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Global problem

AThe global population, currently at 7.6 billion (December 2017), will

grow in the coming decades to 9 billion (and perhaps 11.8 billion by
the end of the 215t century).

ASome 80% of this growing population will live in cities, most of
which are yet to be built. (Figurel)

AOf this projected 9 billion people, 3 billion will belong to the middle
class, with sufficient income to purchase the consumer goods!.

Aln 2012 about 3 billion residents generated 1.2 kg per person per
day, which made for 1.3 billion tonnes per year?.

ABy 2025 this will likely increase to 4.3 billion urban residents
generating about 1.42 kg/capita/day of municipal solid waste, which
makes for 2.2 billion tonnes of MSW per year. (Figure?2)

1Global Waste Management Outlook (GWMO), UNEP, ISWA.
Worl d Bankdés report What a Waste: A Gl obal I;{evi



Percentage of urban population and locations of large cities, 19701 2030
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Percentage Urban 0-20% [ 20-40% 40-60% 60-80% [N 80-100%
City Population © 1-5million @ 510milion @ 10 milion or more
UN disclaimer: Designations employed and the presentation of material on this map do not imply the expression of any opinion whatsoever on the part of the

Secretariat of the United Nations concerning the legal status of any country territory or area, or of its authorities, or concerning the delimitation
of its frontiers or boundaries.

Source: UNDESA, Population Division (2014). World Urbanization Prospects, the 2014 Revision. New York. http://esa.un.org/unpd/wup/




Global problem
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Based on data from 82 countries using the latest available data within the period 2005-2010. For 12 countries, the latest available data was older
than 2005.

y = 109.67In(x) — 651.45, R2 = 0.72

EMC’s Master Couniry Database (n.p., 2014) using primarily data from the EU, OECD and World Bank; Lawless (2014), Waste Atlas: Recycling and
resource recovery around the world (Unpublished master's thesis). University of Leeds, Leeds, UK. Both were prepared for the GWMO (see Annex E,
under Waste databases).
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Global problem

AAmong the biggest waste producers (absolute quantity) in the world
are the United States, China, Brazil, Japan and Germany. (Figure 3)

AFurthermore, the UNEP predicts that the amount of waste will
probably double in lower-income African and Asian cities within next
15-20 years because of population growth, urbanization and rising
consumption.

AThe amount of urban waste being produced is growing faster than
the rate of urbanisation?.

Alt is estimated that global waste generation will double by 2025 to
over 6 million tonnes of waste per day and the rates are not
expected to peak by the end of this century.

AOECD countries will reach O6peak w
Pacific countries by 2075, waste will continue to grow in Sub-
Saharan Africa.

SWorl d Bankdés report What a Waste: A Gl obal Revi
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Who generates the most waste?

Metric tons of solid waste generated each day*
(In thousands)

Less than 40 40 - 60 60-80 [ 80-100 @ More than 100

| No data available

B e Germany:
"o 127,816

>
\ édapan:
a United States: ..~ 144,466
624,700 metric China:
tons per day 520,548
Brazil:
149,096

*Figures are from a 2011 report that compiled data from earlier years.
Source: World Bank Angelica Quintero / @latimesgraphics <:
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Global problem

AA percentage of urban population is steadily increasing;

In 2016 the percentage of the population in cities was 54% of the
total world population, while for 2050 increase to 66% is
forecasted?.

Aln EU about 75% population lives in urban areas [EEA].

ASuch migration trends put significant problems on management of
cities in terms of meeting the needs for housing, food, water,
energy, transport and other infrastructure, and addressing waste
and emissions as well as the quality of life of residents.

ACities today spend three quarters of the total energy and at the
same time generate 80% of global carbon dioxide emissions

which makes their organization and sustainable management one of
the largest challenges of environmental policy.

4The United Nations Population Division's World Urbanization Prospects.



Urban metabolism

AUrban metabolism a s  tShneof tAe total technological and socio-
economic processes that take place in cities and result in growth,
energy generation and waste elimination" [Kennedy 2007, 2011]

ACities within their borders are still dependent on the import of energy
and fuel or the export of waste generated in them.

ATwo main approaches to the modelling of urban metabolism are
recognized: models based on material and energy flows and
"emergy" models. In this second approach all processes and
measures are reduced to a standard unit based on solar energy.

AThe first approach, which includes an analysis of material flows to
describe the flows of energy and matter showed much more
appropriate in engineering applications so that today it is the most
used.

AThis approach includes energy of transformation of raw materials
and energy (fuels) in the final material goods, as well as associated
waste streams.




Local energy resources

Aln urban areas energy from renewable sources as well as locally
available resources can be used (e.g. waste, biomass, sludge) can be
used.

Aln an urban context (urban area in the narrow sense) it is possible to
identify a whole range of potential sources of energy:

ABiodegradable fraction of municipal waste (paper, cardboard,
textiles of organic origin, food waste, wood, etc.),

ANon-biogenic fraction of municipal waste (a fraction that is not
possible (or not wanted) to materially recover (recycle), e.g. plastics,

AUrban "green" biomass such as three trimmings, branches,
leaves, shrubs, grass cuttings from public green spaces, parks, tree
alleys and private gardens, construction wood waste (demolition),
waste from wood industry

AWaste edible oil from restaurants
ASewage sludge from the waste water treatment plant




Local energy resources

Aln the peri-urban (immediate proximity to the city) area are also
available:

Aother types of biomass such as waste from agriculture and
forestry, wood industry (if present in these urban areas), wood
chips, energy crops,

Aorganic (biomethanogenic) waste from the farms,
Alandfill gas is present at the landfills.

AThe greatest potential makes available municipal waste and
especially interesting is its biodegradable fraction.

ANot only the waste generated daily in cities but also the existing
landfill, i.e. historical waste, dealt with in the past years and even
decades (Landfill Mining).
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Circular economy

AThe goal is to move the thinking
Avaste managementd and fr o mredoweesdt e0 t o A

AThe circular economy is regenerative.

Alt entails gradually decoupling economic activity from the
consumption of finite resources, and designing waste out of the
system. (Figure A)

AMoving from the linear economy and waste management:

Natural resources Waste disposal

Take Make Discard

Source: Global Waste Management Outlook (GWMO), UNEP, ISWA.
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The situation with waste management in the EU

Generated WaSte in EU VS. GDP (comparison to 1995)

140
135
130
125
120
115
110

105

100 &3 -

90 \\

85 w
80 — ¢

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

==\ generated ~m=Population —e—MW generated per capita GDP  —o—MW per EUR (GDP)

Source: Eurostat

12



Ato the resource management within a circular economy:

Circular economy - an industrial system that is restorative by design

Incraasingly powarad
by renewable energy

1 Leakage to be minimised

Lﬁf&"ﬂ.‘ﬂuﬂ“ﬁl‘"fmn“mwm“nm c Source: The Ellen

Adapted from the Cradie to Cradle Desian Protocal by Braungart & McDonough MacArthur Foundation
(adapted)
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AWaste (and energy) issue could fall into several
categories of Global Sustainable Goals:

SUSTAINABLE -aﬂ'
f@ DEVELOPMENT ALS
17 GOALS TO TRANSFORM OUR WORLD

ho 2 LZERD G000 HEALTH 4 QUALITY GENDER
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SUSTAINABLE
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Source: UN Sustainable Development Goals, 2015
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Material recovery of waste

Aln the last decade in the EU, a great emphasis has been put on the
material recovery (shortage of resources):
- Waste Framework Directive (2008/98/EC) (WFD)
- The Circular Economy Package (CEP)
- Packaging and packaging waste directive (1994/62/EC)

ANew very ambitious targets (December 18, 2017), under CEP

Alncrease in recycling of municipal waste (preparation for recycling and
reuse) to:

- 50% by 2020 (WFD)
- 55% by 2020
- 60% by 2030 (CEP)
- 65% by 2035

AThe establishment of a uniform formula for calculating the municipal
waste target, and new targets for recycling municipal and packaging
waste.
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Material recovery of waste

ARecycling/reuse of packaging waste to 70% by 2030 (CEP)

AA new Europe-wide EU Strategy for Plastics in the Circular Economy
(January 16, 2018)

Aby 2030, all plastics packaging should be reusable or recyclable.
Athe impact of single-use plastics should be reduced (example deposit)

ALandfiling limited to maximum 10% of total municipal waste by 2035.

ABan of waste disposal that has a total organic carbon (TOC) of more
than 5% or a loss of ignition (LOI) of more than 3%.

ABan of landfiling of separately collected waste.

AQUESTION: Is there any place for energy recovery in the new
concept of a circular economy?

16



Deposit refund system in Croatia

Pays price +
deposit amount

A4

Purchases beverages

Pays price + deposit amount
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Returns empty containers
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Material Scrap Value
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Interactions of stakeholders in the packaging waste deposit system, for metal,
plastic and glass packaging waste
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Table: Comparison of characteristics of different deposit systems m

| croatia | Norway | Finland | Estonia | Sweden | Germany

. Indust
Operator (ownership State ('\I/Ing:sg)é (répu;\r/y Industry Industry Industry
structure) (state fund) V\;) ' LC’ M)’ (BP,BI, M) (BP, M) (M, MFP)

. . . . . . Decentrali
Clearing system Centralised Centralised Centralised Centralised Centralised — c dt alise
Man nr m
d:p(?sgi(tf nredeemed Operator Operator Operator Operator Operator Producer

Deposit va_lue dependent NO YES YES NO YES NO
on packaging volume

Deposit value dependent

: : NO NO YES NO YES NO
on packaging material
Difference in administrative
I)e/gz depending of barcode NO YES YES YES NO NO
(domestic/international)
Null rate of administrative
costs for aluminium NO NO NO YES YES NO
packaging
On-line clearing NO YES YES YES YES YES
Compensation for YES YES YES YES YES NO
manipulative costs
The owner of the material Operator Operator Operator Operator Operator Retailer
Automated collection share NO YES YES YES YES YES Source:
Return rate (%) 87 96 93 82 88 97 and
Separate transport fee YES NO NO NO NO NO Tomi |,
Glass collection YES NO YES YES NO YES 2017
MFP - Manufacturers of food products; BP - Beverage producers; W - wholesalers; BV - Beverage <:|

vendors; LC - Logistics companies; Bl - Beverage importers; M - Merchants 15



The situation with waste management in the EU
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550 in the EU in 2016
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Trends in recycling rates in selected EU countries (2005-2014)
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Waste management in the EU28

EU target (2030)
65% recvcling
< 10% landfilling

Landfilling % o

Development

required by
the { Development

,Landfilling 7 required by
the EU 28
Croatia (2015):
18% recycling
and composting,
80% landfilling

\i}
. 4 4 4

0 '10 '26 3(; 40 '5(; 60 '70
Energy recovery % Incinerated in %

Recycling and
composting %

Wastemanagement development in the EU 28 to 2014, as well as the effort
needed to meet the goals of the Circular Economy Package (additionally (blac
bold arrows) for countries that base their waste management on landfilling)

Adaptedfrom Source oDynamicgvisualisationof municipal waste management performance in the EU using Ternary
5A1 3INF Y YBoilkeddR.SarcW.BLorber Waste Management 61 (2017) 551
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Problems ahead

ARecently (January 1, 2018) China banned imports of 24 categories of
solid waste, including certain types of plastics, paper and textiles
(recyclables)

Aln 2015, China imported nearly 50 million tonnes of waste.

AThe European Union exports 50% of its collected and sorted plastics,
85% of which goes to China (e.g. Ireland exported 95% of its plastic
waste to China in 2016).

AThe US exported 16 million tonnes of waste to China (in 2016) worth
more than $5.2 billion.

AGlobal plastic exports to China could drop from 7.4 million tonnes in
2016 to 1.5 million tonnes in 2018.

AThe decrease will be partly due to a fall in the threshold of impurities
China is willing to accept - higher standards that most countries
currently cannot meet.

ALooking for other countries to export: India, Pakistan or southeast
Asia, but it could be more expensive than shipping waste to China.
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Problems ahead

AThe ban risks causing a severe environmental problem as recyclable
waste is instead incinerated or landfilled.

ACollectors of recyclables in US and EU are already reporting
"significant stockpiles" of materials.

AThe ban has also created challenges for Chinese companies
dependent on foreign waste.

AMore than half their plastics were imported, and as prices for such
raw materials go up, production will be reduced by at least a third,
(some companies alreday let go employees, or exited from business).

Aln Europe, the ban could also have the positive effect of prompting

countries to focus on developing domestic recycling industries (Jean-

Marc Boursier, president of the European Federation of Waste Management and Environmental
Services)
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Sinergy

AEnergy recovery of waste and waste materials can help to meet the
goals of:

- Energy Union Strategy (energy)®
- the Paris Agreement (climate)® Figure 4

AEnergy production from waste is a much wider concept than mere
waste incineration. It refers to the various processes of treatment of
waste (and waste materials) in which energy is generated (e.g. In
form of electricity, heat or fuel). Figure 5

Alt is necessary to ensure compliance with the waste management
hierarchy.

AEfW through the use of proven energy-efficient technologies can help
In generating high-quality jobs.

Alt opens space for innovation.

Shttp://ec.europa.eu/priorities/energy-union-and-climate/state-enerqgy-union_en
Shttp://unfccc.int/paris agreement/items/9485.php
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Climate synergy
Simplified schematic of waste management and climate change (excluding prevention)

Source: Global Waste Management Outlook (GWMO), UNEP, ISWA, figure by Natalia Reyna, Imperial College London. Inspired by
an earlier figure published by USEPA, available at http://www.epa.gov/region9/climatechange/waste.html 26






