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Introduction
Time is a main factor for development, especially in waste management. Political processes, law making,
technical innovations, the implementation of technologies and treatment plants and even acceptance by
people affected are processes that require time in waste management, even more so than in “normal”
business. Dynamic visualisation conceptualizes time in the form of diagrams and thereby helps us to
analyse waste management development.
This contribution describes the dynamic visualisation of European (EU 28) municipal waste management
performance using the Ternary Diagram Method. This method is called the “RIL-Ternary Diagram” and it
considers three treatment categories according to the waste hierarchy: Recycling & Composting,
Incineration and Landfilling.
The framework of current municipal waste management, including recycling targets etc., is given by the
Waste Framework Directive – 2008/98/EC. The proposed Circular Economy Package is intended to
stimulate Europe's transition towards more sustainable resource and energy-oriented waste
management. The Package also includes a revised legislative proposal on waste that sets ambitious
recycling rates for municipal waste. Additionally, the new calculation method for monitoring the
attainment of targets is supposed to be applied.

Current status of municipal waste management in the EU
In the EU 28 ca. 2.5 billion tonnes of waste are produced annually (Eurostat, 2016a). Municipal waste
only accounts for ca. 10% (ca. 240 million tonnes in 2014) of total waste generated (Eurostat, 2016b).
However, it is very important because of its complex characteristics, its composition and its biological
activity, etcetera.
Eurostat has collected and published data on municipal waste since 1995. Six out of 28 member states in
the EU 28 only, i.e. Germany, France, United Kingdom, Italy, Spain and Poland, generate more than 10
million tonnes of municipal waste per year. The amount of municipal waste generated per person varies
significantly across the EU, from 759 kg/person in Denmark (highest value) to 254 kg/person in Romania
(lowest value).
The treatment strategy within the EU has been positively changed, i.e. from 64% via landfilling in 1995 to
a mere 28% in 2014. In contrast, recycling & composting and incineration activities have increased from
17% and 14% in 1995 to 44% and 27% in 2014, respectively. There is no doubt that since 1995 European
municipal waste management has developed into an important secondary resource and energy-
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generating sector. The reduction in the landfilling rate by 36% (period 2014 vs 1995) resulted in a
simultaneous increase in the recycling & composting rate (by about 27%) and the incineration rate (by
about 13%). As a result, recycling & composting and incineration have been successfully developed hand
in hand and are showing strong dependence, with a ratio of 60-65% to 40-35%.
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Figure 1. Municipal waste treatment performance data of the EU 28 and single member states in % for 2014.
(note: 2013 data instead of 2014 for Ireland, Greece and Romania) (Eurostat, 2016b)

As presented in Figure 1, the municipal waste treatment performance varies significantly in the single
member states. On the one hand, there are countries like Germany, Belgium, Netherlands, Austria, etc.
that reach almost 100% “Recycling & Composting” and “Incineration” rates while, on the other hand,
countries like Latvia, Malta, Croatia, Romania and Greece still had a “landfilling” rate higher than 80% in
2014. Based on these facts, member states/countries can be divided into three groups regarding their
municipal waste treatment performance.
“Transition Countries” generated the largest amount of municipal waste, i.e. around 140 million tonnes
or ca. 60% of the total municipal waste generated within the EU 28 in 2014. “Recovery Countries”
generated around 80 million tonnes and “Landfilling Contries” ca. 20 million tonnes (or less than 10%)
only. By looking at Figure 1 only, one might expect that “Landfilling countries” have the poorest
performance in the EU. Considering these rates only, this is true as their average landfilling rate is 78.8%,
but by taking into account the municipal waste quantities landfilled, it becomes evident that “Transition
Countries” are still landfilling 3.3 times more. In total, 107 million tonnes of MW were recycled &
composted, 65 million tonnes were incinerated but unfortunately 69 million tonnes were still landfilled
in the EU 28 in 2014. The average recycling & composting rate is around 60% for “Recovery Countries”,
40% for “Transition Countries” and 20% for “Landfilling Countries”.
Waste management plays a central role in the circular economy: it determines how the EU waste
hierarchy is put into practice. As already mentioned, the waste hierarchy establishes a priority order for
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the strategies of prevention, preparation for reuse, recycling and energy recovery to disposal, such as
landfilling. This principle aims to encourage the options that deliver the best overall environmental
outcome. The revised legislative proposal on waste sets clear targets for the reduction of waste and
establishes an ambitious and credible long-term path for waste management and recycling. To ensure
effective implementation, the waste reduction targets in the new proposal are accompanied by concrete
measures to handle obstacles at the source and to tackle the different situations across member states
(cf. Figure 1). Key targets/aspects of the revised waste proposal with respect to municipal waste are,
among others, as follows (EC, 2015b):
•
•
•
•

preparation for a re-use and recycling rate of 60% for municipal waste by 2025,
preparation for a re-use and recycling rate of 65% for municipal waste by 2030,
a maximum 10% landfill rate for municipal waste by 2030 and
development of quality standards for secondary raw materials.

Legal requirements, especially EU directives, are a specific driver for further developing European
municipal waste management. The framework has to be designed specifically enough to enforce its
implementation by all EU countries. The achievement of the new targets set for EU countries is a
challenge but the countries are already well on the way towards sustainable development.

The RIL-Ternary Diagram Method
History of the Ternary Diagram Method
Nowadays, the Ternary Diagram method is widely used in chemistry, geology, mineralogy, process
engineering, etc. (Howarth, 1996). For the visualisation of waste management data, the ternary diagram
method was applied in a few selected cases by Cossu and Piovesan (2007), Cossu (2009) and Bartl (2014).
The first idea for the application of a ternary diagram in the waste management sector at the
international level came from Prof. Raffaello Cossu. Consequently, Bartl (2015) referred to it as “Cossu’s
Diagramme” in his editorial text in Waste Management.
The mathematical basis for the equilateral triangle is the well-known “Viviani´s theorem, named after
Italian mathematician Vincenzo Viviani. The theorem states that the sum of the distances from any
interior point to the sides of an equilateral triangle equals the length of the triangle´s altitude.
When reading the diagram, it must once again be noted that every single point within the triangle points
out a different composition of all three components. Every corner represents one component, namely A,
B and C in its pure form (i.e. 100%). One point located directly on the line of the triangle represents a
two-components-system without the component located in the opposite corner. One point located
within the triangle consists of all three components. The closer the point is to the corner, the more the
component located in this corner is contained in the mixture.

Application of the RIL-Ternary Diagram Method in waste management
The RIL-Ternary Diagram consists of three sides that can be used for three treatment categories in
municipal waste management (cf. Figure 1), namely:
• “A” for “Landfilled”,
• “B” for “Incinerated” and
• “C” for “Recycled & Composted”.
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The scaling of main grids in the diagram represents 10%. In total, for every treatment option 9 main grids
are used, which represent 10 – 90% performance. Additionally, the triangle lines themselves represent
0% as well as 100% performance.
The application of the computer-aided Ternary Diagram method in waste management is possible in
three ways:
1. “Performance positioning”: positioning of one or more waste management unit(s) (i.e.
company, city, association (i.e. combination of different companies, municipalities, cities,
states etc.) province, country, or even the EU including all 28 countries etc.) in terms of
its/their waste management performance at a specific date.
2. “Performance dynamics”: dynamic visualisation of the waste management development of
one or more waste management units over a time period by using filming (motion pictures)
of single graphs (e.g. a few figures per second in e.g. Microsoft PowerPoint).
3. “Performance development”: presentation of the performance development of one or more
waste management units over a time period expressed as track(s) or line(s).

Performance of European Waste Management
Here, selected results for various waste management units (WMU) are presented. WMU displayed here
are single countries/member states of the EU 28 as well as the association EU 28 itself.

Performance positioning
Eurostat (2016a; 2016b) provides data for European municipal waste management performance from
1995 to 2014. In Figure 2, the evaluation of municipal waste management performance of single member
states and EU 27 at a specific date, i.e. for year 1995, is given.
Total municipal
waste treatment
in 1,000 tonnes.
Dot-sizes:

Figure 2: Evaluation of municipal waste management performance data of single member states and EU 27 for
1995 plotted as a ternary diagram, with total municipal waste treatment in 1,000 tonnes indicated by different
dot-sizes.
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As shown in Figure 2, in 1995 not three but only two characteristic groups of countries can be identified
with respect to their municipal waste treatment performance. On the one hand, “Transition Countries”
with incineration rates of between 10 – 60% (higher values: the more the point is located to the right)
and recycling & composting rates of between 15 – 50% (higher values: the more the point is located
upwards) are positioned relative to and can be contrasted with, on the other hand, “Landfilling Countries”
with landfilling rates of between 80 – 100% (higher value: the more the point is located to the left)..
As presented previously in Figure 1, three groups of countries can already be identified with respect to
their municipal waste treatment performance in 2014, cf. Figure 3.

Figure 3: Evaluation of municipal waste management performance data of single member states and EU 28 for
2014 plotted as a Ternary Diagram, with total municipal waste treatment in 1,000 tonnes indicated by different
dot-sizes.

As shown in Figure 3, nine countries of the EU 28 (i.e. “Landfilling countries”) still landfill 79% of their
municipal waste on an average. Countries making progress such as GB, IT, PL, ES, etc., have moved from
mainly landfilling in 1995 (cf. Figure 2) towards recycling & composting and incineration in 2014 (cf. Figure
3) and have become part of the “Transition Countries”. During the period 1995 – 2014, France had an
almost constant incineration rate while the landfilling rate was partly reduced by increasing the recycling
& composting rate. Despite this positive development, France still belonged to the “Transition Countries”
in 2014. Austria, Germany, Denmark, the Netherlands, Sweden, Belgium and Luxembourg have
developed from “Transition Countries” in 1995 to “Recovery Countries” in 2014. The most interesting
development is shown by the remaining “Recovery Countries”, Finland and Estonia. Finland has strongly
developed its waste incineration activities and therefore the incineration rate increased from 0% (1995)
to ca. 50% (2014). The recycling rate in Finland for 2014 is comparable with that for 1995. Estonia has
successfully developed from > 80% landfilling, < 10% incineration and < 10% recycling & composting in
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1995 towards less landfilling but more recovery, i.e. 8% landfilling and 55% incineration and 37% recycling
& composting in 2014 (cf. Figure 1 and Figure 3).

Performance dynamics
To more optimally visualize the waste management performance development of different waste
management units, single diagrams can be animated in a short film data set. To do so, graphical data over
a certain time period is required. By using e.g. Microsoft PowerPoint and showing a few diagrams per
second, this can be successfully carried out.

Performance development
The waste management performance development of various units (e.g. country or EU 28) can be
presented for a specific period or year. Using this single data for one or more waste management units
in the same Ternary Diagram allows the presentation of the development to be plotted as a “unit track”
or “unit line”. For better readability of the single data inserted into the same diagram, it is recommended
not to consider the waste quantities generated/treated (i.e. by different dot-sizes). Here, the waste
management performance development for the “Recovery Countries” Austria and Germany (cf. Figure
4), the “Transition Country” United Kingdom (cf. Figure 5), the “Landfilling Country” Slovakia (cf. Figure
5) and the EU 28 (cf. Figure 6) is shown.

Figure 4: Presentation of Austrian (left) and German (right) waste management performance development data
for the 1995 – 2014 period, expressed as a track.
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Figure 5: Presentation of United Kingdom (left) and Slovakian (right) waste management performance
development data for the 1995 – 2014 period, expressed as a track.

Figure 6: Presentation of European (EU 28) waste management performance development data for the 1995 –
2014 period, expressed as a track in the Ternary Diagram.

As clearly shown in Figure 6, European (EU 28) municipal waste management is steadily developing
towards sustainable resource utilization (optimal recycling and composting rate) and energy (appropriate
incineration rate) management. Landfilling of untreated municipal waste is obsolete and must be further
reduced (from a scientific point of view, actually stopped) in Europe and the trend shows that EU 28 is
developing in the right direction.
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In Figure 7, the statistical prognosis of further treatment performance of the EU 28 based on the available
data (1995 – 2014) is given. Additionally, the change in development compared to the statistical
prognosis required by the proposed “Circular Economy Package” (EC, 2015a; 2015b) is displayed. At this
point, for the sake of fairness, it must be noted that the ambitious recycling targets set for 2025 and 2030
(EC, 2015a) have to be calculated by considering waste sent into a final recycling process (EC, 2015b) and
therefore the existing rates valid for 2020 (EU, 2008) cannot be directly compared with the new ones.
First investigations considering data available for Germany for the year 2013 (Eurostat, 2016b) by
applying the new calculation method (EC, 2015b) have been carried out by Obermeier et al. (2016).
Nevertheless, obviously all “Recovery Countries” will have to improve their municipal waste management
performance in the (near) future. The development of “Transition Countries” and the EU 28 (average)
will be quite similar as they have been in a comparable position in 2014. Particular considerations in
reaching the targets should be given to the “Landfilling countries” as their development paths will be the
most challenging ones in the EU 28, cf. Figure 7.
Finally, it must be mentioned that in municipal waste management, the economic aspects, especially
costs, can in most cases not be fully covered by the (international) market value of secondary raw
materials only. Therefore, a gap between an economic optimum and an ecological optimum (required by
recycling targets, among others) exists which must be financed by someone. (Bunge, 2016)
EU target (2030)
65% recycling
< 10% landfilling
Development
required by
the
„Landfilling
Countries“

Development
required by
the EU 28
(average)

Figure 7: Left graph - statistical prognosis of further treatment performance of the EU 28 based on historical
data (full line) and performance change (dotted line) required by the proposed “Circular Economy Package” (EC,
2015a; 2015b). Right graph – development area required by the “Landfilling Countries” and EU 28 (average) to
fulfil the targets of the proposed Package.

Total dynamics
Figure 8 shows the so-called “total dynamics”, i.e. all data on municipal solid waste development
presented for each single member state from 1995 to 2014. It is obvious that a strong movement towards
a sustainable combination of recycling and incineration has taken place.
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Figure 8: Total dynamics of municipal solid waste development in 28 EU member countries from 1995 to 2014.

Conclusions
As shown, the development of European municipal waste management was and is still dynamic. Looking
at the performance development of the individual countries, currently there is a so-called “multi-speed
Europe”. This “multi-speed” Europe can be divided into three country groups with respect to their
municipal waste management performance, namely: “Recovery Countries”, “Transition Countries” and
“Landfilling Countries”. Data on these three groups analysed show that further municipal waste
development will be strongly influenced by the “larger countries” that are a part of “Transition
Countries”, and not by the smaller ones from the third “Landfilling” group. Considering calculated rates
only, “Landfilling Countries” have the poorest performance, but taking into account the waste amounts
generated, “Transition Countries” still landfill (without pre-treatment!) more than 50 million tonnes
annually. New developments proposed for municipal waste management in the EU 28 towards a “Circular
Economy”, containing higher recycling targets for 2025 (60%) and 2030 (65%), can be described as “an
engine for development”. However, critical mention must be made of the fact that these developments
are strongly connected with new technical, economic and ecological challenges as well. The proposed
new and unique calculation of recycling targets and its influence on currently calculated and reported
quotas is especially worthy of additional investigation. First application examples show a respectable
influence, e.g. reduction in the calculated recycling rate from 64% to 40 – 50% for Germany in the year
2013. Additionally, the gap between the economic and ecological optimum must be considered and, at
the end of the day, paid for by someone.
Furthermore, the application of the Ternary Diagram method (dynamic visualisation of all 28 EU
countries, European cities and regions as well as the impact of waste management measures (e.g.
extension of separate collection, landfill tax, landfill ban, etc.) to municipal waste management
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performance development) is currently in preparation. Dynamic visualisations using the Ternary Diagram
method enables better understanding and monitoring of development paths. Additionally, in the case of
deviations between actual and planned developments/results, actions and measures can be taken in a
timely manner by decision-makers.

Note
Full article: Pomberger, R., Sarc, R., Lorber, K.E., 2017. Dynamic visualisation of municipal waste
management performance in the EU using Ternary Diagram method. In: Waste Management 61 (2017)
558-571.
Here, the original article has been shortened, selected aspects have been updated and new information
was included.

References
Bartl, A., 2014. Moving from recycling to waste prevention: A review of barriers and enables. In: Waste
Management & Research, Vol. 32 (9) p. 3–18. DOI: 10.1177/0734242X14541986.
Bartl, A., 2015. Withdrawal of the circular economy package: A wasted opportunity or a new challenge?
In: Editorial / Waste Management 44 (2015) 1-2.
Bunge, R., 2016. Eine vollständige Wiederverwertung stößt auf ökonomische und ökologische Grenzen
[A completely recycling has economic and ecological limits]. In: ReSource (ed. Reiser, B.), Vol.2, 2016.
Cossu, R., Piovesan, E., 2007. Modern strategies in waste management for sustainability and control of
global climate change. In: Sardinia 2007 Proceedings, Eleventh International Waste management
and Landfill Symposium. CISA Publisher, ISBN: 978-88-6265-003-8.
Cossu, R., 2009. Driving forces in national waste management strategies. Editorial, Waste Management
29 (2009) p. 2797-2798. Elsevier Ltd. DOI: 10.1016/j.wasman.2009.08.002.
European Union (EU), 2008. Directive 2008/98/EC of the European Parliament and of the Council of 19.
November 2008 on waste and repealing certain Directives. Brussels, Belgium.
Eurostat, 2016a. European Commission – Eurostat. Available online at:
<http://ec.europa.eu/eurostat/web/environment/waste/main-tables>.
Eurostat, 2016b. European Commission – Eurostat. < http://ec.europa.eu/eurostat/statisticsexplained/index.php/Municipal_waste_statistics>.
European Commission (EC), 2015a. Closing the loop: Commission adopts ambitious new Circular
Economy Package to boost competitiveness, create jobs and generate sustainable growth. Available
online at: <http://europa.eu/rapid/press-release_IP-15-6203_en.htm>.
European Commission (EC), 2015b. Proposal for a Directive of the European Parliament and of the Council
amending Directive 2008/98/EC on waste. Brussels, Belgium.
Howarth, R., 1996. Sources for a history of the ternary diagram. In: The British Journal for the History of
Science 29, Nr. 03.
Obermeier, T., Gosten, A., Klett, W., 2016. Quotenzauber – Neue Berechnungsgrundlage als
Herausforderungen für die deutsche Kreislaufwirtschaft [Magic rates – new calculation basis as
challenge for the German circular economy]. Deutsche Gesellschaft für Abfallwirtschaft e.V. – DGAW
[German Association for Waste Management]. 29.1.2016, Berlin, Germany.

10

