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ABSTRACT: Given the importance of biomass as a source of power generation and the often dispersed location of 
suitable feedstock material, small-scale biomass plants have become a very promising field of research. For load 
demands of 5-50kWe, a flexible and easily operated biomass unit would provide a viable source of energy for areas 
where grid connection is either expensive or prone to disconnection. 
This paper describes conversion and generation technology for current micro-scale biomass plant designs. Most 
applications handle either wet or dry biomass, but since both feedstocks are often available, this paper suggests a 
combination of thermochemical and supplemental biochemical conversions to create considerable amounts of fuel 
and hence electrical capacity. 
Discussing the generation part of current plants, a tendency towards using combustion-based technology has been 
found, while microturbines can provide usable exhaust heat streams and offer better maintenance and operation 
flexibility. This paper ranks power generation technologies used in current biomass plants in terms of efficiency and 
flexibility as well as maintenance and economic aspects. 
For remote locations without the opportunity of a secure grid connection, the proposed plant design demonstrates a 
very promising way of supplying future energy needs in terms of both electrical and thermal energy. 
Keywords: micro-scale applications, decentralised electricity generation, stand-alone-systems 
 

 
1 INTRODUCTION 
 

The chemical energy amount stored in terrestrial 
biomass has been estimated to 25.000EJ. Given the 
respective 2002 annual world primary energy 
consumption of 450EJ, it becomes obvious that biomass 
is an interesting option to supply future energy demands 
[1]. Although not all biomass can and will ever be used to 
produce energy, only a small fraction of it can provide a 
substantial supply of energy to the world. In addition to 
being renewable and carbon-dioxide-neutral, biomass is 
comparably easy to convert and to handle and therefore 
not only UK and European long-term goals see biomass 
as one of the main factors of future renewable energy 
generation [2]. 

Due to its dispersed location and comparably low 
energy density, biomass should best be converted locally. 
It is thus of high interest to design micro- or small-scale 
plants, to be installed directly in locations with high 
amounts of biomass feedstock. Ideally, those plants can 
be used to supply remote customers with energy 
independent of the grid, which can result in substantial 
savings when taking transmission losses and grid 
infrastructure costs into the calculation. However, the 
issue of supplying highly transient and fluctuating load 
levels is critical, especially when no or only weak grid 
connections are available. 

In this paper, current biomass conversion and 
generation technology have been discussed with an 
emphasis on the applicability to micro-scale plants. 
Finally, a combined plant design which is able to cope 
with the issues mentioned is suggested.  
 
 
2 CONVERSION TECHNOLOGIES 
 

Conversion technologies are employed to produce 
intermediate energy carriers in both liquid and gaseous 
form from raw biomass feedstock. The fuel’s chemically 
stored energy can then be released and transformed into 
heat and/or electrical power using generation 

technologies. Depending on the moisture content of 
biomass feedstock, either thermochemical or biochemical 
conversion technologies can be employed, the first being 
more suitable for dry feedstock, whereas the latter is 
better for wet feedstock.  
 
2.1 Thermochemical Conversion 

Main thermochemical conversion technologies 
include the high-temperature partial oxidation of 
feedstock, a process called gasification, as well as the 
lower-temperature breaking of biomass macromolecules 
into smaller molecules in the absence of air, called 
pyrolysis. Additionally, liquefaction as a low-temperature 
high-pressure process to convert biomass is included in 
this category.  
 
2.1.1 Gasification 

Gasification is the partial oxidation of solid biomass 
particles into a producer gas mainly consisting of CO, H2, 
CH4 and CO2 [3]. Due to the substochiometrical amount 
of oxygen used in gasification, it can be compared to 
incomplete combustion. Depending on the oxidation 
agent, different producer gas calorific value (cv) ranges 
can be achieved: using air as a gasification agent results 
in the lowest cv of around 5MJ/Nm3, whereas the use of 
pure oxygen or steam result in higher cv levels of 10-
12MJ/Nm3 and 15-20MJ/Nm3, respectively1 [3, 5]. 
Temperature ranges for gasification vary, but are rather 
high with around 700-1000°C [6-10]. In general, three 
main gasification steps are involved: First the particle 
drying process where all water is evaporated from the 
biomass material. This is followed by the pyrolysis 
process where the material is broken up into volatiles and 
a char residue. Finally, in the oxidation zone of the 
reactor, the volatiles, a mixture of different organic and 
anorganic compounds, are oxidised by the gasification 
agent and part of the char is reduced from carbon dioxide 
and water into hydrogen and carbon monoxide [11]. 

                                                             
1 Compared to those values, the cv of natural gas is still 
significantly higher: around 44MJ/Nm3 [4]. 
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Biomass particle size ranges vary, but in general are 
from around 5cm down to a few mm; the feedstock 
should preferably be dry due to the heat needed to 
vaporise the water within the particle, however maximum 
moisture contents of up to 30-50% were mentioned as 
suitable [11]. Most gasifiers, especially for larger scale 
units, are designed and set up for steady state production 
and, although the feedstock input flow can be varied, will 
result in a rather steady throughput and hence producer 
gas output. Startup times for smaller plants of around 10-
20min were reported [12, 13], so gasification technology 
seems to be well-suited for base load applications and a 
continuous gas output. Also, by using gas storage 
facilities, a very flexible energy supply system can be 
designed. 

Due to producing a comparably low-calorific gas, 
pressurised storage of the producer gas seems to be a 
promising alternative to storing large amounts of 
uncompressed gas. Thus a producer gas compression unit 
preceding the gas storage is necessary. An alternative is 
to employ a pressurised reactor. Pressure ranges of 3-
10bar have been reported [14, 15], and the advantage of 
the latter design is that only the gasification agent needs 
to be compressed, whereas in the original design a far 
higher volume of producer gas must be compressed and 
thus a significant amount of energy input is needed [2, 5, 
16]. However, the cost impacts of using pressurised 
reactor equipment strongly limit the utilisability of such 
designs.  

A broad range of gasification reactor designs has 
been discussed in literature, and three main categories 
can be divided, differentiated by the velocity of the 
gasification agent in relation to the biomass particles: 
fixed-bed reactors, fluidised bed reactors and entrained 
flow reactors (e.g. [3, 5, 11]).  

In Fixed-bed Reactors, the gasification agent velocity 
is rather low, thus it steadily flows through the biomass 
particles. This reactor design is comparably simple and 
cost-competitive and thus is the preferred option for 
small scale applications. Varying particle sizes as well as 
varying feedstock quality can be handled so this design is 
a very interesting option for small scale applications. 
Two options exist: the design which employs the same 
flow direction for biomass particles and the gasification 
agent (co-current or downdraft), whereas the alternative 
employs the counter-current or updraft flow principle, i.e. 
biomass particles flowing from top to bottom whereas the 
gasification agent flows from bottom to top. 

The advantages and disadvantages of the co-current 
design include: 

• relatively clean producer gas due to exiting at the 
reactor bottom directly after conversion of biomass 

• high temperature of exiting gas (around 700°C) 
• lower mixing intensity resulting in the problem of 

clogging of biomass particles due to co-current flow, 
thus higher requirements regarding equal feeding of 
the particles 
The advantages and disadvantages of the counter-

current design include: 
• intensive mixing of particles and agent due to 

counter-current flow, resulting in higher conversion 
rates 

• high heat transmission levels from the hot producer 
gas to the entering biomass particles, thus drying 
effect of the entering biomass 

• relatively cold exiting gas due to the heat 
transmission 

• high amounts of tar in exiting gas due to contact with 
biomass material entering the system 
In general, the co-current design is more interesting 

for micro-scale applications, and sophisticated gas 
cleaning equipment can be avoided. 

Compared to fixed-bed reactors, Fluidised-bed 
Reactors employ a higher gasification agent velocity and 
a bed consisting of particles and inert bed material such 
as sand. The advantages are higher conversion rates due 
to the better mixing of agent and biomass and better heat 
transmission from the bed material to the biomass 
feedstock. However, this design necessitates cyclones to 
separate bed material and unconverted particles from the 
exiting producer gas system and loops to re-cycle the bed 
material into the reactor and thus is only viable for large 
scale units of greater than 1MW. 

Entrained flow Reactors employ an even higher 
gasification agent velocity and result in an evenly 
distributed particle/gasification agent stream within the 
reactor. They result in the highest mixing rates of 
particles and agent and therefore in very high conversion 
rates. However, their need to have a high velocity results 
in rather large designs to ensure long retention times to 
convert the biomass. The need to accelerate the 
gasification agent results in higher energy inputs when 
compared to fixed-bed reactors. 

When considering plant sizes, it has been mentioned 
in numerous reports that a throughput of around 1kg/hr of 
biomass feedstock can be converted into a gas volume 
suitable to generate 1kWe output [7, 15, 17-20]. 
 
2.1.2 Pyrolysis 

Pyrolysis is the conversion of solid or liquid biomass 
into a mixture of liquid, gaseous and solid intermediate 
fuels in the absence of air [10]. Therefore, pyrolysis can 
be seen as either incomplete gasification or one step of 
the gasification process described above. When biomass 
particles are pyrolysed, the water amount is vaporised 
and then the particle is broken up into char and a volatile 
compound. This volatile portion is then partly cracked 
into gaseous side-products. The main product of 
pyrolysis is the liquid phase, called bio-oil, a mixture of a 
complex range of organic and inorganic compounds 
diluted in a high amount of water. 

Temperature levels for pyrolysis are significantly 
lower than gasification temperatures and vary around 
300-500°C [5, 21-24]. The heat necessary to pyrolyse the 
feedstock needs to be supplied without introducing 
oxygen into the reactor, so most pyrolysis processes burn 
the char residue externally and employ heat exchangers 
to heat the reactor [25-28]. Alternative designs include a 
combustion area within the pyrolyser where combustion 
air is introduced and the char is combusted [29, 30]. 

One of the main advantages of pyrolysis is the 
possibility of varying the ratio of the three product 
categories by varying process parameters. The gaseous 
phase yield can be increased by high temperatures and 
long residence times to intensify cracking processes, 
whereas moderate temperatures and short residence times 
result in a higher amount of bio-oil by preventing oil 
cracking. Low temperatures and long residence times 
predominantly result in char residues. Given those 
variations, three different pyrolysis processes are 
classified in literature (e.g. [5, 24, 31, 32]): conventional 
pyrolysis or carbonisation with low heating rates and 
temperatures, resulting in higher particle retention times 
of up to several minutes and char as the main product; 
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rapid and fast pyrolysis with medium to high 
temperatures and high heating rates resulting in shorter 
retention times of several seconds; and finally flash 
pyrolysis with very high temperatures and heating rates 
resulting in very short retention times. However, high 
heating rates correspond with the need for smaller and 
very uniform feedstock particles to facilitate rapid 
heating, an effect resulting in very high feedstock 
prerequisites and thus pre-processing costs.  

So far, a broad range of designs have been introduced 
for both large and small scale applications. Rapid, fast 
and flash pyrolysis seem more viable for larger scale 
units due to the high heating rates necessary and the more 
intensive particle pretreatment, and due to the 
comparably low gas and oil yields of conventional 
pyrolysis, only few commercial applications have been 
found [18, 22, 23]. Another obstacle of pyrolysis is the 
water dilution of the bio-oil and its corrosivity due to the 
broad range of organic and inorganic compounds solved. 
Thus the application of bio-oil for electricity generation 
technology seems rather difficult [33] and gasification is 
the preferred option. 
 
2.1.3 Liquefaction 

Whereas gasification and pyrolysis mainly produce 
the intermediate fuel with endothermic chemical 
reactions and require a certain temperature level, 
liquefaction tries to cleave the large biomass feedstock 
macromolecules by applying high pressure and only low 
levels of heat. Common process parameters are 
temperatures of around 200-400°C and pressure ranges of 
50-200bar [10, 34, 35]. The main products of liquefaction 
evidently are liquid fuels with a similar consistency of 
pyrolysis bio-oil. However, oil yields are lower than for 
pyrolysis processes, and given the very high pressures of 
the liquefaction reactor and associated equipment, there 
are only a few examples of commercially available 
liquefaction processes. Thus liquefaction is in the earliest 
stage of development anddoes not seem viable for small 
applications [10, 35]. 
 
2.1.4 Thermochemical Conversion Technology Ranking 

The following table summarises the findings of the 
preceding investigations and ranks the applicability of the 
different thermochemical conversion technologies. 
Assessments vary from ‘---‘ for ‘very poor’ to ‘+++’ for 
‘very good’. 
 
Table I: Ranking of thermochemical conversion 
technologies 
 
  Gasification Pyrolysis Liquefaction 
conversion level +++ ++ ++ 
simplicity ++ ++ --- 
plant cost ++ ++ --- 
conversion time + + + 
applicability to scale +++ ++ -- 
 

From this it can be concluded that gasification shows 
strong indications to be best-suited for thermochemical 
micro-scale applications. 
 
2.2 Biochemical Conversion 

Highly water-diluted biomass such as sludge, 
manures or vegetable waste can hardly be treated 
economically in thermochemical conversion reactors due 
to the energy input necessary to heat the feedstock to the 

temperature needed for the conversion and to vaporise 
the water. For feedstock with significantly more than 
50% moisture content, it is normally not viable to apply 
thermochemical conversion technologies. Alternatively, 
biochemical treatment at comparatively low temperatures 
becomes a more economic solution. The two main 
processes are anaerobic digestion (AD), where biomass is 
converted by bacteria, and fermentation, using yeasts to 
convert biomass. While AD is the standard solution for 
treating very high dilution levels, fermentation can also 
be applied to biomass containing lower amounts of water. 
 
2.2.1 Anaerobic Digestion 

Anaerobic digestion as the bacteria-driven conversion 
of biomass to biogas in the absence of oxygen results in 
depletion of the biomass’ oxygen content for the 
metabolisms [36]. To achieve this, biomass is filled into a 
reactor and kept at the respective temperature level 
needed by the bacteria present. Three different bacteria 
strains can be categorised, resulting in three main 
temperature ranges of AD processes: psychrophilic 
(~15°C), mesophilic (~35°C) and thermophilic (~55°C) 
[37, 38].  

The digestion reactor feedstock is normally fed step-
wise (plug-flow) or continuously (steady-flow), and gas 
production is enhanced by mixing or stirring. Biomass 
retention times of 10-20days are common, however part 
of the volume is replaced by new feedstock in intervals 
[36]. All three AD temperature levels are comparably low 
and therefore easier to provide, for example by using 
exhaust heat from generation or other plant processes. In 
addition, AD plants can cover a wide range of scales as 
well as feedstock: practically all livestock slurry as well 
as organic farm wastes and even cellulose-containing 
material can be treated in AD plants to produce biogas, 
and by-products of AD are settled fibre usable for soil 
conditioning and liquid fertilizer which can be used on 
the farm without additional treatment [33, 36, 39].  

In general, around 30-60% of the digestible material 
is converted into biogas, a mixture of around 45-75% of 
CH4 and the remainder of CO2. The feedstock utilisation 
rate depends on the temperature of the reactor: 
thermophilic reactors in general provide the highest 
biogas yields, whereas psychrophilic reactors are seen as 
less promising [40]. Despite this, most commercial farm 
digesters are mesophilic reactors because they seem to be 
more stable than their thermophilic counterparts [41, 42].  

When considering plant sizes, it has been mentioned 
in literature that a methane yield of around 1m3 per m3 of 
reactor volume per day can be achieved when using 
common technology such as stirring reactors. For typical 
livestock dairy management, around 100l of sludge per 
head can be expected [41, 43], and it can be calculated 
that seven cows produce the equivalent of biogas to 
operate an engine of 1kWe power [39, 41, 44]. 
 
2.2.2 Fermentation 

Fermentation processes convert biomass into Ethanol 
(EtOH) and consist of two consecutive steps: first, 
biomass starch is converted to sugars using enzymes, 
afterwards the sugars are fermented to EtOH using 
yeasts. The solid residues of fermentation, which still 
contain considerable amounts of biomass, can then be 
used for combustion or gasification. The water-diluted 
alcohol, containing around 10-15% EtOH, needs to be 
distilled to higher concentrations before being usable as 
fuel [10]. Typically, sugar cane and sugar beet are used 
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for fermentation. Wood and plant wastes can 
theoretically also be fermented, although present 
technology is still in the prototype phase [10, 45, 46]. 

EtOH as the final fermentation product allows easier 
handling and storage when compared to gases, but due to 
the intensive feedstock pre-treatment, the necessary 
temperatures and the diluted intermediate product, the 
fermentation process is more complex than anaerobic 
digestion. Furthermore, methane as the main product of 
AD is rated as the ideal fuel because it is a comparatively 
clean fuel and a broad range of methane-based engines 
for heat and electricity generation are available [36]. 
Thus, despite the given advantages of storage and 
transport, fermentation processes are in general less 
suitable for micro-scale energy production than gas 
producing technologies. 

 
2.2.3 Biochemical Conversion Technology Ranking 

As for the thermochemical conversion technologies, a 
ranking of the applicability of biochemical conversion 
technologies for small scales is shown in Table II. Again, 
assessments vary from ‘---‘ for ‘very poor’ to ‘+++’ for 
‘very good’. 

As a result, AD seems more promising and viable for 
micro-scale applications, especially due to its simplicity 
and lower plant cost. 
 
Table II: Ranking of biochemical conversion 
technologies 
 
  AD Fermentation 
conversion level ++ ++ 
simplicity +++ --- 
plant cost +++ -- 
conversion time + ++ 
applicability to scale +++ - 
 
 
3 GENERATION TECHNOLOGIES 
 

A biomass-driven generation plant can supply 
electricity and/or heat, the latter normally in the form of 
hot water of around 70-90°C. Alternatively, heat can be 
supplied in the form of steam or hot exhaust gas, or it can 
be applied to the processes e.g. for drying or preheating. 
Thus more intermediate fuel can be produced and stored 
to enhance the total process efficiency. 

This chapter covers the main ways of converting the 
fuel into electrical energy: the first part describes heat-
driven applications running on raw biomass feedstock, 
and the second part describes technology based on the 
use of liquid and gaseous fuels. 
 
3.1 Heat-Driven Generation 

Heat-driven generators produce shaft motion by using 
raw biomass feedstock and thus do not employ any 
conversion technologies. The feedstock is directly 
converted into heat by combustion, a process that 
generates temperatures of around 800-1000°C [10]. This 
heat is then used to run the engine. In general, 
combustion processes are very simple to set up, however 
they suffer from relatively low efficiencies of around 10-
25% [47, 48]. The process is inherently slow and needs 
significant time to respond. Two main technologies 
running on combustion heat have been widely 
acknowledged in literature: Stirling engines and 
Externally Fired Microturbines. 

 
3.1.1 Stirling Engines 

Stirling engines are designed to use a cycle of heating 
and cooling a working gas; the gas is compressed, heated 
and expanded and then it is cooled. Due to the expansion 
it produces work at a piston. The net work produced is 
thus the piston work minus the work needed to compress 
the gas. A generator unit then converts the piston motion 
into electricity. Exhaust heat can be used for hot water in 
combined heat and power (CHP) applications using heat 
exchangers. Similarly, heat exchangers are also employed 
to transmit the combustion heat to the gas in the heating 
zone and to cool the gas in the cooling zone. [49] 

In general, the working gas used in stirling engines is 
helium or hydrogen [49, 50], or compressed air due to its 
better availability [51]. The output power of stirling 
engines depends on the working gas pressure and on the 
temperature difference between the hot and cold zone 
[50, 52]. 

A number of stirling engines have been designed, 
tested and applied [17, 50, 51, 53-56]. However, their 
electrical efficiency has been rated as rather low and in 
the range of 20-25% [51, 52, 57, 58]. Also, since they are 
based on a continuous combustion process, most stirling 
engines are designed for steady state operation in base-
load and heat-driven operation [59]. Part-load operation 
seems difficult and results in significantly lower 
efficiencies [60].  

One of the main advantages of stirling engines is 
their fuel flexibility. All biomass suitable for combustion 
can be used to generate heat. Given the large range of 
commercial combustion grate and furnace technology, 
basically all feedstock is suitable. Since they use indirect 
heating, dirty feedstock can be used because apart from 
heat exchanger issues, tars are not an operation constraint 
due to having no direct engine contact. Additionally, 
most stirling engines can continuously run for long 
periods of time because their moving parts do not come 
in direct contact with the fuel. Operation cycles of 8,000-
10,000hrs are common [17, 55], so the engines are well-
suited for remote locations with a constant need of 
electricity, however, they are still regarded as less mature 
than other generation technology [33]. 
 
3.1.2 Externally Fired Microturbines 

Microturbines are gas turbines for a power range of 
less than 500kWe. Although most turbines employ 
combustion chambers and expand the combustion air to 
generate shaft motion, some designs use heat exchanger 
technology similar to the stirling heat exchangers to heat 
the turbine working gas. In this case, the process is called 
Externally Fired Gas Turbine (EFGT) and the engine can 
be operated based on all combustion fuels, similar to the 
stirling technology. 

In EFGT applications, biomass feedstock combustion 
provides the heat to be transmitted to compressed air used 
in the turbine. A high temperature heat exchanger, fired 
by a combustion furnace or grate, is employed to heat 
precompressed air. This hot air is then continuously 
expanded in the turbine and a generator, mounted on the 
turbine shaft, generates power. The expanded hot air at 
the turbine outlet can be used in CHP applications or 
within the process [61]. 

Due to material constraints and limits, the heat 
exchanger temperature limit is around 900-1100°C. 
Therefore the temperature limit of the compressed hot air 
to be expanded in the turbine is around 800-900°C [61-
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63]. Compared to a common combustion chamber-fired 
microturbine which directly uses the combustion flue gas 
of 900-1100°C, a lower level of work and thus efficiency 
can be achieved. Levels of 20-25% were reported for the 
comparably low number of EFGT plants in operation 
[58]. 

When considering load flexibility, a test study 
revealed that although fast load changes can be applied 
by using a heat exchanger air bypass valve to rapidly 
lower the temperature of the working air volume, this 
results in very poor part-load efficiencies. Instead, 
variable speed operation caused by adjusting the amount 
of air being expanded in the turbine has been found as the 
best operation mode under part-load [64]. However, it 
has been mentioned that due to the steady combustion 
process being uncoupled from the turbine operation, the 
externally fired gas turbine is less able to cope with fast 
load changes [65]. Finally, the high temperature heat 
exchanger requires special materials due to the high 
temperature differences on both sides of the exchanger 
surface as well as corrosive combustion flue gases [66].  
 
3.2 Fuel-Driven Generation 

In contrast to the combustion-heat based generation 
engines, both microturbines and reciprocating engines 
can directly run on biogas, producer gas or liquid fuels 
such as ethanol or bio-oil. There are, however, significant 
difficulties when running microturbines on bio-oil due to 
the corrosivity of the fuel [33].  
 
3.2.1 Microturbines 

Microturbines (MT) are small, predominantly 
aeroderivative turbines using a comparably simple design 
and a generator directly mounted on the turbine shaft [67, 
68]. Air is compressed, heated and then expanded in the 
turbine to produce motion. A recuperator can be used to 
preheat the compressed air with the exhaust gas heat 
before entering the combustion chamber. This increases 
the turbine efficiency by around 5%, however the turbine 
exhaust gas temperature is lowered from around 600°C in 
simple cycles to around 300°C in recuperative cycles and 
there is a significant cost impact [58, 69-71].  

A number of suppliers have designed turbines down 
to 30kWe [67, 68, 72, 73], in both CHP and power-only 
applications. The further design provides hot water of 
around 70-90°C, whereas the latter provide an exhaust 
gas stream of high temperature. 

One of the advantages of microturbines over internal 
combustion engines is their high exhaust gas temperature 
and therefore the possibility to use this heat within the 
process [7, 58]. Microturbines can also be run on fuels 
with varying calorific values, and special designs for 
compressed low-calorific biogas or producer gas are 
available [74, 75].  

Another major advantage is their low maintenance 
need. Microturbines use air bearings and single shaft 
technology, and together with a smooth rotation of the 
turbine, very long maintenance cycles of up to 10,000-
15,000hrs of continuous operation can be achieved [67, 
73, 76-78].  

Finally, due to their constant combustion, emission 
levels are far below those of reciprocating engines [79-
81], and given their price range of around 1000-
1900€/kWe [69, 74, 82] they are a promising alternative 
to reciprocating engines. 

In terms of fuel efficiency, microturbines employing 
recuperative cycles result in efficiencies of around 25-

35%, which is around 5% less than reciprocating engines 
[7, 58, 83], and they have a comparably robust efficiency 
behaviour under part-load, albeit also slightly below that 
of reciprocating engines [77, 79, 83, 84] 

Microturbines can be operated comparably easily: by 
regulating the amount of fuel and/or air input, the power 
output can be adjusted. Two operation modes have been 
discussed in literature: constant speed/variable 
temperature mode, where the air mass flow is kept steady 
and the combustion temperature is regulated, and variable 
speed/constant temperature mode, where the air mass 
flow is adjusted, but the combustion temperature is kept 
steady. A number of tests have shown that the variable 
speed mode achieves significantly better part-load 
efficiencies [79, 83, 85], so although a more advanced 
alternator is needed due to the varying revolution speed, 
variable speed operation can be applied to better 
accommodate rapid and frequent load changes.  

A number of tests were performed to investigate the 
transient behaviour of microturbines [70, 71, 86]. A 
microturbine can be started within around 5min from 
cold start and around 2min from warm start, and after 
around 1min the electricity supply begins. Shutdowns of 
the turbine result in a stop of power export after around 
30s.  

When applying load changes, ramping times of 
around 15-20s between two power output levels were 
achieved in grid-connected mode, and slightly better 
results have been found for stand-alone tests by using on-
board batteries to immediately cover the transient period 
and to provide the startup power.  

As a summary, microturbines are considered suitable 
for single power source microgrids being able to cope 
with fluctuating loads. 
 
3.2.2 Gas Engines and Internal Combustion Engines 

Gas engines can be defined as Internal Combustion 
Engines (ICE) running on gases such as natural gas, 
producer gas or biogas. Most gas engines are spark 
ignition engines, whereas ICE can be either compression 
ignition or spark ignition engines, however, most ICE can 
also be converted to run on gas. 

Gas engines and ICE have been in commercial 
operation for decades, in units ranging from a few kWe 
up to several MWe, and with price ranges of around 500-
1000€/kWe [45, 77, 82, 87, 88]. Gas engines are 
described as robust against fuel quality changes [89], 
however their exhaust gas temperature is rather low with 
around 80-100°C [7, 82], which makes further usage of it 
difficult. 

Gas engine efficiency lies in the range of 30-40% [7, 
57, 58, 82] with a decrease under part-load operation 
similar to microturbines [90]. 

One problem in using bio-derived fuels is that, due to 
that H2S as a by-product of AD is highly soluble in oil 
lubricants, frequent lubrication changes are necessary and 
maintenance cycles (oil and filter changes) can be as 
frequent as every 500hrs [16, 20, 77, 78, 91]. This effect 
highly reduces the applicability of those engines in rural 
and remote areas, especially when they are intended to 
run as the single generation unit and no skilled personnel 
is at hand [16, 78].  

Finally, reciprocating engine emission levels, 
especially in terms of CO and NOx, are significantly 
higher than those of other generators. Differences of up 
to an order of magnitude were reported [80, 81, 84], and 
especially when running on biomass fuels, it has to be 
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taken into consideration whether high amounts of 
emissions from reciprocating engines are acceptable. 

In terms of flexibility of operation, reciprocating 
engines again perform better than other generation 
technologies. Reasonable load changes can be adopted 
very quickly, and the suitability for fluctuating loads is 
high, hence they were the standard solution for 
emergency gensets. However, microturbines with battery 
packs are increasingly replacing diesel emergency 
gensets due to their better maintenance behaviour [72, 73, 
78]. 
 
3.3 Generation Technology Ranking 

The following table summarises the technical and 
operational behavior of the generation technologies 
discussed earlier and ranks them based on their 
applicability for the desired micro-scale applications. 
Again, assessments vary from ‘---‘ for ‘very poor’ to 
‘+++’ for ‘very good’. 
 
Table III: Ranking of generation technologies 
 
  Stirling EFGT MT ICE 
full efficiency -- -- + +++ 
part efficiency -- -- + +++ 
load flexibility - - ++ ++ 
investment cost --- -- - +++ 
maintenance ++ ++ +++ --- 
emissions ++ ++ +++ --- 
development level + ++ ++ +++ 
 

It is concluded that, despite their higher investment 
cost, microturbines seem a better alternative for 
providing energy to remote customers, especially in 
remote areas where maintenance and operation ease are 
of key importance. Additionally, the comparably high 
load flexibility of microturbines should provide strong 
incentives, and when the market for microturbines starts 
to maturise, decreasing price differences between 
microturbines and ICEs can be expected, which will 
further promote the employment of this technology. 
 
 
4 COMBINED PLANT DESIGN PROPOSAL 
 

From the above, it can be concluded that gasification 
and anaerobic digestion seem probable for the intended 
scale of 5-50kWe. When considering remote farms as a 
major target group, they can provide considerable 
amounts of organic waste which can be used as biomass 
feedstock.  

Given that a farm typically has both livestock 
management and plant cultivation, both wet and dry 
biomass will be available. Thus it will be worth 
examining ways to use both feedstocks by combining 
thermochemical and biochemical treatment.  

A plant consisting of a co-current fixed-bed gasifier 
and a thermophilic anaerobic digester is considered to be 
the best solution to provide both efficient waste 
management systems and the production of considerable 
amounts of biogas and producer gas. This fuel can then 
be used in a microturbine to provide both electricity and 
heat. It also offers the advantages of long maintenance 
cycles and good response to load changes. Lastly, a 
microturbine can be operated autonomously by remote or 
preset control and thus the absence of skilled personnel 
on site will not be an issue. 

The proposed plant will be required to 
instantaneously cover the electrical load demand of the 
customer, which will consist of electricity needs for farm 
houses and adjacent buildings. As a result, a highly 
transient and fluctuating load demand curve is expected.  

Existing plants are designed to operate as base load 
applications, and the grid connection is used to import 
any extra energy used. Common stand-alone or island 
applications employ batteries to instantly cover the load 
change and to allow sufficient time to change the 
generation output of the engine. However, batteries as 
well as other electricity storages result in maintenance 
efforts and losses.  

Instead of trying to mirror the load demand with the 
generation output and covering the transition interval 
with electricity storage, our proposed plant will be 
designed to run on a comparably steady load. This 
normally results in a surplus of electricity generation, so 
an electricity sink in the form of an electric feedstock 
heater will be activated. This will result in better 
conversion efficiencies due to drier feedstock, and thus 
more intermediate fuel gas will be produced. This gas can 
then be stored more efficiently than the electricity 
surplus.  

In terms of the customer heat demands, it has been 
found that in general they are significantly lower than the 
process heat output from the unit. Unfortunately, times of 
high electricity demand do not always cohere with times 
of high heat demand and thus not all heat can be used by 
the customer. Therefore, the proposal aims for a high 
level of internal usage of the process heat. 

Figure 1 shows a flow chart of the desired plant, and 
the main parts are described in the following sections.  
 
 

 
 Figure 1: Combined Plant Design Flowchart 
 
 
4.1 Generation unit (Microturbine) 

The generator is a microturbine compressing air of 
ambient temperature. A heat exchanger will be employed 
to use the thermal energy of the producer gas and to 
preheat the compressed air before it enters the 
combustion chamber. There, air and fuel gas released 
from the storage system will be mixed and burnt. Since a 
pressurised gas storage is used, the fuel gas does not need 
to be compressed before it enters the combustion 
chamber. The high turbine exhaust gas temperature will 
be used within the gasification unit as described below.  

The turbine will be in the size of 30-50kWe and it 
will be operated on variable speed mode between half- 
and full load. As mentioned earlier, the time interval 

16th European Biomass Conference & Exhibition, 2-6 June 2008, Valencia, Spain

1473



needed to change the turbine speed and thus the electrical 
output is in the range of several seconds. The turbine 
operation will be comparably steady, and load steps 
following the time of day will be used in a way that it is 
always secured that the turbine produces at least the load 
demanded by the customer.  

The gas needed to run the turbine will be a mixture of 
producer gas and biogas, as shown in figure 1. This 
results in a higher calorific value compared to running the 
turbine on producer gas alone, and the two gases can be 
stored in the same storage system. Turbine operation on 
varying calorific values has been proven to be possible 
and stable, so variations in the ratio of biogas and 
producer gas should not be a critical topic. 

 
4.2 Gasification unit 

A simple fixed bed co-current gasifier is used to 
process crop wood and other suitable dry farm waste to 
generate producer gas. After being shredded to the right 
particle size, the feedstock stream will be dried in the 
wood dryer, further using the heat of exiting producer 
gas.  

The co-current reactor design has been proven to be 
usable with varying biomass feedstock moisture contents, 
so the unsteady activation of the electric heater will 
positively affect the gasification yield without 
detrimentally affecting its steady-state operation in times 
of high electricity demand. Part of the dried biomass 
feedstock and unconverted biomass char can be burnt in 
the combustion chamber to provide sufficient heat levels 
for a continuous high temperature gasification agent 
stream. The hot producer gas will then be used to preheat 
the compressed turbine air, followed by drying the 
biomass feedstock in the wood dryer. After those two 
heating cycles, the producer gas will have a relatively 
low temperature, however it can still provide sufficient 
heat for the digestion unit. 

 
4.3 Anaerobic Digestion unit 

The anaerobic digestion unit of the plant will process 
highly diluted farm waste such as manure or food and 
vegetable waste. A simple plug-flow or steady-flow 
thermophilic digester design will be employed to ensure 
low design cost and the highest gas yields for the 
comparably uniform feedstock flow.  

The sizes of the anaerobic digestion and gasification 
reactors will be chosen depending on the amount of 
livestock and suitable dry feedstock material available on 
site. It must be of a suitable size such that enough biogas 
and producer gas are produced to continuously be able to 
meet the customer power demand. 

 
4.4 Gas storage system 

The gas storage system will play a key role within the 
plant. It will be the main energy storage system and will 
be sufficient in size to be able to completely cover the 
peak load demand.  

Both the biogas and the producer gas are compressed 
to a pressure level sufficient to be able to operate the 
microturbine on the gas mixture. Both gases are stored in 
one pressurised tank. This enables a mixing of the two 
gas streams and thus results in a more balanced calorific 
value of the gas mixture.  
 
 

5 CONCLUSION AND OUTLINE OF FUTURE 
WORK 

 
For a micro-scale biomass unit, a fixed-bed 

gasification reactor coupled with simple anaerobic 
digestion tanks offers a viable combined plant solution. 
In terms of generation equipment, microturbines show 
many advantages over conventional internal combustion 
engines with regards to maintenance and flexibility. 

The plant design described in this paper is able to 
autonomously cover the electrical demand of a remote 
customer providing sufficient amounts of biomass waste. 
A design consisting of both wet and dry feedstock 
processing and a flexibly-running microturbine can 
support or even replace a weak grid connection. Although 
the project of developing such a plant is still in an early 
stage, it is a very promising alternative for rural areas. 

 
 

6 REFERENCES 
 
1. Boyle, G., Renewable energy: Power for a 

Sustainable Future. 2nd ed. ed. 2004, Oxford: Oxford 
University Press. xi, 452 p. 

2. Arbon, I.M., Worldwide use of biomass in power 
generation and combined heat and power schemes. 
Proceedings of the Institution of Mechanical 
Engineers, Part A: Journal of Power and Energy, 
2002. 216(1): p. 41-58. 

3. McKendry, P., Energy production from biomass (part 
3): Gasification technologies. Bioresource 
Technology, 2002. 83(1): p. 55-63. 

4. Stahl, K., Neergaard, M., and Nieminen, J., 
Vaernamo Demonstration Programme - Final 
Report, in 1st World Conference on Biomass for 
Energy and Industry. 2001, James & James (Science 
Publishers) Ltd.: Sevilla, Spain. p. 730-736. 

5. Bridgwater, A.V., Renewable fuels and chemicals by 
thermal processing of biomass. Chemical 
Engineering Journal, 2003. 91(2-3): p. 87-102. 

6. Felsvang, K. and Salo, K., Small Scale Power 
Generation by Gasification, in 1st World Conference 
on Biomass for Energy and Industry. 2001, James & 
James (Science Publishers) Ltd.: Sevilla, Spain. p. 
839-842. 

7. Gallagher, G.J., Development of a Small-Scale 
Biomass CHP System, Report ETSU 
B/U1/00678/REP. 2002, Sustainable Energy Ltd. 

8. Garcia-Ibanez, P., et al., Biomass Circulating 
Fluidized Bed Gasifier: Development of a Pilot Plant 
for Orujillo Gasification, in 1st World Conference on 
Biomass for Energy and Industry. 2001, James & 
James (Science Publishers) Ltd.: Sevilla, Spain. p. 
1786-1788. 

9. Lv, P., et al., Biomass air-steam gasification in a 
fluidized bed to produce hydrogen-rich gas. Energy 
and Fuels, 2003. 17(3): p. 677-682. 

10. McKendry, P., Energy production from biomass (part 
2): Conversion technologies. Bioresource 
Technology, 2002. 83(1): p. 47-54. 

11. Osowski, S., Neumann, J., and Fahlenkamp, H., 
Nutzung biogener Festbrennstoffe in 
Vergasungsanlagen - Utilization of biogenic solids in 
gasifiers. Chemie-Ingenieur-Technik, 2004. 76(7): p. 
1004-1012. 

12. Martin, J., Bourgois, F., and Sintzoff, I., The SRC-
Gazel Project: Short Rotation Coppice Gasification 

16th European Biomass Conference & Exhibition, 2-6 June 2008, Valencia, Spain

1474



for Electricity Decentralised Peak Production, in 1st 
World Conference on Biomass for Energy and 
Industry. 2001, James & James (Science Publishers) 
Ltd.: Sevilla, Spain. p. 1947-1950. 

13. Garcia-Bacaicoa, P., Uson, C., and Bilbao, R., 
Downdraft Gasification of High Moisture Biomass, in 
1st World Conference on Biomass for Energy and 
Industry. 2001, James & James (Science Publishers) 
Ltd.: Sevilla, Spain. p. 1562-1565. 

14. de Jong, W., et al., Miscanthus Gasification in a 
Pressurised Fluidised Bed Gasifier, Hot Gas Cleanup 
and Product Gas Combustion in a Gas Turbine 
Combustor, in 1st World Conference on Biomass for 
Energy and Industry. 2001, James & James (Science 
Publishers) Ltd.: Sevilla, Spain. p. 1595-1598. 

15. Sridhar, H.V., et al., On the Operation of a High 
Pressure Biomass Gasifier with Gas Turbine, in 15th 
European Biomass Conference & Exhibition. 2007, 
ETA Renewable Energies, Florence: Berlin, 
Germany. p. 964-967. 

16. Krautkremer, B. and Mueller, J., Biogas-Powered 
Micro-Gas-Turbine First Results, in 14th European 
Biomass Conference. 2005, ETA Renewable 
Energies, Florence: Paris, France. p. 1581-1583. 

17. Biomass-Technology GmbH & Co. KG. Fuel in - 
Electricity and heat out! [Power System Design 
Brochure] 2007  [cited 23/11/2007]. 

18. BTG Biomass Technology Group b.v. Biomass 
gasification and Flash pyrolysis.  2007  [cited 
13/11/2007]; Company Profile - Process 
Description]. 

19. Giordano, P., Hasler, P., and Nussbaumer, T., Long 
Duration Test from the CHP Plant Xylowatt with 
Downdraft Gasifier, in 1st World Conference on 
Biomass for Energy and Industry. 2001, James & 
James (Science Publishers) Ltd.: Sevilla, Spain. p. 
1830-1833. 

20. Sridhar, G., et al., Green Electricity from Biomass 
Fuelled Producer Gas Engine, in 14th European 
Biomass Conference. 2005, ETA Renewable 
Energies, Florence: Paris, France. p. 1489-1492. 

21. Lappas, A.A., et al., Biomass pyrolysis in a 
circulating fluid bed reactor for the production of 
fuels and chemicals. Fuel, 2002. 81(16): p. 2087-
2095. 

22. Freel, B. and Graham, R., Commercial Bio-Oil 
Production via Rapid Thermal Processing. 2000, 
Ensyn Group Inc.: Boston. 

23. Dynamotive Energy Systems Corp. Fast pyrolysis 
process. [Process Description] 2007  [cited 
13/11/2007]. 

24. Demirbas, A. and Arin, G., An overview of biomass 
pyrolysis. Energy Sources, 2002. 24(5): p. 471-482. 

25. Wagenaar, B.M., et al., Scaling-Up of the Rotating 
Cone Technology for Biomass Fast Pyrolysis, in 1st 
World Conference on Biomass for Energy and 
Industry. 2001, James & James (Science Publishers) 
Ltd.: Sevilla, Spain. p. 1514-1518. 

26. Morris, K.W., Johnson, W.L., and Thamburaj, R., 
Fast Pyrolysis of Biomass for Green Power 
Generation, in 1st World Conference on Biomass for 
Energy and Industry. 2001, James & James (Science 
Publishers) Ltd.: Sevilla, Spain. p. 1519-1524. 

27. Maschio, G. and Puzone, M., The Pyrolysis of 
Biomass for Small Scale Energy Conversion, in 1st 
World Conference on Biomass for Energy and 

Industry. 2001, James & James (Science Publishers) 
Ltd.: Sevilla, Spain. p. 1939-1942. 

28. Fantozzi, F., D'Alessandro, B., and Desideri, U., 
Integrated Pyrolysis Regenerated Plant (IPRP): An 
efficient and scalable concept for gas turbine based 
energy conversion from biomass and waste. Journal 
of Engineering for Gas Turbines and Power, 2005. 
127(2): p. 348-357. 

29. Houben, M., de Lange, R., and Daey Ouwens, C., 
Low Tar Production by Pyrolysis Gas Recycling, in 
1st World Conference on Biomass for Energy and 
Industry. 2001, James & James (Science Publishers) 
Ltd.: Sevilla, Spain. p. 1618-1621. 

30. Boukis, I., Gyftopoulou, M.E., and Papamichael, I., 
Fast Pyrolysis of Biomass in a Circulating Fluidized 
Bed Reactor, in 1st World Conference on Biomass for 
Energy and Industry. 2001, James & James (Science 
Publishers) Ltd.: Sevilla, Spain. p. 1510-1513. 

31. Sjostrom, K. and Guanxing, C., Properties of char 
produced by rapid pressurized pyrolysis of peat. 
Industrial & Engineering Chemistry Research, 1990. 
29(5): p. 892-895. 

32. Luo, Z., Wang, S., and Cen, K., A model of wood 
flash pyrolysis in fluidized bed reactor. Renewable 
Energy, 2005. 30(3): p. 377-392. 

33. Chiaramonti, D., Oasmaa, A., and Solantausta, Y., 
Power generation using fast pyrolysis liquids from 
biomass. Renewable and Sustainable Energy 
Reviews, 2007. 11(6): p. 1056-1086. 

34. Qu, Y., Wei, X., and Zhong, C., Experimental study 
on the direct liquefaction of Cunninghamia 
lanceolata in water. Energy, 2003. 28(7): p. 597-606. 

35. Demirbas, A., Mechanisms of liquefaction and 
pyrolysis reactions of biomass. Energy Conversion 
and Management, 2000. 41(6): p. 633-646. 

36. Chynoweth, D.P., Owens, J.M., and Legrand, R., 
Renewable methane from anaerobic digestion of 
biomass. Renewable Energy, 2001. 22(1): p. 1-8. 

37. Connaughton, S., Collins, G., and O'Flaherty, V., 
Psychrophilic and mesophilic anaerobic digestion of 
brewery effluent: A comparative study. Water 
Research, 2006. 40(13): p. 2503-2510. 

38. Dagnall, S., UK strategy for centralised anaerobic 
digestion. Bioresource Technology, 1995. 52(3): p. 
275. 

39. Dagnall, S., Hill, J., and Pegg, D., Resource mapping 
and analysis of farm livestock manures - assessing 
the opportunities for biomass-to-energy schemes. 
Bioresource Technology, 2000. 71(3): p. 225-234. 

40. Lettinga, G., Rebac, S., and Zeeman, G., Challenge of 
psychrophilic anaerobic wastewater treatment. 
Trends in Biotechnology, 2001. 19(9): p. 363-370. 

41. Kramer, J.M. Agricultural Biogas Casebook : 2004 
Update.  2004  [cited 22/11/2007]. 

42. Sung, S. and Santha, H., Performance of 
temperature-phased anaerobic digestion (TPAD) 
system treating dairy cattle wastes. Water Research, 
2003. 37(7): p. 1628-1636. 

43. Schepp, C. Tinedale Farms Anaerobic Digestion - A 
Biomass Energy Project. [Final Report] 2002  [cited 
22/11/2007]. 

44. ADAS UK Ltd. and Silsoe Research Institute, 
Anaerobic Digestion in the UK: A Review of Current 
Practice, Report Number ETSU B/FW/00239/REP. 
1993. 

45. Balat, M., Biomass energy and biochemical 
conversion processing for fuels and chemicals. 

16th European Biomass Conference & Exhibition, 2-6 June 2008, Valencia, Spain

1475



Energy Sources, Part A: Recovery, Utilization and 
Environmental Effects, 2006. 28(6): p. 517-525. 

46. Jenner, M., Turning local biomass into new energy 
options. BioCycle, 2006. 47(9): p. 62-70. 

47. Fardy, P., Biomass today: A new beginning for an old 
resource? Refocus, 2002. 3(3): p. 52-57. 

48. Franco, A. and Giannini, N., Perspectives for the use 
of biomass as fuel in combined cycle power plants. 
International Journal of Thermal Sciences, 2005. 
44(2): p. 163-177. 

49. Lin, J.-C.M., Combination of a biomass fired updraft 
gasifier and a stirling engine for power production. 
Journal of Energy Resources Technology, 
Transactions of the ASME, 2007. 129(1): p. 66-70. 

50. Carlsen, H. and Bovin, J., Biofuel Stirling Engines for 
CHP, in 1st World Conference on Biomass for 
Energy and Industry. 2001, James & James (Science 
Publishers) Ltd.: Sevilla, Spain. p. 933-936. 

51. Podesser, E., Electricity production in rural villages 
with a biomass Stirling engine. Renewable Energy, 
1999. 16(1-4 pt 2): p. 1049-1052. 

52. Thorsen, J.E., Bovin, J., and Carlsen, H. 3 kW Stirling 
engine for power and heat production. in 
Proceedings of the 31st Intersociety Energy 
Conversion Engineering Conference, 1996. IECEC 
96. 1996. 

53. Hsieh, Y.C., Hsu, T.C., and Chiou, J.S., Integration 
of a free-piston Stirling engine and a moving grate 
incinerator. Renewable Energy, 2008. 33(1): p. 48-
54. 

54. Hsu, S.T., Lin, F.Y., and Chiou, J.S., Heat-transfer 
aspects of Stirling power generation using 
incinerator waste energy. Renewable Energy, 2003. 
28(1): p. 59-69. 

55. STM Power Inc. STM Power The Clean Energy 
Choice. [Technology Design Brochure] 2007  [cited 
23/11/2007]. 

56. Wei, D., Lucentini, M., and Nasp, V. The potential 
market analysis of a small cogeneration system based 
on Stirling cycle. in Energy Conversion Engineering 
Conference and Exhibit, 2000. (IECEC) 35th 
Intersociety. 2000. 

57. McDonald, C.F. and Rodgers, C., Small recuperated 
ceramic microturbine demonstrator concept. Applied 
Thermal Engineering, 2008. 28(1): p. 60-74. 

58. Sims, R.E.H., The brilliance of bioenergy : in 
business and in practice. 2002, London: James & 
James. xi, 316 p. 

59. Hawkes, A.D. and Leach, M.A., Cost-effective 
operating strategy for residential micro-combined 
heat and power. Energy, 2007. 32(5): p. 711-723. 

60. Obernberger, I., Carlsen, H., and Biedermann, F., 
State-of-the-art and future developments regarding 
smallscale biomass CHP systems with a special focus 
on ORC and Stirling engine technologies, in 
International Nordic Bioenergy 2003 Conference. 
2003, Finnish Bioenergy Association: Jyvaeskylae, 
Finland. p. 331-339. 

61. Cocco, D., Deiana, P., and Cau, G., Performance 
evaluation of small size externally fired gas turbine 
(EFGT) power plants integrated with direct biomass 
dryers. Energy, 2006. 31(10-11): p. 1459-1471. 

62. Martelli, F., et al., Technical Study and 
Environmental Impact Evaluation of an External 
Fired Gas Turbine Power Plant fed by Solar Fuel, in 
1st World Conference on Biomass for Energy and 

Industry. 2001, James & James (Science Publishers) 
Ltd.: Sevilla, Spain. p. 878-885. 

63. Lepszy, S. and Chmielniak, T., Energy and Exergy 
Analysis of Micro Gas Turbine System with External 
Combustion of the Biomass, in 15th European 
Biomass Conference & Exhibition. 2007, ETA 
Renewable Energies, Florence: Berlin, Germany. p. 
1707-1711. 

64. Traverso, A., Calzolari, F., and Massardo, A., 
Transient analysis of and control system for 
advanced cycles based on micro gas turbine 
technology. Journal of Engineering for Gas Turbines 
and Power, 2005. 127(2): p. 340-347. 

65. Traverso, A., et al. Demonstration plant and expected 
performance of an externally fired micro gas turbine 
for distributed power generation. 2003. Atlanta, GA, 
United States: American Society of Mechanical 
Engineers, New York, NY 10016-5990, United 
States. 

66. Schmid, M.R. and Gaegauf, C.K., Externally Fired 
Gas Turbine: Efficient Solution for Decentralized 
Biomass Power, in 15th European Biomass 
Conference & Exhibition. 2007, ETA Renewable 
Energies, Florence: Berlin, Germany. p. 962-963. 

67. Capstone Turbine Corporation. Turn Biogas Into 
Cash - Capstone MicroTurbine Energy Solutions. 
[Specification Sheet] 2006  [cited 20/11/2007]. 

68. Elliott Energy Systems Inc. 100 kW CHP 
Microturbine. [Specification Sheet] 2007  [cited 
20/11/2007]. 

69. Kaikko, J., et al., Technical and economic 
performance comparison between recuperated and 
non-recuperated variable-speed microturbines in 
combined heat and power generation. Applied 
Thermal Engineering, 2007. 27(13): p. 2173-2180. 

70. Petrov, A.Y., et al., Dynamic performance of a 30-kW 
microturbine-based CHP system. Ashrae 
Transactions 2005, Vol 111, Pt 1, 2005. 111: p. 802-
809. 

71. Setiawan, E.A., Dynamics Behavior of a 30 kW 
Capstone Microturbine. 2007, Institut fuer Solare 
Energieversorgungstechnik e.V. (ISET): Kassel, 
Germany. 

72. Ingersoll-Rand Company. MT70 Series Microturbine. 
[Specification Sheet] 2006  [cited 20/11/2007]. 

73. TURBEC S.p.A. On-Site Turbine Power. 
[Microturbine Technology Brochure] 2005  [cited 
20/11/2007]. 

74. Janssen, R., et al., Biofuel Burning Microturbines - 
Current Status and Future Perspectives, in 14th 
European Biomass Conference. 2005, ETA 
Renewable Energies, Florence: Paris, France. p. 
1457-1460. 

75. Zubtsov, V.M., Pian, C.C.P., and Yoshikawa, K., 
Potential applications of high-temperature air/steam-
blown gasification and pyrolysis systems. Energy, 
2005. 30(11-12 SPEC ISS): p. 2229-2242. 

76. Mueller, J., Bio-Gas-Powered Microturbine 12.000hr 
Operation, in 15th European Biomass Conference & 
Exhibition. 2007, ETA Renewable Energies, 
Florence: Berlin, Germany. p. 2492-2493. 

77. Pointon, K. and Langan, M., Distributed Power 
Generation Using Biogas Fuelled Microturbines - 
ETSU Contract B/U1/00670/00/REP - DTI/PubURN 
02/1345. 2002, Advantica Technologies Ltd. 

78. Wiltsee, G. and Emerson, H., Clean and Reliable 
Power and Heat from Digester Gas, in Anaerobic 

16th European Biomass Conference & Exhibition, 2-6 June 2008, Valencia, Spain

1476



Digester Technology Applications in Animal 
Agriculture - A National Summit. 2003: Raleigh, 
North Carolina. 

79. Dietze, U. and Kupker, M., Mikrogasturbinen - 
Erfolgreicher Testbetrieb und Praxistest in Duisburg 
und Duren - Microturbines - Successful operational 
experience in Duisburg and Duren. Gaswaerme 
International, 2007. 56(1): p. 33-36. 

80. Gomes, E.E.B., et al., Performance evaluation and 
case studies of microturbines fuelled with natural gas 
and diesel. Proceedings of the Institution of 
Mechanical Engineers, Part A: Journal of Power and 
Energy, 2004. 218(8): p. 599-608. 

81. Rabou, L.P.L.M., et al., Micro Gas Turbine 
Operation with Biomass Producer Gas, in 15th 
European Biomass Conference & Exhibition. 2007, 
ETA Renewable Energies, Florence: Berlin, 
Germany. p. 935-937. 

82. Alanne, K. and Saari, A., Sustainable small-scale 
CHP technologies for buildings: The basis for multi-
perspective decision-making. Renewable and 
Sustainable Energy Reviews, 2004. 8(5): p. 401-431. 

83. Wang, W., Cai, R., and Zhang, N., General 
characteristics of single shaft microturbine set at 
variable speed operation and its optimization. 
Applied Thermal Engineering, 2004. 24(13): p. 1851-
1863. 

84. Bruno, J.C., Massagues, L.I., and Coronas, A., Stand-
alone and grid-connected performance analysis of a 
regenerative micro gas turbine cogeneration plant. 
Proceedings of the Institution of Mechanical 

Engineers, Part A: Journal of Power and Energy, 
2004. 218(1): p. 15-22. 

85. Zhang, N. and Cai, R., Analytical solutions and 
typical characteristics of part-load performances of 
single shaft gas turbine and its cogeneration. Energy 
Conversion and Management, 2002. 43(9-12): p. 
1323-1337. 

86. Yinger, R.J., Behavior of Capstone and Honeywell 
Microturbine Generators during Load Changes. 
2001, Lawrence Berkeley National Laboratory: 
Rosemead, California, USA. 

87. Kaiser, S., Simulation und Modellierung von Kraft-
Wärme-Kopplungsverfahren auf Basis 
Biomassevergasung, PhD Thesis. 2001, Vienna, 
Austria: TU Wien. 

88. Goldstein, N., Microturbines, gas engines link biogas 
to the grid. BioCycle, 2006. 47(9): p. 59-61. 

89. Knoef, H.A.M. and van der Aa, B., Development of a 
Low-Cost, Reliable Wood Gasifier Plant for Rural 
Application, in 1st World Conference on Biomass for 
Energy and Industry. 2001, James & James (Science 
Publishers) Ltd.: Sevilla, Spain. p. 980-982. 

90. Kutlar, O.A., Arslan, H., and Calik, A.T., Methods to 
improve efficiency of four stroke, spark ignition 
engines at part load. Energy Conversion and 
Management, 2005. 46(20): p. 3202-3220. 

91. Vincent, T. and Strenziok, R., The Micro Gas 
Turbine in Field Trials with Fermenter Biogas, in 
15th European Biomass Conference & Exhibition. 
2007, ETA Renewable Energies, Florence: Berlin, 
Germany. p. 2265-2269. 

 
 
 

16th European Biomass Conference & Exhibition, 2-6 June 2008, Valencia, Spain

1477



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AharoniBold
    /Algerian
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BankGothicBT-Medium
    /Baskerville
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /CaslonOpenfaceBT-Regular
    /Castellar
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /DomCasual
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /FelixTitlingMT
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldItalic
    /Garamond-Italic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /ItcEras-Medium
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /MicrosoftSansSerif
    /MingLiU
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MT-Symbol
    /MVBoli
    /Narkisim
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /OCRAExtended
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /Parchment-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SnapITC-Regular
    /Stencil
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TechnicalItalic
    /TechnicalPlain
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /USPSBarCode
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata pogodnih za pouzdani prikaz i ispis poslovnih dokumenata koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice




