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Ecoefficiency Comparison of Bio-Waste Treatment Options

Ecoefficiency Comparison of the Anaerobic Digestion,
Composting and Incineration of Bio-Waste
Thorsten Pitschke, Wolfgang Rommel, René Peche, Dieter Tronecker and Siegfried Kreibe
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Whereas for a long time, the waste industry and waste management interest was focussed on safe and environmentally compatible disposal of unavoidable and recyclable
waste, today the priority is renewable energy generation, reduction of greenhouse
gas emissions and improving recycling management of recoverable materials. In this
context, this paper deals specifically with bio-waste. Bio-waste produced in Germany
is divided into the following most important partial flows:
• Bio-waste and green waste (garden cuttings, etc.) from municipal collection
• Landscape maintenance materials
• Other organic waste, especially food waste from industry and commerce
The most relevant partial flow in terms of quantity and with a view to current waste
management discussions are bio-waste and green waste from municipal collection.
Today, each year around nine million tonnes of bio-waste and green waste is collected
separately from households throughout Germany and is recycled and/or used for
energy recovery. The German closed cycle management act with the obligation to
collect bio-waste separately from 2015 is the driving force behind recovering additional quantities, which until now remain in the residual waste and in most cases are
recovered thermally. Estimates quantify the untapped organic potential from residual
waste as being an additional four to five million tonnes.
All kinds of different treatment and alternative processes and options for organising
the collection systems are available due to the collection and treatment of bio-waste.
The treatment plants and disposal offers for bio-waste are therefore organised in very
different ways in the towns, cities and rural districts.
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Against this background,on behalf of the Bavarian State Ministry of the Environment
and Consumer Protection, the bifa environmental institute updated the 2010 analysis
of the ecoefficiency potential of bio-waste treatment methods in Bavaria and further
developed it with the focus on analysing optimisation potential.
Common treatment channels for bio-waste and green waste collected from households
are shown in the following figure.

Figure 1:

Treatment of bio-waste and green waste from households

In general, after removing woody fractions for energy recovery, green waste is usually
treated in open composting plants. Today – not least as a result of the subsidy incentives
of the renewable energy sources Act (EEG) – energy recovery is becoming increasingly
attractive for the woody constituents of the green material, such as tree and shrub cuttings. From the life cycle assessment view, energy recovery of woody fractions of green
material that are difficult to degrade aerobically by using them to generate electricity
and heat in high efficiency CHPs is assessed positively. However, when separating the
woody subfraction for energy recovery, it is necessary to ensure that sufficient structural
fractions remain in the rotting heap for optimum degradation of the green material
during continued composting.
Without further pretreatments, the bio-waste from kerbside collection is not equally
suited for all treatment methods. Bio-waste with a poor physical structure and food
waste are best suited for anaerobic digestion with use of the biogas produced and material recovery of the fermentation residues. Bio-waste with good physical structure,
such as plant material rich in lignin and cellulose, can be readily degraded aerobically
by composting. Highly woody constituents with low aerobic degradability should be
used in energy recovery processes.
Typical methods for treating bio-waste and optimisation approaches with regard to
improving ecoefficiency are analysed in the following.
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1. Ecoefficiency of bio-waste treatment
1.1. Environmental effects of average treatment processes
The starting point for determining ecoefficiency is average operation of the treatment
processes, which are typically used to treat bio-waste. The formulation of the average
operation is intended to represent existing plants and typical operating modes, and
is not defined in the sense of best practice. Therefore, the respective basic conditions
on site must be taken into account when applying the results to an individual plant.
The treatment strategies are not arbitrarily interchangeable, although in all cases they
involve bio-waste disposal. For example, both composting and anaerobic digestion
processes depend on specific structural properties of the waste to be recovered. Thermal
treatment in a waste incineration plant relates to organic material, which is collected
via the residual waste bin. In this form the material is not directly suitable for material
recovery, as composting and anaerobic digestion require separately collected fractions
with low proportions of impurities.

Figure 2:

Environmental effect of bio-waste treatment. Display of environmental burdens and
benefits. Reference unit: Treatment of 1 t bio-waste.

The individual environment-related results obtained in the study (among other things
for greenhouse gas potential, acidification and resource conservation) are aggregated
to form the ecology index, as an indicator of the total environmental effect. Generated energy and phosphates provided via compost are summarised in a self-contained
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assessment of resource conservation. Figure 2 shows the overall environmental effect
for the bio-waste treatment methods examined. The display is differentiated according
to environmental burdens from the actual treatment process, application of the material
products, disposal of the residues and environmental relief (benefits) from additional
uses provided for energy, fertiliser and organic substances. The overall environmental
effect is produced by offsetting the environmental burdens and benefits.
Examining the pollution or burden caused by bio-waste treatment, CH4 and NH3 emissions from the actual treatment processes are of primary relevance. In addition, NH3
emissions on applying or spreading solid and liquid products also make a significant
environment-burdening contribution. In the case of thermal recovery as part of the
residual waste in the waste incinerator, the environmental burden is almost exclusively
produced by the incineration process. The effect of air emissions from the waste incinerator on the overall environmental assessment is low compared to the emissions from
anaerobic digestion and composting. As bio-waste is biogenic in origin, carbon dioxide
emissions, which result from degradation or incineration of this waste is deemed to be
climate-neutral and therefore by definition are not relevant for the ecological effects
Environmental benefits result from the provision of material and energy products.
All additional uses – the generation of electricity and heat, the provision of phosphate
and other nutrients and use of the organic substance – make a significant contribution
to environmental benefits. However, the significance of the additional uses depends
on the respective treatment method under consideration. For both composting and
for anaerobic digestion it is assumed that parts of the treated bio-waste are separated
from the assembly of the end products, or material preparation for energy recovery, as
screenings. In addition, anaerobic digestion provides electricity and heat for external
use in the form of the biogas produced.
The environmental benefits of treatment in the waste incinerator are entirely due to the
substituted fossil fuels. On the other hand, nutrients and organic matter are not used.
The methods for treating bio-waste relieve or benefit the environment by providing
energy, nutrients and organic substance. The environmental differences between fully
and partly enclosed composting on the one hand and wet or discontinuous dry fermentation on the other hand are low if average plant operation is considered. With
appropriate technology and good operational management practice, a similar positive
environmental result can therefore be achieved with both composting and anaerobic
digestion. If the overall ecological result is examined, thermal recovery in a waste
incinerator also results in environmental benefit.
Partly/fully enclosed composting involves comparatively low environmental burdens
from the treatment plant and on applying the composts. In contrast, the burdens from
anaerobic digestion are almost twice as high. The handling of wet and continuous dry
fermentation products is particularly emissions-relevant. Anaerobic digestion can
more than outweigh the higher emissions-induced burdens due to high credits from
the provision of electricity and heat – external use of 25 percent of the heat generated
is assumed. In the case of complete material recovery of all products from anaerobic
digestion and composting, both methods provide the same quantities of nutrients
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and therefore achieve the same credits in this area. In the case of anaerobic digestion
processes, the environmental performance of individual plants can be improved significantly by establishing technical solutions to reduce emissions – which are often
already provided for in new plants – and by expanding external heat use (Chapter 2).
Based on average plant operation, fully or partly enclosed composting and wet and
dry fermentation are more advantageous than the cotreatment of biowaste in a waste
incinerator as part of the residual waste. The environmental advantage of the recovery
process results from the provision of phosphate, other nutrients, organic matter and
the simultaneous use of the energy content. At the same time, it should be noted that
if the process burdens only are considered, thermal treatment is the method with the
significantly lowest environmental burden.
Open composting of bio-waste involves high emissions during the process and therefore, from an environmental point of view, is not a viable alternative to fully enclosed
composting.
The environmental assessment of discontinuous dry fermentation is non-conclusive.
Data from operational practice indicate a disadvantage of this anaerobic digestion variant with a view to the generation of electricity and heat compared to continuous dry
and wet fermentation plants. This disadvantage is reflected in the overall environmental
result. Specific investigations of the air emissions from discontinuous dry fermentation,
especially with regard to the starting up and shutting down processes and handling
the fermentation products, relevant from an emissions point of view, are not available.
In order to answer the question, which treatment strategy is the most ecoefficient for
a specific disposal case, the actual situation on site must be examined. This must then
be balanced, for example, with a view to the material provided, the existing plant infrastructure, the specific process technology, the sales situation for material products
and the heat produced and the specific economic framework.

1.2. Costs and ecoefficiency of average treatment
The second part of the ecoefficiency analysis relates to the treatment costs. Here the
costs are the net expenditure incurred by the towns, cities and rural districts, if they
contract out the treatment service externally. To do this, cost values were estimated,
which describe plant operation that reflects good practice standards. The costs incurred
for collecting the waste are not part of the process comparison. The assumed treatment
costs are based on information from actual plants. They therefore constitute a plant
capacity that can be achieved economically by the respective technology. The costs
have not been scaled to a defined plant capacity.
The determined cost information on the treatment methods or processes makes it
possible to show the process differences. There are no significant cost-related differences between partly/fully enclosed composting and continuous dry/wet fermentation
with regard to operation of said facilities to good practice standards. Compared to
treatment as a household waste constituent composting and anaerobic digestion both
have a cost advantage.
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The ecoefficiency portfolio (Figure 3) compares the result of the LCA examination with
the specific costs associated with treatment. It is not the absolute treatment costs that
are shown, but instead the costs index scaled to the maximum value of the method.

Figure 3:
Ecoefficiency portfolio of the
treatment methods (ecology
index < 0 means environmental
burden; ecology index > 0 means
environmental benefit); Costs
index: Scaling of the specific
costs to the maximum value of
the treatment method examined.
Reference unit: Treatment of 1 t
bio-waste.

2. Ecoefficiency potential
The treatment methods have to potential to improve their life cycle assessment still
further by implementing suitable measures. Within the scope of the study, selected
approaches to achieve emission reduction, optimisation of the operational management
and optimum use of the material and energy products were assessed with regard to their
ecoefficiency potential. The starting point for the assessment is the described average
plant operation. These approaches are specified to the degree necessary to enable an
approximate estimation of the environmental and economic potential of the respective
approach. The actual arrangements on site can differ from this significantly.

2.1. Potential of composting
Increasing the environmental benefit of composting methods can be achieved on the
process side mainly by achieving good practice standards and optimised operational
management of the rotting as well as on the product side by developing use of the organic
substance from compost as a peat substitute. Overall, the potential exists to increase
the net environmental benefit of composting by more than a quarter. The following
influencing levels are relevant with regard to the environmental effect:
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• By implementing good practice standards in the production of the rotting starter
material and by optimised operational management emissions can be reduced by
more than twenty percent compared to average plant operation.
• Assuming complete sale of the all the finished compost produced solely to soil
producers as a peat substitute it is possible to increase the environmental benefit
by more than ten percent.
With a suitable starter material, larger quantities of separated structural material for
use in energy recovery can achieve an increase in environmental benefits. However,
at the same time it is necessary to ensure that the rotting heaps continue to contain
sufficient structural material, in order to ensure favourable material moisture contents.

2.2. Potential of anaerobic digestion
In the case of the anaerobic digestion process, the environmental benefit can be increased primarily by establishing technical solutions for emissions reduction and by
expanding electricity generation and ecologically useful heat use or sale. By implementing all the named approaches, the potential exists to more than double the net
environmental benefit of anaerobic digestion. Above all, it is the following levels that
are relevant with regard to reducing environmental effects:
• Reducing emissions when handling the solid and liquid fermentation products. By
using NH3 scrubbers and encapsulating the storage area for liquid fermentation
products and using the residual gas, the emissions can be lowered by forty percent
in total compared to average plant operation.
• Expand external use of the produced heat. Sale of the heat provided for external
use has a significant effect on the environmental assessment of fermentation. In an
ideal case, in a suitable plant environment, all surplus heat available for external
use can be sold. Due to the additional credits from substitution of conventional
heat generation, a significant increase of around fifty percent in the environmental
benefit from energy credits is achieved.
Aftertreatment of the fermentation products is the process step with the highest
emissions. The formation of methane continues during the secondary composting.
In addition, specifically increased ammonium and nitrous oxide are to be expected
when handling the solid fermentation products. From an environmental point of view,
completely open aftertreatment of the solid fermentation products must be rejected.
Emissions-relevant plant areas should be enclosed and connected to the exhaust air
cleaning system. In addition to technical measures, e.g. installing an acid scrubber,
operational management measures can also reduce emissions from this plant area.
Aerobisation can be optimised by adding high fractions of structured material such
as material rich in lignin, to the poorly structured and wet fermentation residues. Reduction of the methane emissions from aerobisation can be achieved through intensive
ventilation, and by collecting and incinerating the exhaust air.
From an environmental point of view, feeding the biogas into the natural gas grid is
an alternative in case of unfavourable or non-existent possibilities for external heat
use at the location.
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2.3. Potential of thermal treatment
of bio-waste in a waste incineration plant
The quantities of electricity and heat generated by the thermal treatment of bio-waste
and provided for external use has a decisive effect on the environmental assessment.
High degrees of utilisation of the energy content of bio-waste for the generation of
electricity and heat improve significantly the environmental result of thermal treatment.

3. Conclusion
Both anaerobic digestion and composting of bio-waste have the potential to improve
their environmental performance further by implementing suitable measures. In the
case of the anaerobic digestion process the environmental benefit can be increased
primarily by establishing technical solutions for emissions reduction – which are often already provided for in new plants – and by expanding electricity generation and
ecologically useful heat use or sale.
Sustainable recovery of bio-waste should be aimed equally at objectives of resource conservation and minimisation of environmental burdens. Use of bio-waste that is limited
only to its energy content falls short of what is required if the objective is sustainable
recovery. The potential of bio-waste, not only to protect finite resources of industrial
minerals but also to maintain soil fertility must not be left unused. Against this background, the following approaches can be identified for sustainable bio-waste recovery:
• As far as possible, comprehensive exploitation of the raw material and energy utility
values of bio-waste. In general, recovery of separately collected bio-waste is the most
ecoefficient solution.
• Material flows should be controlled so that bio-waste and green waste is made
available to the respective optimum treatment method for ecoefficient use of energy
and material potential according to their aerobic and anaerobic degradability.
• In the recovery process, anaerobic degradation for the generation of biogas can be
combined with downstream aerobic degradation of the solid fermentation products
to produce compost for material use of the nutritional constituents in a cascade use
system.
• High, especially low-emission, plant and operating standards should be specified
and implemented and the existing quality requirements set for material products
should be assured.
• The willingness to innovate and invest should be ensured by reliable basic conditions.
• Invitations to tender and own operation should place far greater emphasis on ecological aspects. Processes which operate ecoefficiently are to be given preference
over solutions which only offer cost-effective disposal.
• The invitations to tender for separate collection of bio-waste or separate collection
implemented by waste authorities themselves should include control instruments
to ensure that high exploitation rates are achieved in households and high degrees
of single waste type homogeneity are guaranteed.
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