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1 Executive summary

The main aim of the study is to find and describe the best SMART technologies for the city of Brno,
with a focus on the Spitalka district.

RUGGEDISED is a smart city project funded under the European Union’s Horizon 2020 research
and innovation programme. It brings together three lighthouse cities: Rotterdam, Glasgow and
Umea and three follower cities: Brno, Gdansk and Parma to test, implement and accelerate the
smart city model across Europe.

The research team (BUT UPI) has prepared an introductory review study that describes the key
areas related to SMART measures and technologies in waste management. The study starts with a
brief project introduction and review of legislation in the field.

Section 4 is devoted to trends in waste management in Europe. ZERO waste concept, Pay-as-
you-throw (PAYT) system and SMART waste collection systems are highlighted.

e The main purpose of the PAYT system is to minimize the residual mixed municipal waste (MMW)
tax for responsible residents and to maximize the separation rate of recyclable components from
municipal waste. There are several approaches to PAYT. The PAYT system is relatively easy to install
in family houses districts combined with a door-to-door collection system. The implementation of PAYT
system is more challenging in dense urban areas.

e The waste collection system is anonymous (more households per container) and reusable waste
separation may not be so efficient. Therefore, it is necessary to introduce advanced containers
identification system to make PAYT functional. These containers are monitored during collection
(weighted and identified) and the information is stored in a cloud storage for further processing, which
is another important step.

e Design and subsequent implementation of SMART waste collection system represent a compromise,
where three main "pillars" of sustainability should be taken into account:

o Economical feasibility.
o Environmental benefits - represented by national legislation and EU WM goals.
o Social regards - friendly and comfortable system for the citizens.

e Several collection systems are described. It is stated that waste collection is a very expensive process,
it is a key issue of the whole chain of waste management. Dry recyclables system was mentioned as
an alternative to existing collection scheme with several fractions.

e Special attention was devoted to “SMART” waste collections technologies, which are expanding in the
international market. Namely, they were:

o Underground clever containers. Very interesting in section 4.4 is the case study from the
city of Stavanger, based on the earlier cooperation of BUT with this Norwegian city.

o Underground vacuum collection systems. This modern and sophisticated waste collection
system is being implemented in newly built districts in Europe and Asia. It allows the waste to
be collected less frequently, it is possible to transport fractions more efficiently when waste is
compacted, there is no need to secure the appropriate routes for large garbage trucks. The

Brno’s Case study: Smart waste RUGGEDISED | 6
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obvious disadvantage is high investment costs for the system implementation into the current
districts

o Underground clever containers also open possibility for dynamic collection (collection on
request) — it is a collection of filled containers which reports a certain degree of their filling.

o Technical sorting is also proposed as an alternative to the current collection scheme. It
recovers recyclables directly from residual waste. Mechanical-biological treatment plant
(MBT) is necessary. The main advantage of MBT is the treatment cost. The main disadvantage
is the low quality of output materials (e.g. secondary raw materials, various types of fuel or
compost) which affects the market interest in these products.

Regarding residual waste utilisation, environmental benefits (expressed by avoided CO2 emissions) of
thermal treatment of waste in incinerators are calculated for Czech energy mix. Such an analysis is
especially important in the situation, where waste-to-energy is sometimes seen as a redundant
technology in the light of the circular economy. For CZECH Conditions and current Energy mix for heat
and power production, WtE plants with high heat delivery to district heating systems (which is a case
of SAKO Brno WLE plant) significantly contribute to avoiding CO.. Waste-to-biofuel technology,
which is shortly mentioned in section 7, represents an interesting alternative producing high-value
products, especially for cases, where positive effect of cogeneration in WtE cannot be utilised due to
missing demand on the heat.

Finding a compromise among economic, environmental and social criteria is a complex task. It is
proposed to take advantage of sophisticated complex computational tools and evaluate thoroughly the
cost-benefit analysis of conceptual changes and individual measures implementation. Examples of
such tools developed at BUT UPI are introduced in
Appendix 1 and Appendix 2.

The key section is section 5, where a questionnaire has been created and circulated among
project partners. The questionnaire covered five areas of questions, namely:

Basic information about waste management in your city (12 questions).

Basic information about the collection of municipal waste in your city (9 questions).
Basic information about facilities in your city (region) (11 questions).

Basic information about collection vehicles in your city (7 questions).

Basic information about the collection system and its organization (12 questions).

The survey was organized as a two-step procedure. In the first round, simple YES/NO
guestionnaire. The questionnaires have been received from cities Gdansk, Glasgow, Parma and
Rotterdam. Answers are attached to this document as Appendix 3. The feedback was not received
from the city of Umea. After that, more detailed questions have been raised aiming at the
interesting answer from all five parts in the second round — Appendix 4. Here cities representatives
were emailed individually. The goal was to explain waste management in the city in more details.
Unfortunately, feedback was only received from Parma but not in a complete way.

Answers were processes to get condensed information about current and planning SMART
measures in the lighthouse cities.

Brno’s Case study: Smart waste
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Furthermore, the research team deals with current trends in the context of waste management in
section 7. The key technologies or systems are:
e Waste-to-Biofuel.

e Biotechnology for converting waste oil into plastics.
e Dryrecyclables.
e Collection with the automatic side loader.

e Industry 4.0 and SMART City concepts.

Description of best cases for the Brno city can be seen in section 8. There have been created
waste production forecasts with JUSTINE tool for five types of waste (Mixed Municipal waste,
Paper, Plastics, Glass, Biodegradable waste). With reference to section 4 selected concepts are
briefly evaluated by SWOT analysis in Brno WM context.

The main recommendation of the additional steps can be found in section 10:
e Specify the area of Spitalka in terms of expected population, housing structure and overall
organization of the district. This will be the result of an urban study. This step also provides better insight
into the expected waste production in the district.

¢ Narrow the list of solutions and technologies, which could be applicable in the Spitalka District.
Interconnection with the existing system and future spreading into other districts should be addressed).

e Take advantage of up-to-date simulation tools to evaluate the positive and negative effects of
implementing of each of the concepts. Here three pillars of sustainability are highlighted: environment
— economics — social acceptance. It is also mentioned that SMART concepts, which are very often
appealing to stakeholders, could significantly contribute to the future cost of the service. The simulation
contributes to defining a concept as a trade-off of afore-mentioned pillars.

Brno’s Case study: Smart waste RUGGEDISED | 8
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2 Introduction

RUGGEDISED is a smart city project funded under the European Union’s Horizon 2020 research

and innovation programme. It brings together three lighthouse cities: Rotterdam, Glasgow and

Umea and three follower cities: Brno, Gdansk and Parma to test, implement and accelerate the
smart city model across Europe.

The RUGGEDISED project is a part of the Horizon 2020 program, which was adopted by the
European Union. For five years, cities Rotterdam, Glasgow, Umea, Gdansk, Parma and Brno will
work together and share their experience in smart solutions implementing in the areas of
mobility, energy, Information and Communication Technologies (ICT), and social, economic and
environmental issues. The goal is to improve the quality of life in a city.

Working in partnership with businesses and research centres these six cities will demonstrate how
to combine ICT, e-mobility and energy solutions to design smart, resilient cities for all. This
means improving the quality of life of citizens, reducing the environmental impact of activities and
creating a stimulating environment for sustainable economic development.

This study aims at Brno city waste management. The Brno City Council has approved the selection
of a part of Teplarny Brno area and Spitalka area as a site for investment plan development. In
the future, there should be a modern, low-energy district corresponding to the Smart city
parameters in the locality.

An effective and user-friendly waste management system is an integral part of the modern city
district. This study presents initial analyzes, which describe the limits and possibilities of using this
territory from the point of view of waste management.

The research team (BUT UPI) has long been engaged in solving the problems of waste
management from several perspectives:
e Analysing the current state of waste management.

e Prediction of the future state of waste management.
e Case studies and Feasibility studies of waste management.
e Design of new technological solutions.

¢ Integration of new facilities into the proper functionality of the city.

Brno’s Case study: Smart waste RUGGEDISED | 9
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3 Up-to-date state of Czech waste management and its legislation basis

The legislative framework generally describes the status of investment plans and projects within the
current legislative environment. The following documents were taken into account for the study:
e Waste Management Plan (WMP) of the Czech Republic for the period 2015 to 2024.

e European Directive 2006/12/ES on Waste and Related Directive 2008/98/EC on Waste.
e Czech Law 185/2001 Coll. on Waste.

e The proposal of new Waste Law'.

e European Directive 1999/31/ES on the Landfill of Waste.

e European Directive 2000/76/ES on the Incineration of Waste. The Directive sets out conditions to be
met for waste incineration and co-incineration and also sets emission limits for waste incineration and
co-incineration. Czech Directive 415/2012 implements this European Directive into the Czech legal
environment.

e European Directive 2008/1/ES on Integrated Pollution Prevention and Control (IPPC).

e Czech Law 100/2001 Coll. and its novel no. 39/2015 determines among other things the intentions
subject to special assessment procedures under this Act. Under this procedure, also known as EIA
(Environmental Impact Assessment), a professional assessment of the effects on all of the
environmental components is performed.

e “Circular Economy Package” as a part of Circular Economy Action Plan? as a part of ZERO Waste
concept, see section 4.

The European Waste Framework Directive 2006/12/EC and the subsequent Directive 2008/98/EC
on Waste are primary regulation acts governing the management of waste throughout the
European Union. These legislative acts are reflected in the legislation of the individual EU states. In
the Czech Republic a law 185/2001 Coll. on Waste is valid, however, new waste law and its
implementing regulations are being prepared. The new legislation should clearly state what waste
cannot be landfilled from 2024 onwards. It is awaited, that it will not be possible to landfill MW
with a calorific value of dry matter higher than 6.5 MJ/kg, which corresponds to the valid limit
due to decree 387/2016 Coll. The calorific value of incinerable residual MMW waste in the Czech
Republic currently exceeds this value and is not expected to change around 2024.

Due to the expected ban on landfilling of unusable waste in 2024, the focus is mainly on the
reduction of landfilling of biodegradable waste, which is based on the Czech Republic's WM
commitments as defined by Directive 1999/31/EC on Landfill of Waste. As the most important
landfilled material flow has been identified as residual mixed municipal waste (MMW). It may
consist of up to about 50% of biodegradable materials, the rate depends on a specific location
(e.g. local building types, socio-economic factors or WM infrastructure). Despite the efforts of the
biodegradables separation directly from its producers (inhabitants), the problem of biological MW
landfilling is still relevant, because this separation has its limits.

! The proposal of new Waste Law. Available online: www.caoh.cz/odborne-clanky-a-aktuality/navrhy-obou-novych-
odpadovych-zakonu-k-pripominkam.html

2 Circular economy strategy — Environment — European Commission. Available online:
http://ec.europa.eu/environment/circular-economy/index_en.htm
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The obligation to avoid the landfilling of biodegradables to 35% compared to the 1995 landfilled
amount is stated for Czech WM according to Directive 1999/31/EC on Landfill of Waste. The Czech
WMP sets an even stricter target, namely a drop to only 24% of the weight of the landfilled
biodegradables in 1995 by 2020. In 1995, 1,530 kt/a was deposited in the Czech landfills according
to the Czech Ministry of Environment, that means a maximum of 360 kt/a landfilled biodegradables
in 2020 according to the current WMP. It is expected that in the processing capacity of Czech
waste-to-energy plants would be at most 1,100 kt/a.

According to analyzes and predictions of the biodegradable content of Czech residual MMW, it
becomes obvious that waste-to-energy plants would be insufficient to reach the required level of
biodegradables recovery in 2020. Biodegradables production reducing, enhanced infrastructure
implementing, and other solutions are expected in this context. In the case of non-compliance with
the objectives of the EU Directive, a penalty of € 1,750,000 + € 10,000 per day is a threat, which
can be cascaded to the municipalities and their budgets. According to WMP of the Czech Republic,
the objective for residual MMW treatment is: ,,Mixed communal waste (after separation of
material recoverable fractions, hazardous components and biodegradable municipal waste)
should be mainly energy recovered in facilities designated for this purpose in accordance
with valid legislation “. The proposed measures leading to this objective are, among others, the
following:

e The fee for landfilling of recoverable MW will be continuously modified in a way it would disadvantage
the landfill of those types of waste that will be banned from 2024 onwards according to waste treatment
hierarchy (see section 4.1).

e Residual MMW should be classified as a waste group that is expected to be banned from 2024.
e Adequate recovery of MMW in waste-to-energy plants without its pretreatment.

e The building of the appropriate and efficient infrastructure will be encouraged to support waste
energy recovery (especially the residual MMW).

Brno’s Case study: Smart waste
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4 Trends in Europe

The incentives across Europe and European Union are related mainly on reduced waste production
(ZERO waste concept, circular economy vision), sustainable waste treatment (waste treatment
hierarchy) and an effective collection and production of secondary raw materials. In this context it,
the following trends in WM have been selected for this report:

e ZERO Waste concept.

e SMART waste collection.
e SMART secondary materials production.
e SMART residues handling.

It is emphasised that only mature technologies and measures with high-practical impact and at least one
commercial applications have been included. In other words, theoretical concepts and not-proven
technologies have been excluded.

4.1 Zero waste concept

Waste industry is one of the most developed areas in the EU. Directive 2008/98/EC defines basic
procedures for waste handling known as “Waste treatment hierarchy”. Its scheme is depicted in
Figure 1. It places the waste production prevention in the first place and reuses for the same or
another purpose. When this is not reachable the maximal recycling should be targeted.
Consequently, energy utilization is preferred for disposal (e.g. landfilling).

Stages Includes

Using less material in design and manufacture
Prevention < Kesping products for longer, ro-use.
Lising less hazardous materal.

: o Checking, cleaning, repainng, refurbishing, repasr,
Preparing for re-use JEs O S oo

- o o TUMING waste into a new substance or product
Recycllng ncluding composting if it meets quality protocols.

oo
DWal

Figure 1 Waste treatment hierarchy?

Including anasrobic digeston, Incineration with
energy recovery, gasification and pyrolysis which
produce enorgy (fuels, hoat and power) and
maternals from waste. some backillling operations,

Landfili and incineration without energy recovery.

A more advanced approach not only to waste management is a Circular Economy strategy. It
aims at raw material consumption minimizing through more effective waste prevention, reuse and
recycling, as illustrated in Figure 2. In January 2018 the European Commission adopted a new set
of measures called “Circular Economy Package” as a part of Circular Economy Action Plan*.

3 Waste Treatment hierarchy. Available online: www.andrewtmarlow.wordpress.com/2012/05/15/waste-hierarchy/

4 Circular economy strategy — Environment — European Commission. Available online:
http://ec.europa.eu/environment/circular-economy/index_en.htm
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Resource
efficiency

Eco-innovation

Figure 2 Circular economy scheme®

The ZERO Waste Business Principles and ZERO Waste Community Principles included the
concept of ZERO Waste or Darn Close. Those principles recognized that nothing can be perfect
and that a mature industrial economy could not reach literal ZERO Waste. Those principles said
that businesses and communities that divert 90% of all their discarded materials from landfills,
incinerators and the environment would be considered ZERO Waste businesses and communities.®

4.2 PAYT

Regarding the set WM goals for municipal waste separation, it is often necessary to motivate the
population to meet these objectives. This means especially to create a functional infrastructure
for the possibility of separate collection of paper, plastics, glass, metals and biowaste. It is
appropriate to expect the design of new collection routes as well as adjusting the frequencies of a
collection of different municipal waste (MW) fractions in this context. The PAYT’ system is very
popular in the world (Germany, Denmark, Ireland, Spain and others) and it is part of motivation
programs to achieve higher and better quality of MW fractions separation by producers (citizens). It
is a trend that can ensure the maximization of sorted components while minimizing residual MMW
production. This achieves a higher degree of compliance with the waste management hierarchy.
The main purpose of the PAYT system is to minimize the residual MMW tax for responsible
residents and to maximize the separation rate of recyclable components from municipal waste.
PAYT is also one of the recommended measures as stated by the Roadmap for the Czech

5 Green growth and circular economy - Envirnment — European Commision. Available online:
http://ec.europa.eu/environment/green-growth/index_en.htm

6 ZERO waste international alliance working towards a world without waste. Available online: www.zwia.org
7 Pay as you throw (PAYT)
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Republic, a document by ECE.

There are several approaches to PAYT. The PAYT system is relatively easy to install in family
houses districts combined with a door-to-door collection system. Here, it can be realized with a low
effort by a proportional waste fee to container volume. Individual production values are tracked for
each PAYT patrticipant in the context of the cost related to container handling and further treatment.
The MW production is not anonymous and there is more responsibility in waste pretreatment by its
producers in this case. The implementation of PAYT system is more demanding in dense urban
areas. The waste collection system is anonymous (more households per container) and reusable
waste separation may not be so efficient.

PAYT systems can work efficiently even in densely populated areas, if:
e there is an effective and comfortable system of the separate collection available.

e people know a quality control system of the material exists and could lead to the identification of misuse
(e.g. transparent plastic bags for kerbside collection of lightweight packaging).

Therefore, it is necessary to introduce advanced containers identification system for selected MW
streams to make PAYT functional. These containers are monitored during collection (weighted
and identified by selected parameters) and the information is stored in a cloud storage for further
processing. Based on the information, overall MW productions trends are evaluated in relation to a
waste container or a house number. Further, it is possible to set appropriate WM costs and taxes
for MW producers.

It is obvious from the already operating systems that when the PAYT system is introduced, there is
an increase in the overall cost of waste collection. However, the production of residual MMW
per inhabitant is lower and there is a significant increase in sorted MW production. An
inappropriate operation of PAYT system may support a creation of illegal black dumps. The
performance of PAYT systems could be “high tech” by weighing each container (bag) when
collecting the waste. The amounts of the material collected might be augmented considerably if
offering more service to the citizens, i.e. option of switching to kerbside collection for paper and
(lightweight) packaging materials

4.3 Smart waste collection

Separate collection schemes in the capital cities of the EU-28 states were assessed in a report for
the European Commission®. The assessment focuses on the priority waste streams: metal, plastic,
glass, paper and biowaste. It includes an assessment of the legal framework and the practical
implementation of separate collection systems in 28 European countries, together with an in
depth-analysis of systems applied in European capital cities.

8 Roadmap for Czech Republic, Extend and enforce PAYT scheme. Available online:
http://ec.europa.eu/environment/waste/framework/pdf/CZ_Roadmap_ FINAL.pdf

% Directorate-General for Environment (European Commission): Assessment of separate collection schemes in the 28
capitals of the EU. Final report — Study. Published: 2015-12-10. Available online:
https://publications.europa.eu/en/publication-detail/-/publication/2c93de42-a2fa-11e5-b528-
0laa75ed7lal/language-en
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Design and subsequent implementation of smart waste collection system is a challenging task.
The goal of the SMART solution design is to find a balanced system that will have to be a
compromise. Three main “pillars” should be taken into account:

e Economical feasibility.

e Environmental benefits — represented by national legislation and EU WM goals.
e Social regards — friendly and comfortable system for the citizens.

Finding a compromise among economic, environmental and social criteria is a complex task. Due
to the technological development and modern computational possibilities, a use of sophisticated
tools is appropriate for complex tasks evaluation. Sophisticated complex computational tools
are especially suitable for:

e Conceptual changes planning and for system preparation or adjustment:

o Comprehensive evaluation of future cost.

o Scenarios and simulations modelling (more solutions are to be simulated and an optimal
system is selected).

e Operational optimization:
o A proper organization of services in cities.

o Inthe WM context, this is a requirement for a comprehensive tool that can analyze the waste
collection system (from the point of view of selected criteria) and propose economically or
environmentally optimal solution for a city or region. Czech company which is interested in the
collection system is a RAltra with a sophisticated monitoring online system — Protank
Dynamics.

From the research point of view, the smart waste collection represents vehicle fleet and collection
routes proposal to ensure optimized waste collection in the selected city or selected area. The main
objective is to optimize, i.e. minimize the selected parameter, which can be e.g. economy
(collection price), environmental impact, collection mileage or time. At the same time, it is
assumed that the objectives set in the WM will be attained, above all the higher degree of
separation of usable components of MW is assumed.

4.3.1 Typical MW collection systems

Typical waste collection systems are very similar both in Europe and in the world. From the
collection company's point of view, the collection systems can be divided into three categories:
e Container collection.

e Collection centres.
e Modern “SMART* solution collection system.

New trends in MW collection are very rare and are more about continuous enhancing of existing
systems, e.g. modernization of collection systems to minimize operating time and cost.
Environmental impact, i.e. reduction of pollutants released during the collection becomes also
important. This can be achieved through the use of alternative fuels such as LPG, CNG, hybrid or
pure electric-driven vehicles. It can be stated that waste collection is a very expensive process,
it is a key issue of the whole chain of waste management.
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Container collection (detail description of bins and containers see in section 6) is realised by
garbage trucks with the various compacting cylinder. Above all, it is a vehicle with a linear or rotary
press system. In terms of greater usability of vehicles, it is desirable that the vehicle also has the
possibility of a hydraulic arm movable in all directions for the handling of separation container or
underground containers.

Collection centres (Collection yards) are designed for the district waste production. This solution
is used especially for bulky waste, and almost any MW can be collected.

The solutions to “SMART” waste collection are expanding. These are mainly sophisticated and
modern vacuum piping systems that centralize waste from the selected collection points into
large-volume and/or pressing containers. Realization of such a project is very capital cost
demanding when implemented in existing infrastructure (engineering networks transferring, etc.).
On the basis of the Helsinki case study*?, the costs related to the collection of 1 t of waste is
estimated at EUR 350. The standard door-to-door collection system is estimated at around 40
EURIt.

However, this modern system can be incorporated into the construction plans of new city districts
with higher population density or modern SMART city projects. More information is provided in
section 2.3.4.

The possibilities for collecting individual MW commodities (e.g. paper, plastics, glass or residual
waste) must take into account if PAYT system, returnable packaging system or appropriate
infrastructure is available in the region. The option of the separate waste collection also influencing
the production and parameters of residual MMW. In general, the adjustment of collection systems
can be divided into the following two groups:

e Individual collection of selected MW groups, separate container for each commodity.

e Dry recyclables collection together in one container.

Recyclable outputs of both alternatives are necessary to be processed on the sorting lines and
consequently transmit as a secondary raw material to the recycling facilities or sell to the world
market. Previously the majority of plastics were sold to China. Due to considerable import
restrictions on China's market (2018), a European plastic secondary raw markets have some
difficulties. Only very pure high-quality secondary raw material without further additives can be sold
to China. A market interest is still about the transparent PET.

The standard separate collection scheme consists in the separation of the following commodities

from MW:
e Plastics
e Paper

10 Pneumatic vs. door-to-door waste collection systems in existing urban areas: a comparison of economic performance.
Auvailable online: www.sciencedirect.com/science/article/pii/S0956053X1200236X
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e Glass (colour, white)

e Metal
e Organic (biowaste)

One can also see the following options:
e E-waste

e Bulbs
e Batteries

In the case of Dry recyclables system, the situation may be affected by the potential returnable
packaging system in the region. Backed packages are a positive motivation for consumers (MW
producers respectively) for MW separation increasing, especially beverage packages waste
production may be minimized. Dry recyclables system may be also gainfully for distributors and
dealers (supermarkets) when a part of backed packages is produced (the deposit is paid) but the
packaging material is not returned into the system. Dry recyclables are an exciting solution for
many European cities and it can save on the cost of the collection task. In the case of Dry
recyclables, municipalities provide the collection of:

e Residual waste.

e Organic waste.
e DRY recyclables waste which is necessary to sort in next step.
4.3.2 Waste collection optimization and periodic/dynamic planning

The use of optimization tools should be able to design adequate collection routes, to propose
changes in up-to-date systems, to identify inappropriately used containers and their capacities, and
to assess and compare different collection systems. The key task is to predict and draw attention to
the uncertainties of some input parameters. For the optimization applications in the field of WM, we
can expect an analysis of the current WM state and further an estimation of a future situation
that is in accordance with the stated WM objectives based on CEP2. Thanks to world trends (e.g.
container identification or container filling reports) it is necessary to look at the potential of waste
collection optimizing tasks from two views. These are the so-called periodic or dynamic planning.
Both variants have their advantages and limitations:

e Periodic collection — these collection plans are predetermined under the collection contract, e.g. a
collection of residual MMW is done two times a week. The collection company realizes an identical
system every week, seasonality exceptions may be addressed, e.g. in the case of bio-waste. The main
disadvantage of the periodical collection type is that the collection vehicles are not used to 100% of
their potential and they also serve partly-filled containers.

e Dynamic collection (collection on request) — it is a collection of filled containers which reports a
certain degree of their filling. A dynamic collection is mainly used for large-volume or underground
containers in different European cities.

An advantage of container monitoring is a possibility of retrospective evaluation of waste
production. In particular, it is an information how much waste is produced for example by an
apartment house, a shopping mall or several family houses, within the reference period. This
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knowledge on production opens a way towards balanced PAYT system. It is also possible to
analyze trends in the production of the selected MW groups. These modern tools are an excellent
option, but they are associated with other necessary investments and operating costs.

Another way to use optimization in the context of WM is balanced models for facilities. This is
mainly about a use and interconnection of techno-economic models of sorting line facilities,
composting plant, WtE plant and also models of waste collection and transport. The research team
(BUT UPI) can evaluate selected tasks using own created tools that can work with real
infrastructure models, analyze existing plants, and predict developments based on goals or
legislative regulations from the point of view of WM.
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4.4 Case study Stavanger

The Norwegian city of Stavanger is presented as an example of the optimized waste collection,
where a dynamic system with underground containers with sensors is largely used. Stavanger is
the fourth largest Norwegian city with 133,000 inhabitants. The sensors monitor waste level in
containers using ultrasonic waves and they send the information about container fullness to the
interactive database where they are then evaluated by the dispatching centre. In Stavanger,
underground containers are used for paper, plastic, biowaste, glass, textiles and residual
MMW collection. For illustration, Figure 3 shows the deployment of underground containers for
paper collection in the city.
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Figure 3 Location of underground containers for paper, Stavanger, Norway (Source: BUT based on data provided
by Stavanger council)

The emptying of these underground containers is realized on the dynamic planning principle when
a group of containers is identified to be depleted based on an acceptable rate of fullness which is
set at 75%. Every garbage truck driver has a tablet with a software application that helps him
with dynamic planning. The driver chooses which container he plans to export and the application
generates the fastest way. Other drivers and their traces are visible within the application, and
in the case of duplicity (i.e. two drivers decide to empty the same container) alerts are displayed. It
should also be noted that the fastest route does not need to be the shortest way, the application
can take into account the current traffic situation, accidents, actual constraints and other
factors.
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Another option for SMART solutions in cities is so-called SMART bins. These are specially and
modernly designed containers for MMW or material recoverable waste. They are provided with
solar panels that produce energy for the press ram or internet communication. Using the press
the waste is compacted and the volume of the container is up to five times more usable, as
shown in Figure 4. In addition, the fill level sensor is located in these containers. The fill level
determines whether or not to empty the container. Containers communicate with cloud storage
to where they send actual information about waste level. The connection is wireless and the cloud
storage predicts the future trend in container waste level and on the basis of historical data it is able
to compile an optimised plan of the collection. Due to the solar panels, it is not necessary to

Figure 4 Modern solar-powered trash compactor bin and with the press compactor (Source: Martin Sekanina, Sona
Jurcakova)

Simultaneously with the use of SMART clever containers, it is necessary to use the software
application for monitoring, filling level and information about the emptying containers. The screen in
Figure 5 is an illustration from company Verb GROUP* which is active in the development of waste
monitoring solutions.

11 verb GROUP. Available online: www.verb.cz/bigbelly-cz
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Figure 5 SW application of container monitoring from company Verb GROUP (Source: Verb GROUP)

4.6 Underground vacuum collection systems

Collection of municipal waste is an indispensable activity of each municipality. Waste collection and
transport costs represent up to 25% of total WM spending from the point of view of the city
(municipality). These costs often have an increasing tendency, because mainly the production of
separated MW increase every year in countries with developing WM. This trend brings with it higher
demands on hygiene, equipment and the overall infrastructure of the system. Appropriate
selection of the waste collection method is a key factor for effective municipal WM since
collection and transport of MW usually consist of 50-75% of all waste management costs, i.e. the
overall costs of handling MW. Responsible municipalities are therefore looking for new and, above
all, efficient ways of waste collecting to minimize costs and improve the overall efficiency of the
system. One of the potential alternatives to the traditional way of collecting waste is the pneumatic
piping system.

There are several manufacturers and suppliers in this field (Envac'?, ST Engineering™). For the
main principle introduction, MetroTaifun system was chosen as an example — see Figure 6.
MetroTaifun!* is the world's most modern automatic waste collection system, which conveys waste
& recyclables through underground and/or above-ground pipelines that can extend up to 4 km
from the waste collection point. MetroTaifun has developed modern solutions for all applications;
large and small, including hospitals, residential areas, industrial areas and shopping centres, sports
complexes, hybrid and mobile systems. This modern and sophisticated waste collection system is
being implemented in newly built districts in Europe and Asia. The pneumatic underground
system is used in locations where traditional garbage collection by garbage trucks is inefficient or

12 Envac company. Available online: www.envacgroup.com

13 ST Enginering. Available online: www.stengg.com
14 MetroTaifun. Available online: www.metrotaifun.com
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undesirable (apartment buildings and neighbourhoods with high comfort and high level of service).

The main principle of Metro Taifun you can inspect on official video presentation:
e MetroTaifun Waste Collection Solutions for large areas.*®

e MetroTaifun hospital solution. 6
e MetroTaifun, the Automatic Waste Collection System (AWCS) for sustainable cities. *

When comparing this modern collection method and up-to-date procedures using the door-to-
door system, it can be stated that the modern system allows the waste to be collected less
frequently, it is possible to transport fractions more efficiently when waste is compacted, there is no
need to secure the appropriate routes for large garbage trucks. The obvious disadvantage is high
investment costs for the system implementation into the current districts. The standard door-to-door
system is not so investment demanding as an automatic solid waste collection system.

goll=eiior
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Litter:bin
waste collection:points

Figure 6 MetroTaifun automatic solid waste collection system (Source: MetroTaifun)

4.7 Separate collection and technical sorting possibilities

Secondary raw materials could be produced from MW in different ways. The material recoverable
content may be collected separately or it may be mechanically sorted from residual MMW. When
treating the plastics together with the residual MMW and their extraction from the mixture, the
sorting is done on a simple sorting line or it is treated in the more enhanced way in mechanical-

15 MetroTaifun Waste Collection Solutions for large areas. Available online:
www.youtube.com/watch?v=LUkzqgtal XQU&t=1s

16 MetroTaifun hospital solution. Available online: www.youtube.com/watch?v=4ILf98YRVNI

7 MetroTaifun, the Automatic Waste Collection System (AWCS) for sustainable cities. Available online:
www.youtube.com/watch?v=gHmt1GTVInM
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biological treatment (MBT) plant. However, MBT operation is based on further waste streams
recovery or disposal. The recoverable products from MBT treatment (e.g. plastics or paper) and
from the separate collection have to undergo further treatment in sorting plants in order to meet the
product specifications for recycling. MBT is not a final treatment for MW streams and operating
units are focusing mainly on stabilization of MW biological content. Refuse-derived fuel producing
and further energy recovery of MW is also an option of MBT operation, however, the material
recovery rate is comparable with WtE plant operation in this case.

The problematic of different MW streams options are also discussed in professional journals*® and
thorough evaluation of preferred collection scheme assumes advanced computational modelling.
The responsible municipal waste management approach depends on various factors, e.g. on
available infrastructure, logistic options, expected socio-economical development, legislation rules
and commitments or valid waste management aims.

The main advantage of MBT is the treatment cost. The main disadvantage is the low quality of
output materials (e.g. secondary raw materials, various types of fuel or compost) which affects the
market interest in these products — see in Figure 7.
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Figure 7 MBT technology and collecting system (Source: BUT UPI)
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Figure 8 Sorting line and collecting system (Source: BUT UPI)

18 Feil et al. 2016 Separate collection of plastic waste, better than technical sorting from municipal waste?. Waste
Management & Research. 35(2), 172-180.

Brno’'s Case study: Smart waste RUGGEDISED | 23
management



Designing smart, resilient cities for all

Figure 8 describes a typical collection system for the Czech Republic. The main difference from
Figure 7 is the separate collection and then the commodities are individually sorting on the
sorting line. In the Czech Republic, paper, plastic and tetra-pack are sorted by default. The other
commodities like glass and metal are transported into recycling centres (metallurgy, glassworks).
The sorting line can serve as a temporary warehouse for glass and metal. The MMW is transported
directly to the WtE plant, respectively to the landfill.

In the case of MBT (Figure 7), all MW is collected by one container and MBT is divided into the
required commodities. Commodities are further sold in the market.

4.8 Smart treatment of material unrecoverable municipal waste

Landfilling is the least preferred option according to waste treatment hierarchy (section 4.1). The
more responsible approach may be a stabilization or fuel production in MBT plant, but landfilling
amounts are still significant and MW potential is not sufficiently covered. WtE technologies are the
usual solution to achieve higher levels of hierarchy when material unrecoverable MW is treated.
The profits of WLE operation are significant, especially in large agglomerations.

The main advantages are MMW volume reducing (into 10 % of inlet MMW volume), waste
stabilization and neutralization and energy recovery of low-calorific compounds (e.g. biowaste)
together with high-calorific part of MMW mixture (e.g. unsortable or unsaleable plastics). Energy
outputs may reduce primary energy sources through electricity production or by heat supplies if the
central district heating network is available.

WIE is sometimes seen as a redundant technology in the light of the circular economy. As an
example, ZERO Waste Europe raised 9 reasons!® why we better move away from waste-to-energy.
One of the claimed reason is, that burning waste contributes to climate changes. However, the
overall CO:z balance (considering COz2eq as an indicator of climate change) is tightly bound to heat
delivery and local conditions, as demonstrated in Figure 9.

For CZECH Conditions and current Energy mix for heat and power production, WtE plants with high
heat delivery to district heating systems significantly contribute to avoiding CO2 emissions.

19 Available online: https://zerowasteeurope.eu/2018/02/9-reasons-why-we-better-move-away-from-waste-to-energy-
and-embrace-zero-waste-instead/

Brno’s Case study: Smart waste RUGGEDISED | 24
management


https://zerowasteeurope.eu/2018/02/9-reasons-why-we-better-move-away-from-waste-to-energy-and-embrace-zero-waste-instead/
https://zerowasteeurope.eu/2018/02/9-reasons-why-we-better-move-away-from-waste-to-energy-and-embrace-zero-waste-instead/

Designing smart, resilient cities for all

Power oriented Heat oriented
0 20 40 60 80 100
100 , ¥ : :
—A: 10 % of plastic
50
o <
§ - - B:8 % of plastic
= -50
&
g -100 ;
o +++++ C: 12 % of plastic
x -150
a
< -200
(U] <+—p \WTE - modern
-250 electricity production
-300 only plants
-350

Heat production in CHP [% of maximum]

Figure 9 Global warming potential savings through heat or power oriented up-to-date waste-to-energy process
(CHP — combined heat and power production, cogeneration; WTE — waste-to-energy, GWP — global warming
potential)®® (Source: BUT UPI)

The afore-mentioned facts cannot be generalized. Local energy mix plays a crucial role. On the
other hand, missing the opportunity to deliver heat causes a reduced contribution to CO2 savings.

2 Ferdan T., Pavlas M., Nevrly V., Somplélk R., Greenhouse Gas Emissions from Thermal Treatment of Non-Recyclable
Municipal Waste, Frontiers of Chemical Science and Engineering (FCSE), doi.org/10.1007/s11705-018-1761-4,

ISSN 2095-0179
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5 RUGGEDISED lighthouse cities and smart solutions

RUGGEDISED is a smart city project funded by the European Union. It brings together three
lighthouse cities: Rotterdam, Glasgow and Umea and three follower cities: Brno, Gdansk and
Parma to test, implement and accelerate the smart city model across Europe. Working in
partnership with businesses and research centres these six cities will demonstrate how to combine
ICT, e-mobility and energy solutions to design SMART, resilient cities for all. This means
improving the quality of life of citizens, reducing the environmental impact of activities and creating
a stimulating environment for sustainable economic development.

To review current waste management practices and especially SMART solutions applied in
lighthouse cities was the first objective of this study. Based on this, the authors decided to prepare
guestionnaires. The survey was organized as a two-step procedure. In the first round, simple
YES/NO questionnaire was circulated.

The questionnaire can be divided into five parts:
e Basic Information About Waste Management In Your City (12 questions).

e Basic Information About Collection Of Municipal Waste In Your City (9 questions).
e Basic Information About Facilities In Your City (Region) (11 questions).
e Basic Information About Collection Vehicles In Your City (7 questions).

e Basic Information About Collection System And Its Organization (12 questions).

The questionnaires have been received from cities Gdansk, Glasgow, Parma and Rotterdam.
Answers are attached to this document as Appendix 3. The feedback was not received from the city
of Umea.

Basic Information About Waste Management In Ruggedised City

Based on a questionnaire survey, it was found that the cities that sent back the completed
questionnaires had prepared WM strategic plans. It was confirmed that they have evidence of
waste production, but the waste production information is not publicly available. In the city of
Glasgow, smart clever bins are planned in the future. GPS monitoring of collection is used in
Gdansk, Glasgow and Rotterdam, Parma is going to use GPS monitoring in the next year (2019).
Gdansk and Rotterdam use underground containers in the city. Fill level of containers is monitored
in Glasgow and Rotterdam. The analysis and composition of the waste are carried out in Parma,
two times per year in Rotterdam. Glasgow has only historical data from an analysis in 2014.

Basic Information About Collection Of Municipal Waste In Your City

All cities claimed that they have an established correct infrastructure for collecting MW. In the city of
Glasgow, there are Dry recyclables collected. It means, they collected paper, plastic and aluminium
to one bin — materials with recycling potential. In Parma, the collection is carried out in a similar
way, dry recyclables mean metal, plastic and tetrapack. In all cities, glass and biowaste are
separately collected.
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Basic Information About Facilities In Your City (Region)

Gdansk, Glasgow and Parma operate sorting line(s) in the city, Rotterdam sells separately
collected waste to the third party (to the market). Gdansk and Parma are operating the composting
plant. The transfer station is used in cities like Glasgow, Parma and Rotterdam due to transport for
the longest distances. Recycling facilities are situated close to all cities. Waste to energy plant is
being currently operated in Gdansk, Glasgow and Parma.

Basic Information About Collection Vehicles In Your City

No city uses alternative fuel for waste collection vehicles, LPG vehicles are used only in Parma.
The city of Gdansk uses a special monitoring system for vehicles which is based on fuel
consumption and current speed.

Basic Information About Collection System And Its Organization

All cities collect waste according to prepared plans. The optimization of collecting routes is used in
Gdansk, Glasgow and Rotterdam. All cars are weighed during the unloading. Emissions production
is not taken into account in collecting plans and the reduced environmental impact was not a
subject of any study.

After that, more detailed questions have been raised aiming at the interesting answer from all five
parts in the second round — Appendix 4. Here cities representatives were emailed individually. The
goal was to explain waste management in the city in more details. Unfortunately, feedback was
only received from Parma but not in a complete way.

Generally, the cities involved in the Ruggedised project are very similar in the area of waste
management. Typical facilities are used:
e Transfer stations.

e Sorting lines.

e Water treatment plant.
e Recycling plants.

e Others.

At the same time, the underground containers are used very often. The underground containers are
very useful for city centre or for places where is not enough space for standard containers. All the
cities involved in the project have in common to connect the advanced vehicle monitoring to
planning potential. Concurrently, the planning could be dynamic with the reaction to the current
traffic situation. There is also a great effort to use advanced "smart" technologies in containers e.g.
fill level sensors, using interactive communication dispatching centre.
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6 The potential WM tools in Brno smart city context

Fee for waste disposal at the landfill - The proposed changes are both material and procedural
in nature (the feepayer will be the owner of the landfill fee, which is obliged to include the fee for the
deposit for the waste in the landfill, the newly divided individual fees, the fee administration will be
performed by the State Environmental Fund and the customs office as the paying agent, with the
fee administration, is fully governed by the Tax Code).

Municipal waste fee - this issue will only be revised in the local fees law (the amendment to this
law elaborated in conjunction with the Ministry of Finance is attached to the proposal), the
municipality may choose either a fee for a municipal waste management system based on a similar
principle as a canceled fee under section 10b of the local tax law, or a fee for the disposal of
municipal waste from a real estate, which is based on the actual amount of waste generated that
has been deposited in the collecting containers or at designated places, or the capacity of the
collectors ordered at fee period.

The operation of the waste facility - waste collection facilities will have to equip the premises of
the equipment with the CCTV system and keep the record for a specified period of time.

Permitting the operation of waste management facilities - in particular with regard to the need
to ensure a regular review of the permit to operate the facility, sets the maximum period for which
the permit can be issued (5 years); for the operation of a mobile device for the treatment or
recovery of waste throughout the territory of the Czech Republic, it will be sufficient for the operator
to obtain permission to operate the facility from the regional authority in whose territory the
registered office is situated. Unlike the existing legal regulation, to clearly distinguish the total
quantity and distribution of individual types of the facility in the territory of the Czech Republic.

Collection of waste - the collection of waste by mobile devices is prohibited on the grounds that it
is not possible to check whether or not the mobile operator has legally handed over the waste
received or illegally disposed of, the mobile collection is not canceled without replacement (mobile
collection function the proposed legislation replaces, albeit not to the full extent, by establishing the
possibility for the facility operator to take waste to its facility already at the place of loading and by
introducing waste and waste management institutes).

Basic provisions - a more detailed definition of the four procedures to determine that waste will
cease to be waste.

Addressing the issue of illegally concentrated waste (so-called black landfills) - the proposal
is based on a constitutionally established principle of ownership (Article 11 (3) of the Charter of
Fundamental Rights and Freedoms) and establishes a procedure for identifying a person
responsible for illegally concentrated waste and for ensuring that waste is disposed of and
transferred to a facility for waste management at the same time the petitioner foresees the solution
of the so-called black landfills by means of non-legislative tools (this issue can be solved within the
framework of the MZP Program through specific calls of the national environmental program
managed by the State Environmental Fund).
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Waste trafficking - will be subject to a separate permit, with the possibility that this activity will be
carried out not only by operators who are operators of waste management facilities.

At the same time, the draft law takes over a number of institutes from the valid legislation that has
proved in practice (e.g. financial reserve for reinsurance and subsequent landfill care, waste
management plans), either unchanged or only in a slightly revised form.

From the point of view of the Czech Republic, several waste collection systems can be
distinguished, the main ones are:

e "Door-to-door" system - this is a waste disposal system, the garbage truck stops at each house
individually, and the bins or bags are relevant to the house.

e Delivery system - the inhabitants carry the produced waste to the points for collection, where one
collection point is intended for more houses.

e Collecting points (collection centres) - high-volume waste or waste (e.g. electric waste, building rubbish,
soil), which is not collected in a classical way, the citizen exports waste to collection points as collection
yards.

The collection method refers to waste separated, bulky, hazardous, biowaste, etc. It can be
considered a subcategory of the delivery method and is realized on the basis of collection yards. It
is mainly used for MW components, where the above types of collection are significantly
uneconomical or inefficient.

The selection of the type of collection in a given location is determined by a number of factors,
especially the economic aspect, the amount of waste produced at the selected site or the disposal
solution for the location of the containers. The delivery system has lower investment costs but is
less available to citizens, less yield and quality of MW components than Door-to-Door. The door-to-
door method is most convenient for the citizens, but economically, from the point of view of the
collection company, it is very expensive. The amount of financial demanding depends on the
number of containers in the collection nest or address point. For example, family houses that have
multiple collection containers (mixed municipal waste, biodegradable waste and separated
components) at their address point. In this case, all containers cannot be served during one
collection, but the address point needs to arrive multiple times based on the number of containers.
This fact raises the overall economy of the collection and it is hecessary to correctly evaluate how
many containers and what type of collection will be economically efficient.

Types of waste containers
Many types of waste containers are currently used. Containers can be divided into:
e spill (with top and bottom spouts)

e exchangeable - usually bulk containers.

Spill containers with top spillage
For mixed MW and separated waste, especially plastics and paper, the following containers are
usually used (Table 1), currently dominating plastic and metal containers are gradually exchanged.
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Containers with a capacity of 120 and 240 litres also exist in a special brown version with
ventilation holes designed for the collection of biowaste. Currently, these can be seen in many
municipalities.
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Table 1 Standardly used bins and containers in the Czech Republic (Source: BUT UPI)

type material volume collection collection container

I R IR S B Y
R T I R R Y
I R KT S R T
I e KT R N Y
R N KT N B Y
I e T o N Y R
R I T S R Y
R N LI R N T

Spill containers with bottom spillage

Spill containers with lower discharge are used for separated waste components, mainly so-called
separation bells or underground containers. Separation bells are plastic, fiberglass or metal
containers, typically in variants 1,300, 1,500, 2,000 and 2,500 liters - a sample (Figure 10). The
dumping of the bells is carried out by means of a hydraulic loader container. The container is
manipulated with the metal eye and the dump is realized by means of the second eye, thanks to
which the lower part of the container is opened. There are two bottom opening mechanisms: either
side or centre.

Figure 10 Bell containers (Source: 3PM?1)

21 3PM s.r.0. Online available: www.3pm.cz
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At present, the use of containers with lower spillage in the form of containers underground, so-
called underground containers into which waste is shredded from small wastebaskets, so-called
casting shafts (Figure 11), is on the rise. They are mainly located in historic city centres to ensure a
sufficient volume and containers do not disturb the character of historical buildings. Underground
containers are also opening up and spilling, using a hydraulic-powered vehicle. Investments for the
construction of underground containers are approximately 700 thousand CZK. In case of
installation in historical parts, it is necessary to calculate also the potential transfer of utility
networks, which can increase the costs of the installation of underground containers. The research
team has a techno-economic model for the calculation of underground containers, which will be
further exploited.

Figure 11 Underground containers for separate waste (Source: Prague 9 — official website??)

Changeable containers and High volume containers

In the category of changeable high volume, we include containers, which are used for example in
collection yards or occasional collection of biowaste (campaigns). Containers are usually unsuitable
for collecting mixed waste, with the exception of impact collections of larger or high volume MW.
Instead, they are commonly used to transport separately sorted waste components. The most used
type of containers is stretch containers (Figure 12, right), respectively. Mulden (Figure 12, left).
High volume containers are manufactured from 5 m*to 30 m3.

2 Prague 9 — official website.  Available online:  www.praha9.cz/urad-a-samosprava/zivotni-
prostredi/odpady/podzemni-kontejnery-na-trideny-odpad
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Figure 12 High volume containers used in the Czech Republic (Source: MEVA-TEC s.r.0.%%)

For proper system setup and container selection, a feasibility study is required with the help of an

optimization task for selected collection systems and containers. The research team has a number

of developed optimization and computational tools for dealing with waste management, including:
e NERUDA Tool** — optimization tool.

e JUSTINE Tool? — a tool for prognosis of waste production, comparison current situation and future
trends.

e Techno-economic model for selected technological solution.

23 MEVA-TEC s.r.0. Available online www.mevatec.cz
24 More information about tool in Appendix 1
%5 More information about tool in Appendix 2
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7 Trends in a worldwide context

There is a large number of innovative trends in the world. The trends include, above all,
monitoring and comprehensive data collection from all sectors of human activity. These data are
then evaluated, subsequently, time, cost and other savings are realized to improve the efficiency of
any sector.

In the context of waste management, the key element is plastic waste treatment and recovery.
China has restricted the import of plastics, they require only high-quality and clean plastics, and
therefore a large quantity of sorted, separately collected plastics remain in cities or huge
warehouses in Europe. From this point of view, it is necessary to focus mainly on the development
of the plastics market and related treatment infrastructure, to identify which plastic waste can be
considered as a tradable commodity, how it can be processed, and evaluate the overall complex
plastics treatment system proposal. The treatment system begins with the collection and
transport of waste. In large cities, the so-called vacuum pipe systems for waste collection (e.g.
MetroTaifun) (see section 4.6) or a sophisticated self-serve waste collection technique (automatic
side loader). Also, recycling centres should not be forgotten.

From the point of view of new technologies in secondary raw materials production, it is obvious that
based on Industry 4.0 approach, the digitization and automation in the industry are introduced,
which is expected mainly in automated sorting lines.

As a trending technique in residual MMW final processing, a modern waste-to-energy plant, waste-
to-biofuel can be included.

In this section short descriptions of chosen technologies and systems will be provided:
e Waste-to-Biofuel.

e Biotechnology for converting waste oil into plastics.
e Dry recyclables collection.
e Collection with the automatic side loader.

e Industry 4.0 and Smart City concepts.

Waste-to-Biofuel (Edmonton, Emerkem)?®

Enerkem Alberta Biofuels located in Edmonton, Canada, is the world’s first major collaboration
between a large city and an innovative waste-to-biofuels producer. The project addresses the non-
recyclable and non-compostable waste disposal challenge by diverting household waste destined
to landfills. Using a thermochemical process, Enerkem converts household waste into clean
biofuels and green chemicals, such as ethanol and methanol.

Biorefinery process enables the use of municipal solid waste and other waste residues as
unconventional and low-cost feedstocks for the production of biofuels and renewable chemicals.
Enerkem’s technology is deployed through a process that converts non-recyclable waste into a

%6 Official webpage. Available online: www.enerkem.com
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pure synthesis gas (or syngas). This syngas is then converted into biofuels and other widely used
chemicals using catalysts. In less than 5 minutes, waste destined to landfill becomes clean
transportation fuels or renewable chemicals, which can then be used to form other value-added
products. It is claimed, that the Enerkem technology is, therefore, feedstock flexible and
multiproduct.

Since 2000, Enerkem has tested and validated a number of different feedstocks — from solid waste
coming from several municipalities to dozens of other types of residues. In Enerkem’s system,
these feedstocks are converted into methanol, ethanol or other renewable chemicals. In turn,
methanol is a chemical building block for the production of secondary chemicals, such as olefins,
acrylic acid, n-Propanol, and n-Butanol, which can then be used to form thousands of everyday
products.

Enerkem’s exclusive process is environmentally sound. It requires relatively low temperatures and
pressures, which reduces energy requirements and costs. Enerkem’s proprietary technology was
rigorously scaled up from pilot to demonstration to commercial stage during an unprecedented
period of 10 years of disciplined efforts.

Enerkem’s four steps of the thermochemical process are:
o Feedstock preparation.

e Gasification.
e Cleaning and conditioning of syngas.

e Catalytic synthesis.
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Figure 13 Basic scheme for technology Waste-to-Biofuel (Source: Enerkem 27)

The waste-to-biofuel technology is to be developed also in Europe, specifically in Rotterdam. More
information about the current situation in Rotterdam is on the website?.

Biotechnology for converting waste oil into plastics

Hydal? is biotechnology developed by Nafigate Corporation to produce a biopolymer from waste oil
(e.g. used cooking oil) on an industrial scale. The technology is not consuming food chain sources
like competitors that process e.g. sugar, starch or corn. The other advantage is very good
biodegradability of produced plastic material. Currently, biotechnology Hydal is a unique technology
for the mass production which can convert waste into bioplastics.

Dry recyclables

Co-mingled collection of dry recyclable material may be an effective way for disposing of clean,
uncontaminated recyclable materials. However, the separated MW stream still has to undergo
further treatment in sorting plants in order to meet the product specifications for recycling. The
advantages may be container space reduction (in the densely built-up area) or more efficient
production of secondary raw materials. On the other side, logistics may be more demanding on
traffic routes and collection technologies using. The potential benefits of dry recyclables collection
benefits have to be evaluated through case studies using complex computational tools.

27 Technology — Enerkem. Available online: www.enerkem.com/about-us/technology

28 Enerkem to Lead Consortium to Develop Waste to Chemical Project in Rotterdam. Available online: www.waste-
management-world.com/a/enerkem-to-lead-consortium-to-develop-waste-to-chemical-project-in-rotterdam

29 Biotechnology Hydal. Available online: https://www.hydalbiotech.com
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Collection with the automatic side loader

At present, the Sidewinder XTR ™?2° system is emerging primarily in the US. This type of garbage
vehicle is one operator efficiency which needed any operators — only drivers. The car arrives in
front of the container and serves a specific container by the long hydraulic arm. This system is a
modern solution for collecting and can save high wage costs. The main disadvantage is that the
container must be located at a predetermined location (in front of a house and close the road).

Figure 14 Automatic side loader (Source: New Way® Trucks: Refuse Trucks & Garbage Trucks %)

Industry 4.0 and Smart City concepts
This is a trend of monitoring, digitization and automation in industry. The aim is to redirect the

simple activities that people have taken to fully automated control using computers and robots.

Mechanization, Mass production,
water power, steam  assembly line,
power electricity

Computer and Cyber Physical
automation Systems

Figure 15 Basic description of industry development (Source: Cliexa®?)
Industry 4.0 is a very important part of the Smart City concept that uses digital, information and

communication technology to improve the quality of life in cities. It focuses on efficient use of
existing and finding new resources, reducing energy consumption, eliminating environmental

30 Automatic side loader. Available online: www.refusetrucks.scrantonmfg.com

31 New Way Sidewinder XTR Automated Side Loader. Available online: www.standardequipment.com/product/new-
way-sidewinder-xtr-automated-side-loader

32 Available online: www.cliexa.com/2017/03/physicianentrepreneurs
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burdens, optimizing traffic and sharing data for public purposes.

e The Smart City concept can be divided into several areas:

Smart economy.
Smart transportation.
Smart environment.
Smart people.

Smart living.

Smart government.

In the context of waste management and potential interconnection with Industry 4.0, will be
included:

Using automated sorting line.

Using underground containers to provide larger volumes with the comparison as in the standard
containers (3 m3 or more).

The Metrotaifun system is a sophisticated pneumatic system for transporting waste to a central point.
Clever trash bin with built-in sensors of the fill level.
Software which can optimization collection routes with different systems:

o periodical planning,

o dynamic planning,

o other planning (combination).

Autonomous management of WM from a complex solution point of view.
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8 Best cases for the Brno city (The Spitalka district)

Proposed solutions reflect respected pillars of sustainability:
e Cost.

e Environmental impact.
e Social aspects.

With respect to set EU goals for WM, which can be considered as ones corresponding to
environmentally-sound solutions, the recycling rate of re-usable materials should be at 55% in
2025, 60% in 2030 and 65% in 2035 according to CEP?2. These targets are set relatively
challenging, taking into account the current level of recycling, which requires:

e Creating infrastructure to sort commodities such as paper, plastic, glass, metal and bio-waste, which
is the largest fraction of municipal waste in recycling context.

e Establish a functional system in individual municipalities and district across the agglomeration and
prepare complete new plans to manage the new containers and to adjust the frequency of exports.

e Motivate the residents to cooperate with the new system. On the other hand, this has to be done in a
user-friendly way under acceptable cost.

8.1 Wm overview in Brno city — current situation

The overview represents a short summary of key-figures from WMP of City Brno. Currently, a
complex, adequate and efficient collection system is realized and further developed in Brno City. An
expected future trend is to establish and maintain a comprehensive, adequate and efficient network
of waste management facilities as close as possible to their location.

8.1.1 Basic socio-economic parameters

As already mentioned, the WMP of the Statutory City of Brno is based on the WMP of the South
Moravian Region and then on the Czech WMP for the 2015 — 2024 period. All WMPs are
processed on the basis of the Czech Waste Act 185/2001 Coll.

There are 377,028 inhabitants in the city of Brno (December 2015, according to the Czech
Statistical Office). This is approximately 32% of all inhabitants living in the South Moravian Region.
The population structure in Brno is obvious from Table 2.

Table 2 Statistical sociological data — population structure (Source: CSO)

municipality Population
with extended 2015-12-31
e T oo T o

377,028 181,890 | 195,138 55,325 246,583 75,120
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Demographical data are stated in Table 2.

Table 3 Statistical demographical data (Source: CSO)

The

municipality Total area
with extended (ha)
powers

Population divided by type of housing see in Table 4.

Buildings Population Built-up area
and yards density population density
(ha) (pop/ha) (pop/ha)

Table 4 Permanently occupied houses (Source: CSO)

The Population divided by type of housing

municipality

w(;t"i;eer);tended Detached family Terraced family Blocks of

P house house lats/apartments

8.1.2 Current MW generation rates in Brno

Brno MW productions are recommended to be compared with production in other Lighthouse cities.
This idea was included in the questionnaires (see section 2.6). Unfortunately, the information was
not delivered. For this reason, comparisons based on production and on-going technological
solutions were not possible.

160
140
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100
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60
40

20

0
2009 2010 2011 2012 2013 2014 2015

EPaper MW ®Plastic MW ®Glass MW ®EMetal MW B Biodegradable MW  ® Bulky MW

Figure 16 MW production in South-Moravian region, kg/inhabitants/year (Source: ISOH)
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Figure 17 MW production in Brno municipality, kg/inhabitants/year (Source: ISOH)

To present the production in Figure 17 the following datasets were regarded:

e Data on waste generation within the municipal system at the regional level from 2009-2015 (206
regions for the Czech Republic), disposal codes A00, BN30, AN60.

e For the purposes of this study, the following waste codes of material-useable MW components
were monitored:

e MMM - residual mixed municipal waste (cat. n. 20 03 01).
e MW paper and cardboard (cat. n. 20 01 01 and 15 01 01).
e MW plastics (cat. n. 20 01 39 and 15 01 02).

e MW glass (cat. n. 20 01 02 and 15 01 07).

e MW biodegradable waste (cat. n. 20 01 02).

MW metals production shows totally random values without correlation with values of remaining
metal fraction in residual MMW. In the case of bulky waste, it was assumed that its character did
not have a significant effect on the production of residual MMW. The other factions are negligible in
terms of the quantity produced.

Table 5 shows the percentage of MW production in 2015. The year 2024 have been evaluated by
the JUSTINE tool ** based on an analysis of historical data for the period 2009 to 2015 in the city of
Brno.

33 More information about tool in Appendix 2
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Table 5 Estimation of residual MMW composition in Brno municipality with extended powers (Source BUT UPI)

R R R

2015 Separation rates according to JUSTINE?* tool:

e Paper: Brno municipality with extended powers 65.6 %, South-Moravian region 66.3 %, Czech
Republic 65.4 %.

e Plastics: Brno municipality with extended powers 19.7 %, South-Moravian region 32.3 %, Czech
Republic 37.7 %.

e Glass: Brno municipality with extended powers 41.5 %, South-Moravian region 54.2 %, Czech
Republic 53.2 %.

The efficiency of MW sorting can be quantified as a separation rate, this means separated
particular component (plastic, paper, glass) production related to overall component production in
MW (including the portion in residual MMW). The separation rate then indicates how many per cent
of the total potential (output) of the particular MW component has been separated for further
treatment. The separation rate describes more about separation efficiency than only MW
production and includes information about possible improvements in the MW sorting system.
Serious discussion of target values of future separation and prediction of residual MMW parameters
(e.g. calorific value for energy recovery) may be based only on the basis of updated data on the
composition of residual MMW and separated MW. It is recommended to analyze the current
composition of this MW groups and to carry out these analyzes at regular intervals.

34 More information about tool in Appendix 2
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8.1.3 Current waste treatment in Brno City

This section presents the current status of WM in Brno city. The system is described from a
comprehensive point of view based on the technological integration of the existing and / planned on
the territory of Brno. Currently, operating facilities in Brno include:

e Waste collection centres.

e Sorting lines.

e Biogas stations.

e Composting plant.

e Waste-to-Energy plant.
e Landfills.

For a future MW separation improving, it is also important to describe the current state of disposal
of the biodegradable component in residual MMW. These biodegradables are energy recovered in
SAKO Brno, a.s. waste-to-energy plant. A complex computational assessment is necessary for a
comprehensive discussion of increased MW separation consequences.

Waste collection centres

One of the most important parts of WM infrastructure is collection centres. Currently, 37 centres are
operating in the Brno city. These are fenced, secure areas equipped with waste collection
containers. It serves the citizens of the city of Brno to drop off of separated components of MW,
hazardous waste, bulky waste and also electrical equipment. At present, they play a key role in
separating of biodegradables. Waste disposal is free of charge for inhabitants. Only tire collection
and some building waste are charged, which can be disposed of only in selected centres. The
centres are tailored to all types of municipal waste produced and therefore ensure the fulfilment of a
wide range of objectives set in the WMP.

Material recoverable waste treatment plant — Sorting lines

The sorting line for the treatment of separated MW from Brno agglomeration is the facility in the
SAKO Brno a.s. waste-to-energy ground and the sorting operation has an annual throughput of 10
kt. Currently, the line is used for plastic and paper. The line is located in unsuitable spaces, and
therefore, a project of building a modern sorting capacity will be presented in section 8.4.

Biodegradable waste treatment plant — Biogas stations
Two types of equipment can be used to use separately collected biodegradable MW. An anaerobic
system for the production of biogas (biogas stations) and anaerobic composting plant. There are
these plants operating in Brno City area:

e Biogas station ID CZB00786 “Ustav vyuziti plynu Brno, s.r.0.”, IC 41605691, capacity 770 t/a.

e Composting plant ID CZB00790 “Centralni kompostarna Brno, a.s.” IC 26937794, capacity 70
kt/a.

e Composting plant ID CZB00247 “DUFONEV R.C., a.s.” IC 25538748.
e Composting plant ID CZB00103 “SETRA, s.r.0.” IC 220159, capacity 10 kt/a.
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In addition to these devices, aerobic systems of community and domestic composting can be
considered, although in these systems waste does not enter the waste statistics. The capacities of
the current composting plants are more than sufficient for the needs of the city, even in the case of
an eventual increase in the separation of biodegradables.

8.1.4 Current MW collection system

A properly set separation system is a key indicator for achieving WM goals. The city of Brno
provides a separate collection of plastic, paper, beverage cartons, glass, metals and it using
container collection and collecting yards. The containers are operated by standard garbage trucks
or other specific loading technology.

The number of containers for paper, plastic and glass in the city of Brno is presented below, as well
as information on the number of empty. Altogether, 1,387 paper containers (Table 6), 1,351 plastic
containers (Table 7), and 1,910 containers for glass (Table 8) are in currently operated in Brno city.

Table 6 Waste collection frequency — paper (Source: Brno WMP)

Separated | Waste collection Total
MW frequency
o Toe T o

T N T S N C
T I (N S N T

2 times a week 12 12
(underground container)
Paper

TN S N N N R
3 times a week 1 1
(underground container)

I S I N N

| |
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Table 7 Waste collection frequency — plastic (Source: Brno WMP)

Separated | Waste collection Total
MW frequency
EREE I

TS N 0 K N K

2 times a week 12 12
(underground container)
Plastic
I S 2 S E EN
3 times a week y 1
(underground container)
N N K S E S R
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Table 8 Waste collection frequency — glass (Source: Brno WMP)

Container volume (litre)
Separated | Waste collection Total
MwW

frequency
1,300 3,000
1 times a 14 days 1 1
(underground container)
1 times a 14 days 380 2 1 KISK]
(coloured glass)
1 times a 14 days 379 2 1 382
(white glass)
T T I I [ N S N O
1 time a month 1 3 19 23
(coloured glass)
1 time a month 1 4 19 24
(white glass)
1 time a month 1 4 172 287 23 487
(coloured glass)
1 time a month 1 3 176 289 23 492
(white glass)
2 times a week 13 13
(underground container)
e S O R A N N
e S N N N A N N

Request (coloured 3 42 53
glass)

The tables show that they are used to collect both classical containers, separation bells and
underground containers. Underground containers are used primarily in the city centre to provide
sufficient capacity.
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Figure 18 The number of containers in Brno (Source: Brno WMP)

An important aspect in WM is the residual MMW collection. This is a residual waste, which is
preceded by the sorting of material recoverable, bio-waste, hazardous or high-volume waste. The
information of containers in Brno is presented in Table 9.

Table 9 Waste collection frequency MMW (Source: Brno WMP)

Waste Container volume (litre)
Total

collection

| w o fm o e

2364 | 19,208 | 7.165 | 2618 | 9897 | 1161 | 42,413
(fosicuan [ o | 2067 | 12048

stmesawek | - |- |- |- e Jan e |
MMW total _ 2366 | 20,874 | 7998 | 2.689 | 17,082 | 4548 | 55557

8.2 Thermal treatment in SAKO Brno, key installation for effective utilisation of
residual waste

The waste to energy facility ensures inertisation of biodegradable waste and it is also an important
source of energy as it operates as a heating plant and power station. However, unlike these
sources, it does not utilise primary non-renewable materials and energies to produce steam and
electricity. The generated steam covers part of heat demand in Brno.
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Figure 19 Heat supply — Heating plant Brno and Waste-to-Energy plant SAKO Brno (Source: Brno WMP)

Technological process of SAKO Brno WtE facility:

Weighing system — The weighing system is the inlet point for trucks of all suppliers and
consumers of waste and raw materials. Weighing is automatic and the data is processed by a
special software programme. On arriving at the incineration plant, the trucks bringing in waste pass
through a detection system that can detect ionisation radiation. The weighing system keeps records
of inputs and outputs to/from the waste to energy facility. This is where the waste path is divided
into the path for waste intended for energy recovery and path of separately collected waste
intended for final sorting at the post-sorting line.

Waste bunker — Once weighed, the truck with combustible waste heads towards one of eight
feeding gates. The operator checks the declared waste and permits its emptying into the bunker.
The crane operator uses a polyp grab to remove the fed-in waste from the inlet chutes of the waste
bunker and crushing system chutes and moves the waste further into the bunker where the waste
is homogenised and feeds the waste into the hoppers of the individual boilers.

Boilers with accessories — The boiler room is fitted with two five-pass boilers with reverse grates
type MARTIN, whose technical parameters and air mode ensure optimal operating conditions of the
waste incineration process. Waste neither fed to the boiler burns by itself and does not need any
additional fuel. Waste passes through the heating, drying, gasifying, burning and final burning
stages on the grate. The temperature in the boiler incineration chamber is above 1000°C. The
waste incineration product — slag — falls into a wet extractor. This is where the slag is extinguished
and cooled and then transported through a vibration sorting system via a belt conveyor to the slag
bunker.

Turbine — Superheated steam passes through a bleeder condensing steam turbine with high
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pressure and low-pressure sections. High-pressure superheated steam expands in the turbine and
thermal energy and pressure energy are transformed into mechanical energy resulting in
mechanical action through a bladed rotor drive. The rotor is connected to a gearbox and el. power
generator transforming mechanical action into el. energy. Regulated as well as unregulated turbine
takeoff ensures electricity generation as well as steam supply for the central distribution system of
the city of Brno as well as for technological purposes.

Chemical water treatment — Chemical water treatment ensures sufficient supplies of feeding
water with the defined parameters for the entire boiler boiling system. The feeding water consists
largely of return condensate coming from the CZT network, clean condensate from the air-cooled
condenser and water from chemical water treatment which mainly utilises drinking water for the
treatment. Given the relatively high salt content in raw water, if untreated, the boiler boiling system
would get clogged with mineral sediments and the turbine could be damaged and oxygen dissolved
in water would strongly contribute to the boiler boiling system corrosion.

Flue gas treatment — An integral part of the waste incineration technological process is the five-
stage flue gas treatment system.

e First flue gas treatment stage is installed directly in the boiler incineration chamber. Chemical
reactions ensure a significant reduction in the volume of nitrogen oxides in the flue gases.

e Second flue gas treatment stage is adsorption of heavy metals and persistent organic pollutants
type PCDD/F, PCB and PAU.

e Third flue gas treatment stage consists in the spraying of finely disperse aqueous limy
suspension in flue gas stream. Gaseous flue gases from the boilers are fed through flue ducts
into absorbers where the flue gases are cleaned.

e Fourth flue gas treatment stage is installed in the flue duct between absorbers and textile filters
and it is based on the dry lime method consisting in the addition of dry slack lime into the flue
gases stream. This treatment starts automatically if the concentration of acid components in flue
gases increases.

e Fifth flue gas treatment stage is textile filters used to separate all mechanical pollutants and solid
reaction products from the flue gases. The end product of flue gas treatment consists of limy
salts, fly ash, activated carbon and reagent excess. The entire flue gas treatment process is
controlled automatically by a control system so as the output of the flue gas treatment system
contains a residual content of monitored pollutants at a level below the permissible emission
limits. The flue gas treatment efficiency with respect to the pollutants is at 99 %. Before entering
the duct, the flue gases are continuously monitored and evaluated.

Slag management — Slag management is the end-of-pipe technological system treating slag - the
waste inert product of the incineration process. The technology is used to handle and separate
slag, it consists of a slag bunker, traveller crane, conveyor system and separation line. After
passing the combustion chamber, slag passes through a wet slag extractor and via belt conveyors
it is transported to a concrete bunker. Sorted iron and aluminium are transported off-site for further
reuse as secondary raw materials. Slag is used to secure landfill sites. The company’s objective is
to ensure such quality parameters of the slag to enable its use as building material (backfill,
underfill) and thus minimise waste production.
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8.3 Current WM objectives in Brno city

The current WM objectives can be divided to:
e Project "Second Life".

e Project "RE-NAB".

e Project "RETRO-USE".

e Project "RE-TEX".

e Domestic waste composting.

e MW treatment facility.

Project "Second Life"

The City of Brno will be continued in the activity "POINT USE", which is described in the analytical
part of the Brno waste management plan. In the next phase of the project, it is planned to increase
the number of RE-USED POINTS and to introduce reusable boxes (cartons, reusable boxes for
collection of products for reuse), and then the boxes can be collected at all waste collection centres
in Brno.

Project "RE-NAB"

The RE-NAB project has been launched in the city in April 2016 to support the use of old furniture,
"furniture bank". The RE-NAB functional furniture project is an example of coordinated collaboration
between the Department of the Environment and the Department of Social Welfare of the city of
Brno. Residents of Brno can donate unnecessary furniture to people with social problems.

Can be devoted:

e wooden, metal or plastic tables, tables, chairs, cabinets, chests of drawers, beds, and shelves,
e all other usable furniture,
e garden furniture.

Due to hygienic reasons, upholstered furniture is not donated. In the city of Brno, there are four
waste collection centres (SS Vevefi, Jan Svoboda, Okruzni and Hapalova) where large containers,
for old furniture, are located. Then the old furniture is transported to SAKO Brno, a.s. Here is a
prepared list of currently available furniture with real photos. Subsequently, the Social Welfare
Department offers the old furniture inhabitants of the city of Brno with the social problem. These
inhabitants haven't funded for new equipment of the flat or family house.
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Project "RETRO-USE"
The Statutory City of Brno project "RETRO-USE" is a unique activity for the prevention of waste
from culture and social areas. Since August 2016, RETRO-USE has been supporting everything
that is no longer needed in households, made before 1989, and also interesting for cultural
institutions. From a historical point of view can be devoted interesting items such as:

e books, magazines,

e household equipment or technical equipment,

e personal papers,

e old photographs,

o films,

e toys,

e and sporting goods.

Some of them are cleaned or repaired and storage in museums or using for theatres activities.
RETRO-USE is also a social project, including the establishment of a sheltered workshop, some of
the old items can also serve for students. Project RETRO-USE will help to lengthen the lifecycle of
old items. The Statutory City of Brno cooperates with the American Fund, o.p.s. and other cultural
institutions such as the Moravian Gallery, the Brno Technical Museum, the Military Historical
Institute.

Project "RE-TEX"

The RE-TEX project is based on the use of older clothing and textiles. All waste collection centres
in the city of Brno will be involved in the project. At the same time, a wide network of containers on
the streets of the city of Brno is created. These containers should reduce the walking distance and
contribute to higher utilization of the containers. Textil from containers will be taken to the
warehouse hall for re-sorting, hygienisation and storage. The re-use of sorted and hygienised
textiles is mainly planned through the social services.

Domestic waste composting

The city will continue to distribute domestic waste composters among inhabitants to family houses
and block of flats. This step depends on the interest of the inhabitants and there is the correct step
how to reduce biodegradable waste in mixed municipal waste. According to this activity, there is a
potential take subsidy from the Environmental Operational Program and cooperate with the
company SAKO Brno, a.s.

MW treatment facility

The "Brno Recycling Center" project is being prepared by SAKO Brno, a.s. because of the outdated
sorting line in the waste-to-energy plant area. The centre will produce secondary raw materials and
potentially further material recovery. The project will support the collecting network and
infrastructure within the city of Brno and it consists mainly in construction and modernization of
municipal waste collection, sorting and treatment facilities (collection and separation technique,
collection yards construction, overground and underground containers and related infrastructure)
and increase in production of secondary raw materials. The project is described in more details in
section 8.4.
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8.4 Current “advanced” SMART solutions in Brno City

Current trends in SMART solutions in Brno are very few. As a key SMART solution can be
considered the integration of the heating plant and the waste-to-energy plant in the heat supply for
the city. From the point of view of WM, modernization of the waste treatment centre in SAKO Brno,
a.s. and consequent infrastructure and motivation programs are projected for a purpose of
secondary raw material production. Currently, the project is registered in the EIA® information
system. Other solutions that are acceptable the Brno city are described by SWOT analyzes in
section 9.2.

Recycling centre project
The project is divided into three main parts:

e Glass separation: The city of Brno will have a unified system of glass collection and its
transport and preparation for further processing. It will be necessary to increase the number
of containers, optimizing their volume and allocation, to invest in collecting vehicles and
ensuring a regular collection. Separated glass will be collected from the entire Brno
agglomeration. The glass waste will be stored in a collection centre and then after removal
of undesirable admixtures sell to the authorized person for further processing.

e Collection centre: The new large collection yard will serve not only for citizens from the
adjacent agglomeration but also for local companies to ensure collection of more MW types
by a single system. Areas for concentration and subsequent sorting will be built on the site
and large capacity storerooms and handling vehicles will be acquired. Subsequently, the
commodities will be distributed for further recovery (both material and energy). The project
also includes a connection to the railway.

e Sorting line: Due to the increase in the quantity and separated waste in the agglomeration
area, it will be necessary to build a new sorting line which will have sufficient capacity. The
technology will be also applicable to more MW types and sorting procedures.

35 www.portal.cenia.cz/eiasea/detail/EIA_JHM1435
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9 The Spitalka district — basic description of the territory

The Brno City Council has approved the selection of a part of Teplarny Brno (heating plant) area
and Spitalka area as a locality for investment plan development. In the future, there should be a
modern, low-energy district corresponding to the SMART city parameters in the locality. The
district can become an inspirational pattern for further city development, which will provide not only
housing but also a potential for business opportunities to avoid unnecessary mobility. The aim is to
create a modern district, using state-of-the-art techniques and trends, where it can demonstrate the
current opportunities in the construction of an energy self-sufficient and sustainable districts which
will respond to the actual needs of citizens with regard to the self-sufficiency and sustainability of
this place.

An initial analysis is prepared, which will describe the limits and possibilities of the use of this
territory, and an urban-architectural competition will be prepared which will include a wider area
projection and it will be pre-announced during the year 2019. It is also necessary to prepare
changes in the valid land use plan and, together with the academic sector, to suggest which
advanced techniques would be used for the district construction. Concurrently, construction finance
modules will be assessed. After the project documentation preparation and all necessary permits
obtaining, construction could begin sometime in 2022.

The Spitalka and heating plant area are located in the Brno-stfed (Brno-centre) district in the area
between Vihka and Cejl Street. This area has the considerable territorial potential for urban
development. Along the eastern and southern parts of the heating plant, the existing production
facilities at Plynarenska, Spitalka and Radlas are actually being rebuilt. In this locality, it is also
prepared the project of revitalization of the Ponec river along the Plynarenska Street in connection
with the entrance to the heating plant. The area locality is obvious in the Brno agglomeration map in
Figure 20, a more detailed view of the area of interest is in Figure 21.
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Figure 21 Location of Spitalka district
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9.1 Waste production prognosis for subject area

The forecasting procedure uses trend analysis as a basic tool that shows the basic trend in the
development of the production of a particular catalogue number or a group of categorical numbers.
Afterwards, the result of the forecast is corrected using the data from every municipality in the
Czech Republic. The correction is made by balancing the data with the JUSTINE tool®*=" with
respect to the forecast trend in the higher territorial unit (it must be true that the sum of the
forecasts generated at the level of all the municipalities is in line with the forecast at the level of the
region or the whole territory).

In the case of the MSW, which falls under the municipal collection system in the municipality Brno,
a long-term decreasing trend can be seen. Based on the forecast, production is expected to be
around 64.5 kt in 2024 see in Figure 22.
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Figure 22 Mixed Municipal Waste production in Brno (Source: BUT UPI)

Total production of MSW, which is produced within the system of municipalities and firms, recorded
the most significant decline in 2010. From this period it shows a slightly decreasing trend. In 2024,
production is estimated to be approximately 103.3 kt (

3 Jiti Kropa¢, Radovan Somplak, Martin Pavlas: Hazardous Waste Treatment Infrastructure Planning — A Multi-
Commodity Mathematical Modelling Approach

37 More information about tool in Appendix 2
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Figure 23 Overall Mixed Municipal Waste production in Brno (Source: BUT UPI)

Separated MW paper production prognosis for 2024
Separate paper production has a marked upward trend over the period under review. The resulting

prediction, which was created by the balancing by JUSTINE®? tool, diverges from the original trend
to lower values. This is due to the character of forecasts within the territorial division of the all
considered areas. For the year 2024, paper production was forecast at 13.2 kt (Figure 24).

38 More information about tool in Appendix 2
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Figure 24 Separated Municipal Waste — paper production in Brno (Source: BUT UPI)
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Figure 25 Paper content in Mixed Municipal Waste in Brno (Source: BUT UPI)

Due to the decreasing trend of MSW production and the increase of the amount of paper that has
been decomposed, it is expected that the content of this component will decrease in MSW,
confirming the residual paper data in the MSW with a considerable decreasing trend. This
development also reflects the paper separation rate, which is estimated to be 70.5% for 2024
(Figure 26).
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Figure 26 Paper separation rate in Brno (Source: BUT UPI)
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Figure 27 for all Czech regions. The city of Brno achieves a separation rate of 65.6%, thus not significantly
different from the average MS from all the regions in the Czech Republic.
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Figure 27 Paper separation rate — histogram (Source: BUT UPI)

Separated MW plastics production prognosis for 2024

Also, the production of separated plastic has a considerable increasing trend during the period
under review, which was almost linear in its character. Estimates of plastic production for 2024 are
about 3.1 kt, which corresponds to almost 60% increase compared to 2015 - the period with the
latest available data (Figure 28).
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Figure 28 Separated Municipal Waste — plastic production in Brno (Source: BUT UPI)
Higher production of the separated plastic is reflected in the residual amount of this component in

the MSW. The projected decrease in the amount of plastic in the MSW is 6.2 kt for 2024 (Figure
29).
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Figure 29 Plastic content in Mixed Municipal Waste in Brno (Source: BUT UPI)

For the separation rate, this development would mean an increase of up to almost 35%, which is
below the average values within individual municipalities in the Czech Republic (Figure 30).

Trend

Plastics separation rate [

2005 2010 2015 2020 2025
year

Figure 30 Plastics separation rate in Brno (Source: BUT UPI)
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Figure 31 for all Czech regions. The city of Brno has reached 19.7% this year. It is thus ranked to
significantly below average values and points to the potential for increased plastic separation.
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Figure 31 Plastics separation rate — histogram (Source: BUT UPI)
Separated MW glass production prognosis for 2024

The amount of separated glass in Brno in the monitored period 2009-2015 is around 3.2 kt and
shows a slightly increasing trend. For 2024, the predicted glass amount is about 3.8 kt (Figure 32).
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Figure 32 Separated Municipal Waste — glass production in Brno (Source: BUT UPI)

The amount of glass in the MSW does not show significant changes, a decrease was only in 2015.
On the basis of JUSTINE balance, however, a 2024 decrease in the amount of this component in
MSW is predicted to be around 4.3 kt (Figure 33).
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Figure 33 Glass content in Mixed Municipal Waste in Brno (Source: BUT UPI)

The separation rate is around 40% in the monitored period. By 2024, it is expected to grow to 47%
(Figure 34).
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Figure 34 Glass separation rate in Brno (Source: BUT UPI)
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Figure 35 for all Czech regions. The city of Brno reached 41.5% this year. Thus they re-rank the
under-average values of separation rate by individual regions in the Czech Republic.
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Figure 35 Glass separation rate — histogram (Source: BUT UPI)

In the case of biowaste sorting, the question arises as to which waste stream the biowaste is
diverted. Generally, it is assumed that part comes from the MSW, and the rest of the sorted
biowaste was out of the waste register by this time and emerges as a new waste stream
(household garden waste). The aim of the analysis was to estimate how much of the sorted
biowaste comes from the MSW. BUT Brno performed an analysis based on data for all
municipalities, which showed the following conclusions:

e The amount of MSW produced is not dependent on the efficiency and yield of the biowaste sorting in
the municipalities.

e In a more detailed analysis, the change between municipalities with different types of development is
not significant either. The correlation was not confirmed for municipalities with predominantly rural
development or urban development.

e Overall, the analysis shows that the currently sorted biowaste does not come from the MSW, but the
majority is given as a new mass flow.

e But the main difference is the absolute amount of sorted biowaste. In the municipality with the
predominant village development, there is significantly more biowaste (200 kg/person) than in the
municipality with the prevailing urban development (60 kg/person).

e In the forecast, waste with internal bonding was taken together, i.e. MSW, paper, plastic, glass. Bio-
Waste was predicted separately. The potential for average separation of up to 200 kg/inhabitant for
housing with family houses (0-8 inhabitants per unit number) and 60 kg/inhabitant for urban
development is assumed. The histogram shows what part was filled with potential separation in 2015.
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For Brno, the amount of biodegradable waste has reached 8.5% of the separation potential, which is
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Figure 36 Histogram of biodegradable waste — separation rate in Brno (Source: BUT UPI)

Bio-waste production in the municipality with extended powers Brno shows a growing trend, which
was modelled by a logistic curve. The maximum production limitation of the catalogue number 20
02 01 was set to the value of the separation potential (for Brno 35.2 kt) see in Figure 37.
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Figure 37 Biodegradable Municipal Waste production in Brno (Source: BUT UPI)
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9.2 SWOT - Effective waste collection

With reference to section 4 selected concepts are briefly evaluated here in Brno WM context:
e Metrotaifun — Table 10

e Underground SMART containers —
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e Table 11
e Kerbside collection —
e Table 12

e Monitoring of collection containers —

e Table 13
e An advanced system of PAYT —
e Table 14

Table 10 SWOT Metrotaifun

 Strengths | Weaknesses

Opportunities
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Table 11 SWOT Underground SMART containers

Weaknesses

Opportunities

Threats

Table 12 SWOT Kerbside collection

Streng_;ths

Weaknesses

Opportunities

Threats
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Table 13 SWOT Monitoring of collection containers

Strengths

Table 14 SWOT Advanced system of PAYT

SStrengths " Weaknesses

Opportunities

The best case is to develop the SWOT analysis in more detail in the feasibility study and to find the most
suitable solution for the Spitalka district.
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10 Recommendation of the additional steps

Several SMART technologies and concepts were reviewed in the previous sections. Simple
SWOT analysis has also been introduced with respect to Brno City. In the next step potential
application of any of solution should be elaborated in more details.

Whereas the project Ruggedised focuses on the particular locality of Brno, a smart city solution is
not an evaluation of one street, but above all the integration of modern technological solutions
into the concept of the whole city. Even if Spitalka represents a demonstration area, where
future SMART systems are to be implemented, in case of waste management, proposed solution
has to be investigated in a broader context to enable implementation of such modern solution into
other parts of the city. In several years Brno could be considered as a modern "SMART" city.
Furthermore, Brno was one of the modern and competitive cities cooperating with the Ruggedised
project. Even though the structure of Spitalka district in terms of occupants count, housing
structure, and presence of businesses and services are not known yet, one can expect the rather
low absolute amount of waste generated (which is given by the small area of the district even if
population density will be high). This expected low amount of waste demands use of technology
(e.g. vehicles), which can also operate in other parts of the city. Otherwise, the cost of service will
be enormous.

It is recommended to:

e Specify the area in terms of expected population, housing structure and overall organization of the
district. This will be the result of an urban study. This step also provides better insight into the expected
waste production in the district.

e Narrow the list of solutions and technologies, which could be applicable in the Spitalka District.
Interconnection with the existing system and future spreading into other districts should be addressed).

e Take advantage of up-to-date simulation tools to evaluate the positive and negative effects of
implementing of each of the concepts. Here three pillars of sustainability are highlighted: environment
— economics — social acceptance. It is also mentioned that SMART concepts, which are very often
appealing to stakeholders, could significantly contribute to the future cost of the service. The simulation
contributes to defining a concept as a trade-off of afore-mentioned pillars.
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The research team (BUT UPI) can evaluate select examples by using their in-house developed
tools that can work with real infrastructure, analyze existing plants, and predict developments from
the point of view of overall waste management based on goals or legislative regulations. These
include in particular:

e The NERUDA tool*® - an optimization tool that can estimate the flows of selected waste streams,
details the specifications in Appendix 1. An extension dedicated to vehicle routes optimisation within
city infrastructure is available too.

e The JUSTINE tool* - a tool for analyzing current status and predicting the development of waste
production based on historical trends, more detailed specifications in Appendix 2.

e Techno-Economic models - the research team has developed mathematical models eg for
underground containers, transportation or collection, sorting lines, composting plant, waste to energy
plant and others, which are an inevitable part of any feasibility study of such a concept.

Step 3 may be considered as a Pre-feasibility or Opportunity study.

3% More information about tool in Appendix 1
40 More information about tool in Appendix 2
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11 Conclusions

RUGGEDISED is a smart city project funded under the European Union’s Horizon 2020 research
and innovation programme. It brings together three lighthouse cities: Rotterdam, Glasgow and
Umea and three follower cities: Brno, Gdansk and Parma to test, implement and accelerate the
smart city model across Europe. Working in partnership with businesses and research centres
these six cities will demonstrate how to combine ICT, e-mobility and energy solutions to design
smart, resilient cities for all. This means improving the quality of life of citizens, reducing the
environmental impact of activities and creating a stimulating environment for sustainable economic
development.

The presented report summarizes basic modern principles in waste management. The main goal
was to introduce readers with potential and smart solutions that can be accepted by the city of
Brno. In the city of Brno is a functional integration of the heating plant with waste to energy plant,
this solution can be considered as a SMART solution. The area of waste to energy plant prepared
reconstruction of the collection centre in SAKO Brno. Construction of a modern sorting line is
expected in the future, the project is ready for implementation.

A key step in this report was the creation of questionnaires. Summarization of outputs from the
guestionnaire should inform about waste management in others cities which were included in the
project. All partner cities were contacted and asked for cooperation, i.e. Rotterdam, Glasgow,
Umea, Gdansk, and Parma. A feedback was received from Rotterdam, Glasgow, Gdansk, and
Parma. The questionnaires were evaluated and the next round was a request in more details. The
second round of questionnaires was received only from the city of Parma but not in full. Based on
the evaluation of the questionnaire survey, the waste management in the selected cities was found
to be well-developed. This is the field of waste sorting, the use of modern collection technology and
the monitoring of collection and the use of optimization of collection routes. Three cities take
advantage of a waste to energy plant operated in the city.

Section 4.7 deals with the evaluation of an appropriate solution for Spitalka District, which was
conceived in the form of SWOT analyzes. Assuming the evaluation of only one street, it is
necessary to consider the modern waste collection system and technologies, especially use
intelligent underground containers, which have an aesthetic and operational aspect of an ideal
solution. Also, it is necessary to determine what the assessment street or district character will be.
Whether it is a residential development or a purely industrial quarter. And this fact has a big impact
on the production and composition of waste. In the case of an industrial district, it may be the
production of quality one-sided plastics, which can be a key product in the market.

Another key step was to create waste forecasts with JUSTINE tool for the city of Brno. The
forecasts were based on historical data (years 2009-2015) and, with the help of modelling, a
characteristic trend was created by 2024 (landfill ban). It has been found that the production of the
separated component has an increasing trend, thanks to the provision of a decent collection
infrastructure in the city. Until 2024, high rates of separation can be expected:

e Paper
e Plastic
Brno’s Case study: Smart waste RUGGEDISED | 73

management



Designing smart, resilient cities for all

Y

|| |EH i

©

]
o
o

—

e

e Glass

e Biowaste

With a higher level of separation, based on analyzes, the MMW is expected to decrease in 2024.

For the next step, a detailed evaluation of individual technological solutions in the form of
the feasibility study should be done using advanced simulation tools. As an example, the tools
created by BUT UPI (NERUDA Tool*, JUSTINE Tool*?, Techno-economic model for selected
technological solution) are mentioned.

41 More information about tool in Appendix 1
42 More information about tool in Appendix 2
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Appendix 1 — Basic information about NERUDA Tools

What is NERUDA?43
NERUDA is a unigue computational tool based on a simple principle implemented in a complex problem:
e |t optimizes waste treatment strategy in a specific region from a waste producer point of view (regarding
economics and environment).

e The region is divided in hundreds of nodes in order to be able to simulate unified waste market and
interaction reated to competitive environment

e ltintegrates waste-to-energy facilities within energy concept of cities

e It analyses various waste treatment technologies

NERUDA - one tool — many ways of results presentation according to a customer‘s demand
The following subjects may contribute from its application:

e Strategy makers at country and/or regional level (government)
e Potential investors interested in new waste-to-energy plants

e Operators of existing plants

NERUDA - typical applications

e Concepts at regional and countries level
In 2013, NERUDA was applied to analyze the future demand for new WtE facilities in the Czech Republic.
Forbidden landfilling was considered. The potential of heat delivery within existing district heating systems
was adressed

e Feasibility of investmentsin waste-to-energy
Assesment of economic sustainability of projects in a specific locality. Risks such as change in production
and quality of residual waste, which cannot be recycled, energy prices, legislation development and
competitors strategies were evaluated.

e Waste transport optimization
Optimization of collection of waste commodities, finding a location for transfer stations and their capacities.
Proposal of suitable technology for waste transport from producer to processor (road — railway —
intermodal system). Daily Transport planning.

¢ Unified waste market modelling
Application of NERUDA tool for a region including more than one country. Impact modelling of different
development of key parameters in individual EU countries (production, capacities, environmental taxes)
for effective utilization and planning of Waste-to-Energy capacities.

NERUDA - Find more information about its scientific background!
SOMPLAK, R.; PAVLAS, M.; KROPAC, J.; PUTNA, O.; PROCHAZKA, V. Logistic model-based tool for

policy-making towards sustainable waste management. Clean Technologies and Environmental Policy 16
(2014), pp. 1275-1286

43 Do you need more details about our SW - www.upi.fme.vutbr.cz/en/activities/energy-simulation-tools-software
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FERDAN, T. SOMPLAK R, ZAVIRALOVA L, PAVLAS M., FRYBA L. A waste-to-energy project: A complex
approach towards the assessment of investment risks, Applied Thermal Engineering, 89 (2015)), pp.
1127-1136
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Appendix 2 — Basic information about JUSTINE Tools
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Appendix 3 — Questionnaires (Gdansk, Glasgow, Parma, Rotterdam)

Appendix 3a — Gdansk Questionnaire

FACLLTY t Institute of Process Engineering
OF MECHANICAL of {Created by Jari Gregor, Iri Xropac App d by | Martin Pavias
ENGINEERING engin|Type of documant Ruggedized QST Project number XXX
| |Revision 1 | Date 11.01.2018 B
QUESTIONAIRE - RUGGEDISED PROJECT COOPERATION
Completedby: | Author: Tobole URZAD Dote: Februory | E-mat:
Petn ka Prezydh MIESSK) W GOANSKL o Gdansk 2028 | joanna.tobol
Miasta ewizodons
A BASIC INFORMATION ABOUT WASTE MANAGEMENT IN YOUR CITY Yes/No Comments
AQL IS thare o waste g plan of sinilar strategic documnent in place? yes
A02 |Is waste prod gl d for indevidual producers - house ber? yes
AD3 |Doyou have any dats on Individual wasta codes/stroam pr and disposal avallable? yos
A4 |Are there any public available data on individual wiste codes production and dispasal svailadle? na
Aos_lis municipst waste collection performed by garbage trucks? yes
A0S Is any adh d waste collection technology resiized? (e.g. Vacuum sy Metro Taifun) na
A7 iz any adh d waste coll logy pk d In the £ ? {e.g. Vaccum sy Metro Tatfun) na
A0S Is municipal wasta coll d by GPS or other sersors? yos
A3 lAre undarground municipat waste containers used? yes over 3 gazen
A0 Are municipal waste i Aghed when emptied? no
All |Are municpal waste #ed by any type of sensor? {fill level)? na
Al12 |Are thore any anabysis of cpal resicual waste pounds avatlable? From what year? How freq ? na
0 BASIC INFORMATION ABOUT COLLECTION OF MUNICIPAL WASTE IN YOUR CITY
BOL |is a separate muniopal waste coll Lable for most citizens? yes
802 |is paper pal waste coll d sep ly? na
803 |Is plastic municipal waste collected sep ly? na
804 lIs metal icipal waste collected sep. ty? no
D05 |18 1etra pack municipal waste collected separately? na
806 |15 glass muricipal waste collected saparately? yes
807 |is biodegr i pal waste collected sep Iy? yes
808 _|Is any other of municipal waste compounds collected separately? "‘°
809 _|Is there kerbiside collection system operatec? no
C BASIC INFORMATION ABOUT FACILITIES IN YOUR CITY (REGION)
€01 |Is thare any municipsl waste sorting line operated in the city? yes
€02 iz thereany pal waste composting unit operated in the city?? yes
€03 |Is thare any waste-to-anergy unit op d in the city? yes
€04 lIs shere any mechanical-biological waste treaiment unit operated in the city? Vs
05 _|Is there any transter station operated In the city? no
C06 |15 thare any waste water trestment plant op d in the aty? yes
€07 |is there any municipal waste landfill operated in the ¢ity (near region)? yes
€08 _|is thare any other type of municipal waste 0 d in the city {near regian)? na
€09 _|Isthere any waste recycling plant operated in the city {near region)? s
C10_|Is there sy central district hasting operated In the city (near region)? yes
€11 |is there any waste collection yard operated in the oity? yes
o BASI INFORMATION ABOUT COLLECTION VEHICLES IN YOUR CITY
D01 _Are there standard fuel vehides used (gasoline or diesed)? yEs
002 |Are thers LPG fuel vehicles ysed? na
D03 |Are there CNG fuel vehicles used? na
004 |Are there eloctric los used? na
D05 _|Are thare hybrid fuel vehides used? na
D05 _1Is fwel consumption of vehicles monitored online? yes
007 |15 engine spead of vehicles montored onkine? yes
E BASIC INFORMATION ABOUT COLLECTION SYSTEM AND ITS ORGANIZATION
£01 {15 the coll performad i to regular/periodic schedules? yos
E02_|Are the collection routes planned based on actual high of waste in the containgrs of bins jon-gemand/dynamic collection)? no
€03 |Have the routes been op d by sny software? yes
£04 |Are the individual collection vehicles routes tracked by GPS? yes
E05  lAre tha vahiles weighted before emptying at tha facility (sorting, line. WiE)? yes
E05_Have the emission from collection been anakysed by any study? na
£07 |Are the routes optimized aiming at emission reduction? na
€08 |Are there any online infor about the d y of transp: lable in your oty? yes
£05 |Are there any data about the denaity of transpartation available in your city? yes
10 |Are the ind about coll routes of individual les arch 2 Yas
E11_lare the information about collection routes of individual vehicles available for future investigations/analyses? na
E1Z [Is1hers kesbside collection syst: £ a7 na
I 0
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Appendix 3b — Glasgow Questionnaire

Institute of Process Engineering
of process |{Cresedby Jiéi Gregor, Ji#i Kropai by Martin Pavlas
encINEERING [N ITIITI e ; [R""‘“Di" i —
QUESTIONAIRE - RUGGEDISED PROJECT COOPERATIOV
Completed by: I Avtsr I IS I Co ] £ at
A BASIC INFORMATION ABOUT WASTE MANAGEMENT IN YOUR CITY

AD1 15 thers 3 waste momagement pib ounhwa-

Comments

hns e 202 Paei

AD2 115 waste producson teed for sdmdual p & &gw

A03D mhwmmnn&ﬁlmmm =nd osal avaiable?

The data 15 not spdt @ to EU wase codes

mmmwmmamwwwm prodocton aad digo
ADS |Is mramcrpal waste collacson ed brv gartage tracks®

vaiieT

A6 TS any advanced gV Systems o T

A7 l:mavmcedm:nlemn d in the Bamre? (2.3, Vacoum systems. Metro Tafum)
AQE {Ts sreaticipal wiste collacsion monioesd by GPS of odher semsorns”

Sexart imer tens will be deployed m the future o the cry)
Track You' i d on velicies

T

A09 underground veaste contamers ssed?

AlDjAse e a Wash

Oaly velicies are weg

Atl pal waste contamers wracked by amy tvpe of semsor? (A level

As above « smart bins to be mstalled @ ity centre

Al2[Ase Seve sy snalves of sedudl wiee ? From what How frequent”

1t data s free 201415 Nol Gear amaly 8 1

) BASIC INFORMATION ABOUT COLLECTION OF MUNICTPAL WASTE IN YOUR CITY
B0t {[s 2 separate mumcipal waste coliection Tvalbale for most croens?

2 I8 puper miutecp: wamcohmdm‘ por, plastic and sumentum aee coliecied o one
D03 {Is plasac mmmscipal waste collecsed separ abave BO2
D04 [Ty metal pal wade collocted sep 2 As sbove BO2
505 il tetra pack mun waste coliscted separately) Renderns can take tetra pack 30 recyc s
BOS [Ty ghass eamicipal wiwie collecend separaiely™
BU4 {ls any other of mus waste compounds colecing iyt Card board s be takes &0 rreycing pointy
56 i[5 there kerbaide colisction system

BASIC INFORMATION ABOUT FACTLITIES IN YOUR CITY (REGION)

pal waste sceting lme operated m the city!

pal Waste composting sait coerated tn the oy’

Ortwith boundey Sent to private seciie

d m the cmy?

Dioe 50 be 018

J Wisde trestiment utet op d o the ciny”

d i the oty

C001s there any ‘wiste water treatment il perated i the ciny?

Run by Scottish Witer

om)*

CO7 s there any m waste ndfif operased m the cEv (near

aie sector sme

COR 13 there amy other npe of m waste eatment 0p Mim IR Tepon

C091ls thare any waste recveing plam operated m the oy (neas N

Recovery Facity (MRF

C10]Ts there atry central &strict heasng operdied in e ity (ness regon)?

Sevorsl DE networks

C11][s there anv waste collecnon vard operated m the ory®

4 sies and other

b BASIC INFORMATION ASOUT COLLYCTION VEMICLES IN YOUR CITY

DO |Ase rve standaed (el veticies used (gasolzie ot Gessl]”

D2 @yee LPG fusl velticles used”
DOJ;A" Save CNG fiast vehicles used”

Div Seve dectric vehcles used?

DO5{Aze Sewe hyteid fuel vebiches seed”

fsel of vehocles moantored onlne

Recorded v Track You' system

DoTjls of velticies motitored onine?

E

BASIC NO‘R)M“O‘ ABOUT COLLECTION SYSTEM AND ITS ORGANIZATION
schadules?

E01 {[s the collsction

E0Q
03

* B coliection ronted hndmamul
ve the routes been by any software?

of waste m the costanery or bims (on-demnand Smame: colecton)”

M B mdvidual coloction vehicies coues tracked by GPS?

£0s e veluries Sefore  the facibey lme WeE)

0e nmmmnnmm Yy oy 1

E0) @e routes at emussion raduction®

Fuoel b efficency = probably

E0 [Are Shave axy ol mfecmation $hout G of & avaiable o your cxy?

E(9 |Are @oee any data sbow the of avadohle ® youwr ciy?

E10 {Ase @he mformation abost cobection rosies of mEvidudl velticies wclaeved”

Track You' yystem weed &3 sbove

Eil e mformation about colection routes of mdvidual velncles avubibie for future v
E12 {Is there keebando colioctions vystem cperated”

‘amalyses’

Track You' svstess usad as sbove
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Appendix 3c — Parma Questionnaire

-

institute Institute of Process Engineerin
0 p of rocass_] Created by Jifi Grogor, Jii Kropaé __ |Approved by | Martia Pavlas
Type of document Ruggedized QST Project munber xxx
R engineering | [z, 1| Date 13.12018 Bruo
QUESTIONAIRE - RUGGEDISED PROJECT COOPERATION

Completed by Amicr. Irstmwion Cay: Daw Ll

BASIC INFORMATION ABOUT WASTE MANAGEMENT IN YOUR CITY
I there 3 waste management plan or samilar strategyc document in place”

[= waste production registered for mdividual producers - house number”
Do vou have anv dam on indmidual waste codes stream producton and dispozal avadabie?
Are there any public avadable data on indrvidual waste codes production and disposal availsble?
Is waste collocton performed e trucks?

s any advanced waste colection techmol !M@g\xms\mm:)rann)
Is any advanced waste colection techmology pl uthenm.n"(eg,\xmmwuem Metro Taifun)
Is al waste collection monitored by GPS or other should be next year
[ Are underground municipal waste contamers used?
Are municipal waste contamers weighted when emptied?

Are munictpal waste contaners tracked by any tvpe of sensor? (fil kevel)
Are there any analysis of residual waste o avadiable? From what vear? How

=

=
3

=
A

HEEEEE

=
=

=

=
o

BASIC INFORMATION ABOUT COLLECTION OF MUNICIPAL WASTE IN YOUR CITY
s a separate d waste collecton avaibale for most citzens?
1s paper icipal waste collecied separately?
s plastic municipal waste collscted separately?
15 metal munscipal waste collected separately?
Is tetra pack munscipal waste collected separately?
Is glass icipal waste collected 7
|[s biodegradable mumscipal waste collectad separately?
[s any other of musscipal waste compounds coBected separately”
Ls there kerbside collection svstem operated!

BASIC INFORMATION ABOUT FACILITIES IN YOUR CITY (REGION)
[s there 2ny municipal waste sorting kne opevated i the cury?

Ls thare 2y municipal waste compostmg unit operated in the city?

Is there any waste-10-energy umt operated = the cty?

s theye 2y mechanical-biological waste treatment umt operated @ the city?

Is there any transfer station operated in the city?

Is there amy waste water treatment plant operated in the cify”

Is there any municipal waste {andfil operated in the city (near region)?
[s theve zny other tvpe of musacipal waste reatment operated m the ciry (near region)?
Is there anv waste recyciing plant operated m the city (near region)?

Ls there anty central district beatng operated = the Gty (near region)” both form wasts and from
Ls thess any waste collaction yard oparated i the city?
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D BASIC INFORMATION ABOUT COLLECTION VEHICLES IN YOUR CITY
DO1|Are there sandard fuel vehicles used (gasoline or diese!)?
DO02|Are there LPG fusl vebicles used?
DO03|Are thece CNG fuel veincies used?
D04]Are there electne vebacks used?
DOS| Are there hybeid flsel vehicles used?
DO6|Is fuel ¢ iption of vehicies d onlne?
DO7|Is engine speed of vehicies d oine?

BASIC INFORMATION ABOUT COLLECTION SYSTEM AND ITS ORGANIZATION
E01 |Is the cofiection according to ¢ iperiodic schedules?

E02 | Are the collection routes based oo actual of waste in the contamers ot bins (on-demand dvnamec colection)?
[E03 |Have the routes been optimized by any software?

EQ04 |Are the mdmdual colection vehicles routes tracked by GPS?
EO0S mmm“muufmmmuhbdﬂy(mnghe WE)

EO6 |Have the emi L been amlysad by any study?
mmwmmm:mmgammm

E08 |Are there any osilme information about the density of transportation available m vour city?
EQ0 |Are there anv data about the denssty of transportation available in vour cry?

E10|Are the mformation about coliection routes of mdividual vehicies archieved?

E11 |Are the mformation about collection routes of mdividual velucles available for future investigations amaivses?
E12 |Is theee kerbside collection system operated?

should begm next year
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Institute of Process Engineering
OF MECHANICAL B Crexted by J'ﬂicc'.lr:-liﬁWE Ap]:lﬂ\mdby Martin Pavias
ENGINEERING [T [ e e e A T
QUESTIONAIRE - RUGGEDISED PROJECT COOPERATION
Completed by: Aachor nsrmasion Ey Do Lt
BASIC INFORMATION ABOUT WASTE MANAGEMENT IN YOUR CITY Comments

S

Is there a waste or simdar 5 i document in place?

Is waste production ered for mdnadual - homse mumber?

Do vou have any data on idividual wasts codes/stream ion and di avadable?

Are there any avalable data on mdividual waste codes and ds| flable”

[s municipal waste colecton peeformed bv garbage trucks?

Is any advanced waste codlecton & v realized? (e g Vacuum svstems. Metro Taifun

Is anv advanced waste colection technology m the futuee? (e.g Vacuum svstems, Metro Tafn
Is municipal waste codection momitoced by GPS or other sensors?
Memﬂagmdwwmmm’

Are waste contaners when

: Mmucomnuxk«ibvmamofmm";ﬂ“)
Are there a0y asalysis of municipa ?

2
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BASIC INFORMATION ABOUT COLLECTION OF MUNICIPAL WASTE IN YOUR CITY

13 2 separate mumcipal waste collection avaibale for most cinzens?
Is paper munscpal waste coliected separatedy?
ugumwmwwo
I3 metal (un cans) munscpal waste cobected separately?
I3 tetra pack musicipal waste collected separately?
|[s glass musscpal waste collected separately”
|[s Modegradabie muspcmpal waste collected separately?

13 aerv other of musncipal waste compounds coliected separately”
13 here kerbside collection systen operated?

BASIC INFORMATION ABOUT FACILITIES IN YOUR CITY (REGION)
Is there any waste e ated m the city?
5 thete anv 2 waste st in the city?
Is there any waste-to-energyv unit operated in the cirv?
s there anv mechanical-biologecal waste treatment umit operated tn the cinv?
Is there anv transfer station operated m the cxv?
[s there anv waste water treatment plant operated = the citv?
Is there anv municipal waste landfill operated in the city (near region)”?
Is there anv other tvpe of munscpal waste treatment operated tn the citv (near region)?
Is there anv waste recveling plant operated in the city (neac region)?
Is thete anv central district heating operated in the citv (near region)?
Is there any waste coliection var$ operated m the cxtv?

BASIC INFORMATION ABOUT COLLECTION VEHICLES IN YOUR CITY
Are there standard fuel velucies used (2asoline of desel)?
Are there LPG fuel velncles used?
Are there CNG fuel vebacles used?
Are there electnic velncles used?
Are there hvbmd fuel vehicles used?
13 fuel consumption of vehicies momtored onlne?
15 engine speed of vehicies monstored onine?

BASIC INFORMATION ABOUT COLLECTION SYSTEM AND ITS ORGANIZATION
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Are there any data about the Sensity of transportation available = your city?
Are the informaton about collecton routes of indivsdual vehicles archieved?

Are the informaton about collection routes of indnvsdual vehicles avadable for future mvestizations analyses?
I3 there kerbside collaction system operated?

Brno’s Case study: Smart waste RUGGEDISED | 83
management



Designing smart, resilient cities for all

-~ ~

oo al % < K
= =

Appendix 4a — Gdansk Questionnaire in more details

|racuTy institute. | Institute of Process Engineering

OF MECHANICAL of {Created & Jits Gregor, Jel Kropee [Apeeoved by | Martin Puvies
[ENGINEERING engin]Type of document Ruggedized Q5T Project number|  oox
Revisson 1 | Dite 15012018 Beng

QUESTIONAIRE - RUGGEDISED PROJECT COOPERATION

Completed by: Authar: loanna Tobolewitz, Institution: URZAD Dute: February Emak:

Betnamocnizko Presydenta | MIEISK) W GOANSKU or: Gdansk, PL 2018 | jocena.tobol

Migsto ewiar@gdons |

A " BASIC INFORMATION ABOUT WASTE MANAGEMENT IN YOUR CITY Yes/No | Commamts

ADL yes

noyouhm-qmon Alvidual waste codes/st production and disp

Are thede any pub Mmewmm oducticn and d

¥ municipal waste collection perfo d by garbage trucks?

15 any advancad waste colfection echnalogy reaiizec? Vacuum 5ys

13 any advanced waste colfectson technology planned in the future?

|t municigal waste collection monitored by GRS of other sensoes?

Are municipal waste welghod when emptied?

Are municipsl waste containers tracked by any type of sensce? (NIl kevel)?

Are thece any anatyss of municipal residual waste compounds avadlable? From what year? How frequent?

mmmmmmmwmnmcm

Bj8[8[2 e e | 2|

808 - |5 any othes of municipal

85 |umeremwledm m operated?

c
Lo |
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uuemmmnav?

P nm.mﬂmmw
Wiste trast ment nthe
iy nl-mwmthlw(mnﬂmp

C11 |43 there any yord oporated in the oty? yea
D mwmmmmmm
D01 _|Are theve standard foel yehicles used (gasoline of diesel)? yes
D02_|Are there LPG fuel vehicles used? no
DOS_[Are there ONG Tuel vehucies used? no
DOS |Are there el efiicles used? no
D05 |Are there hybirid Tusd vehicles used? ne
006 lhdmumw hach ed

007 e mommmamv

E BASIC INFORMATION ABOUT COLLECTION SYSTEM AND [TS ORGANIZATION

01 IlMMﬁMMQ»M%M?
E02_|Are the cotlection routes d bazed on actual high of waste in the
s timized by sery soltware?

ED4 |Are the indvidual coflection vehides routes tracked by GP5? yos
Are the vehicles befors am| ot the facil | yes
Have the eméssion from coflection boen analysed by any study? ne
Are the routes optimized aimeng st emission reduction? no
Arw there any ooling inf the density of transp bée i your city? o
WMW' yes
Are the info yei

mnmmmmauuwuuﬂdummkmmmwgmg no
s there kevbado collection system operated? no

JEHEEEE
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Appendix 4b — Parma Questionnaire in more details

e Institute of Process Engineering
of procass | Created by JiFi Gregor, JiH Kropa¢  [Approved by Martin Pavias
angineenne] | Type of document Ruggedized QST Project number XXX
Revision 1 | Date 13.1.2018 Brno
QUESTIONAIRE - RUGGEDISED PROJECT I_COOPERATION
0 Instomicer 5 v 20
Completed by: \QOA::;CI:L l)‘::;uc & Puﬁum 2 Parma, B nmudlcoE@.:::m parma ¥
Diettivo Tecrico Italy
A BASIC INFORMATION ABOUT WASTE MANAGEMENT IN YOUR CITY YesNo C uts
A1 [Is theye 2 waste management plan oc sanilar gic document m place”
AD2 s waste production registered for mdividual prod, - house manber?

Questions/Comments
o We suppase, that this answer is tightly bound with A10, The bins weighing prowides data far any kind af PAYT system. Iy this chae cormect?
{f "Yes®, we have adoitiona) Questions!
Couid you beiefly describe the PAYT system applied to pour oty ?
What percentoge of inhotwtants i included info PAYT? Ace ony oreas af oty excluded? How i the system organired for apavtments with move flats?
What froctians ane included/exciuded?
{f "NO", how is the information used?

ADS [Are there any public avallable data oo mdiidoal waste codes prodocsion and 14
A0S |15 mmacicipal waste collection performed by garbage trucks?

Communts/Quastions

+ what type of gorboge trucks do you use?

+ Con you specify volumes and types of garboge trcks?
. mmmWMManlwwmmmmw 2120) or 2301 or other “advanced* system7
SVKPEpaY

ed? Vacuum s , Metro Taifan)
in the furure? (¢ g Vacwam systems, Metro Taifun)
=d by GPS or other sensors? should be next year

AD3 [Do you have any data on ndhidual waste codes stream prodocion and (isposal avadabie? .

httpsi/fwww.y

* Could you shorty descrbe the praject ? What is the main motivation to monitor waste coliaction in the future? What p rage of tracky/t #/bing will be
AD9 |Are underground mxescipal waste iners used?
Al0]Are mmicipal waste costamers weighted when enptied?
Comments/Questions
* How is the weighing performed? Which system for weighing do you use: an gorbage trucks, self weighing contamers bins, etc.? Do you howe special electronic
scales an Nfting/Mydrowic arms ?

* What kind of identificotion systems is ised (o poir the information tia - citizens {refevance with 802)

+ What froctions are wesghted (only seporately collected fractions - it means, (plastic « paper and cardboord + gioss) dased on answers 803 o 804,

* Do you weight sorme other woste or o weste froction?

* What type of bins do you use in Parma dominantly? is the system voried in different parts of the ity (resideatial areas, city centre, etc.) Con wie have same photos
05 examples? We hove found some information about bins in the cose study - 40 pau (e same extra of specific bins?

Al [Are municipal waste contamers tracked by any type of semsor? (il Jeved) |
lZIAuMeuydymdmdlmmumwmﬁnﬂﬂt’ﬁonvﬁmm’Howioqm” |
Comments/Cuestions

*  Could you prowide us with the doto about analysss of municipal woste?

"B | BASIC INFORMATION ABOUT COLLECTION OF MUNICIPAL WASTE IN YOUR CITY
BOL [ls a sep mumcipal waste collect ishle for most citizens?
BO2 |Is paper mumicipal waste cobected Iy?
BO3 [Is plastic municipal waste colected sgglldy”
B04 [1s metal manicipal waste collected separately?
BOS [Ts tetra pack mamicipal waste collected separately”
Wmmm

*  The system, where three commodities Ory recycioties (plostic, metol - tin cans, tetra pock), Gioss and Green waste are cofiected, & operoted. Wos there o
discussion how Lo set up the system optimally 7 What were the reasons for adopting system Wkes ths?
. cmvwemmmmmmqmm?mnmwmqwmwmrmmmmq

ep effi of tnds " ? What #s the typical comp of the dry recycible bin? What is the rate of marketable froctions, Whot is the
rejectian rote?
*  Where do you see pros ond cons of this system?
* Do you have some bonuses, subsidies ar other fim ! support from the regronal/ Y to pr ep ? If YES, to whot exterst?
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B06 |15 glass municpal waste collected separately?

T Y T T e —
BOS |Is any other of nxmicipal waste compounds collected separately)

BO9 |[s there kerbside collection system opernted? Glass and green waste

C BASIC INFORMATION ABOUT FACILITIES IN YOUR CITY (REGION)
€01 |Is there any ammnicipal waste sceting line operated in the city?
Questions
+  How many fecilities ore operated for MSW produced kn Porma (One, or mare?)
+ What are the onnue copocity(ies) of faciity/fockities?
*  Witich types of woste are treated ot sorting line? Only dry recyciables os specified in B02 1o BN or other streams?

* Whot is the pext step after sovting? What are the products (codes actording to WRAF, EN specification etc.)
*+ Basic bolance: How much percent of the input goes to residue stream as rej ? (volume ond weight). Partly asked in 805,

CO2 |[s there s mumicipal waste composting unk operated i the city? |
C03[[s there any waste-to-energy undt operated i the city?

Commenty/Questions

o IREN Wioste to Energy Plont

. mammmquxmrwm 70 kt/y household woste from Parma (77 kt/y) and surroundings ond 80 kt/y industrial
[ttps/ /o fwatch v=qpyfiz UBSHA)

. Munmmm

+  Residual waste is treated by mechanical-dialogival plant prior to its incinerotion in the WIE plant. inchading woste fram Parme? What ik the basic mateniof bolance
of thvs MBT piant? What are the outputs streams and amounts?

* It debvers heot to district heating system of Porma (hot water)

+  Dows it afso deliver heat to other consumers (Industrial sector)?

+ What i the net delvery of heot ond alectricity, e.g. in 20167

What is the RI foctor (Energy efficency)?
Whot type of fiue gos cleoning i odopted?

Reogents: ommonia, cetivated carbon, lime, sodun bicarbonate,
o On the wetsite (htip://eng gruppoters.#/group/b y_oetivities/ | services/customer_techninl_services/angeneermg/plonts_designed/poges htmil)
nmwwmmunmm’mnmmnmr
CO4 [1s there 2my mechaical biological waste ¢ unit operated in the city? |
C0S |l there amytransées station operated i the city? |
Commuents/Questions
+  Could you shortly describe the function?

+  What & the annuol capacity of transfer station?

* Which fractions are hondied here (residul mumicooy sold woste, ather fractions)?

+ Where does the waste go7 ftype of focility, drstance)

*  What technology/type of transfer station is used (pressing into containers, type of contoiners)

Eiuhemwmwmuem@mn:dimay’
£07 |15 there amy municipal waste bindfil in the cty (pear
CO8 |15 there any other type of municipal waste tresment operated in the oty (near region)?
C08 {15 there amy waste recycling plant op d in the city (nenr regon)?
C10]ls there amy central distict heating operated in the ciy (neas regon)’ both form waste and from gas
Comments/Questions
¢ IREN Woste to Erwrgy Plont delvers heot to WS of Gty of Parma (This heat will be channaled via @ 7.5 km two-tute pipeling 10 Parma’s existing district heating

network),
o What i the overol heot demand in DHS ond wiat share/portion of it defivers \REN WIE?
. Wmum/mmm”wmmmmm

* What is the current trend in overall DHS ok g? Are new o or mare are dis d. Are there serious drops in demand due to more
efficient e of energy in buitings, industry, ond/ov dus o inplementation of decentrolized renswable sources (loce! solar heating, heat pumps, ets.)
‘C11|ls there sy waste collection yard operated m the city? 4

D BASIC INFORMATION ABOUT COLLECTION VEHICLES IN YOUR CITY

D01 [Are there standard fisel vehickes used (gasobne or diesel)?

D02 [Are there LPG fuel vehicles used?

Comments/Questians

* Could you plecse provde move detoils (number of LPG-driven welicies compared to overol fleet (A05)7 Are these vehicfes prefesably used in specific areas of the
city?

+ Are LPG vehicles anly for LAG fuel or fs it o cambinotion of LAG and other fueis?

* Do you have some problems with LPG vehicies .g. performance during the pressing or other disodvantoges?

D03 [Are there CNG fel vehicles used”

DM [Are there electnic vehicles used”

DOS [Are there hybrd fioed vehicles used?

D06 s fud consamption of velacles moaitored onkne?

DO7 [[s engine speed of velicles monitored onkne”
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E BASIC INFORMATION ABOUT COLLECTION SYSTEM AND ITS ORGANIZATION
EO1 |3 the collection performed according to resuar perodic schedules)
E02 [Are the collection routes planned based on actual bagh of waste n the : ot b (ca-& d' dynamic
E03 [Have the routes been optinized by any software?
E04 [Are the mdmidual coliection vehicles routes tracked by GPS? showkd bepn ext year
Commenta/Questions

+  What kind of too! will be involved? Arg you going to use commercial SW. What kind? Wha s the provider?

E0S |Are the vebicles weghted befoce emptymg  the facility (sorting ne. WiE)

E06 [Have the emissicn from collection been analysed by amy study?

EO7 [Are the routes optimized atming ot emission redoction”

EOS |Are there any onlve mformation sbout the density of transportaton avadabie m vour city”?
E09 [Are there any data about the density of ransportation avadable in your cky?
E10 [Are the sformation about collection routes of individual vehicles arckieved?
E11 |Are the agonmation about colection routes of individual vehicles avadable for fiture envestigations analyses
E12 [Is there kerbside collection syst=m operated?

Additionat Comments/Questicas

* Incase study - chapter - Zero waste Makes POANOMIC sense i mentionad * Wit the costs of collection have increased with the introduction of a new fraction and
G00r-10-600r collaction, bringing higher labour costs, the revenues from selling high purity materials jimped from €0.8 m in 2013 10 €1.3 m in 2014, and the annual
costs of waste dispasal have been reduced by almost €3.5 m. Once again, in companson to raditionsl waste mansgement, ero waste stratages mean fess cost for
the authorfties and less costs for the citieens.”

* It an inspiding achievement and insgiration for the City of Brna, Wookd it be passitie to share more detas obout the performance ond econormy of the system for
[further imvestigotion?

*  Question A07 - why the question is without an answer?
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Institute of Process Engineering

Created by Jifi Gregor, Jifi Kropat  |Appeoved by AlLartin Pavlas

Type of docyy Ruggedized QST Project mumb) XXX

Revision 1 | Date 13,1.2018 Broo

QUESTIONAIRE - RUGGEDISED PROJECT COOPERATION
Completed by Awhor: fmvwen D February Emal siriamw Srwnke g pow go1 R
e | 9 | Glasgow |
A BASIC INFORMATION ABOUT WASTE MAKACL\IL\T N \'o&cr Y

s there 3 waste lan or sevdar oty document in
AQ2|Is waste for mévidual producers - hwumbc"
Do you have any data on mdniadaal wasts codes stream

Smart keter bins wil be deployed m the future in the

* Coult pou shertly descrite the grapect? What i the man motissnion and expectation ¥
* Wt trpe af b wil be depioyed ! Wt poct of the oty il be covered”
* Wneh 2ype of wosie wik De served by TAis smart dins?

* hthe speciization trown

AU is municipal waste col by GPS of other sensoes” R Track Yoo mstiled on vehicles
[ fQuestions (050 far 006, £07, E0L4)
*  Mow fong bas it been i aperation”

* CouNs youi prawie us more nfovmesion obaat Treck YouT We Auve foond no detolls on the weh poges. Whnt /s the moln privcipie of the SW” WDt ypes of reperts aoes It proside, ec 7

municipal waste containers tracked by mmeofsesu"ﬁlkwl)
A12 {Are thers any morwm:mwm’fmmwnwnw’
CommentyQueitions
* CoUkT 70U prowde vs with The 0OTD aDOUT the GROWSE af MUNKDI( waste?

As above - smart bins t0 be mstalled i ity centre
Last data t5 from 201415, Not done sanealy due 1o

B BASIC INFORMATION ABOUT COLLECTION OF MUNICIPAL WASTE IN YOLR CITY =

B0ljisa ate 1 ‘mmmhm(mi’
B02 [Is paper pal waste d sep Y Paper, plastic and alummmm are coliected m coe

mmnnxmm

The system, where theee o fpaper, pasek, Vast and £30d ang' Oardes woste avr |, 1o Was shere 0 ROW 63 st up the system
i mrmm*mmmmhﬂ' v )

Could we 1ave soeet Jat0 cDOUT the perfermance of The System? WAOT Sve The Sverade pieids of vk conumedities per capia’? Mow witl the Sevelapirent of separatioe efficencies af
Mvateiguat companents” Wit 3 the 2ypicol composmion of the ary recyriadie bin” What it the rate of movietadie froctions? WhoT i1 the refection rote ot sorting Ame?

WARHE 80 yOy Sbe s end cans of I sysem?

Do yous Aave 30ne DOtULEL SUSLISES &¢ ather Snaecid Janart Sow the A T w® P if YES 10 whot extane?

board can be taken 80 recyciing poats

C BASIC INFORMATION ABOUT FACTLITIES IN YOUR CITY (REGION)
€01 |Is there any muamcipal waste sortmg ine operated i the city?
Commenets/Questions:

Wi he annsal e
mkmdmmmmdmmmnuwmmmuMMmumummmwmymm’
WAGE is the mext step after SIVTing 7 WIROT ove The products joodes 10 WRAP, EN ew)

Pawie bolance: Mow meck peroest af the MpLT QoS 40 resknue s2ream as reeeron? foime and weptt) Formy eided in A0

02 {1s there any waste it = the any? Outwith city boubary. Senf 10 private sector
003 jIs there any Waste-fo-emergy unit opecated m the Gty? Die to be operational 2018

Comments/Question

¢ Mow i residun) weute treated tosday, Le mithout WIE pane?

o The plose is: AREC Wiekdor, Polmodie Ansd, Glasgew, G42 (0t
mmnmmwwmw

Ir i e thivd stage Y 20 S Ax el 1413800 « A Ca ey Fociiy (ACF))
mquleammmdm0whudlumm ROF produced by the SMRF & 1o & s2res of thermal unfs which hest marensl 10
wery Ngh temperatires In low caygen Hoduce 2 5y 22, This gos is then cap Uy within » 10 groduce steam which is
tranferred to s

Turmine 1o gey These is 350 1 divarT seemm Trom the UISine 10 Srovide heating 10 SUPROI 3 DHICE Heat Nerwark™

Czald you plecse cosfrirm, thoT 1he Specification (s 2l vORI? Hove nac dzen theve oy CINPES in the cosceprion? Could we ROve 0 Getavied Gescriplion of the techsoiogy”
* Wnst i the rapacity of the ety (200,000 t/)* Erprcied mput sireom - ROF fram MRS
* Wnatis e of hese and

€04 |i5 there any mechamca-bokgcal wasts uret operaed m e city” | ~o |
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(005 |Is there any transfer saation operated = the cn? | wEs]
Comments/Questors

Caald you shartly gescribe the # WY the fu /s hunge affer aew Wi srarts nperatown
What i the anosal cogoaity of travafer rution *

WA froctions are bangied here (v S0NT wiste, prder frox

Where s the meite go® (Type af footey, divisnce)

Wihat sechociogyy/type of transfer stonion i used

CO6 15 thers any wasts water plant opersead in the city) Run by § Water

€07 |15 there any waste [aadfil in the city (near 1 N Private sectoe ane

COB|Is there any other tvpe of waste treatment i the v (pear )?

C09]1s there any waste recycling plant oparated in the city (near region)” Recovery Faciity (MRF)

CommentsQyesdions

|+ Lacared within RREC Vindor Compies *

¢ What speaoa aor hendies!

* What (s the dosic mareria bolance of ths MIF pAant? WOt Gre the SuTauts streams 0ed smownts?

Clolhmmaqythmmwnmﬂy(mtw -Sewmm-lmwom

Commuenty/Questions e

What is the overnl hest emand in DS is Gigsgow? Con we Aove 8 mags af the DHS iNGeon? WAIT meals ave wsed (steam of Rt warer)?
- Is new WEE avone povng 1o Jedver bedt 2o ony af DWEL? in what gmount?

WDt are the Sthwr/caswrtans’ beat 10,0 ong whot fieh e combeited

What is the current trend io overall OHS Are new o meve ave Are here senRus OTODS 10 Semanit due 20 Mave 2ffOENT w5e of energy in Dinlings,
| idtustry, ang/or dar o of Iourtes (ecol tnlar heating, Aeat pumpn, etc |

C11Is there any wasts colisction vard operated in the city?
D BASIC INFORMATION ABOUT COLLECTION VEHICLES IN YOUR CITY
D01 |Are there standard fuel vehicles used (gasobse or diesel)”

DO2|Are there LPG fuel vebicles used?
NJIMMCNGMMM
DO [Are theee slacenc velncles used”?

DOS [Are there hybnd fize] vehicies used?
DOt{ls Nl consumpton of vehicles montorad onbne’ Recorded va "Track You' system

Commenty/Quethians lenswee mayte garty coveredt By AN
v Couly pou descride in mave Z10NS, wa! 2010 /5 cavlectod oad Aow it is used!

DO peu MOSITOr 0 SMISS0es polarants?
DO7|ls engme speed of vehicles monzored calime’ [
E BASIC INFORMATION ABOUT COLLECTION SYSTEM AND ITS ORGANIZATION

ic schoduies”

Wt iy af safiwone 05 pou uie for

* When di yow s1OUT WTA rowtes aplimaistian?
Wiy Noxe yOU SIOT2d rootes opmication?
A there usy fature chaVen pes ¥

Fuel job efficiency 1= pecbabily kgher pnority

E12]ls there kerbade colscnoa syssem operated® | ¥ES|
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Appendix 4d — Rotterdam Questionnaire in more details

g Institute of Ppcess Engineering .
S Created by Jidi Gregor, Jifi Kropié  |Approved by Martin Pavlas
ENGINEERING m Type of doctament Ruggedized QST Project munber XXX
|Revision 1| Date 13.1.2018 Brno
QUESTIONAIRE - RUGGEDISED PROJECT COOPERATION
Completed by | dsthor: WL EKars, Koen | Jatnwion: Cxy of Cig Dase: Febrwary 2008 Ewan’
Verweuden Foterdsm Rotterdam wi kars R Rosserdave nl
<k vermeninnd Soverdom o
A BASIC INFORMATION ABOUT WASTE MANAGEMENT IN YOUR CITY Yes/No Comments
AD1|Is there 3 waste o Samular document in ?
AD2|Is waste production rogistered for mdindual producers - bouse ntmber?

Commenti/Querstions
* 1y there ooy kind of PAYT [pay-a3-pou-thvow) system odapted i Rotterdom *
* IfYEST could pow sharty desceide Ihe SOic principles?

AD3 Do vou have any data on indivdual waste codes stream producton and disposal avaiable”
Are there sy public available data on indnadual wasts codes production and disposal available?
ADS |Ts mumicipal waste collection perf d by garbage trucks?

Is anv advanced waste collechon technology reaized? (e g Vacuum svstems, Metro Taifun)
AOT |Is amy advanced waste collection techmology planmed in the futtre? (e g Vacuum systems, Metro Taifim) Time will learn
Comments/Cueszions

g

&

No current project i wagter o

8]

Is municipal waste collsction monitorad by GPS or other sensors? [ ¥EST] |
Comments/Questions

How fong has it sees in operation?

Cou'd you provade us more mformaotion obowt the salwtion/SW? What is the moin principie of the SW P Mow the 00T i3 ssed? Wt types of repovts does it prowide, etc.?

AD9 | Are underground mumicipal waste contamers used? [¥Es |
Commenss/Questions
* How many instollations have you got? Are they peeferred in specific parts of the Lity?
* Con they be considered @s “smort” ones, (e with same ! - Jevel ing, citiren identificceion, erc *

AlO|Are Waste COnLauners w when ? Incidental
All|Are musscipal waste containers tracked by any tvpe of sensor? (fill level)

CommentsQuestions

Does arswar “YES™ refote anly 1o wdlergeound contmnery (A09)7 Is The iV levd! watched fov any orer smi/cantamen ?

We foand nf atoct he /W jever af contamers //oities fr efficiency-of-waste-collection/), whick sensors 0o you wee
Which rype of is asing Seonda

Do you weigh seporutely collected froctions - nm blo-wuste, plestic, poper ond cordbosrd, gloss?

Do you use 1he eiectronk scole in (fting amms ar how &0 pou meosure waste weipht?

=
=

hredmtmmlwholmmg“ residaal waste compounds avalable? From what vear? How frequent?

BASIC INFORMATION ABOUT COLLECTION OF MUNTCTPAL WASTE IN YOUR CITV
|Is 3 separate mumcipal waste collection avadbale for most cizens?
[Is paper municipal waste colected separately?
Is plastic municipal waste colected separately?
Is metal (tm cans) municipal waste collected separately?
15 tetra pack mumcipal waste collected separately?
[[s glass municipal waste coliected separately?
Is biodegradable municipal waste coliected separately”
Qmmnxum
* Could you descrine The CONECTION SySTEm in More Seais? Which fra e 2 afud wivien |
. Wsm.mmnmammmvwnnmmmnammmxmr
*  Could we have somie dots adour the peqvmance &f The System. Whot are The g yleias of JLies Der COpITD? How wos the deveioament of Separarion
efficiencins of nd\iduol Composents? What i i rate of mesketable froctions ? WRAT is the rejection rote ot sarting Vae?
* Where do yau see pros and cons af this jystem?

E@EE@BE- |

* Do you hawe some idiet or oeher f SUDDOIT from the 1oy Y 90 op 20 7 if VES, 10 whae gxrent?
BOS [Is any other of mumcpal waste compounds collected separataly? Bulky waste -Textils'shoss
B0 |Is there kerbside collection svstem operstad? not

RUGGED 33 +)
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market
in the city? market party
market party

C03|Is there any waste-to-ensrgyv unif operated i the ciny?

Comments/Questions

« WS project wader Could wr have Bosk infarmation updere mpur anyd mmm&w’

+ We 0iso found abowt n - Nep /. /e 3/1656
TORNDUTG-IncANeration-piant - anmmmdmlm/ammﬁummmnmv

W yes, does it detiver hrot 1o dlstrict heating syxtem of the City

Does & 5o doliver heot to other consumers (industria) sector) P

What i the net deifvery of beat and elecericity, €9 in 20167

Whot & the 11 foctor (Energy efficenty)?

* Do you use shp tion for tramp o the ‘on plant?

D4 Wzsmm

CO4 |Ts there any mechamcal biological waste unit opecated m the city? market party
€05 |15 there any mfetmopemadnmemf’
Could you shortly desenbe the function?
What 5 the anaway coponity of transfer station
Which f ore here S0Nd waste, other
Where does the weste go? (Type of fockity, dstonce)
Wha? technolegy/type of Lransfer s2omon i wied ing into %, e of )

Is there any waste water treatment plant operated m the cwy?
Is there anv municipal waste landfill operated m the city (osar regon)?

EIEIE]

Is there any other type of municipal waste treatment operated i the city (near region)?

2

Is there any waste recycling plant operated i the city (near region)?

ola
o

Is there any cenfral district heating operated in the city (near region)”
Commems/Quessons

One OH ov sewerol DHs?

What is the overad heot In DHSs in Con we have 0 mop of the DMs Aocotioo? What media are used {51om or hot water)?
Is WIE péant debvering heat 20 any of these DiSs? in what amount (Question CO3)7

What are the sther/comentions) Neot sowees and whot fuels are combuited?

“h e e

i suvicingy, loduitry, andy/or dwe 1o the of sowrces flocal sovar hearing, heat pumps,ere |7

WHSL it Ehe current frend bo overal OHS & d? Are new oF mare are & ¥ ANy there setious drops ks demand due to more effioest use of energy

A‘ A A . o A - - A
C11 |13 there any waste collection vard operated in the city? -

BASIC INFORMATION ABOUT COLLECTION VEHICLES IN YOUR CITY

2l

Are there standard foel vehicles used (gasoline or diesel)?

Are there LPG fuel vehocies used?

Are there ONG fuel vehicles used”

Are there electnic velucies used?

Are there hvbed fuel vebicles used?

Is foel consumption of vehicles monitored onfine”

Is eagine speed of vehicles monitored oaine?

| EZ[EEEE|

BASIC INFORMATION ABOUT COI.!.!CHO\I SYSTEM AND ITS ORGANIZATION

2

2|8
e

2]
5lE
g
th
i
g
it
Lt
g

* What it the main for. trign?

. ummmmwmmmm;

* Do you oddrens the Ormity of wien gri R for I 4
* Whot softwore 00 Fou vie for aptimization of the codlection trips?

mmum&swutmmamwm‘qu WiE)

EO6 [Have the emi from coll b&nmlpodbvansmﬂv
EO7 [Are the routes op d amming at i
EO8 Mehaemmhcmrmmmmnwf spottation avadable in your city?
E0Q [Are there any data about the density of P dable in vour city?
E10 |Are the mformation about collection routes of mdividual velscles archieved?
E11 [Are the informaton about collection routes of mdividual vehacles available for fisture lyses?
E12 [Is there kerbside collection system op 47
Commears/Questons

+  Whar does i moean “marker garty”. We are A0t sere with the meosing
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Gdansk

Gdansk, home to 460,000 inhabitants, is a Polish city on the Baltic coast, the capital of the
Pomeranian Voivodeship . It is Poland's principal seaport and the centre of the country's fourth-
largest metropolitan area. Gdansk has a temperate climate, with cold, cloudy, moderate winters and
mild summers with frequent showers and thunderstorms.

“Gdansk 2030 Plus Development Strategy” is a document which outlines the vision of growth and
progress in Gdansk by 2030. The top priorities defined in the strategy, using participatory methods,
are: learning, cooperation, mobility, and openness. Gdansk is also a role-model city when it comes
to the implementation of open-data standards. In the last quarter of 2014 the “City of Gdansk
Manifesto of Openness” was proclaimed. Gdansk representatives declared that the city would
continuously open municipal and public data resources for citizens and industry in order to provide
access to data gathered, processed, and stored with the use of public funding. In the RUGGEDISED
project, Gdansk, as a follower city, will study the smart solutions installed in the lighthouse cities in
view of its own future implementation.

The projects included in the replication plan will be implemented in the Gdansk Srédmiescie
(“Downtown”) district, which encompasses the old town. The quarter covers 5.65 km2 and is
populated by 29,630 inhabitants, which gives it a population density of approximately 5,244 persons
per square kilometer. The smart solutions proposed here will be deployed on the grounds of the
replication plans elaborated within the scope of Gdansk’s “Next Economy” proposal. Their role is to
offer activities complementary to building insulation, thermo-modernisation, and heat-network
connections, which will offer an innovative edge to typical construction/refurbishment investments.

Glasgow

Glasgow is a city of transformation. From the birth of the industrial revolution and the heavy industry
associated with the “workshop of the world”, to its cultural reinvention in the 1990’s, Glasgow has
never stood still.

Today, Glasgow is taking part in the most important transformation in its history — to become one of
the most sustainable and smart cities in Europe.

In 1765, James Watt strolled through Glasgow Green and conceived the idea of the separate
condenser for the stream engine, viewed by many as the eureka moment that started the industrial
revolution. This revolution gave untold benefits to people from all around the world, but also resulted
in huge problems for the environment and society.

Glasgow will again be at the forefront of a new industrial revolution — the Green Revolution, which
will deliver not just a greener world, but a more sustainable economy and a fairer and just society.
Glasgow aims to be a leading city for renewable technology, and is using its historic strengths in
engineering and education, to deliver a low carbon economy that will not only deliver a greener
environment, but will deliver a better life for all our people.
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Through RUGGEDISED, Glasgow will continue on its journey — transforming from an industrial city
to a sustainable, resilient and low carbon city, focused on the future, growing from its past, and
delivering a greener and smarter city.

RUGGEDISED in Glasgow will focus on the development of a Smart Street. The street is located in
the city centre along a section of George Street and Duke Street, in an area of mixed residential,
academic, community, retail, and industrial buildings. It will seek to address the challenges Glasgow
faces from ageing infrastructure, fuel poverty and air pollution; by integrating planned regeneration
and development with smatrt city capabilities.

The Smart Street will include: district heating, an innovative roof mounted solar PV canopy, ducted
wind turbines, energy arbitrage, power storage, EV charging, and smart grid controls.

Parma

Parma is an lItalian city of 192,000 inhabitants located in the Emilia-Romagna region, halfway
between Milan and Bologna. Parma’s smart city vision is to accelerate the city’s sustainability and
innovation. To implement its vision, Parma signed the Covenant of Mayors (2013) and the Mayors
Adapt Initiative (2014). The City has a zero waste strategy and in 2015 new energy regulations for
the city were issued to increase energy efficiency and the use of RES. The new policy and plan for
urban planning and regeneration protects and promotes the city’s environmental integrity and cultural
identity.

By working with the other partners of the project, Parma will bring about a decisive change in the
behaviour of citizens, in view of a more conscious and smart use of energy and mobility. This will be
attained by integrating the knowledge and the experience gained in RUGGEDISED with a number of
other local and European projects whose common goal is to aggregate citizens and stakeholders
around the notion that sustainability is indeed a collective commodity. Thanks to the ground-breaking
activities that RUGGEDISED will set in motion, Parma expects to be a model replicator and an
inspirational example for other Italian and European mid-size cities.

The Parma University Campus is the scientific centre of the University of Parma. It covers an area of
about 77 hectares located in the south of the city, with several buildings for teaching and scientific
research. A strategic and innovative project, called Mastercampus, has been developed for the
regeneration of the area. The project sees the area as a model district for the experimentation of
innovative and integrated solutions to be later extended to other areas of the city. It currently includes
35 projects of 16 research departments in seven main thematic areas: energy management,
environment, innovative construction, ICT, green economy, wellbeing health and lifestyle,
architectural and urban forms, liveability and sociality.

Rotterdam

Taking into account socio-economic and climate challenges, Rotterdam is safeguarding the future of
its inhabitants. To be ready, the City of Rotterdam, supported by strategic global consultant Jeremy
Rifkin and his TIR Consulting Group LCC, has defined an investment strategy, Roadmap Next
Economy, to make sure that the necessary economic transition in the region will be achieved.
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The transition from a mainly fossil fuel driven economy to an economy based on the use of
sustainable energy sources will be bolstered within the next decades, providing opportunities to
significantly stimulate a circular economy. This development will be strongly boosted by the dynamic
and rapidly growing ICT-sector. The use of internet, big data, robotics and sensor techniques will
have enormous disruptive effects on existing business models. Through the RUGGEDISED project,
the city will look for ways to respond to these changes in order to be competitive and ready for the
future in such a way that the inhabitants of the City of Rotterdam profit in the best possible way.

With enthusiasm Rotterdam wants to introduce the Heart of South area as the Rotterdam Lighthouse
district for the RUGGEDISED project in which it will implement 13 smart solutions.

The South of Rotterdam faces relatively severe social-economic challenges accompanied by a young
and multi-cultural population. The area is currently dominated by a car-oriented infrastructure where
citizens and visitors sometimes feel estranged. Through RUGGEDISED the Heart of South district
will undergo a serious transition in the upcoming years, consisting of the sustainable renovation of
an out-dated shopping centre, the renovation of the public transport hub as well as various large-
scale multifunctional buildings amongst which a swimming pool, an arts building, exhibition halls and
a congress center. Furthermore, the public space in the area will be drastically redeveloped. With
this project the city of Rotterdam will prepare the district for the future with the aim to achieve
maximum energy efficiency and CO2 reduction while simultaneously looking to have a major social
economic impact in terms of job creation, levels of participation of citizens and quality of life.

Umea

Umea is a fast growing city in Northern Sweden with progressive and environmentally-friendly
citizens. Located 600 km north of Stockholm, the 11th largest city in Sweden has a subarctic climate,
with short and fairly warm summers, but lengthy and freezing winters.

Umea is a centre of education, technical and medical research in Sweden, with two universities. It
counts 123,.000 inhabitants with two-thirds of the population born outside the municipality, and
around one tenth from outside of Sweden. Umea citizens are among Sweden’s most educated, and
are known to be very environmental engaged. Smart city thinking is at the core of the City of Umea’s
overall vision of continued social, economic and environmentally sustainable growth. RUGGEDISED
will facilitate a unified ‘smart district’, which is underpinned by planned regeneration and new
developments, existing smart city capabilities and committed public and private sector investments.
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In RUGGEDISED, Umea will focus on an Innovation District that is situated immediately to the east
of Umea city centre, the University city area, which includes a mix of residential, academic and
research facilities from two universities, a regional hospital, and community, recreational and
commercial buildings. The neighbourhood is characterised by its young, student-influenced,
population with 40,000 daily visitors. As such, the neighbourhood is one of the least car-dependent
neighbourhoods in Umea. The area will triple its inhabitants during the time of the project. Amongst
the smart solutions implemented, the RUGGEDISED project will look at peak load variation
management, shared use of energy and a smart, open- data city decision platform.

Brno

Brno, with 378,000 inhabitants, is the second largest city in the Czech Republic and is situated at the
centre of the South Moravian Region. It has a strategic geographic position within Central Europe
with excellent transport accessibility. Brno is a modern, dynamic and fast-growing centre of industry,
research and innovation. In addition to being a city of universities, Brno also claims a high quality of
life as a cultural, sporting and historical centre, complimented by a beautiful natural environment.

The Smart City Brno Concept was approved by Brno City Council in October 2015. The motto is that
Brno is “a city which cleverly, sensibly and effectively uses modern technology and approaches,
leading to an improvement in quality of life, supporting effective governance, preserving natural
resources, and enhancing energy sustainability”. RUGGEDISED will be a way to make this happen,
by enabling the study and replication of smart solutions from the lighthouse cities.

There is more than 500 ha of unused properties in Brno. Over 200 ha are industrial brownfields, most
of which are located near the city centre. These areas have the potential to create new revitalised
districts. Brno is currently developing a revitalisation and innovation plan for the brownfields and is
setting out the best strategy to complete the smart city districts. In the RUGGEDISED project we are
focusing specifically on these two locations:
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° “épitélka” —is an industrial area 1 km away from the main train station in the historical centre of Brno.
A building complex of factories has operated since 1930 and generates electric power by using natural
gas. Spitalka is a part of a large industrial area formed by brownfields that surround the center of Brno.

e Trade Fairs Brno Company - offers more than 130,000 sq m of net exhibition area, ranking it among
the world’s largest exhibition centres. This exhibition centre first opened in 1928 commemorating the
first decennium of Czechoslovakian independence. Since the 27th of December Brno is the only
shareholder of the Trade Fairs Brno Company. The area has the potential to create an environment
where new technological innovations meet academia and the private sector.
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