Waste-to-Energy in Sustainable Waste Management

The Role of Waste-to-Energy
in Sustainable Waste Management
Ferdinand Kleppmann and Marta Gurin

1.

Environment and the challenges of waste....................................................... 145

2.

Waste ... a problem?........................................................................................... 146

3.

For a better climate............................................................................................ 148

4.

Example: sustainable waste management and energy supply...................... 151

5.

Don‘t waste waste............................................................................................... 152

6.

Bibliography........................................................................................................ 153

For a successful technology, reality must take precedence over public relations, for Nature
cannot be fooled. [1]

1. Environment and the challenges of waste
In a society with a history of rapid growth such as Europe, the environment and its protection is one of the central issues it has to address.
Europe is a very densely populated region (average of 116 people per km2) [2] and about
74 % of Europeans live in cities [3]. In such conditions waste produced by our society has
a huge impact on the environment causing pollution and greenhouse gas emissions that
contribute to climate change, and has a significant impact on the use of natural resources.
With this in mind achieving sustainable waste management is a very significant challenge.
Environment is one of the areas with the largest number of policy measures in the European
Union (together with agriculture and internal market). Since the 1970’s waste management
has been on the environmental policy agenda. The policies aim to tackle issues such as:
improvement of waste treatment and reduction of impact from waste disposal; recycling
of waste; reduction of waste generation through the prevention approach, improvement of
efficiency of resource use. Today waste is increasingly viewed as a resource. All the alternative
waste treatment methods and how they can be intelligently combined to achieve maximum
reduction of environmental impact have to be carefully considered.
The objective of European environmental policy is to allow the society to develop in a
sustainable way. The notion of sustainable development is defined as: development that
meets the needs of the present without compromising the ability of the future generations to
meet their own needs [4]. In particular this means that the main challenge for waste policy
is to reduce the environmental and health impacts of waste and improve Europe’s resource
efficiency, while ensuring that sustainable consumption does not exceed environmental
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capacity. The EU’s Sixth Environment Action Programme (2002-2012), which sets out the
framework for environmental policy-making, identified waste prevention and management
as one of four top priorities for European society [5].
In this light, let’s explore how Waste-to-Energy (waste incineration with energy recovery)
has indeed an important role to play in sustainable waste management in Europe.

2. Waste ... a problem?
Consistent progress in waste policy measures led to the development of a long-term strategy
on waste in Europe, and in 2008 to adoption of the revised Waste Framework Directive [6],
which became the cornerstone of the EU waste policy. The Waste Framework Directive
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introduces the 5-step waste hierarchy (Figure 1), which helps to achieve sustainable waste
management by placing prevention at the top and disposal (landfilling) as the least favoured
option. Recycling should have priority over recovery if the waste is properly recyclable without transferring pollutants into the product. From the remaining waste, which cannot be
reused or recycled in a technically or economically viable way, energy should be produced
and this has clear priority over landfilling.
Thanks to many policy measures treatment of waste throughout Europe has changed significantly since 1970’s, with waste management continuing to improve over the last few years.
Less waste is landfilled and more is recycled or recovered. Europe is on the right track, but
there still remains a lot to do. Figure 2 shows the development of municipal waste treatment
in EU27 in the period 1995-2008.
If we look at the figure of municipal waste arisings in 2009, we find that according to the
Eurostat’s statistics 257 million tonnes of waste from households and similar was generated.
This means that an average European generated 513 kg of waste during one year [8]. This
is the approximate weight of the old Fiat 500 car [9] per person.

Figure 3:
Fiat 500

About 96 million tonnes of municipal waste, which is 38 % of the total waste treated, was
sent to landfills. Considering that landfill gases (methane) contribute significantly to global
warming (25 times more than CO2) this presents a major burden on the environment. 42 %
of the waste was recycled or composted and 20 % was incinerated with energy recovery. [10]
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Figure 4:
Municipal waste treatment in 2009 in EU 27
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The treatment methods applied to municipal waste differ substantially between Member
States. The Member States who have most successfully reduced dependence on landfill have
done this by combining recycling, biological treatment (e.g. composting and anaerobic
digestion), and Waste-to-Energy (waste incineration with energy recovery). The countries
(like Germany, Netherlands, Austria, Belgium) where recycling rates are the highest in
Europe use Waste-to-Energy to treat the remaining residual waste, recovering energy from
it. Recycling and Waste-to-Energy are complementary waste treatment methods. Together
they are instrumental to fulfil the targets of the European Landfill Directive, to divert
biodegradable waste from landfills. Waste-to-Energy reduces dependence on landfills and
recovers precious energy.
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3. For a better climate
According to the European Union’s 2020 climate strategy, greenhouse gas emissions
have to be reduced by 20 % by 2020 compared to 1990 levels. This means a reduction of
600 million tonnes of CO2-eqivalent has to be made.
A study from the German Environmental Protection Agency Climate relevance of the waste
management sector [11] presents the current situation of the waste management system
regarding climate protection and estimates the potential savings which could come from
this sector if the waste policies would be fully implemented.
The study calculated that the burden on Europe’s environment coming from landfills in
2007 ranged from 83 to 110 million tonnes of CO2-equivalent (this figure varies based on
the assumptions made on the efficiency of the landfill gas collection, 20 % and 40 % efficiency of gas collection respectively). This figure shows that in Europe there is still room
for major improvement in the area of waste management and that the situation is far from
being sustainable.
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In the same study the authors assume that in the EU 27 the possible reduction potentials
to achieve the 2020 targets coming from the waste management sector, compared to 1990,
could be between 142 and 192 million tonnes of CO2-equivalent per year. This means that a
possible reduction from 24 to 32 % of the greenhouse gases can come from the waste sector.
The example of Germany shows how a sustainable waste management system can contribute
to climate protection. In 1990, the German municipal waste management sector burdened
the climate with nearly 38 million tonnes of climate-damaging gases. Today, it relieves the
climate actively of 18 million tonnes – every year. The resultant savings of 56 million tonnes
of CO2 equivalents achieved by the sector compared to 1990 correspond to about one-quarter
of the total reduction in greenhouse gas emissions achieved in Germany up to 2006. [12]
Germany achieved this reduction in greenhouse gas emissions by introducing a ban on
landfilling untreated waste and a combination of recycling and energy recovery.
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Greenhouse gas balance in Germany

Waste-to-Energy Plants (waste incineration with energy recovery) thermally treat waste,
which is not suitable for recycling and which would otherwise be consigned to landfills,
and transforms it into sustainable energy. Heat and electricity from waste, delivered to
households and industry replaces the energy produced by conventional power Plants, using
fossil fuels. This helps to reduce CO2 emissions and to reach the goal of 20 % reduction of
greenhouse gases by 2020. There is a close link between the sustainable management of
natural resources and energy recovery. Waste-to-Energy has a role to play in both: sustainable Waste Management and Energy supply.
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Figure 7:
ZVAWS Waste-to-Energy Plant,
Würzburg, Germany

On the basis that about 69 million tonnes of household and similar waste that remains
after waste prevention, reuse and recycling, was treated in Waste-to-Energy Plants across
Europe in 2008, 28 billion kWh of electricity and 69 billion kWh of heat can be generated.
Then between 7-38 million tonnes of fossil fuels (gas, oil, hard coal and lignite) can be
substituted annually, emitting 19-37 million tonnes of CO2. By replacing these fossil fuels,
Waste-to-Energy Plants can supply annually about 13 million inhabitants with electricity
and 12 million inhabitants with heat. This is equivalent to the entire population of Denmark, Finland and Slovenia that can be supplied with electricity and the entire population
of Estonia, Finland and Slovakia that can be supplied with heat from Waste-to-Energy
Plants throughout the year.

Figure 8:
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According to EU Directive on Renewable Energy Sources the biodegradable fraction of
municipal and industrial waste is considered biomass, thus a renewable energy source. 50
% of the energy produced by Waste-to-Energy Plants comes from the biodegradable part of
waste. In 2010 Waste-to-Energy Plants supplied about 50 TWh (50 billion kWh) of renewable
energy in Europe. By 2020 this amount will grow to a level of at least 67 TWh (67 billion
kilowatt-hours) and potentially (assuming that waste legislation will be fully implemented)
to 98 TWh (98 billion kWh) for EU 27 – enough to supply in the first case 17.3 million
inhabitants with renewable electricity and 6 million inhabitants with renewable heat. The
total amount of energy (renewable + carbon components) produced by Waste-to-Energy
Plants would be double this and could potentially reach 196 TWh by 2020 – enough to
supply 45 million inhabitants with electricity and 24 million inhabitants with heat. This is
a cost-effective and available alternative energy option.
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4. Example: sustainable waste management and energy supply
Since the oil crisis in the 1970’s great efforts have been made in Denmark to establish large
district heating transmission networks in order to reduce dependence on oil. Waste-toEnergy is a part of this policy as waste is a locally sourced fuel that in addition to reducing
the use of fossil fuels, contributes to increasing fuel independence.
One of the world’s largest district heating networks is the Copenhagen network, stretching
more than 50 km from east to west. Three Waste-to-Energy Plants supply heat to this
network and more than 30 % of the total district heating in the Greater Copenhagen area
is generated by waste.
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5. Don‘t waste waste
The remaining waste which cannot be reused or recycled in a technically or economically
viable way is a valuable energy source. Waste incineration with energy recovery is a win-win
solution both for the society and the environment. It has a role to play in both: sustainable
Waste Management and Energy supply. It diverts waste from landfills, provides locally
available, cost-effective and sustainable energy, reduces dependence on fossil fuels and
contributes to climate protection. Furthermore this is a proven technology successfully
integrated in the waste management systems of many European countries.
The Waste Framework Directive sets ambitious targets and gives incentives to Waste-toEnergy Plants to improve their energy efficiency by introducing the R1 energy efficiency
factor [13]. As a result even more energy will be recovered and used in a sustainable way.

Figure 11:
FKF Waste-to-Energy Plant,
Budapest, Hungary
152

Waste-to-Energy in Sustainable Waste Management

In the long term assuming that waste will be diverted from landfills and recycling reaches
the level of 50 %, efficient Waste-to-Energy Plants could contribute 98 TWh towards the
2020 renewable energy target by 2020.
Waste-to-Energy technology helps society meet its present needs without compromising
the ability of the future generations to meet their needs – heating and lighting the way to
a sustainable future.
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