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Introduction 
 
Governments in Europe are placing con-
siderable faith in renewable energy tech-
nologies for reducing energy related envi-
ronmental problems [1, 2, 3]. Support is 
focused among others upon so-called 
“new” biomass technologies, including 
biogas. One key-issue for future growth 
of biogas options is its relative cost, since 
currently electricity production from bio-
gas continues to be more expensive than 
the least-cost fossil fuel alternative. The 
potential of biogas technology innova-
tions to reduce electricity production costs 
to EU stated cost targets is analysed in the 
following sections. 
 
 
Approach 
 
The future cost target for electricity pro-
duced competitively with biogas using 
energy crops greatly depends from the 
expected fossil fuel cost development. 
Here, the required reduction to achieve 
cost-competitiveness is deducted from the 
EU stated cost target for electricity pro-
duced with biomass and the present elec-
tricity production costs using biogas. 
A sensitivity model is used to identify and 
analyse future cost reduction potentials of 
different technological improvements in 

biogas production. The analysed parame-
ters include technological efficiency pa-
rameters, as well as fixed and variable 
cost parameters. Single parameters are 
varied iteratively under ceteris paribus 
conditions, to compare and evaluate the 
resulting cost-effects. The assumptions 
made are based on up-to-date technologi-
cal and efficiency parameters in biogas 
production in Europe. The range of varia-
tion of the single parameters is deter-
mined either by observed parameter 

ranges in practice or by assumed ranges. 
Finally, the cost-effects of single parame-
ter changes are aggregated in three sce-
narios with parameter variations of 10 %, 
20 % and 30 %. 

A substantial reduction of biogas production costs is necessary to reach
cost-competitiveness of electricity produced from biogas using energy
crops. Cost reduction opportunities are identified for several technologi-
cal parameters within a sensitivity analysis. The analysed parameters are
then evaluated based on theoretically achievable cost reductions. Results
show that even under favourable operational, economic and political
conditions, the achievement of competitive cost targets for electricity
production from biogas using energy crops depends on the development
of highly cost efficient methods and concepts, that substantially reduce
production costs and increase market shares. 
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Results and discussion 
 
The European Commission plans to dou-
ble the use of renewable energy sources 
from actually 6 % to 12 % of total energy 
consumption by 2010, and to 22 % by 
2020 [2]. Simultaneously, the EU states a 
cost target for electricity production from 
biomass of 5 Euro-Cent per kilowatt-hour 
until 2020 [2]. Present electricity produc-
tion costs with biogas using energy crops 
range between 9 to 12 Euro-Cent per 
kilowatt-hour [4, 5, 6, 7]. In view of fu-
ture expected electricity costs using fossil 
fuels and the EU stated cost target for 
electricity using biomass, a total cost re-
duction of more then 50 % (i.e. 4 to 7 
Euro-Cent per kilowatt-hour) is required 
until 2020 (Figure 1). For this to happen, 
a strong progress in technology develop-
ment in connection with a rapid market 
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Figure 1: Expected electricity production cost development using biogas compared to fossil energy
carrier mix (modified [1, 2, 3]) 
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expansion and a substantial cost reduction 
is needed. 
The relative costs of electricity produced 
with biogas are partly determined by en-
terprise specific conditions (e.g. plant 
size, heat utilization opportunities, etc.), 
as well as socio-economic and political 
conditions. Nevertheless, the contribution 
of technological improvements to reduce 
production costs is essential to future 
competitiveness of electricity production 
using biogas. The main cost determining 
parameters are the biogas production rate, 
the specific methane yield, the system 
workload, the conversion efficiencies and 
the biomass costs. Beside, the specific in-
vestments and the plant lifespan greatly 
influence total production costs (Table 1). 
 
Table 1: Considered parameter variations in the 
sensibility analysis 

Parameters Variation ranges 
(from... to ...) 

Specific invest-
ments - chp 2.000–1.400 €*[kWel.]-1 

Specific invest-
ments - reactor 200-140 €*[m³]-1 

Lifespan techni-
cal components 5,0-6,5 a 

Biomass yield 10-13 t DM*[ha]-1 

Conversion-
efficiency 30-35 % 

CHP - workload 
(running time) 7.000-8.000 h *[a]-1 

Methane yield 0,3-0,4 m³CH4*[kg oDM]-1 

Biomass costs 75,0-62,5 €*[t DM]-1 

 
Plant investments 
The plant investments are considered to 
be a crucial cost-reduction factor due to 
its high share of total costs and its consid-
erable variability. In practice specific in-
vestments can vary within a range of 30 
% [5]. Specific investments can be re-
duced by developing modular and stan-
dardized plant technologies [8]. By reduc-
ing the relative investment costs for the 
electricity generator by 10 % under ce-
teris paribus conditions, the electricity 
production costs fall by 0.64 Euro-Cent 
per kilowatt-hour. A similar cost reduc-
tion is achieved by reducing specific in-
vestments for the reactor by 15 % (Fig-
ure 2). 
 
System workload 
The adoption of high-tech solutions from 
robotics and information technology in 
biogas production aim at stabilizing the 
biogas and electricity production process 
[8]. By doing so, longer generator running 
times and higher average system work-

loads are possible. Plants equipped with 
modern technology usually achieve work-
loads of 7,000 hours per year [9]. Work-
loads above 8,000 hours per year are 
rarely achieved, because of maintenance 
specific standstill periods. An increase of 
the generator running time under ceteris 
paribus conditions from 7,000 to 8,000 
hours per year results in a reduction of 
electricity production costs of 1.29 Euro-
Cent per kilowatt-hour. This is equivalent 
to about 20 % of the total cost reduction 
target of about 6 Euro-Cent per kilowatt-
hour (Figure 2). 
 
Lifespan of technical plant components 
The lifespan of different plant compo-
nents varies greatly [9]. The cost-effect of 
measures that prolong the plant compo-
nents lifespan is especially high when it 

comes to cost intensive, short-life techni-
cal plant equipment. The average life span 
of technical plant components is assumed 
to be 5 years. The cost-effect of increas-
ing the lifespan of technical plant compo-
nents for one year, e.g. from 5 to 6 years 
under ceteris paribus conditions, is an ef-
ficient strategy to reduce electricity pro-
duction costs by about 0.59 Euro-Cent per 
kilowatt-hour. This cost-effect is equiva-
lent to 10 % of the total cost reduction 
target (Figure 2). 
 
Specific methane yield 
A significant difference can be observed 
between the potential methane yields a-
chieved under experimental conditions 
and methane yields reached in practice 
[10]. An important task is to reduce this 
gap, which can amount up to 0.10 cubic 
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Figure 2: Cost reductions resulting from cost-efficient optimised parameters in biogas production, 
under ceteris paribus conditions 
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meters of methane per kilogram organic 
dry matter. This optimisation potential 
can contribute significantly to reduce the 
biogas production costs, since an increase 
of the specific methane yield from 0.30 to 
0.34 cubic meters of methane per kilo-
gram organic dry matter reduces electric-
ity production costs by 0.48 Euro-Cent 
per kilowatt-hour, under ceteris paribus 
conditions (Figure 2). 
 
Generator efficiency 
Much effort is put into developing tech-
nologies that substantially increase elec-
tricity generation efficiencies. Improving 
electricity generation efficiencies is pos-
sible for example by using biogas in fuel 
cells [8]. The aim of such technology de-
velopments is to increase the conversion 
efficiencies by 5 % and more. Assuming a 
baseline average conversion efficiency of 
30 %, an efficiency increase under ceteris 
paribus conditions of 10 %, i.e. from 30 
% to 33 %, results in an average cost re-
duction of about 0.95 Euro-Cent per 
kilowatt-hour within the considered range 
(Figure 2). 
 
Biomass costs 
Biomass related parameters also offer 
significant cost reduction potentials, since 
biomass cost variations of 15 Euro per 
tonne dry matter can be observed in prac-
tice [11]. The cost-effect of optimisations 
that reduce biomass related costs, greatly 
depends on the quantity and quality of the 
biomass input [7]. Decreasing biomass 
supply costs by 5 Euro per tonne dry mat-
ter results in a reduction of electricity 
production costs of 0.23 Euro-Cent per 
kilowatt-hour, under ceteris paribus con-
ditions and assuming average reactor 
space loads of 3.0 kg organic dry matter 
per cubic meter reactor space (Figure 2). 
 
Biomass Yields 
Increasing biomass yields, while simulta-
neously keeping biomass supply costs 
constant, may also reap high cost savings. 
Augmenting yields for 10 % (e.g. 10 to 11 
tonnes of dry matter per hectare) theoreti-
cally results in saved costs of about 0.25 
Euro-Cent per kilowatt-hour (Figure 2). 
Nevertheless, one has to keep in mind, 
that average biomass yields may not in-
crease significantly in future, as a conse-
quence of the promoted expansion of eco-
logical farming practices [3]. 
 
Economies of scale 
Theoretically, it will be easier for large-
scale biogas plants to reach cost competi-

tiveness, due to the cost-effects resulting 
from economies of scale. A scale-up of 
the installed CHP capacity, e.g. from 100 
to 200 kilowatt under ceteris paribus con-
ditions, contributes to a cost reduction of 
about 0.70 Euro-Cent per kilowatt-hour, 
which is equivalent to 10 to 15 % of the 
total cost reduction target. The main cost 
reduction due to economies of scale ef-
fects, is achieved within the range of 100 
to 500 kilowatt installed CHP capacity. 
Accordingly, cost reductions per each ad-
ditional kilowatt installed CHP capacity 
decrease significantly within this range 
(Figure 3). 
Further options to improve the economic 
competitiveness of electricity production 
from biogas are the utilization of the pro-
duced heat, trading of CO2-certificates 
and manure quality improvements. These 
options are not further considered in the 
analysis, since they do not affect directly 
the electricity production costs. 
 
Scenario Analysis 
For further analysing the potential to 
reach cost competitive levels in biogas 
production, the cost-effects of the single 
parameter optimisations are aggregated in 
scenarios. For the scenario design it is 
reasonable to differentiate between effi-
ciency parameters and cost parameters in 
biogas production. Efficiency parameters 
include the conversion efficiency, the sys-
tem workload, the methane yields, the 
biomass costs and the biomass yields. The 
assumed variation of the efficiency pa-
rameters in the scenarios I to III is always 
10 % (Table 2). In case of the cost pa-
rameters, including the specific invest-
ments costs for the electricity generator 
and the biogas reactor, as well as the 

technical plant components, the assumed 
variation ranges from 10 % to 30 % in the 
scenarios I to III. Potential cost-effects re-
sulting from economies of sale are not 
considered in the chosen scenarios. Fur-
ther, baseline electricity costs with biogas 
using energy crops of 10,5 Euro-Cent per 
kilowatt-hour are assumed for the sce-
nario analysis. 
 
Table 2: Parameter variations in the considered 
scenarios 

 Scenarios 

Parameters I II III 

CHP- spec. 
investments 10 % 20 % 30 % 

Reactor- spec. 
investments 10 % 20 % 30 % 

Lifespan techni-
cal components 10 % 20 % 30 % 

Biomass yield 10 % 10 % 10 % 

Conversion-
efficiency 10 % 10 % 10 % 

CHP - workload 
(running time) 10 % 10 % 10 % 

Methane yield 10 % 10 % 10 % 

Biomass costs 10 % 10 % 10 % 

 
The scenario analysis results show a 10 % 
improvement of all the considered pa-
rameters is not sufficient to reach the EU 
stated cost target of 5 Euro-Cent per 
kilowatt-hour (Figure 4). 
Even, it is not enough to achieve cost 
competitiveness in terms of the EU stated 
cost target, if cost parameters improve for 
20 % and efficiency parameters improve 
for 10 % only. The scenario III demon-
strates, that cost competitiveness in biogas 
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Figure 3: Electricity cost reductions due to economies of scale in biogas production under ceteris 
paribus conditions 
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roduction is possible, if the cost pa-
ameters are optimised substantially by 
ore then 20 %, while simultaneously 

mproving all considered efficiency pa-
ameters by at least 10 %. 

hether the presented parameter varia-
ions and the corresponding cost-effects 
re fully achieved in practice, will mainly 
epend, besides from favourable eco-
omic conditions, from the optimisation 
anges of single parameters, the interac-
ions between the cost-influencing pa-
ameters, the cost-efficiencies of different 
echnology improvements and the sectors 
nvestment capacity. 

onclusion 

nalysis results show that, in the case of 
iogas using energy crops, the ambitious 
U stated cost target for electricity using 
iomass (i.e. 5 Euro-Cent per kilowatt-
our until 2020) may only be reached by 
ubstantially improving all relevant tech-
ological parameters. Important cost re-
uctions may be achieved by reducing the 
pecific investments, increasing system 
orkloads and methane yields, as well as 

mproving generator efficiencies. Extend-
ng the lifespan of plant components, e.g. 
y stabilizing the production process, 
romises further cost reductions, espe-
ially when it comes to cost intensive and 
hort-life technical plant components. The 
ost-effect of improvements in the bio-
ass supply chain mainly depends on the 

uantity, the yield and the quality of bio-
ass inputs. 
inally, the extent to which single meas-
res and strategies will contribute to total 

cost reduction in biogas production in fu-
ture greatly depends from the existing in-
teractions between the considered optimi-
sation measures, as well as the cost-
efficiencies of the proposed optimisation 
strategies and the investment capacities in 
the biogas sector. The assessment of the 
cost-efficiencies of technology optimisa-
tions is a main target of ongoing research 
at ATB e.V. for designing cost-efficient 
technology development strategies in bio-
gas production. 
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