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COGENERATION SOLUTION
FOR RECOVERING RENEWABLE RESOURCESEXISTING
IN THE EUROPEAN UNION

Camelia OBREJA

Rezumat. Cogenerarea sau combinatele de energie elecfritermici (CHP), constituie
una din alternativele aflate la dispgizi Uniunii Europene, pentru realizarea obiectivelor
politicii energetice, cu conda de a se implementa noiagsuri de sprijin al acestei
tehnologii, care asigur reducerea consumului de energie prichareducerea emisiilor
de CQ, diminuarea pierderilor in reele si cresterea concurefei in domeniul pigi de
energie. In acest context, Parlamentul Europeaim pezolyia promovai in data de 26
ianuarie 2009, referitoare la a doua revizuire $&giai a politicii energetice, a salutat
planul Comisiei pentru industrie, cercetaseenergie, de a urgri cu atenie evolyia
cogenedirii (CHP), dar a reamintitsi chemat Comisia, ca Tn cadrul revizuirii Planulle
actiune pentru eficie@ energeti@ tn 2009, 8 identifice si sa promoveze metode,
procedee, instrumente car@ garanteze valorificarea Tn Tntregime a pafafului de
cogenerare folosind resursele regenerabile existgetintreg teritoriul U.E.

Abstract. Cogeneration or the factories that produce heat @ower, represent one of
the alternatives available to the European Unionaithieve the objectives of energy
policy, with the obligativity to implement new ma&s to support this technology, which
ensures the reduction of the consume of primaryrggnereducing CO2 emissions,
reducing network losses and increasing competitiorthe electricity market. In this

context, the European Parliament, by the resolutfmmomoted on January 2009,

regarding the second strategic review of energycgolwelcomed the Committee plan on
industry, research and energy, to follow carefulthe evolution of cogeneration, but
called and reminded the Commission, that during itixdiew of the Action Plan for

energy efficiency in 2009, to identify and promotethods, processes, tools that will
ensure full valorification of the cogeneration patial using renewable resources existing
throughout the EU.
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1. Introduction
Currently, the global energetic system faces aheurof key issues suchs

+ limited energy resources, focusing more and more in some countries,
for which the earnings obtained from the energyusnghe base of the entire
economic and energetic policy and are a centrahah in deciding foreign
policy situations. A study coordinated by Profesktéfele (Austria) under the
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aegis of the International Institute for AppliedsE3ms Analysis entitled "Energy
in a finite world" underlined that we are in a w#dion phase regarding the
energetic resources, when the world will shift teses from the fossils ones to

the renewable onEs

+ huge increases in energy consumption, which will double resulting
from the data provided in the report "Global Tre2@25: A transformed world"
conducted by the National Information Council of tnited States of America.
Consumption doubling will be determined by both ywagon growth with
1.2 billion by 2025, combined with increased conption due to the middle class
and the huge energy demand of India and China.y&ima the evolution of gross
inland consumption of energy produced in the ped®80-2006 by the world
states operating on the energy market, determinetthe basis of growth indices
with fixed base the year 1990, there is a genenadléncy to increase, which
occurs mainly in South Korea, China, India, Branid Mexico: see Figure 1.
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Fig. 1. Gross Inland Consumption (1990=1)
Source: OECD (* Including Hong Kong, ** SoetdEurostat, December 2008)
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If we analyze the evolution in the structure af tjross inland consumption
of energy, we see that three countries (U.S., Ed) @nina) have over 50%: see
Figure 2.
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Fig. 2. Gross Inland Consumption by Country (Shares, %)
Source: OECD (* Including Hong Kong, ** Sourdeurostat, December 2008)

For the year 2030 it is forecasted a total denwreghergy higher with about
50% than in 2003 and with about 46% higher for Dilis doubling of total energy
demand will be determined primarily by the econ@mietransition due to growth
and structural changes in the economy.

+ technology issues, that relate to both production capacity worldwide
and transport one, which are currently limited. Meet this huge increase in
energy consumption it is needed an investment w teehnological capabilities,
which will allows the reduction of carbon dioxidenissions, renewable energy
production and energy efficiency, including in tteveloped world.

+ management is a key issue in energy both globally and nationally,
which has the role to establish objectives to engquassage of the energetic
system from the current state to a future onedemtify actions and to bring
forces involved in achieving the set targets, it ultimate goal of realizing the
sustainable development of the human society.

Major challenges of energy management in the warédrepresented by the
changing and adapting economic activities in ortterreduce environmental
impact and use of renewable resources and the klpridestyle of each
individual, starting from basic education, whiclosld have as a permanent aim
the creation of a responsibility in the energegicter.
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+ the negative impact on environment, including climate change
issues, impose in the following decades the promotion siistainable
development, of an effective energy economy, coitnpet with low carbon
dioxide, secured from an energetic point of view.

All these developments have led the Internati@redrgy Agency forecasts a
dramatic transformation of the energy industry @aitle in the coming years and
to report current energy policy as unsustainableesit can not counteract the
increase of C@emissions - estimated at 130% by 2050.

On how to tackle these challenges in the energy there are two different
ways of action characterized by the existence @emte of a distinct and
comprehensive vision for the future of energy ingyal.

Adapting to new conditions imposed by the evolvea@nomy, requires the
knowledge of the future social - economic forcesl d@he existing trends in
developing the technology for the use of energgueses.

2. Cogeneration: viable solution for the sustainable development of
European energy systems

Signing the Kyoto Protocol of the Framework Cortieam of the United
Nations on Climate Changes, by the EU states, éagmsmotion the action of
elaboration the strategy for energy policy, whicbngists of objectives of
increasing energy efficiency and reducing the imhpache environment.

Implementation of the first phase of the Europ@aagramme for Climate
Changes has determined the reconsideration of thtign regarding the
cogeneration domain, observing that achieving tlggsas can be realized by
using the technology of the simultaneous produabibneat and electricity, which
compared with separate production of heat andrelggtallows energy savings
and reducing or avoiding CO2 emissions.

European Parliament and the European Union Caqunuiting the
recommendation made by the European CommiSsiander the terms of the
Social - Economic Committétand Committee of Regioisdecided to take the
necessary steps to unlocking the potential of ceggion in the European internal
market of energy, by promoting tl2804 Directive 8/EC of 11 February 2004
on the promotion of cogeneration based on useful heat demand on the
internal energy market, which modifiesthe Directive 92/42/EEC.

By promoting this directive sought to harmonizeeafpc national
circumstances to the European ones, by promotidglameloping high-efficiency
cogeneration based on useful heat demand and gprenargy savings in order to
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increase efficiency and to improve energy secuntyenergy supply for each
member state.

According to the principles of subsidiary and pdnality, Directive
2004/8/EC, is focused on ensuring the frameworlafinieving goals (e.g. 20-20-
20 for 2020), referring to what is necessary tosdothat each member state
starting from the fundamental elements of Europealicy in the field of
cogeneration are able to choose and implementicotuthat meet the national
situation.

Defining the notions of cogeneration, cogeneration of micro and small
power, high efficiency cogeneration, useful heastijiable economic demand,
electric energy from cogeneration, efficiency, dugnof energy produced in
cogeneration.

This definition was adopted in order to createaartonized base, by putting
in accordance all variations used by member statekefine cogeneration, both
for statistical purposes, as well as for choosinglip mechanisms for national
support or for establishing the criteria to be cd&ed in determining and
assessing the energy efficiency of energy prodangdticogeneration.

Starting from the basic definition of cogeneratidime directive clears the
meaning and notions ofcogeneration of small power, high efficiency
cogeneration, as follows:

4+ small power cogeneration represents the groups of cogeneration with an
installed capacity below 1 MWe. The cogeneratioougris an assembly of
equipment, facilities reunited because of the fionetl characteristics and that can
operate in a cogeneration regime, producing simatiasly in a correlated
process useful heat and electricity and / or machhanergy.

Cogeneration of small power may includgcro-cogeneration represented by
cogeneration groups with an installed capacity bel60 kWeand groups of
distributed cogeneration, such as those that feed isolated areas or lineitedgy
demands in residential areas, commercials and tinalgs

+ high-efficiency cogeneration is defined by the primary energy savings
obtained from the use of combined vs. separateystamh of heat and electricity,
which must be greater than 10%. In the case ofgg@i micro-cogeneration and
small power it can be considered as high-efficiecageneration, the production
of energy in the situation of realising primary egesavings.

In order to calculate primary energy savings frammgeneration, The
European Commission established in 2006 harmomieftence values for the
efficiency of separate production of electricitydaimeat, which will be reviewed
for the first time on 21 February 2011. After tHisne the review will be
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completed once every four years, depending oneitienblogies development and
the changes in the distribution of energy sources.

Although by 2010, the determination of primary rgyesavings can be made
using alternative models, to ensure the origin etatistical reports, the amount of
electricity from cogeneration shall be calculatsithg the methodology provided
by the Directive.

Factors with a major impact on technical perforogrand economic
activities, determine the classification of cogextien facilities, as follows:

+ cogeneration facilities at a very low power, lowngo, medium power
and high power, defined in terms of electrical poseale installed, which can run
from tens of kW to hundreds of MW. Because thesasof electric power are
not fixed, determined by norms, different from ctyynto country within the
European Community, thBirective 2004/8/EC establishes groups of very small
power (micro - cogeneration) as Pelectrica <500dW those with Pelectrica <1
MW defines them as groups of small power (smallec@gation power). In our
country, groups are considered medium power, grégbsctrica <20 MW.

4+ if it is taken into account the degree of intergaction in the electricity

part, cogeneration installations can be isolatetijckv provides power to a
particular consumer, or may be interconnected vatiailable deficiency or

electricity (are fueling a certain consumer, b aonnected to public network
exchanges that are permanent or very frequentrieiggt Technical and

economic conditions in which the exchange of eigtyr in a cogeneration

factory(CHP) with the public network (both ways)lience the final rate of
recovery of such investments.

+ and at last the technical solution, and heatinge tppachine, which
determines the thermodynamic performance levetjeficy of production of
mechanical work) and technical (the maximum possiégree of recovery of
exhaust heat from the thermodynamic cycle) and domtations (i.g. maximum
level of heat obtained by recovery), determine dlassification of cogeneration
solutions in plants with steam turbines (ITA), witas turbines (ITG), with
combined cycle gas-steam (ICGA) and thermal endiihs).
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3. Themain technical and economic aspects of cogener ation plantsused in
Romania

a. Installations with cogeneration steam turbines are used in the average
power, using a simple cycle with reduced parameaiesgieam at the entrance. In
using cycle steam turbine can be chosen two vaiaamely:

@ backpressure turbine or backpressure and outlet;
@ condensation turbine with one or two adjustabléetsit
Using various types of steam turbine is determimgdeveral factors, such as:

+ the nature and duration of use of annual maximumaah& in the form
of heat;

+ structure index of consummation determined by ripgthe electricity
demand to the amount of heat required by the coasum

+ desired degree of independence between the amdumieotricity
produced and delivered heat;

4+ the nature of heat (steam or hot water) used tplgwpith heat and its
parameters.

In generalbackpressure turbines are used for heat consumption with high
duration of the use of peak flow, when demand fectecity and heat have the
same degree of variation. In case of change ofifygee of variation of the two
different forms of energy, the use of backpresdurbine is disadvantageous
because of the strict dependence between thelbeati¢livered and the electrical
power produced.

The solution of cogeneration with turbines withckaressure recommends
the use of turbines capacity dimensioned like thésy close to its nominal value,
over a long period of time. During operation thecélic power produced is
strictly proportional to the flow of heat suppliedyith a coefficient of
proportionality characteristic of each turbine.

The cycle with simple backpressure, using hot wat an agent into the
primary cycle, can loosen up the steam to a lowsquee with a good ratio
between electricity and heat produced, but prodactf electricity depends on
the consumer of heat, which can be offset by tleeafisan additional cooling, so
as to maintain the production of electricity durisgmmer when the heat
requirement is very low!

Turbines with condensation and plugs are used where one wants less
dependence between flow rate of heat supplied lamelectrical power produced
simultaneously. The degree of independence of Wee dizes depend on the
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construction of the turbine, i.e. the dimensionaighe low pressure body or tail
of the condensate.

These turbines allow at partial thermal load todoice electric power greater
than those determined strictly by the boot. Addeder thus obtained is produced
under the condensate regime, with specific fueksaamption higher than that for
the electrical power produced in the operatiorhefd¢ogeneration system.

Also, compared with backpressure turbines, thesgerteration facilities
allow the production of electricity and in periodéen there is not a need to
record high heat (summer), with greater flexibily the ratio between electricity
and heat produced.

Greater complexity of the cycle with adjustabledensate and plugs causes
higher investment spendings, on the body of lovegues, condenser and cooling
system, which, however, recovere through a higHféciency of electricity
production and, by selling electrical energy prasthadditional.

Cogeneration with steam turbine, operating deaeén#d, uses turbines in the
range 1-10MW, with steam pressure at the entrah88-F0 bar and temperature
of 400-500°C!".

Concluding this type of cogeneration plant although it has datlvantage
that allows the use of any type of fukgs thedisadvantage that it dos not
produce the best result in terms of operation vg#rtial load, which implies
increased costs of operation.

b. Cogeneration installations with gas turbines coupled with a boiler are
currently used in cogeneration for base-load, whth possibility of using several
schemes depending on the type of gas turbine wsmih as micro-turbines in
centrals of block type, or gas turbines with steajection (both in the turbine and
in the combustion chamber).

Plants with gas turbine combine some qualitiea ofiodern steam turbine,
such as the compact construction, high speed, mhmgortant power, with
characteristic elements: fast start, work with hggts temperature, low-cost and
low consumption of water cooling. These technicad aconomic characteristics,
including that they start quickly (generally witign 5 minutes), make that plants
with gas turbines to be used for fitting the peakver and reserve plants to be
used as a mobile power unit.

Among thedisadvantages of these cogeneration facilities,underline first
those that hava direct influence on the costs and increase due to their inability
to use solid fuels and a low overall efficiency,. et
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c. Cogener ation installations with combined gas-steam cycle have imposed
them selfs in the last decade as an attractiveomgtr production in the same
time of electricity and heat, although their peni@nce are being recognized by
more than 25 years.

The performance of this facility is approximaté8$% in a cogeneration
production and about 50% in operation only for pi@dg electricity.

The steam necessary to the steam turbine in ceaten is produced in the
recovery boiler, powered by heat from the gas hebéxhaust gases. Excess
oxygen In the combustion gases allows addition& of fuel burning in the
recovery boiler, which is more efficient than corstion in a classic boiler,
without the need of prewarming the air.

If an advantage is that approximately one thirdha heat recovered from
exhaust emissions of the gas turbine can be usdwbdting at a temperature,
which does not affect the production of steam farams turbine and power
produced by it,the fact that the gas turbine works with natural gas, is a
disadvantage.

d. cogeneration facilities with internal combustion engines (heat engines
with internal combustion) are recommended in the operation of power up to
10MW, is characterized by a total system efficierndy36-38%, as for energy
power to over 90% if all recovered heat is usedaigircuit with the heating
temperature on the tour abouf@0

The first characteristic of these engines is thet fthat they make the
chemical energy of fuel into mechanical energy lagak.

These cogeneration plants, generally equipped foillh-stroke engine with
the speed of 1,500 rpm for powers up to SMW (usa@akimum for gas engines)
can use a variety of fuels, including renewableoweses (natural gas, biogas,
biomass, lightweight liquid fuels, diesel)

Although, these cogeneration plants, allow theucédn of primary energy
consumption because the heat is recovered fronedhdustion gases, from the
cooling system of the engine and from the overakrgystem, their use is
appropriate for systems with low temperature hegaim Tour (126C).

The types of cogeneration installations listedaan®ng the most widely used
in Romania, differentiating themselves mainly thgbuhe technological process
of cogeneration, fuel used, carrier agent, the sgaply and cogeneration index.
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4. Measurestaken by the European Union and Member States

In 2006, cogeneration (CHP) covered 13.1% of ferergy consumption of
the EU, with different weights from one country daother, existing countries
where the share reached over 40% as seen in figui@
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Figure 3. Contribution of energy from cogeneration from CFEmber States,
Source: Eurostat 2006

In the EU27, production capacity for electricitprh cogeneration amounts
up to about 100 GW, representing 13.6% of the totglacity of electricity
production over the 27 states. In 2006, electripityduced from cogeneration in
the EU27 amounted to 366 TWh, representing 0.9%taf electricity production.
The level of production varies greatly from ondesta another, positioning it self
between 0.3% in Cyprus and over 40% in Latvia ardrbark'®

The advantages in terms of energy savings ana&sd, in present, at about
35 Mtep / year in the EU27, a saving equivalengtoss domestic product in
Austria. Savings in the generation of CO2 are ugbimut 100 Mt / year.

CHP is a technology to save energy that contréotdday with about 2% to
achieve annual savings target of primary energ®d% in 2020.

At present, the countries where cogeneration cagadchave a relatively
significant share, are those which have a relativelportant share of heat.
Industrial applications of cogeneration represerdtlaer possibility for the future
development of this technology.
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The evolution of other energy related measures will also influence
cogeneration. Such measures relate to energy iladpéll 2009 for implementing
the boilers of eco-design from the Directive, incrotcogeneration case, and for
cogeneration on a large scale, the proposal to dnierective 2003/87/EC to
improve and extend the community system of tradngssions of greenhouse
gases, and proposition for the adoption of the ddive on the promotion of using
energy from renewable sources, which will govem ¢hlculation of preferential
reducing emissions from power cogeneration usietsfirom renewable sources.

Countries like the Netherlands and Sweden Ilink th®motion of
cogeneration based on the use of renewable respsgeh as biomass, with tax
incentives, while Germany, Austria and Denmark gealegislative support to the
cogeneration facilities with high-efficiency, whialses pellets - solid fuels with
low humidity, obtained from sawdust, wood chipswen tree bark.

Conclusions

Cogeneration of electricity and heat is a enecgetchnique very efficient,
which allows greater energy savings in comparisath wther technologies,
including through the use of renewable energy ssyrand it can be used in a
wide range of capacities, from micro-cogeneratiolezel 1 kW in private homes,
to hundreds of megawatts in heating and indugttaits.

Cogeneration or heat and power factories (CHP)res=nt one of the
alternatives available to the European Union taeaghthe objectives of energy
policy, provided to implement new measures to supfios technology, which
ensures the reduction of primary energy, reduci@2 Gmissions, reducing
network losses and increasing competition in tleetdatity market.

Moreover, cogeneration as a decentralized teclggaloat encourages local
and regional development and employment locallyrural and isolated areas,
(CHP), especially based on renewable energy squpoagide good opportunities
for economic development and creating new jobs.
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