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Summary:

The utilization of biomass is increasingly gaining in importance
due to receding fossil resources, commitments concerning cli-
mate protection, need for security of supply and a necessary
diversification in energy supply. One major problem is the inte-
gration of biomass into existing energy systems.

The accumulation of biomass is distributed over vast spaces
and the utilization is usually restricted to local the generation of
energy. Especially biogas production has up to now been charac-
terized by a mainly local utilization of agricultural residues, e. g.
liquid manure. The consequences are: small, uneconomic plants
induce costs that are not balanced by economic benefits; existing
biomass potentials are not fully exploited, and waste heat can
hardly be used which leads to low energy efficiency ratios.

Thus, the central objective of the joint project »biogas feed-in«is
to extend the possibilities for the energetic utilization of biomass
by overcoming restraints in the generation, conditioning, feed-in
and distribution of biogas via the gas network. Extending the uti-
lization of biogas onto the transportation sector and combined
heat-/power generation could help to achieve higher emission
reductions compared to the currently practiced local power gen-
eration at biogas plants. This way, substantial potential for cli-
mate protection could be opened up.

The distribution of conditioned biogas (bio natural gas) via
the nationwide gas network offers a number of advantages: local
disparities in demand could be overcome; the bio natural gas could
be used with a high efficiency in modern combined heat-power-
(cold-)plants; new ways of utilization could be found - especially
in the transportation sector and in the field of private households.

Although the technical requirements for processing and
feed-in of biogas into the gas network can mainly be met the real-
ization is impeded by logistic, administrative, legal and other
matters. Thus, it is the main objective of the joint project »biogas
feed-in« to identify concrete restraints and develop solutions
which help in overcoming them.

A central part of the project is the development of a geo-
graphical information system (space-oriented and non-space-ori-
ented data, complemented by methods) for examining the possi-
bilities of combining biogas production and feed-in into the gas
network by the example of selected model regions. One aim of
this information system is the spatial analysis with regard to defined
prerequisites and based on this the determination of optimal plant
locations and entry points as well as of the entire biogas feed-in
potential. Apart from that, socio-economic, economic and ecologic
effects are included as well. At the end of the project the developed
geographical information system will be an instrument which
serves to transfer the model calculations to other regions as well.

The final evaluation of the results and the transfer of the con-
clusions onto Germany as a whole will provide the basis for giving
strategic recommendations. A strategic catalogue of measures
relating to the various possibilities of energetic utilization of bio-
mass as a contribution for achieving national goals of climate
protection will be proposed.
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Summary:

In Europe, 30 % of the anthropogenic methane emissions are esti-
mated to originate from landfills, constituting the second largest
source (EEA 2006). In mixtures with air, methane is explosive and
therefore poses a threat to security on site. On a 100 year basis, its
climate effect is 23fold compared to carbon dioxide (Wuebbels
and Edmonds 1991). For the treatment of landfill methane emis-
sions that do not meet the calorific requirements for energetic
utilization or flaring, the microbial oxidation in biofilters or cover
soils is considered a viable and sustainable option. Although sev-
eral research projects have indicated the suitability of engineered
landfill covers for successfully mitigating methane emissions (e.g.
Huber-Humer 2004; Barlaz et al. 2004; Bogner et al. 2005), techni-
cal guidelines on how to design these covers and assess their per-
formance are still missing. The scope of the biological mitigation
of landfill methane emissions in engineered landfill top covers
ranges from landfills in the initial phase of operation, old land-
fills, the complementation of forced in-situ aeration measures to
sites containing material of low gas generation rate. The latter
will become increasingly relevant in Europe with the EC landfill
directive (1999/31) having come into effect, stipulating that only
material of low biological activity may be deposited.

In contrast to technically elaborate solutions capital and opera-
tional costs of the biological treatment of low calorific landfill gas
are low. However, as operational conditions influencing methane
oxidation rates are hardly manageable in a landfill cover, the suc-
cessful mitigation of landfill methane fluxes is subject to particu-
lar constraints. These need to be observed when choosing materi-
als and design. Quantitative proof of the success of the mitigation
measures requires a reliable combination of methods to assess

the magnitude of the methane fluxes entering and leaving the
landfill cover. Overall aims of the joint research project MiMethox
are therefore to develop cover designs suited for the sustainable
reduction of methane fluxes from landfills generating low calorif-
ic gas and to develop and validate a method for balancing the
methane budget of whole landfills. To this end, a comprehensive
investigation concept was developed by the project partners,
integrating methods from the fields of waste management, mod-
elling, microbiology, soil and atmospheric sciences (Figure 1).
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Fig.1: Overview of the investigation concept of the MiMethox project.

Research will be carried out in two phases of three years duration
each within a total of five work packages. Phase | focuses on base-
line studies on up to five selected model sites and on the efficacy
of designed biocover test cells on a landfill taking in mechanically
and biologically treated (MBT) waste. The selected model sites will
differ with respect to gas generation and cover properties. Results
on the performance and the properties of the covers at the model
sites and the MBT landfill will serve to derive development objec-
tives for landfill covers at the end of phase I. In phase 1, these will
be used to design different variants of biocover setups. Their per-
formance will be investigated in test field plots on an old landfill.
Phase Il will conclude with the draft for two technical guidelines,
one addressing the balancing of methane fluxes for entire land-
fills and the second proposing the design of landfill covers opti-
mised for the purpose of mitigation of methane emissions.

Aim of the research in the framework

of the funding programme:

The project is part of the BMBF-programme “Research for Climate
Protection and Protection from Climate Impacts”. It aims to
develop a methodology to sustainably mitigate greenhouse gas
emissions from old landfills and from landfills containing materi-
al of low gas generation rate by optimising the microbial oxida-
tion of methane in engineered landfill covers. The project thereby
targets at providing the means for significant contributions to the
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National Climate Protection Programme and thus to the obliga-
tions arisen from the ratification of the UN framework conven-
tion on climate change and the Kyoto protocol.
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Summary:

Climate-relevant problem, aim of the project:

Lean gases (< 25% methane) from landfills and coal mines consti-
tute a major part of the climate-relevant methane outputin
Germany. These gases cannot be removed at present as there is a
lack of simple, reliable and efficient technologies. Without apply-
ing an adequate gas removal technology the gases directly
escape into atmosphere, and so contribute to global warming.
The project network “Methakat” focuses on this problem within
the scope of the funded project “Research for Climate Protection
and Climate Effects”.

Itis the aim of the project to develop a long-term stable, ceramic
supported catalyst insert which guarantees the simple and stable
combustion of lean gases. Furthermore, the required process and
plant technology as well as the pilot plant are to be developed
and installed. At the end of the project a robust and cost-efficient
technology for lean gas removal in landfills and coal mines is to
be introduced.

Previous solutions:

Experimental studies of international research groups show that
residue-free combustion of lean gases is possible by using high-
temperature resistant and contamination resistant catalysts[1, 2, 3].
In the past years, the promising group of aluminates — mainly
substituted hexaaluminates - was comprehensively researched.
They seem to be resistant to sintering processes at high tempera-
tures >1200°C as well as to evaporation and corrosion [4, 5].
Furthermore, a simple doped calcium aluminate catalyst in form

of a honeycomb reactor was developed and built in a R&D project
with the partners IE, UVE and CDM (then A3). By using this lean
gas catalyst in a pilot plant at the landfill Dresden Langenbriicker
Strale, the residue-free combustion of fuel gases with low methane
content could be proved [6, 7]. However, there is currently the
problem that the required thermal mechanical resistance can not
be guaranteed because of the unfavorable material properties of
the catalysts (high thermal expansion, low thermal conductivity,
strength).

Intended research:

The unfavorable properties of the catalyst are to be countered
with stable support structures. Thus, ceramic foams with good
thermal mechanical stability and high permeability are to be
developed as catalyst carriers. For that purpose, silicon carbide
ceramics can be used which show good thermal shock resistance
due to their low thermal expansion and high thermal conductivity.
The project leader Fraunhofer IKTS has extensive experience and
know-how in this field, especially in materials and component
development, e.g. for burners, metal melt filters and diesel partic-
ulate filters [8]. By stabilizing thin catalyst layers on the highly
permeable structures the ceramic carrier can be functionalized.
Results from studies regarding the catalytic and thermal proper-
ties of the system are used to design the burner insert by process
simulation. In practice relevant laboratory tests as well as by
installing and operating a pilot reactor under real application
conditions the suitability of the developed technology is proved.
At the end of the project the production and operational costs are
determined in order to check the economic efficiency. Table 1 gives
an overview of the project partners and their tasks in the project.

Application potential:

In the future, the developed catalyst inserts are to be integrated
into existing flare systems which are temporarily used for rich gas
removal. Thus, investment costs can be saved. A high acceptance
of the new technology is to be expected.

By applying this technology from 2010, approx. 0.8 Mio tons
of CO, equivalents —for the long-term even approx. 2.4 Mio tons —
could be avoided in Germany providing a significant contribution
for climate protection. Furthermore, jobs in plant engineering,
operating companies as well as in the ceramic industry can be
created or maintained.
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Institution Tasks within the project

IKTS, Dresden + Substrate development

and catalyst-support
+ Upscaling of ceramic technologies
+ Project coordination

and management

UVE, Berlin + Catalyst development (sub-order IKTS)

IEC, Freiberg + Investigations on catalyst activity
+ Process fundamentals

IE, Leipzig + Upscaling of the process and testing

Pall, Crailsheim + Industrial realization
of supported catalysts

CDM, Bochum + Realization and development
of pilot plant

Lambda, Wuppertal | + Selection of landfill site
+ Installation and operation
of pilot plant

Table 1: Project partners and their tasks within the project

Fig. 1: Structure of open-cell ceramic foams
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Fig. 2: Shaped parts of ceramic foams

Fig 3: Calcium aluminate honeycomb before (left)
and after application (right) in a system for tar cracking

Fig. 4: Flare system at a landfill
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Summary:

Smouldering waste dumps of coal mines are acommon phenom-
enon in mining industry. The fires ignite by frequently high residual
coal contents which tend to smoulder when the organic matter
oxidises. Such fires are almost arbitrary distributed on waste piles
and they tend to emit toxic gases of incomplete combustion pro-
cesses. The largest portion of the emissions is however CO, which is
less hazardous but significantly contributes to the greenhouse effect.

Experience shows that it is difficult to extinguish these fires.
Efforts have been very expensive, time consuming and frequently
not successful. A partial or complete denudation of smouldering
waste piles causes substantial emissions of gases, dust and noise.
Therefore denudation is usually no option in densely populated
areas. As a consequence these smouldering waste dumps require
long term safeguard, frequently even decades after the closure of
the coal pits. The former coal company and owner of the waste
piles remain liable for environmental damage and personal
injuries. The obligatory safeguard is expensive and does not
evolve any earnings.

Alternatively, smouldering dumps are a potentially useful but
so far unappreciated thermal resource: In many spots of smouldering
piles temperatures in excess of 500 °C have been recorded at a depth
of less that 5 m below surface. This heat and the corresponding
flue gases vanish unused into the atmosphere. The thermal utili-
sation of this energy resource appears feasible in a number of sites.

In order to deal with smouldering fires more adequately fun-
damental research is necessary in some areas. This will facilitate
both concepts of heat extraction and methods of fire extinction.
Furthermore, there are several obvious synergetic effects with
coal fire research which may offer substantial benefit if exploited.
With respect to smouldering waste dumps a better understand-
ing of the combustion processes and reaction kinetics of fires in
heap of debris is needed. Furthermore, a thorough evaluation of
controls on such fires and measures of increased heat recovery
shall be identified.

In combination with conventionally available data the simu-
lation of these processes will help to evaluate the long-term feasi-
bility of heat extraction via geothermal heat exchangers and to
engineer potentially commercial heat extraction. Various techni-

of heat utilisation for nearby customers will be developed.
Potential options are heat supply of a local district heating sys-
tem, energy supply for an absorption cooling device or - poten-
tially — for a power generation via ORC turbine. Such concepts are
well established for geothermal application however the techni-
cal and commercial feasibility of this approach on a smouldering
waste dump needs to be investigated.

Aim of the research in the framework

of the funding programme:

This project will present a new approach in research of under-
standing and improved treatment of smouldering coal fires as
well as a technical concept of utilisation of smouldering fires and
their commercial and ecological advantages as a result. The
potential advantages are obvious: The energy can be used for dis-
trict heating systems and for absorption cooling systems. In some
cases electrical power generation via ORC-turbines like in geot-
hermal applications may be acommercial option. This utilisation
would save fossil fuels otherwise consumed for heat and electrici-
ty and respective CO, emissions are prevented.

Therefore, this research project is based on a stepwise
approach and it comprises small-scale laboratory experiments,
field experiments and tests of technical applications. The data
collected from lab experiments is necessary to modify and
improve existing numerical models for this application. These
models are later on calibrated in field experiments and serve
finally for optimising heat extraction and improved predictions
of the behaviour of the smouldering fires.

Athorough analysis of the processes and controls of smouldering
fires on waste dumps of coal mines will improve the understanding
of such fires. This will also facilitate the development of new con-
cepts of fire extinction and fire control. Furthermore, the models
and simulation may be transferred to coal seam fires.

Fig. 1 (Source: DMT GmbH)
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Summary:

Biomass is becoming more and more important as a source of
renewable energy. At the actual state of the technology, there are
combined heat and power units with capacities up to 100 MW
(thermal) and 20 MW (electric). The fuel used is scrap wood or
woodcut, in quantities of many hundred of thousands tons.

Atechnical problem to be overcome is the prevention of unde-
sired fires during the stock keeping, in which especially the self
ignition of biomass is of practical relevance, as some recent acci-
dents show [1,2]. Slow oxidation reactions with the oxygen from
air can arise on the particle surface already at room ambient tem-
perature, thus producing heat. In case that the heat production
inside the bulk is bigger than the heat dispersions to the outside,
heat will accumulate and the bulk will become critic. That leads
to an exponentially increasing temperature inside the bulk and
finally to its ignition. That means that self ignition can occur
already at low temperatures.

The self-ignition temperature (SIT) is defined as the temperature,
at which the bulk pass from a thermal stable non-critical (no self
ignition) to a critical condition (self ignition). The isoperibolic hot
storage is currently the method for the experimental determination
of the self ignition temperature [3] as well of kinetic constants
(activation energy, pre exponential factor) of these processes. The
following improvements of the hot storage experimental process
were applied in the BAM:

+ the gaseous products of the combustion (CO,, H,0, CO, CH,
among others) can be quantified on linein aFTIR-
Spectrometer;

+ with a macro-thermobalance also the mass loss can be measured.

Itis known that the SIT depends on the volume/surface ratio (V/A)
and that it decreases as VV/A increases [3]. This effect is exploited in
the laboratory practice: the experimentally determined data of
the inverse of the absolute self-ignition temperature 1/SIT are
traced in a diagram versus the Logarithm of the volume/surface
ratio log(V/A). The points lay on a straight line that can be then
extrapolated to technically interesting volumes. This method has
many disadvantages:

+ itcan be used only for easy shapes, where V/A is known (cubes,
spheres or cylinders);

+ the maximum volume, to which the extrapolation isapplicable,
is not known;

Furthermore, large-scale experiments of 100-1000 m3 are not easi-

ly practicable and the induction periods can be of the order of

month or even years.

An alternative to this methodology is the numerical simulation of
heat and mass transport processes [4-6]. Therefore a mathemati-
cal model to predict the self ignition and fire spread in this kind of
storages has been developed in the BAM [7,8]. This complex
model comprises coupled heat and mass transfer in the bulk
material:

+ heat transfer;

+ mass transfer of the most important species;

+ evaporation and condensation of water (either absorbed in
the bulk or coming from the outside). This term is necessary,
since water or vapor can bring from non critical to a critical
conditions [9];

+ various reactions of the solid components.

The model developed until now made the following

assumptions [10]:

+ in the bulk, only the molecular transport processes (heat con-
duction and diffusion of the gaseous species) are considered.
This assumption is valid, when no convention can occur in the
cavities;

+ the properties of the material do not depend on time and
space. This is accomplished, if the size distribution of the parti-
cles constituting the bulk is small.

The improvements of the new model should be the following:

+ consideration of an heterogeneous structure of the bulk
through the introduction of space dependent transport coeffi-
cients or through the modeling of different zones of the stor-
age site;

+ implementation of the convective transport inside the bulk;

+ from analytic investigations (elemental analysis, FTIR-spec-
troscopy) equations for the progress of the reaction should be
derived, in order to permit a more precise consideration of the
effective composition of the reaction product in the calculations.

In the simulation of the selfignition temperature processes, the
reliability of the input parameters is very important, especially
the kinetic properties. Thus, this parameter will be determined in
the isoperibolic hot storage tests. Additionally the purchase of an
adiabatic reactor is planned, as an alternative way to asses kinetic
parameters with self ignition experiments [3, 11]. In this case, the
big advantage is the independence on the volume and the possi-
bility to work with small samples, and then to extrapolate the
data to larger volumes. The results from the adiabatic reactor

should be compared with the ones from the isoperibolic hot stor-
age and can also be used also as validating parameter.

Aim of the research in the framework

of the funding programme:

The aim of the project is the development of measures of fire pre-
vention in biomass storage devices. In this way, the energetic uti-
lization of the biomass would be secured. Furthermore, the use of
non renewable fuel to bypass the production downtime due to
the fire would be avoided. Finally, the prevention of emissions to
the atmosphere due the uncontrolled combustion would be guar-
anteed (according to our estimations, avoidance of this kind of
accidents could prevent up to 355.000 tons CO, to be released in
Germany, with an associated economical save of about 8,9 mill.
euro per year).

The application of the results to the practice follows in a manual,
which should be published.

In this manual clear instructions should be found, with the help

of whom:

+ the determination of reliable pile dimensions;

+ the determination of reliable storage periods;

+ the elaboration of fire prevention measures, as for example
the determination of safety alleys, provision of extinguishing
water or alarm systems.

Could be realized, in order to minimize the potential dangerous-

ness of a fire during the storage of biogenic solid materials.
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