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Abstract
Vegetable oil fuelled CHP units save fossil energy sources and greenhouse gas emissions effectively.
Recently more than 30 enterprises provide vegetable oil compatible CHP units in Germany. The
number of plants and the installed electrical power decreased dramatically within the last three years.
Reasons therefore are high prices for vegetable oil fuels in the year 2008, accompanied with
inadequately performed heat use concepts. Besides that, the amendment of the Renewable Energy
Sources Act led to a lack of planning reliability, regarding power feed-in compensation as well as
certification issues of sustainable vegetable oil fuels. Small-scale vegetable oil compatible CHP units
are predominantly fuelled with rapeseed oil, in plants of higher power ranges palm oil is mainly used.
Quality demands for rapeseed oil fuel are defined in the standard DIN 51605, simultaneously the
standardisation of other vegetable oil fuels is in progress. Under German conditions with power feed-in
compensation, heat generation costs vary between 0,13 and 0,18 Cent/kWh, depending on the plant
size. However a sophisticated heat concept is essential. For higher market relevance of small-scale
vegetable oil compatible CHP plants, the administrative expense has to be reduced and reliable
framework conditions have to be secured.
Introduction
Vegetable oil fuels for combined heat and power (CHP) supply have become more and more
important during the last decade in Germany. Due to the German Renewable Energy Sources Act,
which ensures feed-in tariffs for electricity from renewable resources, economic efficiency is often
given, provided that an appropriate heat use concept is incorporated. For a reliable and low emission
operation, various aspects regarding fuel quality and technical equipment (e.g. exhaust gas
aftertreatment) are to be considered. Additionally, with new demands on sustainability criteria for pure
vegetable oil fuels, questions about verification management arise for operators. It is the purpose of
this work, to show the state of the art of pure vegetable oil use in small-scale CHP units under German
conditions. Based upon these facts, barriers and chances will be deduced.
Combined heat and power (CHP)
Combined heat and power (CHP) or cogeneration is the simultaneous generation of both, power
(mainly for electricity) and useable heat in a single process by a power and heat supply station or
engine. CHP is a highly efficient way to use either fossil or renewable fuels and can therefore make a
significant contribution to reach European and national sustainable energy goals. The benefits of CHP
can be of a social, economic and environmental nature:
• Support of local economy,
• Contribution to energy security,
• Saving of fossil resources,
• Protection of environment and climate.
With a fuel energy input of 100 kWh an internal combustion engine based CHP plant provides about
27 kWh electrical power and 61 kWh heat. This regards to an electrical efficiency of 27 %, a thermal
efficiency of 61 % and an overall efficiency of 88 %. However, efficiency rates vary between different
plant designs. For example the electrical power output can reach 40 % and more, if large-scale diesel
engines are used. With increasing electrical efficiency, the thermal energy output is decreasing. The
losses by heat emissions, mainly through the engine system and exhaust gas can add up to some 12
kWh. In conventional power stations the heat is mostly wasted. This is due to a remote central
production, which does normally not justify the costs of a pipe network for heat transportation and
distribution to the users. To gain the same electrical and usable thermal energy output as in the above
example of a CHP plant by separate heat and power generation a fuel input of 67 kWh for the heating
with burner plus 71 kWh for the power station (altogether 138 kWh) is necessary. This results in
primary energy savings of up to 28 % by cogeneration.

Vegetable oil fuels for CHP
CHP plants range in size from few kilowatts (kW) to many megawatts (MW). The power range of less
than 1 MW el is dominated by engine driven CHP units. Vegetable oils are well suited to be used as
fuels for CHP with self-ignition engines using the diesel principle. By using vegetable oil fuels
additional benefits can be utilised in comparison to fossil diesel fuel or heating oil, respectively.
Besides saving of fossil resources and the reduction of greenhouse gas emissions, vegetable oils
contribute to soil and water protection. Because of their high biodegradability and low ecotoxicity,
vegetable oil fuels are predestinated to be used in environmental sensitive areas such as alpine
regions or water protection areas. In rural areas with decentral production and use of the vegetable oil
fuel and the co-product press cake a high level of closed mass flow circles can be obtained. In
Germany rapeseed oil is the most important local vegetable oil fuel.
Although rapeseed oil can be used as a fuel in self-ignition engines, properties vary significantly from
diesel fuel. This applies particularly for the ignition behaviour and the viscosity. The factor 10 higher
viscosity of rapeseed oil fuel at ambient temperature is one main reason that the long term use in
conventional, not adapted diesel engines is not possible. To guarantee a fine dispersion of the
injection spray, a high combustion quality and to minimise deposit formation on injectors and pistons a
technical adaptation of CHP engines and the periphery under consideration of the requirements of the
vegetable oil fuel is essential. Measures of adaptation can include:
• Exchange of incompatible materials, fuel pipes, pumps, filter, injectors,
• Pre-heating of fuel, injectors or cooling water,
• Adjustment of injection parameters.
Today more than 30, mainly medium-sized enterprises provide vegetable oil compatible CHP units in
Germany. After years of increasing numbers with the highest growth rates between 2006 and 2007,
recently the demand on vegetable oil compatible CHP plants is strongly decreasing. The number of
plants dropped from about 2700 in the year 2007 to 1400 in the years 2008 and 2009, resulting in a
reduction of installed electrical power from some 400 MW el to 310 MW el [1].
Reasons for this obvious downturn, which is recorded for all plant sizes up to 1 MW el were high prices
for vegetable oil fuels in the year 2008, accompanied with inadequately performed heat use concepts
of CHP units. Thus, many plants had to be shut down for economic reasons. Additionally, the
amendment of the Renewable Energy Sources Act led to a lack of planning reliability, regarding power
feed-in tariffs as well as certification issues of sustainable vegetable oil fuels.
With 88 % the highest share of the total amount of vegetable oil that was used in CHP plants in
Germany in the year 2007 (approx. 700 Mio. l) was palm oil. Small-scale vegetable oil compatible CHP
plants however are predominantly fuelled with rapeseed oil, whereas with increasing electrical nominal
power, less rapeseed oil and more palm oil as well as some soybean oil is used. The main reason for
the leading role of palm oil in large CHP plants is the comparatively low market price. To ensure
flowability of palm oil, extensive technical measures are necessary for heating up the entire fuel
system. For small-scale CHP plants these measures are usually too expensive in terms of installation
and operation. Hence, rapeseed oil is the preferred option within the lower power range.
For sophisticated system adaptation and for a reliable and low emission long-term operation of
vegetable oil fuelled CHP plants, relevant fuel properties have to be identified and range within defined
limiting values. So far, the demands on vegetable oil fuel quality were worked out solely for rapeseed
oil by a standardisation committee of the German Institute for Standardisation (DIN). In September
2010 the standard DIN 51605 was published. Besides that, an additional working group at DIN is
going to work out a fuel standard for other vegetable oils than rapeseed oil.
Framework conditions
The Directive 2009/28/EC of the European Parliament and the Council on the promotion of the use of
rd
energy and renewable sources (23 April 2009) sets the goal of a 20 % share of energy from
renewable sources in the Community‘s gross final consumption of energy in 2020 (Article 3). To reach
the target and to promote energy efficiency measures EU Member States had to adopt national
renewable energy action plans. Biofuels such as bioethanol, biodiesel and vegetable oils are
highlighted as an important option to meet the target. Though a sustainable production of biofuels is
an unquestioned precondition. Sustainability criteria comprise a minimum share of greenhouse gas
(GHG) emission savings. To determinate the greenhouse gas emission savings, reference values for
different biofuel types are quoted in the directive. These default values are worst case scenarios which
can be referred to without any further calculation. However, individual calculation is also possible.
According to Directive 2009/28/EC pure rapeseed oil is rated to have the second largest GHG
emission reduction (58 %). Only hydrotreated sunflower oil performs somewhat better (62 %).

However there is a huge optimisation potential of at least 20 to 30 % points higher GHG savings.
Apart from a minimum contribution to greenhouse gas emission savings, biofuels, which claim excise
tax reduction or power feed-in tariffs are not to be obtained from:
• land with high biodiversity value (e.g. primary forest) or nature protection purposes
• land with high carbon stock (wetlands, continuously forested areas)
• peatland
Besides that biofuels from agricultural raw materials, cultivated in the EU have to be produced
according to ―Cross Compliance‖ standards. The German regulation for implementation of the
Directive 2009/28/EC, which includes biofuels for electricity generation is the so-called
Biomassestrom-Nachhaltigkeitsverordnung from 23rd July 2009. Started from 2011, verification
certificates for the sustainable production of biofuels, used for electricity generation are necessary, to
get payment of the feed-in tariffs. However, certification systems are still not widely introduced in
practice. Operators of vegetable oil fuelled CHP plants need to register the plants in a list and are
responsible for the validity of the sustainability certificates.
According to the Energy Tax Act (Energiesteuergesetz, EnergieStG, 1st August 2006) for vegetable oil
fuels, used in CHP, basically a reduced tax rate of 6,13 Cent/l applies (like for heating oil). For CHP
with a yearly utilisation ratio of at least 70 % an entire energy tax refund is granted.
The Act on Reforming the Renewable Energies Law on Power Generation and Related Regulations or
Renewable Energy Sources Act (Erneuerbare-Energien-Gesetz, EEG) promotes power generation
from renewable resources. It guarantees power feed-in tariffs for electricity, derived from renewable
energy sources for 20 years. The tariff is decreasing with increasing power of the plant. Additional to a
basic compensation a bonus for the use of purpose cultivated raw materials (NawaRo bonus) and a
bonus for power production in cogeneration (KWK bonus) is granted. For latter the heat concept for
CHP has to be proved by an authorised environmental auditor, which can cause high expenses for the
operator. The compensation for power generated from newly commissioned biomass plants are
reduced annually by 1 percent.
In Germany a permission of CHP plants under the immission control law is only necessary for CHP
plants with a fuel thermal capacity of 1 MW and more (related to approx. 100 l/h fuel consumption).
But in general, also for small-scale plants a minimisation policy for harmful environmental impacts
applies. According to that, oxidation catalysts are postulated for all vegetable oil compatible CHP
units. Besides carbon monoxide and hydrocarbon emissions, also odeur emissions are reduced
efficiently by oxidation catalysts [2].
Economic Efficiency
The economic efficiency of CHP plants is mainly depending on the achievable prices or credits for
generated electricity and heat. The payment for electricity from vegetable oil fuelled CHP plants is
regulated in the Renewable Energy Sources Act (EEG, see above). The remuneration conforms
mainly to the installed electrical nominal power of the plant, the year of commissioning, the fuel and
the heat use. All expenses of the CHP plant are usually referred to the heat. The specific heat
generation costs result from the total costs per year, less the compensation for the generated energy
divided by the produced usable heat quantity per year.
Calculated heat generation costs for three CHP plants of different sizes (50, 20 and 8 kW el) range from
13 over 15 to 18 €Cent/kWh (without peak load boiler, buffer vessel and planning). Heat generation
costs strongly depend on the fuel costs, which are assumed with 1,0 €/l and number of operating
hours per year (assumption: 4000 h). With decreasing operating hours, heat generation costs increase
disproportionally. Thus, an economic efficient operation of rapeseed oil fuelled CHP plants is only
possible, if the heat use concept is carefully considered.
Conclusions
The number of vegetable oil fuelled CHP plants is lately decreasing in Germany due to unsecure
planning framework. This concerns instability of fuel prices, frequent changes of regulations and
incentive programmes. Furthermore administrative and cost expenses increased, which affects
particularly small scale CHP plants. To obtain feed-in tariffs for the generated power, the sustainability
of the used biofuels has to be proved by the operator. However certification systems are not
sufficiently introduced into practice. Additionally, for the cogeneration bonus, an authorised
environmental auditor is mandatory, which can cause high expenses for the operator. Besides these
obstacles, biofuels are still subject to oppositional discussions about social and environmental
impacts.
Nevertheless, there is a broad consensus in the need of implementing measures to reduce GHGemissions and energy dependency. The target values of the EU have to be reached by member

states. Vegetable oil fuelled CHP plants can make a major contribution to meet these targets. The
technology barriers of vegetable oil fuelled CHP are little, a high standard in operational reliability is
already achieved. Economic efficiency can be given, when the heat can be used within a long period
of the year.
Objective debates on the perspectives of all available biofuels have to be continued. The high
potential of pure vegetable oils needs to be utilised. Sustainably produced vegetable oil fuels for
cogeneration are already on the market. However sustainability standards need to be introduced
worldwide and for all kinds of agricultural crops independent from utilisation paths. Additionally also
fossil energy sources have to face sustainability discussions.
Framework conditions have to be improved by special regulations for small-scale vegetable oil
compatible CHP plants. Moreover, regulations need to guarantee long term planning and investment
security. Finally further research should aim on improvement of plant efficiency, implementation of
exhaust gas aftertreatment systems and standardisation of promising vegetable oil fuels.
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