to study the flows of energy, wafer,
materials and top soil in an infegrated way.

From Recycling to Upcycling

A mineral reserve is defined as that part of a known mineral deposit that can be extracted legally and economically.

academic article
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Biological cycle

In the fraditional linear economy, minerals are"

mined, processed fo products and finally wasted
in landfills or burnt in incinerators. In order to
safeguard the availability of these maferials, not
only for the coming decades but surely also for our
progeny, we will have to come up with more effective
ways fo recycle or even upcycle materials. And there
is plenty available: not in our mines but in our present
and historic waste.

The term ‘upcycling’ offen gives rise to confusion. .

People argue this contradicts the second law of
thermodynamics, inwhich entropy is ever increasing.
The flaw in this reasoning is that it is not forbidden to
feed energy tothe system. Inthiswayitis forinstance
possible fo combine Carbon dioxide (mostly seen as
a nasty climate change propelling waste prodUcT)

) Ii‘choé;‘)here‘

Sustainability

VA

sustainable
energy

T

reuse

d(,\'\“g clean water}:
W ]

clean water

O

plekn,tifully available
resources

Techriolbgical cycle

Figure 4: Biological and technolagical material cycles in our society

with Hydrogen (originating from renewably powered

‘electrolysis) to produce Methane. The latfer is better

known as natural gas, but now acquired through a
very short-cycled renewable process as opposed to
the fossil version.

Waste as a resource

Waste does not exist in nature. As in the C2C®
principle of Waste = Food™, all biological materials
end up asintake for other processes. Itis challenging
to consider CO, as a resource insfead of a harmful
greenhouse gas. Multiple applications can be found
for CO,. In The Netherlands for example, where
‘waste' CO, from industrial processes is captured

RuMoer #62
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and used fo fertilize greenhouse agriculture.

The word ‘waste’ is thus an abomination, if
disregards the value of the constituent elements and
components. In order to understand the true value
of this we should approach waste as a resource. One
kilogram of gold can be obtained from 200-1,000
ton of ore, depending on the richness of the mine. In
2009 one could find one kg of gold in 3.3 ton of used
mobile phones, alongside 471 kg of Copper, 10 kg
Silver, 0.4 kg Palladium and 10 grams of Platinum™.
This richness in our ‘waste’ can best be described by
using Exergy as a metaphor: the Exergy of waste or
‘Ex Waste',

Ex Waste

Followingthe mobile phone example: the constituent
substances of a mobile phone represent more value

Water,
material

Top soil
*

Circular use

Figure 5 Sustainable energy powering the circular use of natural resources.

than the caloric vatue of the device when burning
it. The ways in which the substances are mixed,
however, often withhold us from harvestingthemina
clean and reusable state. For this we are dependent
on logistics and technologies that may or may not be
developed yet and will be continuously improved in
the future. In the Ex Waste concept such contextual
elements are faken info account. Ex Waste infegrates
different ‘embodied values’, depending on the
inextricable preconditions surrounding the given
waste stream. The Netherlands, for example, has an
intensive livestock industry, producing more manure
than can be processed naturally. Therefore manure
is often seen in The Netherlands as an environmental
burden or even a liability, whereas in neighbouring
countries this manure is highly valued (in original or
processed conditions). Ex Waste thus uses Exergy
as a metaphor rather than an analogy, stressing the
quality capacity, including thermodynamic principles
but not solely depending on them.

Widening the Concept of a Positive Footprint
The positive footprint concept can be applied fo all
four resources in the Built Environment:

1. Energy: Produce more renewable energy
than the building consumes, including the embodied

energy.
2. Water: Install water treatment that allows

academic article

for befter quality water out asiin,

3. Top Soil: Take measures to produce more
top soil during the anticipated life tfime of the building
as what is destroyed during construction.

4, Materials: Bring materials in a biological
or technological cycle so that they can be reused
indefinitely.

Several energy positive buildings have already
been realized™®, albeit without faking the embodied
energy thoroughly into account, Biological water
purification techniques are applied successfully in
modern office buildings™ and impressive results
are achieved with regard to decentralized water

‘purification in places with high concentrations of

contaminants, such as hospitals”. Urban greening
can help fo form fop soil® and phytoremediation
interventions can help restore contaminated top soil
.Atmuitiple continents large-scale eco-remediation
operations are successful®. Biological materials.are
renewable by definition: they grow. Unfortunately
this quality is sometimes undermined: frees are being
cut down for wood af a far greater rate than they
are replanted®. Furthermore, dramatic efficiency
improvements can be achieved in the cultivation of
biological materials by choice of different crops?
and harvesting techniques. Technological materials
are presenting us with far more serious challenges,
For several chemical elements the depletion of their
mineral reserves will be reached in the two decades

Sustainability
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to come (see Figure 3). Without a doubt prices will
rise significantly on the mid to long term, whilst
showing large fluctuations due to uncerfainties.
The only sustainable way forward is developing
improved recycling and upcycling fechniques.

For each of the resources the question is if, and if so,
how the objective of a positive footprint can be met.
This provides us with some challenging research
questions.

New Business models

As a result of the abovementioned developments
new business is emerging: design and development
of new materials, components and products — that
can be restored in the original constituent parts —
as well as processes and services that enable full
recyclability. The associated investments lead fo
new business models in which the ownership of
renewable materials remains with the producers. The
materials are provided for a defined period of time
in what is -in fact- a material lease construction. At
this moment track and trace systems and ‘circularity
passports’ are being developed to safeguard the
value of materials now and in the fufure, for example
in the Horizon 2020 project: ‘Buildings as Material
Banks'.

Social values and health effects
A positive footprint for energy, water, materials and
top solil relates to the users of these resources: all

of us, here and there, now and later. Therewith it
is first and foremost a social transition. But what
this entails exactly, and how to anficipate if, is not
immediately clear. In any case, the social aspects
will have to be better integrated in the business -
or: value — models of the construction sector. An
instrument such as ‘social return on investment’ can
be of assistance to secure the social added value of
propositions and interventions. Thisranges frome.g.
stakeholder involvement, procurement policy and
transparency to health, comfort and environmental
effects. Traditional market mechanisms and earning
models fall hopelessly short in this respect.

A lof is going on in this area, at various levels of
inferest. An example is the immense increase
of decentralized generation of renewable
energy, as described by Rifkin’, which is in fact a
democratization of energy generation. While existing
structures are based on centralized generation and

decentralized consumption, the emerging trend is,

decentralized generation of a substantial part. This
transition increasingly takes shape through local
cooperatives, which simultaneously promotes the
social coherence in a neighborhood.

The fossil fuel industry encounters problems in
terms of overcapacity, net problems and reserve
capacity. Criticism from this industry regarding the
‘subsidization’ of renewable energy sources ignores
the externalized hidden costs that the fossil fuel
industry has forced upon society during its entire

academic article

existence. An estimation of these costs can be found v

in a working paper from the International Monetary
Fund: it amounts to 5.3 E12 $/y#22824 This equals 9
Million € per minute.

Furthermore, many materials that are used in
our society contain' harmful substances for our

‘health. Emissions in our indoor environments and
exposure to fine parficulate matter by industry,
" building activities and fraffic shorten our statistical

life expectancy®®, Such observations may sound
quite fechnical but are of course based on real life
experienced negative effects (health problems,
nuisance in smell, noise, visual discomfort etc.).
Reduction of these hazardous elements in materials
is an important step towards a sustainable society.
Functions and applications in the built environment
are often very suitable to contributfe positively to-our
living environment. For example, plants, frees and
mosses are able fo infercept or even metabolize fine
particles, coatings exist with air cleaning properties,
and harmful' contaminants can be eliminated by
positive micro-organisms?,

Competition between energy and material cycles
on one hand, and the production of food on the
other should be prevented at all costs. A well-
known example is the production of st generation
bio-fuels, such as corn. Violent protests broke out
in Mexico affer the price of torfillas quadrupled in
2007, supposedly as a result of increased demand

Sustainability

for corn from the USA for bio-fuel: production?.
Such price increases will first and foremost harm
the poorest people on earth, leading to famine and
increased poverty. Circularity as a concept can help
to avoid an increase in the demand for such bio-
fuels, whilst safeguarding sufficient arable land for
food production. -

Other aspects related to the concept of circularity
and renewability are p@fenﬂal positive effects on
employment and working conditions on the one
hand, and increased flexibility for building owners
.and occupants on the other.

Beyond Sustainability and Cradie to Cradie®
Some of the ideas in this paper are consistent with
or inspired by ideas from Cradle to Cradle . Up
until now no building can claim a C2C-status, but
a building that has posifive footprints regarding
all four resources, while honoring the mentioned
ecological, economic and social challenges will be
well on its way.

The built environment uses a lot of energy, but recent
developments and future performance requirements
of buildings aim af energy neutral buildings, A
building is energy neutral when the annual energy
demand is equal fo the amount of energy generated
from. renewable resources - onsite or nearby.
Depending on the availabie roof and facade area for
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/ Beyond Sustamability:

generating renewable energy it is already possible
to develop ‘energy positive buildings', i.e. buildings
that produce more energy than they consume. As
mentioned in the main article the use of the exergy
concept plays an important role in the development
of energy-plus buildings, since exergy supports
the maximum use of the potfential of our resources.
However, building energy-plus is not enough when
aiming for a sustainable built environment.

What is the sustainability performance of
energy-plus buildings?

Different solutions can lead to energy neutral
or energy-plus buildings, as is illustrated in a
simplified way in figure 6. The question can then
be asked: which solution is optimal from an overall
sustainability point of view?

On ayearly basis they may have the same net energy
use, but in order to be tfruly beneficial in a larger
perspective there are more aspects to consider:
Firstly, there is a short term (day-night) and long
term (summer- winter) mismatch in fime between
the energy demand and the energy generafed. This
mismatch needs to be considered for a sustainable
future with no backup from fossil fuels. Much

cnergy

Energy neutral

Energy neutral

Figure 6: An energy neutral building can be achieved with different solutions.
Which one is better?

research is currently being done on energy storage
fechnologies, smart grid solufions and ‘demand
side management’, all aiming to solve the mismatch
problem.

Furthermore, the solutions illustrated in figure 6 are
essentially different in two important aspects: the
use of materials and the use of space. To convert,
store or distribute energy materials are needed, and
to harvest renewable energy space is required. In
figure 7 the relation between energy system and the
other resources on earth, including materials, water,

academic article

fop soil and space, is shown.

Material use

in performance assessment of buildings also the
material use startsto be evaluated, mostly by looking
atthe ‘embodied energy’, i.e. the energy required for
producing, fransporting and maintaining a certain
product. In addition, Life Cycle Assessment (LCA)
methods are used, assessing the environmental

i

(3

1L energy componénts

? meet
- for conversion,

energy

E storage & distribution demand

Figure 7: Scheme of the relation- between energy system, resources on earth

bio-based \ ;
energy R
sources i
water&
top soil

(water, material and top soil} and the use of space.

impact of a product. However, current evaluation
methods do not yet consider the circular use of a
product or material?®. Evaluating a product according
fo a life cycle - being truly circular - can lead to
another performance outcome than in evaluation
according to the more common ‘take — make -

Sustainability

waste' paradigm. In the latter approach a product
ends in an ‘end of life scenario’ such as incineration.
Instead, a circular evaluation ends with the ‘new life’
scenario of a product or material, and considers the
energy required to achieve this. This paradigm shift
is very important since it is in line with the nafure of
our planet, which receives energy from the sun while
materials must be used in a circular way, as is also
shown in figure 5.

Use of space

Last but not least the factor ‘'space’ is obviously
essential. Generafing energy from. renewables
usually requires space: for solar panels, for wind,
for biomass. The use of space is directly related to
the available top soil on our earth, biodiversity and
ecosysfems, all being the natural capital of our
planet which enables life on it. If the aim is to design
buildings with a positive footprint, the factor 'space’
for energy systems needs to be considered. More
simply stated: if you need your entire roof for energy
production, there is no place for a green roof to
increase biodiversity or grow vegetables.

Toconclude...
Energy systems of buildings should meet not only

RuMoer #62
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take make

| ‘End of life’ scenarios:
products are down-
cycled, end in landfills

energy is obtained.

materials are used
 indefinitely, by up-
cycling and re-using
them. This requires an

waste | take make waste

or are incinirated.
In the latter case

_ Circularuse:

scenarios

upcycle /
‘new life’
scenatrios

quality
level

input of energy.

energy criteria but also consider the use of materials
and space. Circularity of materials and use of
space may be regarded as boundary conditions.
Developing buildings that perform well on all
resources is an interesting challenge for architects,
engineers, clients and users.

Potential advantages of materials and products
that function in a circular model are increasingly
acknowledged: less waste and resource-depletion
on the one hand, for example, and more focus on

Figure 8: A 'take — make — waste' scenario versus o circular life cycle.

guality — of design, material use and producer-
customer relation — on the other. But how this works
for a complex assembly of materials, products, and
services, such as a building, requires more study.
Think of the technical capacity of building parts to

academic article

‘end of life’ -

-

enable circular flows, this asks for better frack &
trace systems of the used materials. If circularity
is a criferion, knowing the qualities.and quantities
of materials in a building.is a prerequisite. In the
current build-use-demolish- paradigm, however,
we get away with rather rough estimations, and

corresponding waste management strategies are

usually limited to low-grade applications. For a
more regenerative approach, radical changes are
thus inevitable,

Cradle-to-Cradle® (C2C) puts forward the idea of
buildings as material banks (temporary storage of
mafterials that comprise the building assemblies),
completely altering the way material flows need to
be managed. This notion sheds a new light on the

quality of building materials and building design. The -

basic conditions remain straightforward: fouching
upon pure, healthy material use, and anticipated
disassembly and reuse routes. Just as important are
the interdependencies between material properties

3 Beyond Sustainability
Materials, aircular flows in bulldings

- Sustainability

d iy
T,

(the intrinsic quality) on the one hand, and the
contextualized building-design properties (the
relational quality) on the other. Figure 9 displays the
infrinsic and relational properties deemed crucial
in facilitating circularity of materials and products
in/through buildings?. Figure 10 visualises a basic
inventory matrix linking building ‘layers' fo biological
or technical regeneration routes. The service
system, one of these layers, is highlighted. The
building layers follow the so-called shearing layers
of change®, in the adapted version of McDonough
& Partners, indicating average associated material
furnover rates in a building’s performance cycle. The
layers can be further unravelled in sub cafegories,
up to the smallest units of change relévant for
the regeneration routes. Figure 11 displays the
regeneration routes, as proposed by C2C™ and
Circular Economy®\. Biological routes are labelled

RuMoer #62

g

L A

NAANAAANAANAAS

39




40

Sustainability

GROUD
(reinover nate!

» DIMENSIONS {taking acrount of changing funciians and capacitias)
s COMNECTIONS {dry and logieal)
+ PERFORMANCE SPAN {according 16 diverging Wrsoans of the psris}

Relationnl |
i

Figure 9: Circular potential at the infersection of intrinsic and relational aspects

as bio-cascades (reuse in gradually lower grade
biological  applications) and  bio-feedstock
(providing direct nutrients for the soil), whereas
multiple technical routes can be distinguished:
maintenance, redistribution, refurbishment,
remanufacturing, and recycling. From here, an
intriguing research field unfolds, touching upon a
myriad of technical, organisational and financial
questions of circular opportunities and challenges.
Water is one of the four important resources needed
for life and for human activities. To deal with the
worldwide rising demand for potable water and to
resist the effects of climate change, a paradigm shift
in our way of thinking is imperative. Our water supply
must be brought in line with circular principles.
Among others four large system theories have
discussed circularity in relation fo water: Cradle-
to-Cradle®, Regenerative Design, Biomimicry and
Blue Economy. These theories have three important

Figure 10: Example inventory matrix of building layers, moterial turnover rates
and regeneration routes

'

A

Hedasign
Fratotming

yi

ateriat &
Adiitives
Fommiiation

Comporaat:
Pradiction

Lollection.
. .

Figure 11: Material Hows in @ circular economy (Source: EPEA & Returnity
Partners)
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L Beyond Sustamability: Water

principleswhen it comestowater?. These principles,
which are all founded on the idea of creating positive
footprints, are: 1. (innovative) reduction measures;
2. (innovative) discharge measures; 3. improvement
of water quality. ‘Improvement of watfer quality’ in
this confext for instance means that companies that
use water for their (prodUcﬂon) processes must
ensure that the water that leaves their premises is

‘cleaner than the water that went info their premises.

An example of an urban area in Amsterdam with a ot
of atffention for water quality is the office area 'De
Ceuvel'®. Important aspects concerning ‘'innovative
discharge measures!, are green urban solutions like
parks, public and privafe gardens and wadies. This
greenery minimises peak loads on the sewer system
during heavy rain fall, ensures water infiltration into
the soil and improves the environment in the city.

One way of including water related aspects into the
design of buildings is the use of the so-called New
Stepped Strategy: 1. reduce the demand,; 2. reuse
waste flows; 3. use sustainable sources for the
remaining demand®. Demand reduction foremost
aims at reducing the need for potable water. Potable
water should only be used for those purposes for
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which this water quality is really needed, like food
preparation or water consumption by people and
animals. A sustainable source of water for instance
is rain water. After filtering, rain water is very suitable
for diverse uses like flushing foilefs, washing cars,
watering gardens and maybe washing clothes.
Because there is a time difference between the
supply of rain water and the demand for water,
storage is needed. ‘

However, particularly step 2, reuse of waste flows,
strongly links fo circularity. We can distinguish
reuse of water of the same quality, cascading and
upcycling. An example of reuse of water of the same
quality is a water-based cooling system in which the
water after cooling down is reused within the same
system. This in fact is a closed water circuit and
therefore by definition circular. Cascading means
reuse of water in (an)other function(s) for which
water of lower quality can be used. An example
is the use of shower water for flushing the foilet, if
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necessary after filtering with a membrane filter as
was done in the urban area Vauban in Freiburg®.
Upcycling is the reuse of water after first having
improved its quality. Such quality improvement
typically takes place in a municipal water freatment
plant or in infiltration zones in the dunes but can
also fake place inside neighbourhoods or even
inside buildings (e.g. helophytes, lagoons, algae
purification). Parficularly water treatment areas in
neighbourhoods can be interesting because these
may increase the quality of the environment in the
city by adding vegetation and water and may create
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Figure 12: Circularity in the biological and technological water cycles.

temporary water buffers in case of high-intensity
rain fall.

A good example of a building in which waste water
is being reused is the office building Covent Garden
in Brussels®. This building contfains a cascading
water flow in its atrium with various plants which
act as the last step in a biological water treatment
system for its own waste water. The water that is
purified in this water flow up fill grey water quality is
reused within the building. By separating different
qualities of water and by treating waste water in-
house, this building is largely self-sufficient when it

academic article

comes to water, Furthermore, the atrium Wh‘h'all its

greenery is a pleasant space for people to reside in.
This building nicely shows how water treatment can

become part of the-architecture of the building and”

a’r.frhe same time minimises the need for fresh water
from the ufilities.: ‘
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