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Relevant passive tag numbers per application area for Europe (including consumer goods)
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Figure 15. Estimated relevant passive tag numbers per application area for Europe (including
consumer goods)
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Figure 16. Relevant passive tag numbers per application area for Europe (excluding consumer
goods)

Figure 16, above, outlines the development of the relevant tag numbers for application
areas other than consumer goods. It indicates that other major application areas beside
consumer goods (but with significantly fewer tags) will be retail apparel, smart ticketing,
drugs and retail CPG pallets/cases.

Forecasts and recent literature (Cole, 2010) (Erdmann, 2008) (Das& Harrop, 2010) show
that the uptake of tagging consumer goods is mainly tied to the technological development
of printed electronics, enabling item level tagging through lower tag prices. Since the
appointed time for this uptake is subject to discussion among experts, two additional
scenarios were derived: one shifts the uptake of this development two years forth and the
other shifts the uptake three years back compared to the assumptions used in IDTechEx
forecasts. The scenarios are shown in Figure 17 below.
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Figure 17. Estimated relevant passive tag numbers for Europe/technological development scenarios

The following table summarises the results for the relevant tag numbers per application
area for Europe based on the medium scenario.
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recommendations that will facilitate the utilisation and, at the same time, ensure that the
advancement of recycling is not compromised by the presence of tags.

3.1  EU waste management legislation and interactional aspects of the
presence of RFID tags

To present an overview of waste management legislation, two basic frameworks are
considered in this report. These are:

o the strategy on waste prevention and recycling that was developed under the 6th
Environmental Action Programme (EAP) to support the transfer of EU
Directives into Member State legislation.

e Directives and other legislation that define the legal requirements regarding
waste management.

The links between these two frameworks are depicted in Figure 18 and are further
described in the text that follows. The strategies of the 6th EAP are shown in orange boxes,
while Directives and legislation are shown in green boxes.
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Figure 18. Structure of better regulation strategies and waste management legislation in the EU

3.1.1 Strategic approach: The 6th Environmental Action Programme

In 2002, the 6th EAP was adopted by the Commission and seven thematic strategies were
defined to achieve the aims of the programme. Two of the seven strategies — waste
prevention and recycling, and natural resources — set out the Commission’s position on
waste and resource management.

The strategy on waste prevention and recycling underlines the importance of reporting on
the implementation of EU framework Directives as required by the framework legislation
itself. The Commission has conducted reviews of that reporting and has concluded that the
level of implementation differs significantly between individual Member States (Monier et
al., 2011). This is an important consideration in the context of the implications of future
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3.2 RFID tags in context with the legislation

Having considered the relevant legislative frameworks, it is important to note if and how
they are related to RFID technology. We will consider each category of waste legislation in
turn.

Starting with the “main regulatory framework” (see Figure 18), the waste shipment
regulation would only apply to RFID tags if the tags formed a separate waste stream. This
is not anticipated due to the range of RFID tag applications. However, the waste shipment
regulation does apply to existing waste streams in which RFID tags are expected to end up.
Since the directive on waste defines waste as “any substance or object which the holder
discards or intends or is required to discard” (European Commission, 2008), it could be
considered that the waste hierarchy and its priority order applies to RFID tags as much as
to any other item that is not specifically excluded from the directive. This logic applies to
both hazardous and non-hazardous waste. Annex 3 of the Waste Framework Directive
(WFD) defines the properties qualifying waste as hazardous waste. None of the mentioned
properties apply to passive RFID tags assuming their composition is as described in
Chapter 2. However, RFID tags applied to hazardous waste objects will be introduced into
the designated treatment path for the hazardous material.

The fact that RFID tags enter various waste streams has been introduced before. However,
considering this in the context of waste legislation, it becomes clear that we do need to
consider the implications of the legislation for RFID. Thus, the different Directives
specifying the management of waste streams need to be analysed to understand whether,
and how, a connection to the fate of RFID tags can be established.

We will start by looking at the lowest priority waste management operations, namely
disposal operations, because these have to be applied if higher prioritised operations fail.
Disposal operations can roughly be divided into landfilling and incineration. Therefore, if
RFID tags end up in these disposal operations the Landfill Directive and the Waste
Incineration Directive are applicable. There would be implications if tags in waste streams
resulted in increasing emissions from the disposal operations. When the limit values for
emissions to the environment are exceeded, the plant operators would be forced to upgrade
the installed emission control systems to uphold the status quo regardless of changes in the
composition of the input materials. The aspect of RFID tags entering landfills or waste
incinerators and expected impacts on the technology or the emissions are further
investigated in Chapter 4.

The aspect of recycling and other recovery in waste management operations is included
in the form of “the strategy on prevention and recycling of waste” that focuses on
incentives to promote recycling and resource recovery. This encompasses the producer
responsibility Directives described previously:

e Packaging Directive
e Battery Directive

e EOL Directives

e  WEEE Directive.

In order to estimate the implications RFID tags might have in relation to these Directives
it is necessary to consider the distinction between energy recovery and material recycling.

65


















RAND Europe, .A.R. and P3 The background context for assessing the impacts of RFID technology
Contract reference 30-CE-0395435/00-31

are utilised in order to fulfil the requirements of the legislation. The chain of waste
handling processes was divided into four major steps: collection, transport, processing and
recycling or disposal. These are shown in Figure 22.

recycling or

processing disposal

Figure 22. Succession of operations in waste management

Each of these terms has a specific meanings in a waste treatment context. For example, the
term “recycling” is widely applied. Legally, the term refers to operations that are used to
reprocess waste material into products, materials or substances for their original or different
purposes (Waste Framework Directive). Terms have been introduced with a brief
explanation to increase transparency in Chapter 4.

Moreover, at each step of the different operations, different treatment technologies can be
applied. These are summarised in Table 14.

Table 14. Description of waste handling steps

Step Description Technologies

Collection Pick-up of waste from private households, Collection trucks, containers
central drop-off points, commercial
structures and industrial facilities

Transportation Transportation of waste between transfer Walking floor trucks, container trucks
stations and treatment facilities
Processing and Separation of waste and processing before - MRF, material recovery
subsidiary recycling or energy recovery - MBT, mechanical-biological
purification treatment
Recycling (raw Reprocessing of materials either from Material recycling facilities
material separate collection or from treatment steps
provisioning) into applicable secondary materials that can - Glass
be used to replace primary materials - Paper
- Plastic
- Metal
Composting and fermentation of organic
materials
Disposal Actions that are not recovery even where Landfilling, waste incineration,
the operation has as a secondary underground storage of waste.

consequence the reclamation of substances
or energy or store waste materials in
appropriate sites.

The combination of collection, processing, recycling and disposal schemes define the waste
management systems. Waste collection is conducted in two ways, either through collection
at the waste producer’s premises or through drop-off systems where the waste is then
transported to centralised points or facilities by waste producers or their agents and then
collected for further processing. Detailed examples of processes will be given in Chapter 4
as each step in the process has different aims and systems that may be affected by RFID.
For example, while incineration and mechanical-biological treatment have the target to
create an output that is suitable for disposal, the aim of mechanical recycling facilities is
usually to generate products suitable for energy recovery and material recycling.
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Now that the basic legislation and the different waste management processes relevant to
the assessment of the impacts and implications of RFID have been outlined, the Chapter
ends by briefly outlining an organising framework of Member States that was used
throughout the subsequent analysis.

3.5 A clustering system of Member States

The interpretation and definition of MSW varies strongly between European countries and
the same applies for the collected amounts and the respective collection and treatment
methods (Dubois et al., 2004).'° In 2010, the Institute for European Environmental Policy
carried out a study in which the advancement of the Member States in becoming a
recycling society that minimised MSW was documented. Aspects such as waste generation,
recycling/recovery rates and GHG emissions through the national waste management
industry were taken into account. The IEEP concluded that significant differences between
Member States exist regarding the delivery of a recycling society. Within the study, three
types of Member States were identified (Bowyer et al., 2010), which can be seen as an
idealised division of the Member States into three clusters.

For the modelling of waste streaming, the fate of RFID tags in waste management is
important. The relevant destinations were defined as recycling, incineration (for disposal
and recovery) and landfilling. The destinations decide whether the tags are finally
incorporated in a landfill, oxidised in a thermal process or directed into recycling processes.
The clusters and the Member States are listed in Table 15. Examples of the utilisation of
data on waste treatment and distribution of waste into different treatment paths can be
taken from the modelling description as shown in Annex I.

Table 15. Clusters according to Bowyer et al. (2010)

Cluster 1 Cluster 2 Cluster 3
Belgium Ireland Bulgaria
Germany Czech Republic Greece
Netherlands United Kingdom Spain
Sweden Slovenia Cyprus
Austria France Latvia
Denmark Luxembourg Hungary
Estonia Malta
Finland Poland
Italy Portugal
Lithuania Romania
Slovakia

The main difference between the clusters is that waste streams are generated with different
properties and total quantities and are treated with different technologies. Furthermore,

!9 For more information about the clustering see Annex L.
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the clusters exhibit different potential for future development. As only small changes in
waste management are expected in the Member States of cluster 1, cluster 2 and 3 Member
States will probably show a more dynamic development in their way of delivering a
recycling society.

Building on the conclusions of the IEEP report, this study analyses different waste
management scenarios in Europe and the way RFID tags are directed through them. As an
example, Figure 22 illustrates the waste management system for municipal waste in the UK
and shows the final destinations."" To see whether RFID tags have an impact on the
processes, the estimated impacts of RFID tags on the treatment paths and details are
analysed for each cluster and the results are summarised in Chapter 5.

Household collected Civic ameniry sites
Biowaste Residual Lty Eotedtoing Green waste Green waste | | Recyclables Residual Soilrubble Other MSW
recyclable recycling
Green waste
1 » e
composting
P Materials
‘ Dry MRF recovery
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"l markets F
y
g [
Residuals l«
Dirty MRF
v
‘ BMT ‘ ‘ MBT H EfwW Gassification
mﬂﬂ‘i
v v
e
combustion
v ¥ vy v v
» Dry landfill Energy Process loss
recyclables

Source: DEFRA (2011)
Figure 23. Waste management system of the UK

An important factor in this cluster-based analysis is the distribution between the relevant
destinations. Due to the fact that the term “recycling” is considered differently and the line
between material recycling and energy recovery is not clearly defined, the data
differentiation between the two kinds of waste utilisation is not always clear. This is
important to bear in mind, and more detailed data on different treatment paths in the
countries will be given in the technical Sections in Chapter 4.

! Incineration in this case is only present in the form of RDF combustion.
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ciaerer 4 RFID tags in the waste processing
industry

e This Chapter shows that the type of impact created through the introduction
of RFID tags in waste treatment operations depends on the interaction
between tag and object.

o End-of-life phases are introduced to understand which treatment paths RFID
tags can take after their disposal.

e The technologies applied in the different end-of-life phases are analysed.

e The behaviour and impacts of RFID tags in the different processes are
summarised and the call for further research is elaborated.

4.1 Interaction between RFID tags and waste treatment processes

It is important to state that the impacts of RFID tags on waste streams cannot be
generalised. This is because it is necessary to distinguish whether RFID tags contribute to
an existing range of materials in a waste stream (which is true for mixed waste streams) or
whether they contribute to a specific increase of special/unwanted components (which may
be the case for most single material streams). Untangling this requires a distinction
between the different waste streams themselves, as well as their ultimate purpose. One way
of making this distinction is the utilisation of the EU waste codes. Another way is to ask
whether a waste stream is providing single material for material recycling or not.

Separately collected waste streams can either be developed to isolate specific materials or to
concentrate specific properties. Table 16 gives an overview of what the waste streams from
private households and commercial areas are, why the waste stream exists and what its
properties are.
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Table 16. Description of typical waste streams from private households and commercial areas

Waste stream

Targets

Properties

Glass

Paper, cardboard

Light packaging waste (LPW)

Comingled waste

Organic waste (bio-waste)

collect a recyclable that qualifies for
material recycling with or without
subsidiary purification

collect a recyclable that qualifies for
material recycling with or without
subsidiary purification

collection of packaging materials with
a reduced range of properties that
eases recovery for material recycling

collection of dry recyclables (not
limited to a certain application) with a
reduced range of properties that
eases recovery for material recycling

collection of biodegradable materials
to create a mixture that qualifies
efficient fermentation or composting
with the option of generating compost

collection of complex objects that
meet the definition of the WEEE

Single material stream

Single material stream

mixed material stream with a
specified/limited range of different
materials

mixed material stream with a
reduced range of different materials

mixed material stream with a
specific characteristic for all
contained materials

mixed material stream that contains
complex objects

WEEE Directive and require comparable
treatment with regard to disassembly

and liberation of components

mixed material stream that contains
complex objects

collection of complex objects that
meet the definition of the ELV
Directive and require comparable
treatment with regard to disassembly
and liberation of components

ELV

collection of materials, complex
objects that are not excluded
according to special regulations
(polluter pays principle,
hazardousness) or economic
considerations

material sink that contains a range
of materials and composites that
can better be described by
materials, which are excluded
rather than included

Mixed municipal solid waste
(MMSW)

The fact that the definitions of waste streams are not sharp (e.g. MMSW does not per se
exclude bio-waste) and that the producers do not separate with 100 percent efficiency, does
not allow for an exact prediction of the elements or materials composing the waste streams.
Moreover, apart from biodegradable wastes and wastes consisting of mono-materials, all
other waste streams include different applications or components that create a possible
source of impurities. Therefore, generally waste treatment processes are designed to deal
with such impurities to a certain extent. For passive RFID tags, this means that the
materials in waste streams may also be those that would be found within the tags. So,
passive RFID tags do not necessarily lead to the input of different materials than other
applications.

4.1.1 Waste sources and the impact of RFID tags

The question of whether the impact of RFID tags in waste streams differs depending on
the waste source (private or commercial) can generally be disregarded. This is indicated by
expert interviews, but also by the fact that mixed-material streams and single-material
streams are generated in both sources, but can be treated with comparable systems and
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Figure 24. Allocation of the waste treatment processes in EOL phases

The EOL phases presented above were developed for the purposes of this study in order to
be able to display the material flow through the waste treatment process. They therefore
differ from the legal definition in the Waste Framework Directive (WFD). Moreover,
those operations that are classed as disposal operations under the WFD but still generate
products/residues themselves and therefore involve subsequent treatment processes are
separated out in this analysis.’” Thus, the main focus of our approach is on these
subsequent EOL processes and the interrelated effects of both the presence of RFID and
the ways in which they might enter the treatment process.

It is also important to note that the complexity of waste treatment operations and/or
process chains depends on the interrelation between the homogeneity of the waste stream
that contains the target materials and the required quality/purity of the recovered
materials. This interrelation results in longer process chains and more detailed elaborations
for subsidiary recycling processes, as depicted in Figure 25 below.

13 An example of such a case is incineration. Even though the WFD defines incineration as disposal in Annex I,
incineration processes create solid residues that are either landfilled (mineral residues) or used for recycling
purposes (metals for recycling or mineral materials as building material)
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Figure 25. Qudlitative relation between the homogeneity, the required product quality and the
necessary treatment efforts

As can be seen from these diagrams and the issues presented in this Section, the standard
waste source codes and frameworks will not necessarily apply when analysing the
implications of RFID tags in waste management. There are additional layers of complexity
in the process chains that need to be considered and this has been elaborated more fully in
the following Sections.

4.1.2 Waste objects and RFID tags: single material objects and complex objects
Depending on the collection systems, waste streams are either homogeneous and composed
of similar materials, or heterogeneous due to the mixture of different materials. It is
important to state from the start that the implications of RFID tags on waste streams
cannot be generalised. This is because a distinction needs to be made between RFID tags
that contribute to an existing range of materials in a waste stream (e.g., mixed waste
streams) and those that contribute to a specific increase of special/unwanted components
(which may be the case for most single material streams). Understanding this requires an
appreciation of the different waste streams themselves, as well as their ultimate purpose.
One way of distinguishing between waste streams is the utilisation of the EU waste codes;
another is to ask whether a waste stream is providing a single material for material recycling
or not.

Separately collected waste streams can either be developed to isolate specific materials or to
concentrate specific properties. Table 16 gives an overview of the type of waste streams
from private households and commercial areas, why the waste stream exists and what its
properties are.

Complex objects, however, have different characteristics depending on the design. The
impact that is created by an RFID tag depends on whether the waste stream is already
heterogeneous or the single object it is attached to is already complex.

The impact will also depend on the type of treatment process required. Material recycling,
for example, usually has high purity requirements and the recovery of pure materials
becomes more complex with an increasing number of materials in a waste stream or the
complexity of an object.
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Sections 5.4 and 5.5 for recycling-friendly design were supported by this finding. The fact
that the share of RFID tags going for final disposal in cluster 3 waste management systems
indicates that measures on emission control in particular are important to avoid possible
environmental impacts. These measures are already required through the EU legislation in

place.
Level of compliance with target
to deliver a recycling society
Cluster 1 > Cluster 3
Recycling <& Final disposal
RFID tags in
waste treatment processes

Figure 59. Relation between cluster and direction of RFID tags into waste treatment systems

5.2  Environmental impacts

Environmental impacts can happen in two main ways, either directly through causing
harm to the ecosphere or indirectly through the loss of primary resources. As explained in
Section 2.6, the CO; inventory is used to partially describe the ecologic value (more
information is given in Section 7.2.1. Considering the expected development of the use of
different aerial materials as shown in Table 5, and a medium tag size, the total CO,
inventory of the RFID tags used in the EU-27 is estimated to rise from 980 Mg/a to
302,500 Mg/a as displayed in Figure 60.
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000 Mg _— - ‘
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Figure 60. Estimated CO2 emissions from RFID tags in the EU-27 in the medium scenario

As the aerials and gold bumps of the ICs were identified as main contributors to the CO,
inventory, in the following figures the CO, equivalents of aluminium, copper, silver and
gold resulting from RFID tags are considered. Figure 61 and Figure 60 display the
estimated trend in CO, emissions from the metals introduced through RFID tags in waste
management in Germany, the UK and Greece.
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Figure 61. CO: inventory of metals contained in disposed RFID tags in Germany (medium scenario,
tag size 2219 mm?)
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Figure 62. CO: inventory of metals contained in disposed RFID tags in the UK (medium scenario,
tag size 2219 mm?)
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In case of a large share of recycling, the considerations for recycling are of a higher
relevance. The necessary actions to derive detailed cost allocations have been introduced
previously in this Section.

5.4  Regulatory and policy impacts at EU and national levels

Findings from different studies, consulted experts and literature sources indicate that there
is no uniform opinion on how direct impacts could be prevented through the development
of specific legislation.Positions regarding the future approach on how to deal with RFID in
context with waste management differ strongly depending on the intentions and
perspectives or backgrounds of the stakeholders involved. This conclusion is supported by
the discussions in the first workshop and the survey results. The complicated interrelations
between stakeholders in the waste management industry make it clear that the definition of
technology-specific legislation is complicated. Examples for ELVs or WEEE cannot be
transferred to RFID tags and the way the technology is used, hence the RFID tag only
appears in connection with other objects and items. This causes a wide spread of RFID
tags into a growing number of areas and waste streams that are already regulated. Any
additional regulation would need to be developed in a way that would not counteract
legislation already in place.

A possibility would be to develop framework requirements for the application of RFID
tags to items regarding the possible ways of treatment, recycling or disposal. However, this
can only function within a scenario where all relevant pending legislation had been
implemented and in which the stakeholders from all steps in the life and end-of-life phase
had been given the opportunity to participate in the process. In any other case, the number
of possibilities and choices resulting from Member States is likely to create a range of
possible scenarios that would not be feasible to consider.

As a result of this study, the recommendation from the German study has been found to
be relevant. Since all possible impacts depend on the future application of RFID tags in the
different sectors as displayed in Figure 15 (i.e., quantities and composition), it appears to
be unwise to seek a direct reaction from political stakeholders.

5.5  Implications of the findings for stakeholders in the RFID industry
and waste management systems

It is important to highlight that stakeholders in this context have been chosen on the basis
of RFID tags as inert objects in waste streams and in a technical context. Aspects
connected with the function of and information on RFID tags are not considered in Part A
of this study. The main stakeholder groups based on the above-mentioned criteria are:

e DPublic authorities;

e RFID tag producers;

e RFID tag users;

e waste processors, including recyclers and final disposers;

e waste producers.
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A multi stakeholder approach to mitigate the possible negative effects of RFID on waste
management was proposed in the German study. It is based on ISO (2008) and proposes
an approach that can be described in the following 6 steps (Erdmann et al., 2009).

1. Theoretical assessment of the possibility that state-of-the-art recycling processes
are compromised through the presence of RFID tags.

2. Performance of tests to analyse whether state-of-the-art processes can compensate
for the possible negative effects or if the effects can be compensated for by process
modifications.

3. Development of regulations that can be used by RFID producers and recyclers.
Validation of these regulations by third parties (universities and research and
development institutions) with experience in the considered waste streams.

4. Communication of the validated regulation with national or regional
environmental authorities for approval.

5. DPublication of the regulations for the professional associations of producers and
users to minimise impacts and maximise positive aspects.

6. Developing or nominating control authorities that approve whether specific RFID

tags fulfil the regulations (conformity declaration).

The first steps for points 1 and 2 have been undertaken already in the German study and
the study at hand. The other steps include a recommendation on how stakeholders should
interact. A systematic approach to the development of RFID tags or
material/adhesive/RFID tag connections, which are suitable for recycling processes, is the
most obvious strategy to prevent problems. This approach would include:

e aspecification of the requirements of material-specific recycling processes;

o the development of RFID tags for specific applications,* including development
of an adhesive that fulfils requirements regarding solubility and an RFID tag that
tulfils requirements regarding the separation from the material for recycling;

e lab-scale testing of RFID tags already in use or newly developed RFID tags with
the system “material/adhesive/RFID tag”;

e an industrial-scale testing of the system “material/adhesive/RFID tag”;

e the validation of results through R&D institutions;

e approval by political authorities;

o the development of a seal of approval for RFID tags that clears an RFID tag for

application on specific materials.

24 An example would be the development or approval procedure for RFID tags applicable on PET bottles,
which are suitable for PET materials recycling processes. The solubility of the adhesive that is used to attach the
RFID tag to the bottle should match requirements to increase the chances of detaching the RFID tag from the
bottle in the right situation.
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The above would ensure the qualification of RFID tags for use in combination with state-
of-the-art recycling facilities and would increase specific experiences with regard to RFID
tags in the product chain, thus offering a chance to unveil possible future problems before
they even occur. The necessity for legislation in such an approach should be limited to the
legal requirement for RFID tags to be approved for recycling before application. Since at
this point in time no urgent measures appear to be required, this could happen with the
necessary preparation time to give product manufacturers, RFID tag producers and the
tagging industry sectors time to develop the necessary systems and materials to prevent a
slowdown of technical developments.

In addition, the position of passive, semi-active and active RFID tags with regard to
existing framework legislation should be decided upon by the EC, to prevent delaying the
introduction of the above measures due to a lack of legislative transparency.
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There have already been several pilot projects testing RFID systems for managing
healthcare waste. One example is the Japanese incineration service Kureha, which set up a
waste traceability system using IC (Integrated Circuit) tags in cooperation with IBM Japan
in 2004. The testing was conducted at the Kureha Hospital in Fukushima prefecture (Das,
2011). The aim was to test effectiveness of RFID tagging in tracking healthcare waste
materials. Illegal waste disposal can be prevented by creating accountability for hospitals
and transportation service companies (Sullivan, 2004).

Further pilot projects were initiated in Korea and Taiwan. In the Taiwanese En Chu Kong
Hospital a comprehensive RFID system has been implemented, including a new waste
management system. This pilot project started in January 2004 in cooperation with
Hewlett Packard and has been partially successful (Tzeng et al., 2008). No detailed results
of these pilot projects have been accessible so far.

Requirements

e From an organisational perspective, personnel need to be trained to prevent
frustration and uncertainty among those who are responsible for implementing the
system.

e  Experts also noted several key technological requirements, including the necessity
of having appropriate hardware/infrastructure; middleware; connection between
systems and databases; and common standards.

o Tag design must consider the characteristics of objects.

e In order for RFID tags to provide more precise information on the risk level of the
waste contained in bins, a minimum level of information should be collected,
including:

o weight in tonnes of the waste disposed;

o nature and origin of waste;

o date of transport;

O  persons responsible;

o name and registered place of business of the disposal company or waste
logistics operator;
o nature and location of the waste disposal facility? (Daschner, 2000).

Benefits of using RFID-based disposal management of healthcare waste

e The supply and use of some pharmaceutical products has to be accurately
documented. RFID reduces the error rate in the documentation as well as the
workload of clinic personnel. If pharmaceutical companies tag their products with
RFID, information about product composition, production date, obligatory
disposal process, etc., can be saved in a PLM database.

e Although a detailed analysis of this does not form part of this study, it should be
added that the tagging of the pharmaceutical products could be an efficient way to
combat counterfeited medicaments, optimise the reverse logistics, and improve
recall management.

e In the case of tagged medicaments, RFID enables a permanent inventory insight,
since products are registered as soon as they are in use. This information is also
stored in a PLM database. Thus the hospital is able to control its medicament
flows, detect any anomalies, and avoid abuse.
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RFID contributes to better classification of waste. Healthcare waste is very
expensive to dispose of and a subsequent separation is not possible due to health
risks. An efficient and precise sorting is already necessary right after usage. This
could minimise the amount of waste that gets into the inapproprial disposal route
. But the classification of waste according to material or contamination is only
possible if the definition allows a clear distinction of waste types (Daschner,
2000).
RFID can reduce uncertainty among the personnel charged with classifying
hazardous waste. Hospital departments, in which healthcare waste is produced, are
equipped with different waste containers. There is also a distinction between two
waste streams: nonhazardous waste that will be treated like domestic waste, and
hazardous waste that has to be disposed of and treated separately according to
legislation. As a result, costs of hazardous waste increase. The amount of hazardous
waste tends to be higher because if personnel are not sure whether waste is
hazardous or not, they would dispose of it as hazardous to avoid potential risks.
However, this increases the amount of hazardous waste unnecessarily. [a further
repeat?] At disposal, the reader automatically indicates into which container the
waste should be placed. It classifies the tagged waste into the correct category and
opens the appropriate lid of the bin. This is possible due to a comparison with
data on a PLM database (Mallett et al., 2007).
The biggest advantage, next to improving traceability compared to a paper-based
system, is the minimisation of the exposure of waste treatment employees to
waste-connected risks. As most identification steps are automated, hardly any
contact with the bins or bags is necessary. It is conceivable that an automated
transport system could also be established. Due to the use of RFID technology,
the automated system identifies the medical waste and transports it to the correct
treatment facilities inside of the plant within a minimum of time. It should be
noted that medical waste is usually not stored but treated as soon as possible after
collection.
According to the initial expert consultation, the following benefits could apply.

o less hazardous healthcare waste due to less erroneous disposal.
illegal disposal prevented.
potential for higher cost transparency for hospitals.
cost reduction through labour reduction.

o O O O

border crossing containers can offer detailed information to customs.

Barriers to using RFID-based disposal management of healthcare waste

Disposal cannot be fully automated, as hospital personnel still have to decide ad
hoc whether usually non-hazardous material has become hazardous during
treatment. This would make it necessary to dispose of it in a special way.

Some experts expressed their concern about the usefulness of RFID technology in
managing the disposal of healthcare waste. In particular, some EU Member States,
for instance Germany, stated that the current disposal management process is
already efficient.
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o There are already effective electronic verification procedures existing
today (e.g., an electronic chain of custody that is been running in all
German hospitals for one year).

o Some experts expressed the view that the optimisation of these procedures
regarding hazardous waste with RFID is not worth the effort, since the
mass of hazardous waste is not as significant as the mass of non-
hazardsous waste and, additionally, the generation of hazardos waste does
only take place in a couple of areas like medical centres or quarantine
units.

e Waste disposal decision support may not be very useful since hospital personnel
usually know how to dispose of waste already.

e Hazardous waste usually includes organic waste or tissues that cannot be tagged.
Despite this barrier, according to the initial expert consultation, it is important to
note that resource separation via RFID within the hospital is worth considering,
together with its application in the supply chain, and for storage of medicines.

e  Opverall, several commercial, environmental, legal and technological barriers have
been outlined in the initial expert consultation, including:

o alarge part of separation prior to disposal will remain manual;

o there needs to be some monetary effort for implementation, at least
initially;

o there will be additional costs for data management;

o in terms of legal requirements, experts stressed the importance of having
strict legislation;

o there needs to be public pressure for implementation. [is this really the
case? The general public is unaware of the distinction between hazardous
and non-hazardous healthcare waste and of the money that is wasted by
hospitals in miss classifying their waste. It is important to remember how
expensive the disposal of hazardous healthcare waste is. The public is very
aware of the cost of the health service and the money that needs to be
saved.]

o It is important to bear in mind that liquids and metal can reduce

readability of tags.

7.1.9 RFID-based detection and separation of inadequately disposed hazardous waste

Use case summary:

This use case is introduced to overcome main implementation barriers of RFID in waste
management processes. It mainly builds upon the RFID based waste sorting use case (7.1.3)
where also the main aspects of this case are already laid down. The difference here is the basic
assumptions: Just a certain fraction of products needs to be tagged and only one tag reader
intervention in the disposal process chain is required.

Background

The generation of hazardous waste is growing each year with an expected growth rate of
2.8% (DG ENV 2011). As the ideal scenario of not using any hazardous materials and
substances is not feasible, the goal is to reduce the amount of hazardous waste and to
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minimize the risk of its handling. One way to reduce the impact of hazardous waste is to
separate hazardous from non-hazardous waste (DG ENV 2011). The largest challenge lies
here in the area of hazardous materials in household waste, regarding the fact that 1-3% of
the household waste contains hazardous materials.

Currently waste separation is realised through the various free take back systems for
hazardous waste like batteries and electronic waste. This system depends though on the
collaboration of the citizens. In case of batteries, a study in 2006 showed, that only a third
of the batteries sold are given back to recycling stations. (DG ENV 2011)

For the purpose of this use case, a legal intervention of making the tagging of hazardous
items like batteries mandatory is needed. Those items could be detected at any point of the
disposal process, e.g. already at container level, RCV level, or on a conveyor belt at the
recycling facility where the contaminating item could easily be removed from the waste
stream.

Requirements

o Legislative framework that requires a mandatory tagging of certain hazardous
products needs to be in place.

e RFID reader in one position of the disposal chain needs to be installed, either at
consumer disposal (bin, RCV) or at treatment facilities.

e  Only one reader/writer interaction is need in the whole process chain.

e Not all products, but only hazardous ones would need to be tagged, therefore the
uptake of this use case is much easier than a whole RFID based trash sorting
system.

Benefits

e Inadequately disposed of hazardous items could be removed from household
waste.

e  Experiences with RFID based waste sorting could be gathered without waiting for
item level tagging of all kind of products to become widespread.

e Battery return could be more easily organised. Veolia (2007) even suggests a
system, where an RFID tagged box with hazardous materials could be disposed
with household waste and is automatically removed at the recycling center.

Barriers
e This use case may encounter the same barriers as given in Section 7.1.3, however
the requirements and therefore the barrier’s impacts are fewer as only a defined
group of hazardous items needs to be tagged and only the definition and
installation of one point for RFID/reader interaction is needed.
e  This specific use case is so far not widely discussed in the literature.

o  Stakeholders for specific actions are not defined.

7.1.10 RFID-based waste tracking
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Use case summary:

This use case is also introduced to overcome main implementation barriers of RFID in waste
management processes. It also builds upon the RFID based waste sorting use case as specified in
7.1.3. The background to this use case is the intentional tagging of items that have already been
disposed of in order to follow their position. Currently we know more about where the products
come from than about where they go.

The basic idea for this use case was laid down in the “trash tracker” project by Prof. Mario
Ratti at MIT. A selection of items was tagged with active tags at disposal. This allows the
tracking of the position of the specific items a long their disposal chain. The results were
graphically represented on a computer generated map. According to Boustani et al. 2011,
an effective closed-loop supply chain requires an efficient monitoring system for tracking
end-of-life products through refurbishing, remanufacturing, and recycling facilities. The
tags used in this specific MIT application are not RFID tags but use GSM. Boustani et al.
2011 indicated, that while RFID is already proven and widespread in tracking items in
retail supply chains, it can only confirm, if an item passes a reader which has to be installed
at a predefined location. For tracking waste, objects which go astray from the expected
paths are of specific interest, therefore where GSM technology is applied as it allows the
determination of the position of the items also outside the expected paths. Even if RFID
was not utilized in this pilot application, two aspects were of importance.

o A selective range of products to be tagged can provide statistically relevant data in
order to improve knowledge of disposal paths and can therefore be utilised to
improve waste statistics.

e It is shown that an uptake of pervasive computing in end-of-life processes can be
established without setting up costly infrastructure and changing the as-is waste
management processes.

Challenges/Barriers

e The tags must be reliable and withstand mechanical treatment.

e Tags which become dysfunctional in the harsh environment of for example waste
compactors must be taken into account in order to provide statistically reliable
data.

e If RFID is used, the different routes the waste stream might flow along need to be
pre-determined.

As in the previous use case of separating hazardous items from inadequate waste streams,
this use case is recommended for a pilot uptake by this study.

7.2 Transversal use case assessments

7.2.1 RFID use cases carbon footprint assessment

Different aspects need to be taken into account when conducting CO2 accounting in the
context of the elaborated use cases. The generation of CO2 happens in the life cycle of a
product every time a product related intervention requires energy. This includes the
excavation of resources necessary to produce RFID tags and each transport process before
the application of the tag to a specific item. Furthermore it includes the transport of the
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reduce waste and enhance rational consumer choices (OECD, 2007). Of course, these
changes in attitudes and behaviour could take a long time and could be undermined by
consumer concerns over privacy and security that lead them to remove or destroy RFID
tags. Therefore, the use of RFID to drive “behavioural” progress on the environmental
front is potentially aligned with progress in addressing security and privacy concerns.

9.3.4 RFID tags as part of integrated smart product systems

RFID use can produce enhanced environmental benefits through, for example, its role in
smart logistics systems and its contribution to other aspects of the Internet of Things (such
as “Smart Cities”). It can also lead to self-organising waste flows, or smart charging
schemes that link disposal back to consumers (pay/earn as you throw systems in which
people have material disposal “budgets” and/or systems where people earn credits for
recycling, etc.).

9.4  Concluding remarks

RFID tags are an inescapable part of the modern economy; they are instrumental in
delivering a wide range of benefits and are becoming increasingly embedded in many facets
of daily life. Emerging shifts, from globalisation to the Internet of Things, will only
increase their centrality. This development raises a range of challenges; unaddressed, they
could diminish or even reverse much progress. Many of the challenges are already well
known (e.g., in relation to security and privacy). This report has drawn attention to
another domain of impacts: environmental efficiency, especially as regards waste disposal.
The challenges are sharply defined and supported by a considerable weight of evidence.
However, they are far from insurmountable. On the contrary, this report demonstrates
that RFID can move from an environmental problem in its own right to a central feature
of a “smart” solution to a much wider range of waste-related environmental, technical and
economic problems. Moreover, in doing so it can point the way to a more profound re-
engineering of governance; by providing a wealth of accurate, credible, understandable and
timely information, it can allow the system to move from formal controls that are costly to
monitor and enforce and need continual updating to keep pace with technological change,
to a form of “light-touch” governance that informs rather than constrains, and which
operates much closer to day-to-day decisions and decision-makers. In addition, the
proposed development of the waste management role of RFID tags is aligned with progress
in addressing other areas of concern (e.g., security, IPR) and realizing their holistic
potential in an increasing range of applications.
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Opverall, we received less than 10 responses. The low response rate can be seen to reflect a
certain lack of awareness, interest, knowledge and/or expertise in RFID and its role for
waste management.

Part B: initial expert consultations, key informant interviews

The methodology for aggregating information and building the use cases for Part B is
summarised in Section 6.3 of this report.

The following Figure summarises our approach in brief:

Impact types
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-> Report Write-up Casc DB

Intciprctation

Figure A23: Part B methodology overview

The use case specific statements as derived from the literature were entered into a database.
Use case specific questionnaires were generated from this database and sent to 289
stakeholders from RFID manufacturing industry, RFID using industry, research institutes
and academia as and governments as listed in Table A6. Also, we included privacy
assessment questionnaires using PIA methodology*. We received 57 completed
questionnaires, with the highest response rate from the RFID manufacturing industry. In
the use case write-ups presented in Chapter 7, only those statements from the
questionnaires which were ranked as valid and important by the consulted experts are

used.*?

# Ministries that expressed interest received a copy of the interim report and were invited to join the NING
forum.

4 As of 04/06/2012: http://ec.europa.eu/information_society/policy/rfid/documents/infso-2011-00068.pdf

% The questionnaires used for the specific use cases, as well as our privacy and material composition
questionnaires are available upon request. For more information, please contact the study team at
smarttrash@rand.org.
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