Energy-efficient
heat / power
generation and
distribution
Starting point and challenges
EnercitEE’s broad geographic coverage of regions includes
several European climate zones with differing energy demands – a large heat energy demand in Smaland, Saxony,
Haute-Savoie and Lower Silesia in winter and an increasing
cooling energy demand through air conditioners in EmiliaRomagna in summer.
Moreover, electricity demand remains high in all regions,
since energy-saving from energy-efficient products is often
neutralised, because of additional electrical appliances and
increased floor space per capita as a consequence of increased
comfort and better living standards. Heat is often not generated efficiently, for example in outdated heating plants that
burn fossil fuels, such as lignite, accounting for high CO2
emissions. The overall efficiency of heat generation can be
significantly improved by combined heat and power (CHP/
cogeneration).
Cogeneration is generally known of, however, its overall share
in most European member states remains low. Reasons for
this could be that existing heating plants run profitably and
heat suppliers fear investment costs. A set of binding directives should be introduced to support national, regional and
local energy strategies in their endeavours to increase the
share of electricity generated by CHP. Furthermore, incentives
such as national feed-in tariffs for electricity from CHP or
co-funding of CHP investments should be made available to
attract investors and to support further market penetration.
Cooling in summer, especially in Southern Europe, requires
a lot of electricity that is often produced in power stations
burning fossil fuels and having a low overall efficiency. Cooling through combined heat, cooling, and power production
(CHCP, also referred to as trigeneration) is only available in

a small number of district cooling grids throughout Europe.
However, the increasing cooling demand in Europe, and in
particular in southern regions during summer, requires new
innovative and efficient solutions. CHCP/trigeneration
can help to avoid underutilisation of heat being generated
through CHP in summer. A district cooling network which
runs parallel to the district heating network and supplies
buildings with the highest cooling demand can be built for
this. CHCP technology needs up to 30 % less primary energy than electrically driven vapour-compression refrigeration
systems in conventional air conditioners.
Apart from co-/trigeneration, there are alternatives to the
burning of fossil fuels for heat and power generation, such
as utilising the waste heat of industrial sites and waste incineration plants, as well as several RES, such as solar thermal
applications, sustainable biogas and biomass.
Making use of these alternatives will help to cut down Europe’s dependence on energy imports of fossil fuels for heat
and power generation.
At the same time, refurbishment and replacement of existing
heating and cooling supply pipelines can lead to significant
energy-savings. In regions affected by demographic change,
and in particular by population decline, dismantling of grids
or provision of new decentralised local heating grids (miniCHP) could be a solution.
The multitude of factors reveals that in order to obtain
energy-efficient and sustainable heat and power an integrated approach is required, taking into account fuels, overall
effi-ciency of generation, size, and distribution.
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Regional and local policy background
Saxony

Saxony offers funding in parallel to other national
CHP funding programmes.

With more than 40 % of the entire final energy
consumption caused by Germany’s building sector,
and with an extraordinarily high share of historic
buildings in Saxony having often outdated heating technology and lack of insulation, resulting in
higher energy consumption, there is an urgent
need for energy-efficient heat / power generation
and distribution in Saxony.

In addition, a number of Saxon cities have included energy-efficient heat generation and supply in
their local energy and climate protection plans.
A common strategy is the extension of existing
district heating grids in recent years to make
better use of CHP or the enactment of by-laws
to force the connection to district heat in urban
planning areas. Cold generation and supply is not
yet widely used in Saxony. However, there are
some promising ideas for how heat from CHP,
which cannot be used in summer, can be transformed into cold through absorption plants and
provide district cooling for public and commercial
buildings in separate district cooling networks.

District heating in Saxony, which is usually
produced in CHP processes, accounts for 7.7 %
of Saxony’s final energy consumption among all
energy carriers. The share of CHP is significantly
higher than in Germany as a whole (3.3 %). At the
same time, energy in Saxony is often generated
inefficiently and in carbon-intensive processes; the
major part of electricity, for example, is produced
in two large lignite power plants, using no or very
little of the heat produced for district heating.
Combined heat and power (CHP) has become
an important key in national and regional energy
policy plans. Since 2002, the first German CHP
act (KWKG) has supported electricity that is
generated by CHP and fed into the public grid.
In 2009 an amended CHP act (KWKG 2009) was
introduced, which extended funding to electricity
that is consumed by the producer him/herself and
to the construction of new district heating pipes.
Feed-in tariffs are guaranteed for ten years for
smaller plants and six years for larger plants. In
contrast to the German RES act (EEG), feed-in
tariffs for electricity from CHP are not reduced
over the years.
The share of CHP in electricity generation in Saxony
was around 20 % in 2006 – the Free State of
Saxony aims to increase this share to 30 % by
2020. For this reason, promotion of CHP became
part of Saxony’s funding guideline on energy
and climate protection (RL EuK/2007): Energyefficient plants that generate heat and power are
funded if the annual use efficiency is above 75 %
and the rated thermal input is less than 5 MW.
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Smaland (Kalmar and
Kronoberg)/Blekinge
Heat and power is already generated and produced very efficiently in the counties of Kalmar,
Kronoberg and Blekinge. In each of these three
counties, energy and climate strategies and action plans exist that point out CHP as an energyefficient option when heat is produced mainly
from biofuels, such as solid biomass, waste or
biogas.
Since investments in CHP must be profitable,
the plant should have a certain size, which currently
starts from 5 – 7 MW for heat from solid biomass
and waste, and an operating time of over 3,000
hours a year. Biogas needs only smaller capacity
plants, from 0.3 MW, since the investment is not
as costly. However, in smaller businesses in the
industrial sector, CHP is still not commonly used.
The challenge for the future will be to address
these smaller industries. CHP raises efficiency
from roughly 35 – 45 % in a condensing plant for
electricity production to around 80 – 90 % if heat
is captured at the same time. With a flue gas
condenser, even 100 % can be reached.

Apart from the regular feed-in tariff for electricity provided
into the grid, with a price between 0.04 – 0.08 EUR/kWh,
there are also green certificates that pay an extra 0.02 – 0.04
EUR/kWh, depending on the market. Costs for the production of RES range between 0.05 – 0.08 EUR/kWh for the
sizes mentioned above, so investment can be considered
profitable under normal circumstances. If the electricity
generated is also used for the company’s onsite electrical
needs, its production can be even more profitable.
In three pulp and paper corporations, there are plants that
together produce 1 TWh/year in total. These investments
were made in the last five years, linked to green certificates
that will be in effect for around twenty years, which makes
them very competitive on the market. In the forest industry,
this has led to a revision in thinking: it is possible to profitably serve as forestry and energy company combined.
The other big sector for CHP involves the bigger district
heating plants where there are six running and two new
coming up, with a total of around 120 – 140 MW installed
capacity producing around 0.7 TWh/year. They are also getting green certificates.
The third sector for RES is in other industries, which is not
yet very big. For the size below 5 – 7 MW heat power, there
is still a need for investment grants apart from the green
certificate system.
Most profitable are plants using waste as a fuel when the
user is also paid to take care of the waste. Apart from this,
it is a good energy source for the plant.
Another sector to be mentioned here is cooling produced
from heat based on biomass with absorption cooling machines. However, at the present stage, only the city of Växjö
uses this technology. Currently, cooling capacities reach
3 MW, but it is planned to reach 25 MW in the future. It is
presumed that in five years there will be 3 – 5 cooling plants
running in the region.

Emilia-Romagna
Energy efficiency in generation and distribution of heat and
power is a highly relevant issue for the region of EmiliaRomagna’s energy policies. One of the most important actions performed in Emilia-Romagna was the re-adaptation
of thermal power stations. The replacement of all fossil fuel
run power stations with technologically more advanced and
highly efficient ones (e.g. methane-powered combined cycle
power stations), and the adoption of this technology for new
plants – also excluding the use of coal – has led to a 30 %
reduction in CO2 emissions (17 million fewer tons of CO2 in
the last ten years). Coal power stations have been abandoned.

For the construction of high efficiency cogeneration plants,
especially in combination with district heating and district
cooling systems, the new plan of the region of EmiliaRomagna has emphasised its commitment to further spread
such systems (refer Legislative Assembly Decision 156/08
and Directive 2004/8/EC “Promotion of cogeneration based
on a useful heat demand in the internal energy market”,
assimilated in Italy with Legislative Decree 20/2007). The
region particularly focuses on small- and medium-sized
plants, with the objective of improving the capacity of the
regional power grid and its overall efficiency.
The development of cogeneration and trigeneration is closely
correlated with the creation of district heating networks or of
neighbourhood heating, capable of optimizing the use of the
heat produced by the cogeneration system.
Today, district heating systems are fairly widespread in the
region, now third in Italy after Lombardy and Piedmont
due to the extension of district heating to over 26 plants,
approximately 1,200,000 MWh of thermal energy distributed (equal to about 103 ktoe), and over 35 million m³ of
district-heated buildings. The greater part of the networks
is managed by local public services companies operating in
the region, among them the three major companies HERA
Group, IREN and AIMAG.
In the three-year period between 2011 and 2013, plans include network extensions for a total of approximately 35 km
and an increase in the volume serviced to about 5,200,000 m³,
which corresponds to an amount of thermal energy distributed of 166,000 MWh/year.
Lastly, it will also be necessary to follow the spread of distributed generation of electric energy with the subsequent
adaption of the transmission and distribution grids, which
must then necessarily evolve towards a Smart Grid Concept, capable of guaranteeing proper access to the grids
and reliable and efficient management of the energy flows,
while simultaneously guaranteeing the necessary energy
supply.

Haute-Savoie
The loi d’orientation or framework law of July 2005 concerning energy and the subsequent Grenelle Environment laws
are based on the international objectives set up by the
Kyoto Protocol and the European energy policy. Following
the Grenelle, a heat fund (le fonds chaleur) has been created. This allows funding of experiments on district heating.
For more than 90 years, a part of energy production in
Haute-Savoie has been hydro electricity. Nowadays hydro
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power accounts for 1/3 of all RES in the region. In addition
to the existing 28 installations with a capacity of > 4.5 MW,
there are a lot of pico hydro installations. A study of the pico
hydro electricity potential will be launched in the Haute-Savoie
region in 2011 or 2012.
Wood is also a traditional renewable energy source and
represents 2/3, i.e. 1,395,600 MWh of the local energy production. Solar power and biogas have been developed for
15 years in the region and represent 1 % of the production.
Biogas use in Haute-Savoie is developing much more, because, during the last couple of years, the General Council
of Haute-Savoie has been co-financing the installations.
At the local level, management of medium and low voltage
networks is assigned to SYANE (Syndicate of Haute-Savoie
municipalities). As part of its competences/skills, SYANE
is running an action to develop good practices in energy
management. SYANE participates in financing a part of
renewable energy facilities for its local authority’s partners or
helps to fund the electrification of remote sites with photovoltaic plants. SYANE also made available an energy audit
for public buildings and a public lighting audit. ADEME is
funding 70 % of these two kinds of audits.

Lower Silesia
The objective of Poland set out in the Energy Policy of Poland until 2030 is to achieve zero-energy economic growth
and to increase the efficiency of energy use. One of the detailed objectives in this respect is to obtain a 100 % increase
in electricity produced in high-efficiency cogeneration processes by 2020, in comparison to production in 2006.
One action to support this objective is to stimulate the simultaneous generation of heat and electricity through support
mechanisms, including cogeneration in production plants
with capacities smaller than 1 MW, and by appropriate
municipal policies.
The energy policy of Poland stresses the importance of
energy at the local level. The most important element of the
national energy policy implemented at the regional and local
level is the use of local capacity to develop renewable energies, including cogeneration. It is also planned to increase
the use of cogeneration technology as a preferred alternative to power heating systems and large facilities.
In accordance with the provisions of Directive 2004/8/EC,
Poland has introduced a support system for cogenerated
heat and electricity. One of the major elements of the system is, as defined in the Energy Law, the obligation of the
operators of power grids to give priority to provision of a
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network for energy from renewable sources and cogeneration. Financial support for investments in cogeneration is
important. For example, from 2005 – 2009, investments in
solar energy, wind energy, biomass and biogas energy, and
in high-efficiency cogeneration, were funded, inter alia, by
the EcoFund. Currently, assumption of the support for investment in cogeneration is being presented in the National
Action Plan for Renewable Energy. Financial support has
been planned for:
The cogeneration of electricity and heat with biomass
(with a capacity of less than 3 MW).
The generation of electricity and/or heat with the use
of biogas generated in the processes of sewage disposal or treatment or plant and animal remains decay.
High-efficiency cogeneration without the use of
biomass.
Support for the development of renewable energy use in
heating (including cogeneration) has been facilitated by the
Regional Operational Programmes and is carried out at the
level of the Polish Voivodeships. The supported tasks that
were identified include the construction and reconstruction
of heat sources for cogeneration installations, including
the use of RES. The beneficiaries of this support include
Local-Government units, their unions and associations, the
organisational units of Local-Government units with legal
status, and entities providing public services on behalf of
Local-Government units, in which the majority of shares is
held by the Local Government.
In the Lower Silesian Voivodeship, cogeneration has been
supported under Action 5.1 Renewable Energy Sources.
The programme supports investments related to the cogeneration of heat and electricity and the expansion of district
heating stations and heat distribution networks. Preference
will be given to those investments using renewable energy
sources (e.g. biomass or geothermal energy), in particular
those that are switching from fuel in the form of oil, gas or
coal to renewable energy sources. The implementation of
this action will promote the elimination of individual heat
sources that are issuers of so-called low emissions, in
favour of cogeneration system solutions. In particular, it will
include the following tasks:
The construction and modernisation of energy
generation units from renewable sources based on
water energy (including geothermal energy), and
biomass;
The construction and modernisation of district
heating stations, along with their necessary equipment;
Investments in the generation of heat and electricity
in high-efficiency cogeneration, in accordance with
Directive 2004/8/EC;
Construction and modernisation of heat distribution
networks.

Good practice in Saxony –
District heating and cooling
in the city centre of Dresden
In Dresden, the local energy provider DREWAG runs a district cooling grid that is
based on the well established district heating grid. The heat is generated by three
energy-efficient cogeneration plants (based on natural gas), that feed into the
district heating grid and transport heat to the consumer. When needed, absorption
refrigerators transform the heat into cold (currently 27 facilities with a connected
heat load of 20 MW).
The cooling systems of prominent buildings, such as the Semper Opera, the
Dresden Palace, the Taschenbergpalais or the university library, operate this way.
Since running absorption refrigerators is more expensive than compression
refrigeration machines of similar cooling capacity, the energy provider offers the
consumers heat for a lower price in the summer as an incentive. To cover peak
demand of cooling in the summer, compression refrigeration machines can be
switched on.
District heating grid of Dresden (red lines) with areas currently provided with district heating in dark yellow

28

Further information
Reinhard Niespor
DREWAG
Email: Reinhard_Niespor@
drewag.de
www.drewag.de

Chilled water storage in Chemnitz
The growing number of hot summers and increasing consumer connectivity can
result in very high loads in the network. As a consequence of this, cooling capacity of
the central plant often has to be increased. A good solution for this is the provision
of large-scale chilled water storage facilities. In Chemnitz, Saxony’s third largest
city, Germany’s first large-scale chilled water storage plant was built in 2006 within
the existing district cooling system, with absorption chillers having inlet temperatures
from 4 to 8 °C of cold water. The water storage has a capacity of 3,500 m³ – the
largest in Germany at the time it was built.
The chilled water storage plant can use around 2 GWh of surplus heat from heat
power plants every year. Similarly, 150 MWh electric power can be used elsewhere,
avoiding the release of 153 tons of CO2 every year.

Further information
Thomas Göschel
Email: homas.goeschel@
eins-energie.de
www.eins-energie.de
www.tu-chemnitz.de
/~tur/ks2/pilotpr_ks.htm

Charging and discharging facility (diffusors, distributors)
System connection, pipes
Roof (lightweight construction, GRP)
Protective gas (nitrogen)

Wall (screwed steel segments)
Thermal insulation
Paneling (sheet metal)
Interior supporting structure (steel)

Thermal insulation
Foundation (concrete)
Foundation (piles)
Section of chilled water storage plant in Chemnitz
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Good practice in Saxony –
Heat exchange from sewage water

The efficient use of existing local energy sources, such as heat from sewage,
is one opportunity to meet energy-saving and CO2 reduction goals, to foster a
decentralised energy supply and to contribute to local added value.
In the small town of Kamenz, a company called energie consult sachsen-ost
GmbH developed a heat exchanger that is cost-efficient, both in production
and in operation, and can be installed in existing sewage water systems. A heat
exchanger was installed in the sewage water canal of Kamenz in 2005. Together
with a 90 kW heat pump, it provides heat for a neighbouring building complex
that consists of 430 m² office space, 928 m² factory workshops, storage spaces,
and 260 m² dwellings. The heat provided from the heat exchanger can substitute
for the former boiler, which was running on oil.

Construction works at Haselbach River

30

Heat pump and heat exchanger

The temperature of the waste water ranges
between 3 and 8 °C. To cover peak demands
in winter time the oil boiler can be switched on,
but even at winter temperatures with -16 °C, the
new system can provide a reliable heat supply.
Heating oil was substituted by 98 %, which led
to a reduction of 25 tons of CO2 per year. Around
70 % of heating costs can be saved per year. In
addition, the heat exchanger in the sewage water
canal has not needed any maintenance since
2008.
The idea of heat generation from sewage was
further developed and extended in familiar areas
of application. In the village of Haselbachtal,
the heat demand for an apartment/commercial
building is covered by a heat exchanger that was
installed in the adjacent small streaming river,
Haselbach. The heat-abstraction capacity is 20 kW
with a water temperature of the river of 4 °C. Only
during a few peak winter days is the oil boiler
turned on.

Further information
Lutz Gerstenberger
energie consult sachsen-ost GmbH
Email: info@ecs-o.de
www.ecs-o.de
Manhole with entry point to the sewage pipe
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Good practice in Smaland
(Kalmar and Kronoberg) / Blekinge –
Effective supply chain partnerships:
joint development of boilers for
biomass combustion
Synopsis
E.ON Värme Sverige AB is the biggest privately owned actor in the Swedish
district heating market. In the Southeast of Sweden, E.ON is operating about ten
district heating plants/networks that are fired with biofuels such as woodchips,
briquettes and pellets.
E.ON Värme Sverige AB has twenty-five employees in the Southeast of Sweden
that deal with district heating. Osby Parca is a manufacturer of boilers for solid
fuel combustion in the range of a few 100 kW up to about 16 MW, as well as
boilers for oil and gas and electric boilers.
Background
The cooperation between Osby Parca and E.ON Värme Sverige AB started
around 1997–1998 when E.ON was looking for affordable boilers for biomass
with a simple and easy to use construction, to be used with small-scale district
heating systems. They started to further develop one of Osby Parca´s existing
boilers to create an installation with good performance available at an affordable
price.
Biomass boilers
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Further information
Erik Blomgren
Energy Agency for
Southeast Sweden
Email: erik.blomgren@
energikontorsydost.se

Objectives
The objective of this project was a more efficient boiler with a more attractive
price that would lead to an increase in the number of small-scale district heating
plants in the region. To be able to make good tenders for district heating in
smaller cities and larger villages, the pricing had to come down without sacrificing good performance and high efficiency.
The improved boilers would increase sales for Osby Parca, and also make it possible for E.ON to make good tenders for smaller villages.
Project description
One boiler was re-designed; the construction and boiler were simplified and
put to a test at one of E.ON’s district heating networks. After some fine-tuning
of the bigger parts in the boiler, performance was becoming better and better,
and eventually cooperation was focused on developing an easy to use control
system. The goal was to develop a system that the technicians who operate the
boilers could understand and use without trouble. With fine-tuning, the innovations were successful, and this control system is used in many boilers today. The
design of the boilers have been even further developed and improved.
Results
The most important factor for the success of this joint development collaboration
was a will to achieve a common goal, which was a better biomass boiler, both in
terms of cheaper pricing and better combustion performance. During the collaboration, both partners had the courage to test new ideas and evaluate them, even
when there were different opinions about a specific problem. It has also been very
important to see possibilities instead of problems and to have an open discussion
at all times.
The development of better boilers with a price that is, and has been, very attractive for small scale district heating systems/networks has led to opportunities to
install district heating in places where it would have been too costly for conventional boilers, thus making big improvements for the local environment in smaller
villages.
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Good practice in Smaland
(Kalmar and Kronoberg) / Blekinge –
VEAB: The Sandvik plant
VEAB – 95 % biofuel
Växjö Energi AB is the main supplier of heat, electricity and cooling in the county
of Kronoberg. Their plant in Växjö, the Sandvik plant, is a facility that supplies
district heating, cogenerated electricity and district cooling to the consumer grid.
Over the last 25 years, the use of oil in this production has been reduced from
100 % down to 5 % and the majority of the raw material used in the production of
energy is made up of logging residues from felling areas, bark, wood chips and peat.
As a result of being almost non-oil-dependant, VEAB has replaced 85,500 m³/year
of oil, reducing their CO2 emissions by 249,000 tons.
District heating, combined heat and power (CHP) and district cooling
District heating is an intelligent and environmentally friendly alternative to individual heating of homes, schools and other venues. Just over half of all heating
in Sweden comes from district heating. District heating is at the heart of local
energy, as it can use resources that would otherwise be lost – such as residues
from logging.
When electricity is produced simultaneously with district heating, it is called CHP.
CHP is more energy-efficient and environmentally friendly than other forms of
generation since it provides both electricity and heat. A third of the energy produced in Växjö is electricity and two thirds are heat. Since the electrical grids in
Northern Europe are interconnected, this means that the more CHP is produced
in Växjö, the smaller the need for imported electricity that is mainly produced by
fossil fuels such as coal and oil.
District cooling is based on the same principle as heating, but delivers cooling
instead of heating. A central green plant does the job, instead of a multitude of
small cooling or air conditioning units. Cold might be free of costs when it can be
extracted from lake water in separate networks for cold water. But it can also, as
in the case of VEAB’s Sandvik plant, be produced from absorption cooling from
the returning hot water of the district heating grid.
How does it work?
Warm water is led from the Sandvik plant to households via district heating
pipes. The household´s district heating sub-station has two heat exchangers that
then transfer the hot water into the heating system and warm tap water system
of the house. The water is pumped through the closed system and heats the
house. The cooled water is then returned to the plant, partly straight back into
the boiler for re-heating, and partly into a cooling unit that produces cold water
through absorption processes, which is then supplied via district cooling pipes to
cooling and air conditioning units.

Further information
Hans Gulliksson
Energy Agency for
Southeast Sweden
Email: hans.gulliksson@
energikontorsydost.se
Lars Ehrlén
VEAB
Email: lars.ehrlen@veab.se
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District heating/cooling system

District heating ﬂow
Water is heated, almost exclusively with biofuels, in the boiler. The steam from
the boiler is then transferred into a steam turbine where it is converted into mechanical work. The turbine comprises two modules, which together drive a single
generator via their own axles. The steam initially has a pressure of 140 bar and a
temperature of 540 °C. In the generator, energy from the mechanical work (at a
pace of 1,500 revolutions a minute) is converted to electricity. When the steam
from the turbine enters the turbine condenser, it cools down into water that is
capable of providing district heating.
The flue gases from the boiler are separated from the steam and led into the flue
gas purification chamber, reducing and filtering harmful particles from the gas
before it is released into the atmosphere.
The warm water used for the district heating system is transferred into the district
heat accumulator where it is stored for peak loads. The accumulator also functions as an expansion tank, evening volume fluctuations across the network and
pressurising the network with a liquid column of approximately 58 m (5.8 bar).
Through the vast pipe network for district heating, the water is then pumped
through the network in constant circulation between the Sandvik plant and the
customers. The warm water delivers heat to the customers, and the cooled water is returned back to the CHP plant.
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Good practice in Emilia-Romagna –
Biomass cogeneration plant

Background
The project deals with the construction of an anaerobic
digestion plant for the production of electrical energy from
renewable sources, with an electrical power of 1,000 kW,
and for the production of stabilised and inodorous biological residue with effective fertilising capacity, to be used on
agricultural land. The plant is located on land owned by
Conserve Italia Soc. Coop. Agricola whose registered office
is in San Lazzaro di Savena (BO) and works premises are
located in Codigoro (FE).

The stabilised product comes from anaerobic digestion
(from the action of anaerobic bacteria) in a closed tank
without environmental impact. It contains percentages of
fertilising ingredients such as nitrogen, phosphorus and
potassium, enriched by a high content of humic acids and
carbon without contaminants. The materials used to supply
the plant are the following:
By-products and residues of the canning process:
solid or semi-solid vegetal by-products coming from
the processing of peas (June) and the processing of
fruit, tomatoes and beans (other months);
Primary and secondary sludges from the water treatment plant: coming from pre-processing (primary
sludges) and from the treatment process (secondary
sludges) of the discharge water from the treatment
plant;
Maize silage: solid vegetable product derived from
the chopped up maize plant when it has reached
waxy maturity; coming from the cultivation of land
available to the cooperative.

Description
The plant has been designed to produce electrical and heat
energy continuously on a regular basis, transforming vegetal
by-products of little or no value.
The plant is part of a farming co-operative operation and
uses vegetal residue from fruit and vegetable canning
production. In addition, the organic fraction remaining after
digestion, without smell and entirely stabilised, will be used
as a soil additive for the fertilisation of the productive land.

Production cycle description

Progressing waste
products
Water treatment sludge
Crops cultivated for
energy

Electrical energy

Engine

Thermal energy

Biogas
Mixing
(2 days)

Hydrolysis
(5 days)

Digestion
(25 days)
Digested

Liquid portion of the
digested material

Dehydration
/Drying

Digested dried
material (Fertilizer)
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Anaerobic digestion and biogas
The anaerobic digestion takes place in two twin digesters
functioning in mesophilia (about 40 °C). The two digesters
are entirely above ground and perfectly hermetic. They have
been insulated externally. The hydrolysed material, together
with the re-cycled anaerobic sludges, are put into the reactor and kept at the correct temperature thanks to the heat
provided by the cooling water from the cogenerators. The
biomass remains inside the digesters for sufficient time to
allow complete methanogenesis. The solid sediment part
is taken up and re-cycled in the hydrolyser to improve performance. The biogas produced is treated to reduce traces
of sulphur and impurities.
Fertilisers
The materials taken from the digester are transferred for
dehydration (for solid/liquid separation) and the subsequent
drying stage (fluid bed heat drying). Once it has been dried
to 50 % humidity it will be used for spreading and other
agricultural uses. The plant makes it possible to obtain
stabilised organic fertilizer, which can be used on organic as
well as conventional crops.

The electricity produced in VT (400 V) is elevated to MT
(15,000 V) and transmitted to the Enel (Italian energy provider)
distribution grid. Heat is recovered from the discharge gas,
the cooling process and cooling fluids. An automation and
management system has been set up in the boards and
control room, designed to make it possible to monitor the
process over time and control all parameters of the transformation process.
Energy balance sheet
Biogas is produced from the anaerobic digestion of biomass
and then used to produce electrical and heat energy. The
plant uses a part of the heat and electrical energy for the
process. The surplus of electrical energy produced is transmitted to the electricity grid and surplus heat energy is used
for other production purposes.
The quantity of biogas that can be obtained depends on
the quality of the biomass supplied. The volume of gas has
been estimated at 12,000 Nm³ per day with caloric power of
5.8 kWh/Nm³.The biogas obtained is used in cogeneration,
supplying energy of 69,600 kWh/day, which amounts to
power of 2,900 kW.
Average production has been estimated as follows:
Electrical energy 25 MWh/day
Heat energy 30.6 MWh/day
Dispersed energy 14 MWh/day

Cogeneration
Cogeneration, with the production of electrical and heat
energy, is achieved by combustion in an eight-cycle motor
with yield of more than 40 % of the biogas produced from
the anaerobic digestion stage. Before combustion, the
biogas is subject to purification and de-humidification.

Biomass cogeneration plant

Further information
Stefano Valentini
ASTER
Email: stefano.valentini@aster.it
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Good practice in Haute-Savoie –
Methanation in Gruffy

The cattle breeding farm with the status of collective group farming (Groupement
agricole d’exploitation en commun – GAEC) called Les Châtelets is located in the
Municipality of Gruffy (Haute-Savoie). This farm has been a “classified installation
for protection of the environment” (ICPE French designation) since 1992.
GAEC Les Châtelets wanted to develop a methanation organisation in order to
create a source of additional income without increasing its agricultural area or the
size of the livestock herd. It will allow a 25-year-old farm family member to join
with the GAEC and become the third associate.
The usable agriculture area is 165 ha and its herd consists of 80 dairy cows and
90 veal calves and heifers. The manure produced by the dairy cows is scrapped
and stored in two slurry/manure pits for an overall volume of 900 m³ (annual
production is 2,000 m³). The heifers and veal calves produce 300 tons of manure
per year. This nitrogen rich organic matter allows recycling of most of the agricultural input coming from the farm, through methanation unity. The treatment of the
effluents is accomplished by spreading them on the GAEC’s lands. The spreading surface is 120 ha.
As for the heat consumption on-site, 200 litres of hot water are consumed every
day for the milking room. In addition, the residential building needs 3,000 litres
of oil fuel per year for domestic hot water (DHW). A few houses that are located
nearby the animal housing consume about 300 MWh per year. All told, these
buildings and houses represent, overall, the equivalent of eight houses that will
get heating supply from renewable energy.
Objectives
The farmers’ will to control the management of the by-products coming from the
farm has been a dynamic force for the implementation of this project. The methanation unity will also allow:
Diversification of activity for the GAEC,
Increase of revenue for the farm from the sale of the electricity produced
to EDF (the main French energy producer); heat production on a heat
network that will serve Les Châtelets,
Treatment of by-products from the farm and nearby industries, while
providing an opportunity for recycling waste from the intercommunality,
Heating autonomy while the costs of fossil fuels are constantly rising,
Cuts in the purchase of mineral fertilizers, thanks to better fertilized humus
(the nitrogen converted into ammonia makes nitrogen fixation easier).

Further information
Rafaël Bouachrine
General Council of
Haute-Savoie
Email: rafael.bouachrine@
cg74.fr
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Key ﬁgures
A 675 m³ digester
Biogas cogeneration: 104 kWh
Expected production:
860 MWh/year (thermal)
830 MWh/year (electric)
Global energy efficiency: 70 %
3,200 tons/year of organic matter recycled
Global Investment: 830,000 EUR
Co-financing rate: about 50 % (Region Rhône-Alpes, ADEME,
General Council of Haute-Savoie, Ministry of Agriculture)
CO2 reduction: about 420 tons/year
Special feature
1 heat network for eight users, exclusively from renewable
energy sources
Energy / material ﬂow

Substrates
coming from
the farm
! 2000 tons/year
of bovine
manure
! 300 tons/year of
bovine dung

Heat production
The heat produced (860 MWh/year) will be used for:
! Maintaining the digester at a temperature of 37 °C
! Contribution to the warm water network of the
neighbourhood
! Heating up the 200 litres DHW of the milking room
and the hay drying

Biogas
Digestate

Substrates coming from
outside the farm
! 400 tons/year of grass-clippings
! 540 tons/year of waste from the
food-processing industry
! 24 tons/year of waste oil
! 82 tons/year of stale bread

Use of the digestate
! 790 tons/year of digestate are
stored in a closed place before
being spread as a fertilizer
! 1820 m3/year of effluent extracted are stored in order to be
spread later on

Principle of methanation in Gruffy
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Electricity
production
! The electricity
produced,
830 MWh/year,
will be sold on
the network

Good practice in Lower Silesia –
Biogas plant Zerniki Wielkie

Biomass for the purposes of energy production should mainly be used locally,
within the framework of so-called distributed generation in highly-efficient cogeneration units. A good example of the use of local potential for the benefit of the
whole of society is the 1.7 MW biogas plant in Zerniki Wielkie in the Zórawina
community near Wroclaw. The investment cost is estimated at around 23 million
PLN (5.7 million EUR).
The plant is located next to a pig farm, which produces 8,000 tons of manure
and 6,000 m³ of liquid manure, allowing it to supply heat to the National Research Institute of Animal Production in Zerniki Wielkie, which manages the farm.
This will also allow the institute to avoid costs for waste disposal related to such
farming. The biogas plant is a big investment, which includes three fermentation
chambers, each with a capacity of around 4,800 m³ and two digestate containers of a similar capacity.
The farm will supply the biogas plant with fuel, which, in turn, will produce cheaper
heat power for the farm. The local farmers will be able to sell their products, to
meet the needs of the biogas plant and to purchase cheap fertiliser at the same
time. The energy produced in the biogas plant will not only be used on the farm
itself, but a part of it will be fed into the local power grid.
The entire municipality will profit from the investment. The municipality will receive
taxes, and locals will not suffer from the odour nuisances previously experienced
because of living close to the farm.

Further information
Arkadiusz Suliga
Marshal‘s Office of Lower
Silesian Voivodeship
Email: arkadiusz.suliga@
dolnyslask.pl
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Aerial view of biogas plant in Zerniki Wielkie

Biogas plant construction is nearing completion

41

