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Foreword

William McDonough
Co-Author of
Cradle to Cradle:

Remaking the Way
The book Cradle to Cradle: Remaking the Way We Make Things, which I wrote and We Make Things
co-authored with Michael Braungart in 2002, set out to define a new paradigm for
looking at the world of things via the inspiration of nature; positing an optimistic way
of thinking based on ideas of regeneration and cycles of material, energy, and
biological flows, in which the world gets better through continuous improvement.

It was built upon precepts we espoused in The Hannover Principles a decade earlier:

Eliminate the concept of waste,
Rely on natural energy flows,
Celebrate diversity

Cradle to Cradle presented a new framework for human production and illustrated its
concepts with real world examples; inviting everyone to be Cradle to Cradle-inspired.
Over the intervening seventeen years, we and many others have continued to explore
and refine the concepts. Ideas of design for human wellness, biophilia, and economic
circularity, integrally linked in our texts, have since been taken up and expanded
throughout the world. MBDC created the Cradle to Cradle Certified™ Products
Program, which we launched in California in 2010 as the independent third-party,
peer-reviewed, not-for-profit Cradle to Cradle Products Innovation Institute. C2CPII
has certified more than 3,000 individual products. Meanwhile, my architecture firm,
William McDonough + Partners, has designed building and planning projects globally
which were inspired by Cradle to Cradle Design™.

The authors of this manual have undertaken a daunting challenge applying Cradle to
Cradle Design principles to the various and detailed disciplines of building systems.
The depth and intensity of this work is to be admired. There are not always easy
answers and, as the authors point out, sometimes success in one realm may lead to
compromise in another. The challenge is to achieve the right balance which results in
the greatest benefit for human and ecological health and inspires principled progress.

This guideline is an important and bold first step, and one that will hopefully lead to
much discussion and debate. I applaud the effort to bring rigor to the endeavor, and
look forward to continued, elegant refinement.

I like to say “The work of progress is, by definition, always a work in progress.”
My companies and I work with this statement of intent:

“Our goal is a delightfully diverse, safe, healthy and just world — with clean air, water,
soil and power — economically, equitably, ecologically and elegantly enjoyed.”






Foreword

Carol Lemmens

Director,
Global Leader
At Arup, across all our professional disciplines, our focus is on the positive Advisory Services,
change design can make. We believe that existing practices regarding the Arup

materials, energy and waste produced cannot be sustained. As designers of
some of the world’s most enduring buildings and infrastructure we know that
leadership is needed to change the way we commission, procure, construct and
operate the built environment.

We believe that embracing circular economy principles can enable Arup to tackle the
complex nature of the built environment through multidisciplinary working, and that

it can drive a shift towards more sustainable forms of economic growth, urban life and
value creation. We are a knowledge partner of the Ellen MacArthur Foundation and

a member of foundation’s CE100 business network, and the firm is already working on
opportunities to embed circular economy principles in the built environment.

There is a close fit of the Cradle to Cradle concept and the circular economy principles
— you could say the concepts complement each other. I am very pleased to see

our teams preparing guidance on how these principles can be applied in the building
services design; given that any successful circular design will require a holistic
approach, I would encourage anyone working on the design of a circular building

to review the proposals made in the initial chapters of each discipline, to consider

how the team can deliver them together.






Executive summary

Karsten Jurkait

Associate Director,
Advanced Building Engineering,
As outlined in Ove Arup’s key speech from 1970, our firm is striving for a Arup
positive impact on society at large in all its work; this is reflected in a constantly
growing number of sustainable and community-focussed projects that the firm
and its engineers delivered over the decades.

The Cradle to Cradle® framework resounds with our core values and our aim
“to shape a better world”, and over the years we have been collaborating in
a number of projects that aim to follow its principles.

During this work we found that there was a certain lack of definition of
what Cradle to Cradle® means for building services design; this is mirrored
in a lack of Cradle to Cradle Certified™ products, making it difficult for
MEP engineers to deliver a C2C-inspired design.

With the creation and publication of this guide we are attempting to close this gap.
Supported by the work of Johannes Stiglmair as part of his Master thesis* and
subsequent research commission, it provides proposed objectives for each of

the building services disciplines, indicates what needs to be considered at each
design stage, evaluates systems for their aptness for a C2C-inspired building,

and identifies which materials could be suitable for such a building.

We would invite you to use this guide as a starting point when setting out to design
C2C-inspired building services; it should give you a ‘head start’, but will not relieve
you from having to investigate and decide upon the most appropriate solution for
your project — every project has its own characteristics, the market is moving, and
new products and technologies might have become available that suit your purpose
better than those we had available when we wrote the guide.

When using the guide, please also keep in mind that we were not aiming for it to be
“the ultimate reference for C2C” — we rather understand it as a first proposal for

how C2C could look like in MEP design and would love to hear from you if you have
comments regarding our propositions and findings, or suggestions for improvement.

That said, we hope you find the guide useful, and that it contributes
to shaping a better world.

* Stiglmair, Johannes, (2018, February 1), Impact of building services on recyclability, energy efficiency and life cycle analysis
in building construction following the “Cradle to Cradle” design principles (Master Thesis). Technische Universitat Berlin,
Institut fir Bauingenieurwesen, Berlin, Germany 7






1. Introduction

The construction industry is quite resource-intensive, with a significant negative impact
on the environment." Traditionally its resources are consumed in a way that they cannot
be recycled to an equivalent quality or returned to nature without a negative impact.
Further challenges include energy use throughout the building lifecycle, water
pollution, soil erosion and the impact of the constructed buildings on its users

(eg indoor climate, social isolation).

The Cradle to Cradle (C2C) concept is attempting to address these challenges and turn
them around: It is not only aiming to reduce the above effects but aims for buildings to
actually make a positive contribution in the listed areas.The aim for buildings inspired
by C2C is to avoid the generation of waste and creating a beneficial footprint:

All materials used in construction and operation of the building become ‘nutrients’ for the
technosphere or the biosphere, the composition of all components of the building is 100%
known, and the corresponding materials considered healthy in their specific usage
scenario. Buildings can thus function as material banks with the greatest possible positive
impact in the areas of energy, water, air, economy and social inclusion.

This document is meant to serve as an initial guide for MEP designers who want to
design their installations according to the C2C concept; it outlines how the C2C
principles? can be applied in the individual disciplines of building services engineering,
namely mechanical, electrical, and public health (MEP). For each discipline, minimum
aims are proposed, and typical systems are assessed for their suitability for use in a
C2C-inspired project; in every case an indication is given which aspects should be
considered in each design phase (establishing the brief, system selection, system sizing,
material selection) to apply the C2C principles.

At the time of writing, there are still no official guidelines for C2C-inspired MEP
systems, so in many cases fundamental research had to be carried out to derive a first
proposal for the application of the C2C concept to the various disciplines. The
application of the C2C principles is also not yet widespread in the industry, so that
enquiries regarding the suitability of products for C2C are often met with
incomprehension. While quite a lot of research was carried out during the preparation
of this guide, much still remains to be done, in particular on the materials side; the
proposed criteria are also still rather a suggestion than established and widely accepted
conditions. However, their application should contribute to the general C2C concept,
and should help with achieving a wider use of the principle; the authors hope that this
guide will contribute to further dissemination of the C2C concept among both
designers and manufacturers.

1 Deilmann, Reichenbach, KrauB, & Gruhler, 2017, p. 8
2 McDonough & Braungart, 2002
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1.1 Structure of the guide

The chapters of the guide follow the split of disciplines used in the German
“Honorarordnung fiir Architekten und Ingenieure” (HOAI), which is not dissimilar to
the split used in most other countries; they have been slightly re-structured to be able to
illustrate the C2C principles:

Water systems

Gases and fuels

Heating systems

Ventilation systems

Cooling systems

Electrical installations

Extra-low voltage (ELV) systems

Vertical transport systems

Usage-specific / specialist systems

Building management / controls systems

Due to the particular importance the C2C concept is giving the choice of materials and
the construction method (“design for disassembly”), additional chapters on “materials”
and “construction methods” were created.

At the beginning of each chapter, the underlying objectives and criteria for the
respective disciplines are defined; each chapter is then divided into the steps the HOAI
foresees for the development of the design:

» establishing the brief, design criteria & boundary conditions
(definition of the basic principles)

* system selection
* system sizing
* material selection

e construction methods

Each of the relevant sub-sections indicates what needs to be considered at each phase,
in addition to a conventional design, and assesses systems and plant elements for their
suitability for C2C-inspired projects. However, it should be kept in mind that
considerations in one phase may affect other phases, so that when using the guide
during the design, the guidelines of the entire chapter should be read and considered in
each case.



The aim of the document is to determine the influence of C2C on the design and
construction of all disciplines of the MEP systems, so even disciplines with a rather
small influence on the building are covered.

From the point of view of the authors, there are no MEP-specific requirements in the
C2C-inspired building process after system selection, design and material selection,
so the tendering phase is not covered in this guideline (although for example social
responsibility would have to be taken into account in this process to comply with the
C2C principles).

The construction phase plays a fundamental role in implementing the C2C concept and
is a theme in its own right, which warrants a separate guideline; all topics covered in
the design would also be applicable in this phase but would have to be treated
differently due to the temporary nature of the construction site. To limit the scope of
this document, the construction phase is not considered in this document; it could be
an addition in future revisions.

11
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1.2 Approach of the guide

A first step in applying the C2C principles is to set objectives that each discipline has to
achieve. The authors started by taking the C2C principles at face value and describing
what each discipline would ultimately have to deliver to meet them; this resulted in a
set of (intentionally utopian) ultimate C2C aims.

While these ultimate aims can probably not be achieved with the means currently
available (or at all) or in a commercial environment, stating them offers a more
profound understanding of the topic — it should be clear what C2C is aiming for —

and hopefully helps the corresponding designer to understand the principles of the C2C
design concept and mindset in the context of their work.

At the same time, the authors felt that only setting utopian aims would not be enough to
guide designers to deliver a C2C-inspired design in real-life projects; to enable
implementation, a set of realistically achievable minimum criteria were developed.
These criteria can be considered initial steps toward the achievement of the long-term
aims and would be the minimum required to consider a design for a specific discipline
to be C2C-inspired.

Both the ultimate aims and the minimum aims are proposals designed to initiate
discourse. In developing the criteria, the authors were guided by solutions that were
technically feasible at the time the guide was prepared and sought a balance between
the requirements of the C2C principle and the financial viability of the application.
These boundary conditions may change over time (technical development, market
development), so that a regular reassessment is recommended.

It should also be considered that having all disciplines meeting their respective
minimum criteria could still be utopian; it is recommended that the design team
identifies — together with the client — which applications would make the most sense
and support the general vision for the building. As an example, an office building
would probably want to concentrate on providing a healthy working environment
(eg fresh and clean air), while a hotel might want to concentrate on water.

When preparing the guide, it was assumed that readers would be familiar with the
design of MEP installations; it was also assumed that topics such as energy saving or
reducing water consumption — which have been in the focus for years and on which
there are a large number of guides — are sufficiently covered elsewhere and do not need
to be dealt with in detail here.

Achieving the aims of a C2C-inspired design will often require developing holistic
solutions that cross the traditional boundaries of disciplines or require new skills; in the
field of MEP, this could be green facades, green roofs, biological air filtering, digital
documentation, material passports or material knowledge. This guide deliberately
focusses on the traditional duties of MEP engineers, only making reference to the scope
of related specialists where this is relevant; it is assumed that the corresponding topics
will be taken on by these specialists, and that they are covered in similar guides for the
affected disciplines.



1.2.1 Definition of objectives and criteria

The C2C concept sets ‘positive balance’ objectives for buildings®; these go beyond a
traditional ‘less bad’ mindset, aiming for buildings to have a positive impact on the
environment in comparison to the empty building plot — for example, creating fresh air
rather than just trying to reduce the air pollution caused by the building.

However, these general objectives have not yet been clearly defined or quantified,
which makes applying the principle to real-life construction projects a challenge; this
guide aims to address that by proposing concrete aims and criteria.

The proposed aims and criteria are authors’ interpretation of the C2C concept in the
building context, developed in collaboration with further experts within Arup; in
principle, other interpretations are also possible (eg a stricter application of the long-
term objectives, or further compromises in the interest of reducing initial investments),
but the authors consider their proposals to be a sensible and technically feasible balance
between utopia and feasibility in the current environment of the construction industry.

For the development of the guideline, only criteria for the individual MEP disciplines
(water, electricity etc.) were defined; interactions between the MEP disciplines or
interactions with other disciplines (eg architecture or structural design) were not
considered for the definition of the aims (but indications are given where these exist).

The following aim and criterions are defined for each discipline:

Ultimate aim w

No-go criteria - _ . o
= = = Minimum criteria

Status Quo

C2C aim: Ultimate aim for the specific discipline, defining an overall long time aim for
each discipline (which can be utopian). All other requirements are geared towards
achieving this aim, with intermediate steps (minimum criteria) being defined for the
route towards achieving this long-time aim.

C2C minimum criterion: Minimum requirements for achieving the C2C objectives so
that the design for a specific discipline can be considered “C2C-inspired”. By reaching
the minimum criterion, the ultimate goal has not yet been reached, but an active step in
the right direction has been taken.

C2C no-go criterion: Different technologies or applications that are not compatible
with C2C principles; a building in which they are applied or used cannot be considered

“C2C-inspired”, even though the minimum criteria are met.

3 Mulhall & Braungart, 2010

Image 1: C2C aim and criteria

13
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1.2.2 Assessment of compliance with the criteria

As C2C is a holistic approach, conflicting objectives can arise when trying to meet the
criteria for different aspects (eg material use and energy consumption) or disciplines
(eg use of fagade surfaces to meet different criteria like daylight, greening, and solar

energy).

In the individual chapters it is indicated which objectives are typically affected and
which aspect should be given priority; however, quite often a decision on a case-by-
case basis will be required, depending on the project-specific boundary conditions.

In principle, all criteria are regarded as equally important, so that a general
prioritisation of the aims or criteria is not possible; prioritising individual cases is not
the purpose of this guide. However, some general thoughts evolved from the evaluation
of the most common cases:

As indicated above, C2C-inspired buildings should set a focus (eg “air” or “water”);
this focus should be used to determine the priorities for individual measures.

If the energy consumed in the building is produced in a regenerative way, the
minimisation of energy consumption is less important than the other criteria; the
regenerative production of energy thus becomes a priority.

In the evaluation of materials and products, material health in the usage scenario and
recyclability are to be regarded as the highest goals.

It is assumed that a component that has been designed to be recyclable and installed
accordingly will continue to be used. This means that even if the primary cycle was
very energy- or material-intensive, this can be offset by considering the corresponding
consumption over the entire life cycle with multiple usage cycles of the material, where
the later cycles would have a much lower energy and material input.

As a result, when C2C materials are used, their material consumption is secondary;
they will be recycled or returned to the biosphere. In this context it can be helpful to
imagine the building as a ‘material bank’ in which the materials are temporarily stored
until they re-enter the cycle.

1.2.3 Boundaries and scope for the evaluation

The boundaries of the building plot and the impact of the materials on the health of the
building occupants were the limits of the scope for the evaluation. Due to the
complexity of such an analysis, the complete production cycle of individual materials
was not evaluated.

In principle, the materials would have to be analysed along their entire creation chain;
this includes several suppliers for each component and a large number of materials,
starting with their origins as raw materials, so that such an analysis can take several
years for a single product. Such a review could not be carried out as part of the
investigations undertaken for this guide — it is considered the responsibility of the
manufacturers, which can, for example, seek C2C certification for their products.



1.3 The C2C concept

To implement the C2C concept, it is important to understand its basic principles;

the following paragraphs are intended to provide an initial overvihew.

[ 4 T I

T

Waste is food Use of renewable energy Celebrate diversity

J
-

The C2C concept was formulated by William McDonough and Michael Braungart.*

The C2C mindset addresses how environmental issues should be approached. The C2C
principles are the guidelines that result from this mindset, and the C2C cycles describe

the implementation of the principles.

4 McDonough & Braungart, 2002

Image 2: C2C Concept

15
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Figure 1: The upcycle chart
for continuous improvement,
© 2010 MBDC, LLC
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1.3.1 The C2C mindset

In contrast to earlier concepts like eco-efficiency (“reduce and recycle”), the C2C
concept is not only about reducing the negative footprint of humans in their ecosystem,
but about creating a positive ecological footprint. This leads to a new perception of the
human race having a beneficial footprint as opposed to a negative one.

To achieve this, a paradigm shift from simple eco-efficiency to so-called
eco-effectiveness is needed, which is concerned with the type, usage scenario and
quality of the materials or technologies, and not just with the quantity of a material or
toxin. Figure 1 illustrates this shift.

Impact Eco-effectiveness

+
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Time

2T e mpat
1 (\ega
3ue®
<4 ?\e
Eco-efficiency
Inventory Assessment Optimisation

In addition to the eco-efficiency’s thinking of “reduce” and “recycle” to reduce the
negative impact, the eco-effectiveness adds “re-think”, “re-use”, and “up-cycle” to
actually offer a positive impact.



1.3.2 The C2C principles

To achieve the desired paradigm shift, the C2C design concept is inspired by nature
and follows three main principles:

Principle 1: Waste is food — everything is a nutrient for something else; consequently,
it must be possible to let all materials flow in continuous cycles in the so-called bio- or
technosphere. This becomes a matter of using the right (ie healthy) materials for the
respective usage scenario, ie not only using the wrong material as efficiently as
possible.

All materials must be assessed and defined in terms of their impact on health in the
specific usage scenario; this applies both to their manufacturing process and to their use
during operation.

Waste is always accompanied by a loss in value of the material. To address this, C2C
also promotes the quality of the materials and the conservation of their value, which
also offers economic advantages.

While economic aspects cannot be used as a reason to ignore C2C criteria, the
implementation of the C2C concept should not affect the economy; ideally, it even
offers economic benefits. For this purpose, it makes sense to look for solutions that
meet several C2C criteria at the same time.

Principle 2: Use of renewable energy — renewable energy is a basic requirement for a
holistic and effective approach to recycling, and can be used for the operation of
buildings and in the whole production process of materials and products.®

Principle 3: Celebrate diversity — as in nature, there can be a multitude of solutions and
possibilities. Regional, cultural, creative or material differences should not only be
tolerated but actually celebrated or consciously promoted.

The implementation of the C2C concept is also intended to improve the social

environment, starting with the working conditions in the production of the materials
and continuing with the social benefits of the product.

5 Cradle to Cradle e. V., 2017
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Figure 2: Overview
Bio- and Technosphere (EPEA)
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1.3.3 The C2C cycles

The C2C concept assumes that materials circulate continuously as ‘nutrients’, either in
the so-called biosphere or the so-called technosphere. All material properties are known
and all materials are assigned to one of the two spheres, which requires that all
substances that make up the individual material or product are safe for their specific
usage scenario and can be assigned to a future use case.

1.3.3.1 Biosphere

All materials that are consumed, ie wear out and end up in the environment (= cannot
be re-used for another cycle), must be designed for the so-called biosphere. This means
that they must be at least consumable (ie without harmful substances) and compostable
to become a biological nutrient for new plants..

1.3.3.2 Technosphere

All materials that do not wear out in the respective usage scenario and are only used
and not consumed must be designed for the so-called technosphere. This means that
they must be non-harmful (in the use scenario), apt for disassembly, and reusable, to
become raw materials for a new usage.

Figure 2 shows an overview of the C2C concept with the different stages in the cycles
of the bio- and technosphere.
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1.3.4 Cradle to Cradle Certified™

To assess compliance with the C2C criteria in the production of the materials used,
Cradle to Cradle Certified™ has been established as a certification system for
materials. However, a product does not have to be Cradle to Cradle Certified™ to
comply with the C2C concept or to be used in a C2C-inspired building — certification is
only one way to visualise the transition towards C2C, and simplifies material selection.

The assessment for Cradle to Cradle Certified™ is carried out by the independent
Cradle to Cradle Product Innovation Institute (C2CPII) in the USA. Table 1 shows the
criteria used for the certification, which can also be used as an orientation to evaluate
uncertified materials or products.

Material health An inventory of product ingredients used throughout the supply
chain is prepared and evaluated for impact on human and
environmental health. There are different levels of certification,
and the criteria for each level become more stringent, with the
ultimate goal of eliminating all toxic and unidentified chemicals
and becoming nutrients for a safe, continuous cycle.

Material re-utilisation Products are designed either to biodegrade safely as a biological
nutrient or to be recycled into new products as a technical
nutrient. To reach the next certification level, more effort is
required towards increasing the recovery of materials and
keeping them in continuous cycles.

Renewable energy At each certification level, the requirements for the grade of
carbon neutrality and use of renewable energy for powering all
operations is higher, with an ultimate goal of reaching 100%.

Water stewardship Production processes are reviewed to see whether they regard
water as a precious resource for all living things. To reach the next
certification level, more effort is required towards cleaning effluents
to reach drinking water standards.

Social fairness The manufacturers have to treat all people and natural systems
with respect. To reach the next certification level, more effort is
required towards having a positive overall impact on mankind and
the planet.

There are several levels for a Cradle to Cradle Certified™ Product (Basic, Bronze,
Silver, Gold and Platinum); certified products must re-certify and improve at regular
intervals — otherwise their certificates expire.

The individual criteria for the certification levels are not covered here; further
information can be found on the homepages of the C2CPII or of the Cradle to Cradle
Certified™ assessors, who support companies in the certification process

(find assessors on www.c2ccertified.org/get-certified/find-an-assessor).

A list of all Cradle to Cradle Certified™ products can be found on the homepage of the
C2CPIl, as well as a so-called “Banned-List” ®, which contains all substances
prohibited according to the Cradle to Cradle Certified™ Products Program
(www.c2ccertified.org).

6 McDonough Braungart Design Chemistry, LCC, 2012

Table 1: Criteria for Cradle
to Cradle Certified™
of the C2CPII
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Material health certificate: The C2CPII offers its own certification for the area of
material health; it only looks at the criteria of material health, ignoring the other

aspects. The certification levels are the same as those in the integrated Cradle to Cradle
Certified™ Product Standard.

As the Material Health Certificate only provides an evaluation of one criterion, a
complete certificate is regarded as better (although products with a material health
certificate should also be supported).



1.4 C2C in the built environment

In addition to the certification of products according to the systems mentioned above,
the transformation of the built environment according to the principles of the C2C
concept is an important step in the C2C mindset.

Buildings consist of materials and products, but their interaction has an overall impact
on the environment that is not considered in their individual certifications; as living
spaces, buildings also have a special importance as a system. In 1989, William
McDonough formulated a vision for the built environment, “buildings like trees — cities
like forests™’, in which buildings

* purify the air and the water,

» have a positive energy balance,

* increase biodiversity,

* make a positive contribution to the social environment, and

* promote the health of their users.

The “C2C Criteria for the built environment” defined by Braungart and Mulhall serve
as the standard work for C2C-inspired-built environment®; these criteria have been
developed further by Van de Westerlo, Halman and Dumisevic to describe them in
more detail.® The criteria are listed in the Table 2 on the following page, sorted
according to the C2C principles. Since this guide deals specifically with MEP
installations, the general C2C aims for the built environment are only presented as
reference.

There is currently no C2C certification for entire buildings; only materials and products
can be certified by the C2CPII to become Cradle to Cradle Certified™. By evaluating
the benefits or use of the building systems against C2C objectives, this guide has taken
a first step towards facilitating a possible future C2C certification (or at least an
assessment of the implementation of C2C aims) of buildings. However, the initial aim
of the guide is to provide designers and developers with basic principles and food for
thought on how the positive effect of buildings on their environment can be increased.

Foundational information on the C2C concept:

In the books: Or on the internet:

Braungart and McDonough — Cradle to Cradle — C2C Product Innovation Institutes
Remaking the way we make things www.c2ccertified.org

Braungart and McDonough — Cradle to Cradle — Cradle to Cradle e. V.

Remaking the way we make things www.c2c-ev.de

Guide to C2C commercial sites
www.c2cbizz.com

7 Courtesy of William McDonough
8 Mulhall & Braungart, 2010
9 van der Westerloo, Halman, & Durmisevic, 2012
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Table 2: C2C criteria C2C principles Criteria and desired results

for the built environment
Waste equals food 1. Define materials and their intended cycles

1.1 Materials and products can safely return in a biological or
technological cycle, without quality loss

1.2 Cradle to Cradle Certified™ products and materials are applied
in the building

1.8 Material contents come from renewable or recycled materials

1.4 The design and construction team assessed applied products
and materials in the building based on their intended use and
impact for its users and the surrounding

2. Integrate biomass production

2.1 More biomass, topsoil and clean water is generated by the
building than before the development of the site.

3. Enhance air and climate quality

3.1 The outdoor air quality is improved by the building so the air
becomes healthier than before development, and climate
change gases are used to produce biomass

3.2 The indoor air quality is healthy and comfortable for occupants
and users.

4. Enhance water quality

4.1 The quality of water is improved by the building and healthier
than before it entered the building.

Use of renewable energy 5. Integrate renewable energy

5.1 More renewable energy is generated by the building and its site
than the building consumes

5.2 Energy-efficiency is used to introduce renewable energy rather
than reducing fossil fuels

5.3 Exergy is used as a way to guide energy effectiveness

5.4 Innovative techniques to produce renewable energy are
integrated

5.5 A monitoring system that measures the energy consumption
and production is used.
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C2C principles

Criteria and desired results

Celebrate diversity

6. Biodiversity

6.1 Biodiversity is increased by the building.

7. Conceptual diversity

7.1 Innovative elements of the building are beneficial for the
wellbeing of occupants and the environment.

Further criteria

8. Organize reverse logistics

8.1 Supply and discharge of defined materials
and products is organised.

9. Design for (dis)assembly

9.1 A plan to deconstruct building elements, products or materials
without demolition waste is made

9.2 The building can be adapted without demolition waste.

10. Define intended use periods

10.1 Intended use periods of the building, products
and materials are defined.

11. Enhance environmental qualities
11.1 The building improves the quality of the building surrounding

11.2 The quality of the top soil is improved by the building
(including green roofs).

23



C2C in buildings services

Table 3: Overview of
C2C aims and criteria for
building energy systems
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2. C2C 1 buildings services

In the following chapters, the C2C criteria for the built environment according to
Braungart and Mulhall'® are applied to the various disciplines of MEP installations.
Table 3 gives an overview of the C2C aims and criteria of the different disciplines;
the objectives and criteria are explained in more detail in the individual chapters.

Range C2C aim(s) Meaning C2C criteria
Water systems Water and Building cleans water Minimum:
nutrient positive Water balance,
water treatment,

measurement of
waste water quality

No-Go:
Water pollution

Gases and fuels

No hot combustion
and using fuels
produced of fuels

Using only fuels produced
on site, avoiding hot
combustion

technology

Minimum:
Exhaust gas filtration,
no air pollution

No-Go:
Fossil fuels,
energy crops

Heating systems

100% renewable
heat coverage

Building’s heat demand
supplied completely from
renewable energy

Minimum:
Own regenerative
heat production

No-Go:
Fossil heat generation

Ventilation systems

Positive oxygen
balance and indoor
environment
contributing

to wellbeing

Building produces more
oxygen than it consumes;
pollutants are filtered,
highest indoor air
standards are reached

Minimum:
Healthy indoor air and
neutral exhaust air

No-Go:
Harmful exhaust air
and unhealthy indoor air

Cooling systems

No unique C2C aim

Support for C2C
objectives in other areas

Minimum:
Optimisation of cooling
demand and material use

No-Go:
Use of energy generated
from fossil fuels

Electrical installations

Positive electrical
energy balance

Building’s electrical
energy demand is
supplied completely
from renewable energy,
with an annual surplus

Minimum:
Own renewable
electricity production

No-Go:
Electric energy from
fossil fuels

10 Mulhall & Braungart, 2010



Range

C2C aim(s)

Meaning

C2C criteria

Extra-low voltage
(ELV) systems

No unique C2C aim

Applications and
materials correspond to
C2C principles, where
applicable support of
C2C objectives of other
areas

Minimum:

Materials & construction
methods follow C2C
criteria

No-Go:
See “Materials”

Vertical transport
systems

No unique C2C aim

Applications and
materials correspond to
C2C principles, support
of C2C objectives of
other areas

Minimum:
Optimisation of energy
& material use

No-Go:
See “Materials”

Usage-specific /
specialist systems

No unique C2C aim

Applications and
materials correspond to
C2C principle support of
C2C objectives of other
disciplines

Minimum:
Optimisation of energy
& material use

No-Go:
See “Materials”

Building management
/ controls systems

No unique C2C aim

Applications and
materials correspond to
C2C principle support of
C2C objectives of other
disciplines

Minimum:

Energy monitoring;
optimisation of energy
& material use

No-Go:
See “Materials”

Material

100% C2C materials

Only use of material
proven to be apt for
usage scenario, and
documented in material
passports

Minimum:
Creation of a material
passport for all systems

No-Go:

Use of Materials on
the Banned List of the
C2CPIl

Construction methods

100% apt for
disassembly

All materials used in the
MEP systems designed
according to DD
principles

Minimum:

Application of the basic
principles of “Design for
Disassembly”

No-Go:
Connections that do
not allow separation
of materials by
material type
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Water systems

3. Water systems

3.1 Aims and evaluation criteria

3.1.1 Overview

C2C aim Water- and nutrient-positive

C2C minimum criteria Water balance, water treatment,
monitoring waste water quality

C2C no-go criteria Water pollution
C2C material criteria See chapter 13
C2C construction methods See chapter 14

3.1.2 Explanation

Water positive means that the building has a positive influence on the water cycle -
the water quality at the site should be better with the building than without.""

The focus of the C2C concept is on improving the quality of the water, not simply
reducing consumption.

When applying the criterion of having a positive influence on the water cycle, it is
important to understand that according to the C2C concept, “better” does not
necessarily mean “cleaner” in the traditional sense — biological waste products can be
nutrients for plants, which from a C2C point of view does not reduce the water content
quality compared to pure drinking water (as long as these nutrients are also used and
are not over-fertilising the biosphere). However, drinking water has a higher quality of
use, as it can be used for more applications.

To meet the criterion of water pollution, the contamination of waste water or rainwater
with harmful substances (the criterion “water pollution” mentioned above) must be
avoided or reduced.

To determine whether the building has a positive influence, the status quo of the site is
to be established as a boundary condition: What is the amount of precipitation that falls
annually on the property, and in which quality? This should then be regarded as a
baseline and compared with the balance of the site with building (consumption, waste
water quality etc.). When using groundwater (eg wells), the flow rate and water quality
would also have to be measured.

26 11 Mulhall & Braungart, 2010, p. 9



While the quality of the water leaving the building is crucial for the C2C assessment,

a balance of the amount of water entering and leaving the building must also be
established; this balance should be as neutral as possible — ideally, the building will
supply itself with the amount of rain falling on the site, although this will not always be
possible depending on location (climate) and use (water consumption).

Water positivity could therefore also be achieved by producing more usable water at
the site than without buildings, eg by the use of grey water treatment; however, it
should be noted that the pollution of the waste water with harmful substances cannot be
balanced out by producing more usable water, so avoidance and treatment must be
given priority.

During operation, measurements of the waste water quality leaving the building must
be carried out and compared with the precipitation water quality without the building,
to be able to assess necessary measures.

Nutrient positive means that the building has a positive influence on the production of
biomass and topsoil. In a C2C-inspired building, biological nutrients bound in urine,
faeces or biological waste should be recovered and recycled as far as possible. Systems
should be planned to enable these nutrient cycles.

Figure 3 shows an overview of the components of wastewater and water systems in a
C2C-inspired building.

Figure 3: Overview water
system in a C2C-inspired
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Water systems

Figure 4: Roadmap for water
systems in C2C-inspired
buildings
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3.2 Means of implementation

To improve the water quality, both avoiding contamination and filtration/treatment of
the water can be considered — the quality of the water when it leaves the building/site
is the critical factor from a C2C point of view.

To achieve a quantitatively neutral water balance, both measures to reduce
consumption and technologies to provide drinking water can be considered.

The re-use of water on the site reduces the onus on treating water leaving the site, and
can therefore be considered a further possible means of achieving the C2C objectives.

Figure 4 shows a classification of the various measures and steps in the field of water.

Drinking water production
Nutrient production
Energy production

Closed waste water cycle

Waste water treatment

No water pollution Increasing water quality
Grey water usage Producing nutrients

Reducing water consumption

Reducing water pollution No water pollution

Minimized water consumption
Rain water usage

Reducing water pollution
Reduced water consumption
No grey water usage

No waste water treatment
Normal water consumption
No grey water usage



3.3 Design criteria & boundary conditions

The first step in the development of the brief is to determine what amount of annual
precipitation the site experiences, and in what quality. While the former will be
statistically recorded in most cases, the quality is like to be usually more difficult to
determine; a rainwater collection (and subsequent laboratory analysis) will probably
have to be organised during the design phase to obtain a reference value.

When groundwater is used, the quality of the water must also be determined, together
with the annual flow rate that flows through the property.

Substances that enter the water during operation of the building will need to be
analysed, the risks for water pollution (eg by surfaces coming into contact with the
water, cleaning agents, waste materials from the use of the building) will have to be
identified, and the quality up to which the waste water will need be cleaned or kept
clean of them will have to be established.

Substances Grey water Max. values for Bjack water contains'? Max. values for
contains grey water drinking water'

Lead - - 0.02...0.05 mg/(E*d) 0.01 mg/I

Copper - - 1.2...1.8 mg/(E*d) 2.0 mg/I

Nitrite - - - 0.50 mg/I

Sodium - - - 200 mg/I

Coliform 102...10° per mI'* < 100 per ml 10%...107 per ml 0 per 100 ml

bacteria

Escherichia 10'...10° perml < 10 per ml 10%...107 per ml -

coliform

bacteria

BSB7 - 5 mg/l - -

BSB5 16.7 g/(E*d) - 21...29 g/(E*d) -

Phosphor 0.2 g/(E*d) - 0.9...3.3 g/(E*d) -

Nitrogen 0.8 g/(E*d) - 9...19 g/(E*d) 50 mg/I

Fluoride - - B 1.5 mg/l

12 Herbst, 2008, p. 43
13  Bundesministerium fur Gesundheit, 2001
14 Fachvereinigung Betriebs- und Regenwassernutzung e.V. (fbr), 04.05, p. 12

Table 4: Overview of contents

of important substances in

drinking, grey and black water

and their maximum values
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The guidelines of the Drinking Water Ordinance, the Wastewater Ordinance, and the
list of priority substances'® can serve as an orientation for the required water quality.
Substances that are on the C2C banned list or are classified as problematic in the
certification are not allowed to get into the water (waste water or drinking water);
alternatively, they must be removed again. A list of problematic substances is not
currently published by the C2CPII, so it cannot be used for consideration; should it be
made available in the future, these substances would also have to be taken into account.

A minimum requirement is the filtration of waste water from surfactants (residues from
soaps, detergents, etc.).

It must also be defined to what extent self-sufficiency of the water cycle is aimed for.
For example, it should be stated how much rainwater or greywater is to be used to
achieve the desired balance (and what water quality is required for this), how much
water is taken from the cycle, and/or how much water should be treated on the site itself.

The saving potential by rainwater is obviously depending on the precipitation rates; in
Germany, a realistic goal is to reduce drinking water consumption by 50% in single-
family homes.'® Grey water recycling can also save drinking water. According to
manufacturers, a 100% supply of single-family houses is possible by treating rainwater
to drinking water. According to Wohnwagon GmbH a water self-sufficient office
building is also possible by adjusting the size of the used components.'”

If water quality is to be improved through nutrient use, how these nutrients are used
(ideally on the site) is to be stated in the brief, too. A minimum requirement for the
usable quantity cannot be defined from a C2C point of view — ideally all black water
flows are used, but it only makes sense to extract as many nutrients from the
wastewater as are usable on the site; there is currently no structure available for a
retention or economic use of the extracted substances.

The desired economy in the implementation of the C2C aim may result in further design
values, eg efficiency of water use, optimisation of space uptake for plant rooms, etc.

15 Europaisches Parlament und der Rat der Européaischen Union, 2013
16 FBRe.V, 2017
17 Wohnwagon, after E-Mail contact 13.9.18



3.4 System selection

When selecting a system, it must be established by which systems the desired positive
impact on the water cycle is to be achieved. It is to be clarified what is planned to
achieve the water quality and water balance aims; systems would typically fall under

* Avoidance of water pollution

*  Water treatment

» Utilisation of nutrients

* Reduction of water consumption
*  Water re-use

*  Water production

C2C-inspired drinking and waste water distribution within the building basically has
the same requirements as in conventional building projects; they may differ in the
choice of materials and a requirement for the most energy-efficient distribution
possible.

3.4.1 Avoidance of water pollution

Most of the water entering the building is not contaminated by building services
systems but by the building use; this cannot be influenced by the system selection of
the MEP installations and is therefore not covered in this guide. However, avoiding
contamination should be part of the building’s C2C concept; contamination also
influences the design of the MEP installations for water treatment, and the development
of a corresponding concept should be actively pursued by the MEP designer.

One possibility of influencing water pollution is the degree of hardness of the drinking
water; a lower degree of hardness requires less detergent during washing, so that a
softening system can be considered where particularly hard water is supplied (water
hardness in the “hard” range starts from 14° dH'®'9), depending on the use of the
building.

Another possibility is the use of urine-separation toilets. This technology can make the
nutrient management of the building easier but has an effect on the operation of the
building (eg on cleaning and maintenance costs) and on user acceptance, so it should
be explicitly clarified with the building owners and users before adopting it.

Another possible source of contamination is the contact of rainwater with surfaces of
the building envelope or the sealed external surfaces;? this aspect is the responsibility
of the architect and is therefore also not considered part of the scope of this document,
but should be actively flagged and followed up by the MEP designer.

Water can also be polluted by MEP systems; this can be by contact of the water with
the materials of the water distribution systems, by chemical treatment in the water
systems, and by unforeseen discharge of harmful materials into the water system (eg
leakage of glycol on drained surfaces).

18  Alfiltra GmbH, 2013
19 Hillenbrand & Béhm, 2004
20  Burkhardt, 2015
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Since the latter is already covered in the relevant legislation (Drinking Water
Ordinance, Water Resources Act) and must therefore be taken into account in the
design anyway, this is not discussed here; the former is dealt with in the subchapter
3.6 “Material selection”

3.4.2 Water treatment

Rainwater: If the roofs, facades and all other external surfaces that come into contact
with the falling rainwater are optimised according to C2C and thus do not cause a
reduction in the quality of the water content, then in theory no rainwater treatment
would initially be necessary to improve the water quality; treatment this is only
necessary because the rainwater commonly is contaminated with harmful substances
such as (bacteria, viruses, parasites, and fine dust).

The degree of required filtering depends on the use of rainwater. For watering the
garden, only a mechanical filter and a resting basin (storage tank) are necessary.?! If the
rainwater is used to operate a washing machine, a fine filter is required; this is achieved
in a similar way to greywater treatment??), utilising membrane or nanofiltration (offered
by companies such as Intewa Aqualoop Tap Comfort or Urspring Home, StormSaver,
WaterScan, etc.). More detailed information is provided under “Drinking water”.

If a percolation is planned, the rainwater must also be cleaned; the type of filtration
depends on the condition of the collecting surface (eg roof, parking lot) and the
corresponding degree of contamination — possible are physical (sedimentation),
chemical (precipitation or adsorption) and mechanical filters.

A clear statement on the suitability of the various filter technologies according to C2C
criteria cannot be made at present, due to the lack of information provided by the
manufacturers. A basic principle would be “less is more”, ie the water should be treated
with as little filtration as possible; since the degree of pollution determines the use, the
rainwater should only be treated as far as the use requires.

Grey water: In contrast to rainwater, grey water must be assumed to be contaminated;
however, it must be established in each case whether suitable operational measures can
be taken to prevent the water from being contaminated by harmful substances.

Grey water can be divided into the categories lightly and severely polluted (according
to EN 12056-1); it must be clarified which category is to be used in the building.
Furthermore, it must be decided whether the grey water is to be treated to process water
or drinking water quality. According to the C2C principle, the aim should be to use and
treat all the grey water; whether this is done as grey water, process water or drinking
water is initially not decisive - this must also be decided for the respective project
taking economic aspects into account.

In any case, surfactants and (if necessary) grease (eg in kitchens) and other impurities

should be removed from the water?®, so that water treatment must always be provided

for C2C-inspired buildings; if the water is used further in the building (see “Reduction
of water consumption” or “Water production”), additional treatment (ultrafiltration or

UV treatment) may be necessary.

21 Fachvereinigung Betriebs- und Regenwassernutzung e.V. (fbr), 2017, p. 4
22 Herbst, 2008, p. 70
23 Herbst, 2008, p. 45



There are biological and technical treatment methods for the treatment of process
water; an overview of use and quality requirements can be found in the dissertation of
Herbst, p. 73 1.4, The following tables give an overview of the procedures mentioned
there.

Table 5: Overview of natural

Type of treatment Cleaning by Aptness for C2C
treatment of grey water
Ponds Bacteria in the root area Suitable
Overgrown soil filters Horizontal or vertical Bacteria in the root area  Suitable
flow through
Type of treatments Type of cleaning Often in Aptness for C2C Table 6: Overview technical

connection with treatment of grey water

Biofilm processes

Rotary discs trickling filter ~ Cleaning by UV disinfection suitable (for natural
microorganisms (also suitable for C2C) substrates; for other fillers
C2C-materiality must be
observed)*
Fluidised bed reactors Cleaning by UV disinfection suitable (for natural
microorganisms (also suitable for C2C) substrates; for other fillers
C2C-materiality must be
observed)*
SBR reactor (similar to Cleaning by suitable
flow-through process) microorganisms

Membrane activation

process
Ultrafiltration membrane Filtering by small UV disinfection C2C suitability still to be
pore width of the (also suitable for C2C) clarified
membrane
25,26

* Information about carrier material

In practice, mostly combinations of biological and technical (membrane) processes are
used in a membrane bioreactor (MBR reactor); their filtration rates meet the EU
Bathing Water Directive and also filter phosphates and surfactants from grey water.

The microorganism used in all processes remove surfactants from the grey water.?”
None of the systems above for greywater treatment includes phosphorus recovery; this
is currently only offered as an option for small sewage treatment plants (P-Elimination
Modules), mostly by chemical precipitation with the precipitant poly-aluminium
chloride (eg Graf GmbH P+Modul). A C2C suitability of this treatment is still to be
investigated and depends on the composition of the precipitant, which is classified as
slightly hazardous to water (water hazard class 1).

24 Herbst, 2008, p. 73

25 Universitat Bremen Institut fir Umweltverfahrenstechnik, n.d.
26 DINe. V., 2007

27 Wallbaum & Prof. Dr.-Ing. Weining, 2012, p. 2
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There are also biological systems for phosphorus elimination (polyphosphate
accumulating organisms in an anaerobic tank), but these are not yet used in connection
with greywater recycling. The lower phosphorus concentration in the grey water and
the sensitivity of the biological filtration processes can be cited as causes here.

With the above-mentioned treatment methods, no residues remain in the water,
depending on contamination and technology, but waste will still be produced; priority
should therefore be given to reducing the amount of pollutants entering the water,
which makes costly cleaning steps obsolete.

So far, chemical-physical techniques are rarely being used in buildings; they are
employed to filter trace substances (eg drug residues) from the water, which would in
principle be a welcome improvement of water quality. A statement as to whether these
technologies comply with C2C principles could not be clarified during the preparation
of the guideline; however, in general they are compliant with current codes and
regulations (eg Drinking Water Ordinance) and can therefore presumably be regarded
as suitable for C2C-inspired buildings.

The research carried out during the preparation of this guide suggest that the
technologies mentioned above are suitable for C2C-inspired buildings, as long as the
material requirements (especially for the materials the water is exposed to) is met. If
the use of UV disinfection is suitable for C2C-inspired buildings could not be clarified;
the treatment removes both harmful and beneficial bacteria, so it is not clear if the
overall effect is positive in the spirit of C2C.

According to C2C criteria, natural treatments are to be favoured. Due to the current
introduction of trace substances (eg drug residues, microplastic, etc.) into the
wastewater, additional technical treatment is often required, as these substances are
harmful to plants.

It is crucial that C2C-inspired buildings provide a treatment / removal of contaminants
in the waste water, and that the corresponding equipment meets the C2C criteria
(material, energy consumption) as far as possible. However, it may be necessary to take
into account that biological processes (such as pond systems or soil filters) allow
filtering, but make it difficult to continue to use the water in the building.



As described in the previous section on rainwater re-use, it is critical to consider what
the re-re-use water is being used for — this will determine the level of treatment
required. It is equally critical to consider the treatment processes for each type of waste
discharge; depending on the building, it may be practical to have separate systems for

1. baths and showers,
2. wash basins, kitchen sinks and white goods, and
3. black water fitments.

This is because the largest water users in residential properties are baths and showers;
they generally have the least contaminants, as they use much larger volumes of water.
Wash basins would see similar types of contaminants entering the waste water prior to
treatment, but the contaminants would be far more concentrated, meaning greater
levels of treatment are needed.

Black water: Depending on the use of the building, different contaminations of the
black water can be assumed. Industrial pollution is considered a special case and is not
considered in this guide; the same applies to contamination by medicines — only
biological contaminants such as faeces and kitchen waste were considered.

As already explained under “Aims and criteria”, contamination by biological waste
materials should not initially be regarded as a reduction in quality but possibly even as
an improvement; however, this is only the case if the biological waste materials are
actually used.

For this purpose, black water treatment should be provided in C2C-inspired buildings,
for which suitable small sewage treatment plants are already available on the market.

Although the municipal black water treatment in sewage treatment plants is working
technically correct, in most cases the systems are not C2C-compliant where it comes to
nutrient utilisation: Half of the sewage sludge is actually burned?® (partly biogas is
produced in advance, partly phosphorus separation is carried out); as a result, the
natural raw materials contained in the sewage are lost to the biological cycle.

A pure discharge of black water into the sewerage system is therefore not acceptable
for a C2C-inspired building (unless use of the nutrients in the corresponding sewage
treatment plant can be proven); some use in the building should therefore be provided
for. If the sewage sludge cannot be used completely in the building, partial use of the
black water (eg only from one riser) would be conceivable.

Separating the black water into yellow water (urine) and brown water by separating
toilets facilitates the extraction of nutrients.

Depending on the intended use and treatment, separate piping systems for grey, yellow
and black water will have to be provided in the building.

Drinking water: There are currently four systems for treating filtered grey water

(process water) or well water to drinking water quality: Ultrafiltration, reverse osmosis,
chlorine treatment and UV disinfection.

28  Wiechmann, 2013
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Chlorine treatment is ruled out due to the harmful effect of chlorine. UV disinfection is
often used as an additional step in combination with an ultrafiltration or reverse osmose
plant. Which of the remaining processing technologies should be preferred according to
C2C criteria could not be finally be clarified during the preparation of the guideline; the
main reason is that for both systems the membrane material is not yet optimised
according to C2C criteria. A decision will have to be taken on a case-by-case basis,
following factors like cost efficiency, used space, and water quality requirements.

3.4.3 Utilisation of nutrients

The nutrients produced by a C2C-inspired building and its uses should be used locally
wherever possible. The design should consider which portion of the nutrients can be
used meaningfully locally and which can be delivered as surplus to a central system,
neighbouring buildings or companies. Where the nutrients cannot be used, a treatment
does not make sense — in this case such a treatment can be omitted.

For better use of nutrients, black water should be collected separately from grey water,
with the least possible addition of water and/or supported by separate collection of
yellow water (urine) by separating toilets or urinals.

A complete black water cycle — ie including the use of nutrients — within the building is
currently difficult to implement; for this purpose, a use of the sewage sludge on site has
to be found. First projects like the Jenfelder Au in Hamburg (Hamburg Water Cycle) or
the “Komplett” project®® are already heading in this direction, but their concepts will
not be feasible everywhere.

Humus: The nutrients collected or filtered out in the wastewater or by a separation
toilet can be composted and used as humus. There are various systems for composting
(eg vermicompost®); composting plants are not part of the water cycle and would have
to be coordinated with the responsible designer (eg landscape designer).

Generation of biogas: The collected solids from the waste water — possibly together
with food residues and similar waste — can be fed into a biogas plant and thus generate
gas. More detailed information on gas plants can be found in chapter 4. The “Hamburg
Water Cycle” in the Jenfelder Au district is an example of such a project.

3.4.4 Reduction of water consumption

The reduction of water consumption supports the achievement of a neutral water
balance and reduces the costs and size of installations to increase water quality.

Measures to reduce water consumption are already being adequately addressed
elsewhere; only their suitability in terms of the C2C principle is discussed here.

In addition to the efficient operation of toilets, fittings, etc., the behaviour of users has a
considerable influence on water consumption. The latter is not part of this guide, but
users should be informed about measures and rules of conduct for the most effective
operation.

29  Forschungsszentrum Karlsruhe GmbH, 2009
30 Forschungsszentrum Karlsruhe GmbH, 2009, p. 447



In the following, some technical measures are evaluated regarding their C2C suitability.

Waterless urinals: In addition to reducing water use, the lower material costs for piping
and separating urine and water (better treatment potential) are positive, which makes
the system suitable in principle for C2C-inspired buildings; at present, however, the
materials used are not yet C2C-compliant (see subchapter 3.6.6 “Waterless urinals”

in the chapter 3.6 “Material selection”), so that the selection of a specific, C2C-suitable
product will be decisive.

Low-flow toilets: So-called low-flow toilets, which reduce the water flow per flush,
should in principle be supported from a C2C perspective. The lower water consumption
simplifies the treatment of black water because the systems are less used to capacity; in
addition, the greywater or rainwater consumption of the flushing water is reduced (and
thus the cost of the corresponding treatment), or less drinking water is polluted.

However, it should be taken into account that low-flow systems are more susceptible to
blockages and thus present a risk of lower user acceptance; a combination with vacuum
toilet systems (see below) may be advisable.

Vacuum toilets: By using vacuum systems, water consumption can be reduced (to only
approx. 1 1 per flush).3' The reduced use of water makes it easier to use the nutrients of
brown or black water.

To install a vacuum system, special vacuum toilets and a vacuum station (including
vacuum pump, vacuum tank, waste water pumps and control cabinet) are required.
Currently there are several systems on the market, with different technical complexity
and differing components.

A final statement as to which system is best suited according to C2C criteria cannot be
made at present; in principle, however, the most compact and efficient system possible
should be preferred (eg the vacuum system JETS™, which does not use a tank but only
a pump®?), and the active elements (pumps) should be supplied with regenerative energy.

At the time this guide was prepared, there were no Cradle to Cradle Certified™
vacuum systems on the market, nor systems manufactured according to similar criteria.

Image 3 (left): Closet of
vacuum toilet system.

Image 4 (right): Plant room
of vacuum toilet system.

[-!
e

31 Fraunhofer ISI, 2010, p. 104
32  Steinbach Ingenieurtechnik, n.d., p. 4
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Faucets and urinals with infrared sensors: The main purpose purpose of faucets and
urinals with infrared sensors is to save water; they also offer improved hygiene, which
can be an issue in public baths, for example (although this can also be addressed by
using copper fittings®334).

These benefits are achieved with increased technical complexity — in addition to the
inlets and outlets for the water, electrical lines must be installed, and the electronic
components consume electricity during operation. In addition, the electronic
components are not suitable for C2C (low recyclability of the materials used) at the
time of preparation of this guide.

In balance, faucets and urinals with infrared sensors are considered apt for C2C-
inspired buildings, with their benefits outweighing their disadvantages; care should be
taken in the material selection of the required components — see also in chapter
Electrical Installations on 8.6 Material selection”.

Pressure reduction: Whether a pressure reduction in the water system makes sense or
not can be decided according to conventional design criteria; from a C2C point of view
there is no preference.

Aerators: In their function as water savers and oxygenisers, aerators indirectly help to
achieve the C2C aims. Their suitability for C2C depends on the material used; stainless
steel components are currently the preferred choice, because due to the lack of
transparency among manufacturers the suitability of plastic components cannot be
assessed.

3.4.5 Re-use

The longer water circulates (eg re-used, treated, re-used again, re-treated etc.) in the
building system, the less water needs to be drawn from outside; even if this is currently
not decisive in countries like Germany due to the large supply of drinking water, it is to
be supported from a C2C perspective in order to relieve the external water cycle.

Rainwater: One way to reduce drinking water consumption is to store and use rainwater
in accordance with DIN 1989-1; rainwater discharge by the authorities is often limited
anyway (and subject to fees), which makes this option more economically viable (ie the
tank will have to be built anyway).

Regarding the construction of the corresponding storage tank, care must be taken to
ensure that assembly, disassembly and maintenance are as simple as possible. Usually
storage tanks are buried or installed in the basement. As a possible alternative, Arup has
developed a system that uses a flat roof as the first storage tank (known as a “blue
roof”) and then transfers the rainwater to decentralised storage tanks in the immediate
vicinity of the toilets, without the need for pumps.®

The necessary treatment of rainwater depends on the intended use. To store the
rainwater hygienically, only a filter in the tank inflow and a calmed inflow are required.

33 Steinbach Ingenieurtechnik, n.d., p. 4
34 University of Southampton, 2015
35 ARUP, 2017



After the storage tank, typically a fine filter is installed; however, this is currently
under discussion in the C2C community, as it can cause bacteria to collect on the filter
and its installation also leads to algae growth.®® Biocides are used to treat these, but this
is not permitted under C2C criteria, because they are not designed for the biosphere. As
a result, often no additional fine filter is installed in C2C-inspired environments.

Rainwater is ideal for irrigation of outdoor facilities or facade greening, being even
more suitable for the latter than tap water®. This would be the preferred reuse scenario,
as hardly any treatment is necessary — it is only necessary to treat the water for
hygienic storage and to avoid algae growth in the distribution system.

Rainwater can also be used as process water in the building, both for flushing toilets
and for filling the evaporation systems of the ventilation system; however, the systems
may require further treatment of the water, so it must be checked for each individual
case where such a use makes economic sense.

Where rainwater is used as process water, a further technical treatment (fluidized bed
process, rotating body or membrane reactor) is required. Some types of use (eg
showers) additionally require UV-hygienisation * — see explanations in chapter
3.4.2 “Water treatment”.

Separate drinking and process water systems are required for rainwater use, which
leads to increased material usage; however, when using C2C-inspired materials, this
should be secondary to the use of the system — as much reused water as possible should
be used in the building.

A special case is the use of rainwater for washing machines. Due to the lower degree of
hardness of the rainwater, less detergent can be used, which leads to fewer chemicals in
the water circuit.®® It may therefore make sense to supply a laundry room with
rainwater for example.

It would also make sense to use rainwater for cleaning external surfaces of the
building; here too, relatively little treatment would be necessary.

Grey water: In principle, for the use of grey water the same notes apply as for the use
of rainwater as process water — the required treatment depends on the use and should
be checked for each individual case. In addition, a separate wastewater network is
required for greywater use; here too, the reuse of water (with the use of C2C-inspired
materials) is given higher priority than the saving of material.

When examining the economic efficiency, it should be kept in mind that the use of grey
water reduces the amount of waste water and thus also the municipal charges for water
supply and disposal. For C2C-inspired buildings, grey water must in any case be
treated to the quality level of process water (removal of surfactants, etc.); grey water
use in a C2C-inspired building is therefore more economically viable than in other
buildings, as the corresponding infrastructure for storage has already been provided.

36 Fachvereinigung Betriebs- und Regenwassernutzung e.V. (fbr), 2017, p. 4
37 Bauer, Mosle, & Schwarz, 2013, p. 63

38 Herbst, 2008, p. 82

39 Benz GmbH, 2016, p. 22

39



Water systems

Image 5: Industrial scale
seawater desalination plant
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3.4.6 Water production

A reduction in water consumption alone will not achieve a 100% neutral water balance;
this would require the production of water of drinking water quality on the site.

This is considered a special case and therefore not considered in detail; for the sake of
completeness, however, some considerations on the suitability for compliance with the
C2C principles:

Well or spring: A groundwater well is another possible source of water in addition to
reservoir water and rainwater. However, the abstraction of groundwater alone is not
considered positive in terms of C2C, as the quality of the available water is not
increased.

Seawater desalination: For sites located near the sea, seawater desalination is a way of
producing drinking water; this is considered a new source of water and is thus included
in the balance sheet as a compensation.

However, seawater desalination is very energy-intensive; the most energy-efficient
technology possible must be selected, and a supply from renewable sources (wind or
solar energy) must be provided. Any potential pollutants used in the process (eg
biocides, acids as encrustation inhibitors) must be kept in circulation and are not
allowed to enter the biosphere.

Where salt can be used as a by-product of seawater desalination as table salt (eg Sylt
Sea Salt“?), this is a sensible re-use as nutrient and to be supported in the sense of C2C;
the introduction of the brine into the sea, however, cannot be regarded as a contribution
to nutrient positivity.

Water extraction from air: Active water extraction from air (as opposed to condensate
being produced as a by-product of de-humidification, which is considered grey water)
is a special case of water production in regions with extreme water scarcity and is not
covered here; where it is intended to use such a system, it should be evaluated whether
the amount of water obtained justifies the use of energy (again depending on the energy
source) and material usage.

40  Terra Water GmbH, 2013



3.5 System sizing

As soon as the systems are selected, the usual system design specifications and the
design criteria defined under “Design criteria and boundary conditions” take effect.

The system should be sized for the minimal amount of tap water consumption; by
reducing consumption, the technical feasibility of water positivity is increased and the
use of materials is reduced.

At the same time, the systems must be designed in such a way that reused water can
circulate within the building as long and as frequently as possible; a separate waste
water system (separation of black water; possibly also yellow water) as well as a
separate supply system (separation of drinking water) will have to be provided. This
has an influence on the space requirement in shafts, facing shells and ceilings.

In general, materials should be used as effectively as possible — only as much of
the right material as necessary. The criteria defined in chapter 13 “Material”
must be observed.

In all water treatment systems, care must be taken to ensure that no additional harmful
substances enter the water cycle.
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Table 7: Examples of buildings
with grey or rainwater systems
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3.5.1 Rain water usage

The rainwater storage system should be sized according to potential use, not to
availability; it makes no sense to store rainwater that will not be used. Depending on
the climatic situation and the expected consumption, a reasonable percentage of water
consumption to be covered by rainwater use should be evaluated; for green areas and
facade greening, as well as for fagade cleaning and water connections to the outside
facilities, the degree of coverage should be 100% if possible.

Table 7 shows some design examples for greywater and rainwater systems.

Number Cisterns Roof area Other data Comments
of users
Apartment complex 6 RU 12,0001 500 m2 Used for irrigation October to
Markfeldgasse (residential and toilet flushing April complete
(Perchtoldsdorf)‘” units) demand
* Rain Water usage covered by
rainwater
Single family house 5 persons 4,680 | 155 m? Used for irrigation,
exemplary calculation washing machine
following Kénig*? and toilet flushing
Horizon house - 30,000 | Non-pressurised system
environment
Agency HQ
Gates foundation HQ 3,785,000 | Al AHU condensate 95% of
Seatle drainage is routed to non-potable
the tank (~ 950,000 Iin  water
the summer)
61,300 m? usable area
Office building 1,150 50,0001 4,100 m?2  Reduction of drinking Reduction
Regensburg, water consumption water costs
Germany 1,300 m¥/a 2,600 € /a

According to the German Federal Environment Agency, attention must be paid to
whether the material of the roof surfaces allows rainwater to be collected: “Soluble and
insoluble metal compounds that are harmful to the environment can wash away from
roofs made of copper and zinc. Bitumen waterproofing of roofs with tar board can
release biocides. The use of rainwater from these areas is not recommended”.**

41 Prof. Treberspurg & Reim, 2004
42 Benz GmbH, 2016, p. 45

43  Lagus GmbH, n.d.

44 Umweltbundesamt, 2016



3.5.2 Grey water treatment

The grey water filtration must be sized for treating all grey water in the building;
the level of filtration will depend on the intended use.

To be fully C2C-compliant, the filter system would have to be designed in such a way
that the water that leaves the building has at least the same quality (= pollutant load) as
the rainwater falling on the property area; the results of the water quality testing of the
rainwater falling on the site are critical here. This, however, only applies to water
leaving the building; the water re-circulating in the building — which will likely require
a lower quality — should therefore be maximised.

Table 8 shows examples of capacities of greywater treatment plants.

Manufacturer Application in User HxLxW Water Price Table 8: Size examples for
and product treatment incl. taxes grey water treatment plants
Iclear 200 One family house  2...5 1.7x1.5x0.7m 200 l/d 3,850 €

indoor L%

Energy PLUS
Water Recycling
Lokus GmbH?#¢

Multifamily complex, 20...40
trade, hotels

9 m?

from 1,500 I/d

from 15,000 €

Aquawell Lagus
GmbH*

Office Building,
Regensburg,
Germany

1,150

4 tanks with each
1.7x2.1x0.8m

8.000 I /d

60,000 €

45 Fachvereinigung Betriebs- und Regenwassernutzung e.V. (fbr), 2017, pp. 84-85
46 Nolde & Partner, n.d., p. 1

47 Lagus GmbH, n.d.
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3.5.3 Grey water usage

The grey water network should collate all the grey water produced in the building and
should be designed for as many applications of grey water in the building as possible or
economically sensible; the distribution network should be optimised according to C2C
criteria (material selection) (see chapter 14 “Construction Methods”).

The selected greywater treatment plant must be adapted to local conditions such as
space requirements, economy, number and behaviour of users. Table 8 shows
exemplary dimensions of plants for greywater treatment.

3.5.4 Black water treatment

The minimum criterion for black water treatment is the use of nutrients. A minimum
requirement for the usable quantity cannot be formulated from a C2C perspective —
ideally all black water flows will be used, but this will not always be possible due to
legal requirements and space problems in urban areas; it also only makes sense to
branch off as much nutrients as are usable on the site, so that the design should be
project-specific.

Small sewage treatment plants are available in different sizes, for wastewater volumes
of 1 to 250 users; they have an average floor area of approx. 4 m? and a height of 1.5 to
3 m and are available from 2,700 € per list price.*®

Urine separation toilet systems (so-called NoMix toilets) have been used not only in
single-family houses but also in larger projects; while this system size has not yet been
implemented frequently, the “Saniresch” research project shows that office buildings
with 400 users with separation toilets (as vacuum systems) can also be implemented
(see 3.5.5 “Use of nutrients” for system sizes). Vacuum toilet systems are also used in
large residential building projects (eg Jenfelder Au in Hamburg).

For grease separators, which mostly use the gravity principle, there are no special C2C
requirements beyond the legal requirements; the C2C criteria for materiality and design
must be observed.

48  Fachvereinigung Betriebs- und Regenwassernutzung e.V. (for), 2017



3.5.5 Use of nutrients

The size of composting plants that process the waste material from black water
treatment plants into humus should be adapted to the amount of humus or fertiliser
usable in the building. An alternative concept can also be to design the system for sale
or transfer to neighbouring buildings.

The “Saniresch” project in Eschborn (office building, 400 users) accommodated the
entire plant technology for yellow water treatment (MAP precipitation reactor), brown
water treatment (model with integrated mechanical pre-cleaning and membrane
activation reactor), grey water treatment (model incl. sieve, membrane activation
reactor and permeate/process water storage tank) in an operating area of 5.4 m x 4.0 m
with a ceiling height of 2.6 m.*® A vermicomposter with a footprint of 5 m x 1.6 m was
used in the “Komplett” project (office building for 65 people) in Oberhausen
(Germany), among other facilities.

Due to the research character of these two projects, no clear statement can be made
about the quantities of fertiliser or humus produced.

Table 9 shows size examples for small sewage treatment plants of Mena Water GmbH.*°

Table 9: Small sewage plants

Capacity m3/d Persons (up to) AreaL x W
from Mena-Water GmbH
10 85 8mx3m
25 210 8mx3m
75 625 12mx4m

49 Dr. Winker, 2013, p. 34
50 Mena Water GmbH, n.d. 45
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3.6 Material selection

The choice of materials must prevent water from being contaminated with toxic
substances; care must also be taken to use substances suitable for C2C in the
manufacturing and processing of materials and equipment.

According to WeiBenberger®', in addition to the surfaces of the building envelope and
sealed outdoor facilities (which are not considered here), the individual components
with the greatest potential environmental impact (based on a life cycle analysis (LCA)
taking into account the ODP, GWP, PE etc.) are (acrylic) bath tubs, ceramics and water
pipes (including fittings, without insulation and fixings); systems for greywater or
rainwater treatment were not included in this analysis.

Due to a lack of information on the part of the manufacturing companies, there is
currently little possibility of insisting on Cradle to Cradle Certified™ or similar
materials, manufacturing processes or degradability for the materials of the plants;
however, it would help the market expansion of the concept to enquire with the
manufacturers in each case — maybe this will initiate a rethink.

It would probably also help if MEP designers cooperated with manufacturers to review
and pilot (even if only in a part of the installation) C2C-inspired products — this could
lead to a rethinking and the development of new products, materials, or construction
methods.

3.6.1 Sanitaryware (WCs, urinals)

For toilets (separating toilets and conventional designs) and urinals, there is currently
little choice in terms of materiality; ceramics are mostly used, but mineral casting or
injection moulding is also used. These are disposed of in the construction waste and not
separated - no information was found about recycling applications.

In public buildings such as railway stations, petrol stations, stadiums, etc., toilets and
urinals made of stainless steel are often used, as they are vandal-proof; however, they
are not always suitable for higher comfort demands. Stainless steel has a high
recyclability and is also suitable as a material for C2C use, so that these toilets can be
used in C2C-inspired buildings.

At the time of writing, only Gemma Solid Works, which holds a Cradle to Cradle

Certified™ for urinals and washbasins, is available; the products are made of mineral
cast but only have a bronze certification level.

51 WeiBenberger, 2016



3.6.2 Bathtubs and shower trays
Bathtubs and shower trays are available in either enamelled steel, acrylic or cast mineral.

Since steel already has an existing recycling infrastructure, it could be argued in favour
of enamel baths. However, enamel is a coating of several metal oxides, the mixing of
which makes single-origin recycling impossible; as a result, enamel also does not
comply with the C2C criteria — although a more detailed examination in subsequent
work would make sense.

For acrylic and mineral cast tubs, attention must be paid to the C2C-inspired
materiality.

Mineral casting is a type of composite material consisting of fillers and binders; it is
not intended to separate the substances, which makes it a downcycling product. Until
now, mineral castings can only be disposed of as building rubble and are downcycled
for road construction. 2

Acrylic is a plastic. An evaluation in the context of this work is difficult, since the used
acrylic and the used dye particles would have to be examined according to C2C
aspects. Until now, acrylic bathtubs have been disposed of in bulky waste; a recycling
application is not visible at the time of this work.%®

Of the three types, mineral casting seems to be closest to the C2C aims. At the time of
writing, only Gemma Solid Works offered Cradle to Cradle Certified™ bathtubs and
shower trays; its products are made of mineral casting and only have bronze
certification.

3.6.3 Washstands and washbasins

Washstands are usually made of stone or cast mineral; washbasins are usually offered
in ceramic, cast mineral, stainless steel or enamelled steel.

Information on these materials can be found in subchapter 3.6.2 “Bathtubs and shower
trays” and 3.6.1 “Sanitaryware (WCs, urinals)”; stone is to be considered as ceramic.

52  Rampf Holding GmbH, 2018
53 Okobaudat, 2016a
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Image 6: Cradle to Cradle
material health certified™ taps
by Grohe
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3.6.4 Sanitary fittings

At the time of writing, there were no
— valves with a complete C2C certificate
/ — available on the market; at present, only
r Grohe AG has a C2C material health
» certification™ in bronze for the taps of
the “Eurostyle” series and platinum for

‘7 the taps “Eurostyle — Upcycled
& (Prototype)”.

Most washbasin and urinal fittings are
made of brass with chrome alloy.
Dismantled valves are already collected
and fed into a recycling process.

Chromium alloys are not allowed to be chromium-6 alloys because of C2C suitability.
Chrome-6 is on the “banned list” of the C2CPII.

Coloured fittings are not recommended, as the colour pigments employed in the coating
process often do not meet the C2C criteria. Mixing the metal and coating materials also
reduces the recyclability of the otherwise easily recyclable material.

Copper is highly recyclable and therefore suitable for C2C-inspired buildings; fittings
made of copper can be particularly useful in public buildings for hygienic reasons.%*

3.6.5 Toilet flushing (tank, mechanism)

At the time of writing of this guideline there are no Cradle to Cradle Certified™ or
similar flushing cisterns and flushing mechanisms.

Currently, the most common flushing mechanisms are pressure flushing, tank flushing,
or vacuum flushing. The type of flushing is to be selected according to the overall water
concept — in general, C2C does not specify any technology. Following the C2C
Criteria, a separate discharge of urine and black water would have a higher priority in
Germany than pure water saving; however, an efficient mechanism supports
compliance with water positivity aims.

Flushing cisterns are usually made of plastic or ceramic; the flushing mechanisms are
mainly made of plastic (with individual metal parts). As there is currently no recycling
system for ceramics®®, plastic cisterns are currently preferable, as long as the plastics
meet C2C criteria.

The material used for flushing in vacuum toilets depends heavily on the vacuum system
used; however, the flushing mechanism requires more material than conventional
systems. Whether the additional material consumption cancels the positive effects of
the vacuum systems could not be conclusively clarified; this would require more
information on the exact material use of the manufacturing companies.

Dry separation toilets are currently only used in small buildings and also have a limited
user acceptance, so that they are not covered here.

54 University of Southampton, 2015
55  Okobaudat, 2016b



3.6.6 Waterless urinals

In addition to the basin material (ceramic or injection moulding), the sealing
technology must also be designed according to C2C for waterless urinals; at present,
either membranes or sealing fluids are used for this purpose.

The company Urimat uses membranes in the urinals as well as a cleaning stone;
according to the manufacturer, the stone acts biologically. However, the composition is
currently not transparent, and biodegradability is not stated.

According to the German Federal Environment Agency’s Environmental Statement of
2012, cleaning stones are classified as hazardous to water;*° it could not be determined
whether this has changed in the meantime.

The membrane is usually made of silicone rubber. Whether this material meets the C2C
criteria still has to be checked in more detail — a request to the manufacturer (Urimat)
has not been able to clarify this.

The manufacturer Uridan and other manufacturers also rely on plastic components, but
use a liquid for sealing and as odour control system. According to Uridan, the liquid is
made of purely plant-based substances and is biodegradable according to Regulation
(EC) No. 648/2004%". The Wuppertal Institute recommends the systems and states that
the sealing liquids are biodegradable.®®

A more detailed analysis was not possible during the compilation of the guide; a
preliminary recommendation is to use liquid as an odour control system.

At the time of writing, there were no Cradle to Cradle Certified™ waterless urinals.

3.6.7 Toilet seat & lid

Toilet seats and lids are usually made of plastic; there are alternatives made of wood
and composite material.

Plastic: Toilet seats and lids made of plastic can meet C2C criteria if the material is
recyclable and optimised according to C2C criteria; this concerns in particular the
colour pigments. Seats and lids made of undyed, unmixed plastic should therefore be
used.

Wood: Toilet lids made of wood are suitable for C2C in principle, but only if no
lacquers are used or only those that are designed for biological circulation
(= biodegradable).

At the time of writing there are no Cradle to Cradle Certified™ toilet lids.

56  Bundesministerium fir Umwelt, Naturschutz und Reaktorsicherheit, 07.12, p. 48
57  Uridan GmbH, 2014
58  Wuppertal Institut, 2009
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3.6.8 Domestic water pipes

Domestic water pipes are usually designed either as metal (copper, stainless steel),
plastic or multi-layer composite material.>

The application of C2C criteria does not provide a clear recommendation for a
particular material; however, the C2C criteria for material must be observed for all
versions. This makes it difficult to use PVC and multi-layer composite pipes
(composites are currently extremely difficult to recycle), so this materiality should be
avoided as far as possible.

Metal pipes have a long usage phase, which is associated with relatively high initial
costs; however, the material retains its value and thus allows the building to be
regarded as a material bank when properly installed.

Copper and stainless steel pipes generally have good recyclability according to C2C
criteria, as long as the recycling process achieves a high material purity.

Copper pipes are not suitable for water with low pH values®; for this purpose, internally
tinned copper tubes are also available. Technically it is possible to separate this
connection®'; it depends on the recycling service if the tin is collected as a separate
material, so confirmation should be sought when the system is to be dismantled.

For connecting copper pipes in drinking water installations, according to EN 29454,
only soft solders may be used®?. Currently, soldered connections are not considered a
health risk, so that these connections can be used in C2C-inspired buildings.

Stainless steel pipes are very suitable for C2C-inspired buildings as long as connections
are pressed and not welded (in which case nickel or chromium could enter the water).%3

According to WeiBenberger®, plastic pipes have the lowest potential ecological impact
(according to GWP, ODP etc.), but without taking into account a second or third use
cycle of the material. The material must be checked for ingredients — PVC pipes or
components are not permitted.

PE pipes can be welded or screwed. Welding takes place without a second material and
is therefore not problematic; Screwing can be generally considered C2C compliant.

At the time of writing,

there is only one Cradle to Cradle
Certified™ water pipe: Thermaflex
offers a pre-insulated pipe system
(“Flexalan 600”) which is Cradle to
Cradle Certified™ (silver level).

It consists of a polybutene pipe with a
polyethylene insulation with a HDPE
pipe covering. It can be used for heating,
cooling and potable water.

59  Umweltbundesamt, 2006

60 Deutsches Kupferinstitut, 2001, p. 3
61 Aurubis AG, 2017

62 Deutsches Kupferinstitut, n.d.

63  Meisinger Ingenieurleistungen, 2018
64  WeiBenberger, 2016



3.6.9 Drainage pipes
Drainage pipes are offered as plastic or SML (seamless cast iron) pipes.

The SML pipes are made of cast iron and various lacquers. The pipes can already be
made of recycled material®®, but it is unclear what the lacquers are made of and
whether they end up as toxic slag in a recycling process. So far, no sufficient
information could be obtained apart from the safety data sheets for the paints; however,
some safety risks are already contained in the safety data sheets for the outer lacquer.®

SML pipes could be a good C2C solution if manufacturers optimize the used coatings.
However, at the time of writing, there are no Cradle to Cradle Certified™ SML pipes.

Stainless steel piping is becoming more prominently used for drainage systems (e.g.
Blucher). The piping comprises thin-walled stainless steel with push-fit jointing; this
would be in principle be considered a C2C-compatible product, as the stainless steel
can be recycled.

Drainage pipes can also be manufactured as plastic pipes (mostly polypropylene (PP)).
PP as a pure material is easy to recycle and can be produced according to C2C criteria.
However, additives (eg color pigments) can be problematic, so generally positive
evaluation is not possible; the products would have to be chemically analysed to check
whether all ingredients of the PP meet C2C criteria.

Rehau currently offers the only Cradle to Cradle Certified™ (Gold level) sewage
pipes, made of PP plastic.

3.6.10 Pipe insulation

PE (polyethylene): In principle, PE insulation could meet the C2C criteria, as it is
usually a single-variety material. However, the PE insulations available on the market
still have to be optimised further in terms of material composition; the material is not
allowed to emit toxic exhaust gases in the event of fire, and the use of adhesives for
installation and the type of connection (welding) do not meet C2C criteria. The
production of PE from renewable raw materials should also be considered.

At the time of writing, only Thermaflex offers Cradle to Cradle Certified™ pipe
insulations; the “Flexalan 600 pre-insulated pipe system consists of HDPE pipes

(one or two in cover pipe), insulation (polyethylene foam) and cover pipe (polybutene
material) and reaches the silver level; the Thermaflex “ThermaSmart Pro” insulation
(PE) reaches bronze level. Thermaflex also intends to take back old insulation from this
system.

Mineral wool (laminated with aluminium): The recycling of stone/mineral wool is
theoretically possible®’, but requires special recycling logistics that are still to be set up.
Rockwool takes mineral wool back after the usage phase and makes new mineral wool
out of it (“Rock Cycle”); so far, this is limited to material from flat roof products —
there is no recycling of this kind for pipe insulation.

65 Diker GmbH, 2017, p. 5
66  Diker GmbH, 2014
67  Bundesministerium fur Umwelt, Naturschutz und Reaktorsicherheit, 2014
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PUR (polyurethane): Pipe insulations made of PUR foam are covered with an outer
casing made of PVC. This makes them unsuitable for C2C-inspired buildings, since
PVC is on the “C2C-Banned List” of the C2CPII for technical and biological cycle.
PUR itself can be based on crude oil or renewable raw materials; according to the
German OEKOBAU.DAT: 2.4.01, up to now PUR insulation can only be burnt, which
may produce toxic gases.

Closed cell foam: There is only one closed cell foam insulation from Thermaflex
(“ThermaGo Elast”) with a Cradle to Cradle Material Health Certified™ label in
bronze. Armafiex develops the “Armaflex ultima” system; it advertises PVC and
VOC-free and offers solvent-free adhesives. Whether these products meet the C2C
criteria could not be assessed yet and would have to be included in a later revision of
the guideline.

Calcium silicate: Evonik offers a calcium silicate insulation with a Cradle to Cradle
Certified™ label in gold; it does not contain harmful substances and is recyclable
according to the manufacturer. Unfortunately, Evonik does not offer it as pipe
insulation; however, other manufacturers (eg Johns Manville) do, although without a
certification.

Rubber: So far there is no Cradle to Cradle Certified™ rubber insulation on the
market; however, Armaflex is developing “Armaflex ultra” and advertise that the
material is free of PVC and volatile compounds, and offers a solvent-free glue.
Whether these products meet the C2C criteria could not be assessed yet and would
have to be included in a later revision of the guideline.

Other insulating material: Ecological insulating materials such as tamped hemp can
also be considered as an alternative®; as long as they are untreated, these natural
products can be installed without hesitation in a C2C-inspired building. Depending on
the manufacturer, the fire protection class according to DIN EN 13501-1 is specified as
B2 or B1.%°

A possible future alternative could be BioFoam, an aerogel made of a carbohydrate material
that is extracted from kelp and red algae and has achieved a “Silver” C2C Material Health
Certificate™. It is currently used in food packaging, but the manufacturer (Synbra
Technology) is planning to expand into the building industry via its subsidiary IsoBouw.

Adhesive: In addition to the insulating material itself, the frequently used adhesives
must be evaluated and selected for use in C2C-inspired buildings; in addition to the
materials used in the adhesive, recyclability is reduced by the use of permanent glues,
so their use should be avoided.

For PE insulation, there is the option to use a heat plate to melt the insulation pipes
together (mainly used for insulation of arches and branches)® . This would be the
preferred option for C2C-inspired buildings, as it maintains the mono-material quality
of the product, which can be recycled better then glued products.

Solvent-free, water-based adhesives are available for pipe insulation (Armaflex SF
990). At the time of writing of this guide, there was no Cradle to Cradle Certified™
adhesive available on the market.

68 Hanffaser Uckermark eG, n.d.-b
69 Hanffaser Uckermark eG, n.d.-a
70  Thermaflex International Holding, 2018



3.6.11 Fixings (pipe clamps and mounting elements)

Pipe clamps are usually made of metal; although this is energy-intensive in production,
it also generally enables high-quality recycling. Plastic clamps are used between the
metal clamps and the to be fastened pipes; these must be optimised according to C2C
criteria (eg no use of PVC).

The Adolf Wiirth GmbH offers a Cradle to Cradle Certified™ quick mounting system
(Varifix®). According to the manufacturer, little was changed in the conversion to C2C;
an alternative to a chromium-6 alloy was found, among other things.”!

The company Mission Rubber Company LLC also offers clamps which is Cradle to
Cradle Certified™ with silver level; these clamps are especially designed for drainage

pipes.

3.6.12 Accessories

Installations such as pumps, mixers, valves, ball valves, flaps, gate valves, ventilation
devices and strainers must also be optimised according to C2C criteria. It is not
possible to examine all components in detail in this guide; it can only be said that there
are no Cradle to Cradle Certified™ components at the time of writing.

Valves, ball valves, flaps, gate valves, ventilation devices and strainers mostly consist
of messing or red brass (both copper alloys). Both materials are recyclable and mostly
already made of recycled material.”® There is currently no information available
regarding the plastic or electrical parts. At the time writing, there are no Cradle to
Cradle Certified™ or C2C-inspired installations.

Pumps consist mainly of metal parts and seals; they are generally easy to dismantle,
and therefore recyclable. At the time of writing, there are no Cradle to Cradle
Certified™ or C2C-oriented pumps.

Filter screens of strainers are mostly made of stainless steel and therefore suitable for
C2C. The housings are either made of stainless steel or PE and are therefore also
potentially suitable for C2C-inspired buildings.

3.6.13 Water treatment plants

There are still no grey or rainwater treatment plants that are Cradle to Cradle
Certified™ or C2C-inspired and therefore meet the criteria.

Each plant should be checked for its material composition (request information from
manufacturers) to store this information in the system passport.

71 Personal Communication, Matthias Bruhnke Wirth GmbH, 26.06.17
72 Deutsches Kupferinstitut, 2004, p. 18
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3.6.14 Tanks

Rainwater storage tanks are either made of concrete or plastic (according to
Fachvereinigung Betriebs- und Regenwassernutzung e.V., mostly PE is used) 7.
For C2C-inspired buildings, it is not recommended to use concrete storage tanks, as
concrete can only be reused by downcycling; plastic storage tanks may be suitable,
but care must be taken that the material is optimised for C2C recycling.

3.6.15 Rainwater filter

Most filters are made of stainless steel or plastic, typically with a PE housing; however,
there are also filter systems that have a stainless steel housing.”

Although according to C2C criteria stainless steel is not generally to be preferred over
plastics, due to the lack of information available from the manufacturers, this would
currently be considered the most appropriate approach for C2C-inspired buildings — the
composition of the plastics is not defined and therefore does not guarantee high-quality
recycling and material health according to C2C criteria.

Membrane filters are often used in the case of heavy soiling from the drained surfaces
or for treatment to drinking water quality. Information on the exact material
composition of the membranes for water purification to drinking water level is not
publicly available. However, typically hollow fibres (pore size approx. 15 nanometres)
made of plastic are used in these filters; these can be cleaned mechanically or
chemically. Whether these hollow fibre membranes are suitable according to C2C
criteria depends on the choice of plastic and the recycling concept. At the time of
writing, there is no information on closed recycling concepts available from the
manufacturing companies.

There are also activated carbon filter systems, which are only used for smaller amounts
of water as canisters (Lifesaver Jerrycan) and therefore are not considered here.

73  Fachvereinigung Betriebs- und Regenwassernutzung e.V. (for), 2017, p. 20
74 Fachvereinigung Betriebs- und Regenwassernutzung e.V. (fbr), 2017, p. 4



3.7 Construction methods

For water and sewage systems, as for all systems, good accessibility and
dismantlability should be ensured (see chapter 14 “Construction Methods”).

To facilitate disassembly, sanitaryware should not be glued with silicone or similar.

For connecting copper pipes in drinking water installations, only soft solders in
accordance with DVGW Code of Practice GW 2 and EN 29454 should be used.”®
According to the current state of knowledge, soldering does not pose a health risk, so
that these connections can be used in C2C-inspired buildings.

PE pipes can be welded or screwed. Welding takes place without a second material and
is therefore acceptable; screwing is in principle C2C-compliant as well.

Flush-mounting and casting-in is to be avoided as far as possible; in toilet / wet areas,
accessibility can also be achieved with suitable pre-wall installations (as long as the
pre-wall construction is built from C2C-inspired materials).

Pipe openings through walls are to be designed in such a way that disassembly into
individual material varieties is possible. If possible, fixings should not be welded on;
screw or clamp connections are to be preferred.

The distribution routes should be as short as possible.

A modular design of plants and installations should be preferred where possible, as this
enables the simple dismantling of entire components and their reuse.

From a C2C point of view, tanks should be provided as separate components and not as
an integrated part of the building (eg watertight walls).

75  Deutsches Kupferinstitut, 2015, p. 17
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4. Gases and fuels

4.1 Aims and evaluation criteria

4.1.1 Overview

C2C aim No hot combustion
Using only fuels produced on site

C2C minimum criteria Exhaust gas filtration / no air pollution

C2C no-go criteria Usage of fossil fuels or fuel from energy plants
C2C material criteria See chapter 13

C2C construction methods See chapter 14

4.1.2 Explanation

This chapter covers all fuel types, even if they may fall into different cost groups
(eg gases, liquid and solid fuels to heat generation or emergency power supply).
The following fuel types were considered:

* Gases for combustion (natural gas, hydrogen)
* Liquid fuels (diesel, ethanol)
*  Solid fuels (wood, coal)

Technical gases are considered a special case and are not assessed in this document.

For the evaluation it is to be considered that gas installations include the entire gas pipe
network, the gas supply, and the combustion of gas for heat and electricity generation
and cooking. The same applies to fuel supply.

As a C2C vision for fuels, the C2C principle of the “use of renewable energy” can be
applied. Fuels from fossil fuels are categorically excluded; the use of natural gas, crude
oil or products derived from it, lignite or hard coal is therefore not permitted in a
C2C-inspired building.

Even the use of biogas and biodiesel is controversial within the C2C community; in
this guide the position is taken that the use of energy from direct solar radiation is
preferable and that energy crops do not comply with the C2C concept. Fuel obtained by
fermentation from biological material that can no longer be used for anything else than
composting can be used in a C2C-inspired building — provided the C2C criteria are met
during extraction.



The burning of wood — even without its previous cascade usage, eg as a building
material — is declared climate-neutral in the literature. However, this can only be seen
as an intermediate step and not as a goal — wood is too valuable to be burnt directly as a
single use material.

So-called wind gas is accepted for C2C use if it is produced 100% from renewable
sources (solar energy or tidal energy can also be used instead of wind energy).

Hydrogen can also be used in combination with a fuel cell (cold combustion) if it is
obtained from renewable sources and raw materials (ie from water and not from natural

gas).

The use of fuels in the systems of a C2C-inspired building must not affect the aims of
clean outside air and indoor air quality; pollutants must therefore be filtered out of the
exhaust gas, and leakage of potentially harmful fuels must be detected.

For a carbon-positive cycle, the gases and fuels may only be used if the resulting
exhaust gas is used as a nutrient for plants in the building (which in turn increase air
quality). This actually excludes hot combustion, as the pollutants and dusts produced
are currently filtered, but the resulting residues cannot be fully reused. Whether the
pollutants can be used elsewhere in the techno- or biosphere according to C2C criteria
would have to be considered in further research.

All components of the gas/fuel systems are to be built with C2C-inspired materials
suitable for the defined use scenario and installed according to the C2C criteria for
construction. In addition, the information on the used material and the installation type
must be documented in material passports.

Figure 5 shows an overview of the components of a gas / fuel system in a C2C-inspired
building.

____________________________________________________

‘ Pipe network ’
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