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Increasing world population and economic
development is resulting in an ever  growing

global primary energy demand . The
world population which was over 1 billion in 1850
has become 5.3 billion in 1990. The energy
demand of the world population before 1850 was
less than 0.5 Gtoe* ( *Gtoe: Gigatone oil equivalent, i.e.,
10° tons of oil ) per year. However, this demand has
Increased to almost 10 Gtoe per year towards the
end of 20" century. Consequently, there has
been a 20-fold increase in the energy demand of
the world in 150 vyears. The global fuel
consumptions in 1970 and 2005 seen an increase
In global primary energy demand of over 87 % in
about 35 years.
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Three scenarios have been presented by the
World Energy Council for the future energy
consumption. As can be seen from this study, the
Scenario A is based on high growth rate,
Scenario B is based on medium growth rate and
the last scenario which is Scenario C is based on
ecologically driven growth. In these scenarios the
World Bank predictions for population have been
used. Also three scenarios have been presented
for energy use for the years 2050 and 2100. As

can be seen, if the medium growth is chosen

as an average, the population will be about  10.1
billion in 2050. This will bring a primary energy

demand of 20 Gtoe* in 2050. (*Gtoe: Gigatone oil

equivalent, i.e., 10 9 tons of ail) .
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EuroEnergy Group S.r.l.,, a Marcegaglia Group
society, works in planning, construction and
operation of power plants, R & D activities.

Plants: wood biomass e CDR (not in co-
combustion) with high organic ratio.

Not only electric energy, as well projects
In cogeneration network (Combined
Heat and Power - CHP).

The success’s key factors :

@ choice of combustion tecnology

@ the fuel
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This means again a 2.6 times increase in energy
demand from the 2005 value. The carbon
emission amount is expected to be about 10 Gton

of carbon. However, If the Ecological
Growth is chosen, the primary energy demand
and carbon emissions will be  considerably
less.
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Energy demand of the world is primarily met by
the fossil fuels. During the last 20 years, there
has been a growing concern over the exhaustion
of conventional fuel sources. Decreasing of fuel
resources and the increasing cost of
conventional fuels make it vital for our industries

to conserve available energy sources. A lot of
studies show ultimate recoverable fossil fuel
reserves in the world: coal seems to have the
highest potential as an energy source within the
next decades.
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KEY FACTORS FOR THE CHOICE
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The report of the International Energy Outlook
predicts that if the usage of the fossil fuels
reaches to the values estimated in the
projections, the global carbon emissions will
reach to 8.1 billion ton/year in 2010 and 10 billio n
tons/year in 2020. The value in 2005 is 6.9 billion
tons/year. The projections of the fossil fuel usage
and the estimated carbon emissions are growing.

It is expected that a large portion of this increas e

in the carbon emission will result from the
developing countries whose economies are

growing fast and the energy demand Is
high .
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With the energy picture getting worse every day,
It is now desirable to search for alternative and
renewable energy sources. This has lead to
renewed interest in biomass energy. Presently
only about 15% of the world energy use is from
biomass. About 38% of the primary energy
consumption is from biomass in developing

countries.  Blomass energy s attracting
more and more attention worldwide, because it is

a potentially CO ,- neutral and renewable energy
source. Even large scale power plants are in
operation in countries such as the United States,
Denmark, Sweden and Finland. Throughout the
years more efficient combustion systems for
biomass has been developed.
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Power plant for electric energy

Integration with a network for CHP
(Combined Heat and Power).

Present in North Europa and in the big cities
of North Italy for heating urban centers.

The choice is function only of
environmental conditions and
requirement and of economic feasibility

www.enel.it




Kyoto targets

Energy from biomass is important to society
since it does not produce any net greenhouse

gases and this assists in meeting Kyoto
targets . It is the form of energy which helps

“Sustainable Development”.

This energy is generally available in agricultural
communities and helps to maintain their viability.
Nevertheless, appropriate technology must be
employed to avoid the production of pollutants
and other problems whilst maximizing process
efficiency.



The potentiality

Each year through photosynthesis, organic
matter with an energy content of about 3 trillions
GJ is produced (105 GW-year/year). Bioresources
are potentially the world’s largest sustainable
source of fuel and chemicals. It is a renewable
resource comprising 220 billion tons (oven-dry)
tons of annual primary production. A lot of
studies have reported that the global commercial
energy use is about 10 times less and the food
energy consumption is about 200 times less. This

means that there is a considerable energy

potential not used. Biomass can be used for
energy production through combustion,
gasification and other conversion techniques,
both for heating purposes and electricity
production, and for liquid fuel production.



Biomass —

Letti fluidi bollenti

Avalilable tecnology

Tipically about 50 MWt

Griglie raffreddate
(aria 0 acqua)



The contribute of Biomass

Biomass is an important contributor to the world

economy. Agriculture and forest products
Industries provide food, feed, fiber, and a wide
range of necessary products like shelter,
packaging, clothing, and communications.
However, biomass is also a source of a large
variety of chemicals and materials, and of
electricity and fuels. About 60% of the needed
process energy in pulp, paper, and forest
products is provided by biomass combustion. In

the future, our energy systems will need to be
renewable and suitable, efficient and cost
effective, convenient and safe in order to provide

the Sustainable Development



Wood

Wood was the major source of energy before
the widespread introduction of coal, oil and
natural gas. Even today, biomass remains the
major source of energy for most developing
countries. In the industrialized world, biomass
use Iis also significant. In the US alone, the
biomass fuelled power generation capacity is
over 10,000 MW,  Worldwide, biomass
contributes an estimated 25 million barrels of oil
equivalent per day (http://www.ecoplan.org/zero-ems/z-

think-convertech.htm)




Choice factors

Fuel and emissions

Fuel :
Virgin wood

Strateqgic choice :

Mix of very good quality fuel and
others with low quality.




Residues or grown specifically

Biomass other than fuel includes agriculture and
wood/forestry residues and herbaceous crops
grown specifically for energy but excludes forest
plantations grown specifically for energy. These
plantations are mainly in Brazil, India, Ethiopia
and Sweden. Some field trials exist in EU and the
USA.

Currently bulk of the biomass energy is obtained
from agroforestry residues and to a lesser extent
from animal manure (e.g. China and India, and
biogas in industrial countries). Municipal solid
waste (MSW) can also be considered potentially a
major source of energy.



Realistic reoverable

The energy content of potentially harvestable
residues (the total residues produced that could
potentially be collected) is about 93 GJ/year
worldwide. Assuming that only 25% of this is
realistically recoverable, residues could provide
7% of the world’s energy. It is evident that the

problem is not availability but the
sustainable management and delivery
of energy tothose Who need it .



Biomass types used

Biofuels, a diverse group of energy sources ranging
from wood waste and agro business waste to crops
grown for energy, have long been used to generate
process steam and electricity in industrial
applications. There are some advantages of biomass

combustion, which are listed below:
* Biomass is renewable, “green” energy, which often u tilizes
waste material.

* Biomass combustion technology is highly flexible an d tolerant
of changes in fuel moisture content, particulate si ze, and density.
* Biomass combustion is a “low technology” solution, easy to

iImplement and easily understood and operated.

» Emissions are low enough that they do not significa ntly impact
the operation and maintenance costs of the project.

 Since the fuel is produced locally, energy expendit ure stays in
the community.



Risultati ambientall

Emissioni reali

La tecnologia adottata ha permesso di esercire I'im pianto con livelli
di emissione notevolmente inferiori ai limiti di le gge.



Risultati ambientall

Emissioni reali

Concentrazione al suolo delle polveri - Media annual e ng/m3 (DIMULA.2 - ENEA)



Risultati ambientall

Emissioni reali

Le ricadute al suolo e l'influenza sulla qualita del I'aria



Deregulation and efficiency

The advent of deregulation , coupled with
State and Federal efforts to encourage the use of
renewable resources, has led to additional forces
promoting the use of biomass fuels for electricity
generation including proposed portfolio
standards (it is a law in New Jersey, U.S.A.). Tax
Incentives are given to the companies for
generating power with biomass, for the initiation
of “green power” sales programs and related
efforts. At the same time, however, deregulation
has increased pressures on utility companies to

maximize the efficiency of  boiler
operations and to minimize fuel costs



Power plant and investments

Large scale power plants based on biomass (>10
MW,) are in operation mainly in countries such as
the United States, Germany, Denmark, Sweden,
The Netherlands, Ireland and Finland. The
Introduction of biomass energy based on energy
farming could be hindered by the reluctance of
Investors in power plants as a result of perceived
uncertainties in the future supply of low-cost
biomass fuel. However, this can partly be

overcome by mMinNimMizing investments  and

maximizing future supply reliability
Introduction of carbon tax can be another vehicle
to promote the use of biomass Iin energy
production.
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Premesse

EuroEnergy Group S.r.l., societa della Marcegaglia Grou  p,
e attiva nel settore della pianificazione, costruzio ne e
gestione progetti, attivita R & D.

Impianti in esercizio: biomasse legnose e
CDR (non in co-combustione) ad elevata
frazione organica.

Non solo produzione di energia elettrica
a cessione vincolata, ma anche interventi
nel campo della cogenerazione (CHP).

| fattori di successo:
@ scelta della tecnologia di combustione

@& il combustibile



Premesse

ASPETTI CHIAVE PER LA SCELTA

Caratteristiche variabili

Limiti di emissione
Esercizio continuo

Gestione rapida e flessibile



Premesse

Centrale di sola produzione di energia elettrica

|

Considerazioni integralmente applicabili a cicli
di tipo CHP (Combined Heat and Power),

diffusi nei paesi del Nord Europa ed in alcune zone del
Nord Italia come teleriscaldamento di centri urbani

La scelta della soluzione e puramente
legata alle condizioni ed esigenze
ambientali ed alla fattibilita economica

www.enel.it



Tecnologie disponibili

Biomassa EE— Tipicamente intorno a 50 MWt

Griglie raffreddate
(aria 0 acqua)

Letti fluidi bollenti



|| progetto




Fattori di scelta

Combustibile ed emissioni

Combustibile
Legno vergine da:
e utilizzazioni forestali

e cure colturali,
» strutture di prima lavorazione del legno

Scelta strategica

Cippatura diretta del materiale, per ottenere una si  gnificativa
guota di combustibile di qualita, miscelabile con a ltro di
gualita relativamente bassa




Fattori di scelta

Combustibile ed emissioni

Qualita della combustione:
migliore possibile combinazione tra combustibile e comburente

E’ la variabile piu importante e I'unica che puo gara  ntire che i
limiti di emissioni (CO, COT e NOx) non vengano sup  erati
neanche durante i possibili transitori

CO, COT e NOx dipendono esclusivamente dalle prestaz  ioni di
combustione e dal disegno della camera di combustio ne

Tutte le altre sostanze emesse possono essere contr ollate
chimicamente a mezzo di iniezione di sorbentie/or  eagenti



Fattori di scelta

Combustibile ed emissioni

Quanto detto finora riguarda semplicemente fatti fi sico-chimici della
combustione, non si &€ ancora fatta una scelta riguar  do la tecnologia

Obiettivo del sistema di combustione
GARANTIRE

@ 'ossidazione piu completa possibile del carbonio e dell'idrogeno, in
guanto sono le reazioni che generano il calore per produrre il vapore

W | tempi di permanenza in camera di combustione a te  mperature
sufficientemente elevate per garantire la completa ossidazione di CO

ed eventuali idrocarburi volatili rilasciati dalla prima fase della
combustione

W il controllo delle temperature di combustione in mo do da limitare la
formazione di Ossidi di Azoto (NOx)

Sulla base delle verifiche, delle indagini e delle esperienze di esercizio,

EuroEnergy Group ha optato per la scelta di combusto rn a letto fluido e,
data la potenzialita, di tipo bollente.



Fattori di scelta

Combustibile ed emissioni

Il controllo delle emissioni non dipendenti dalla
combustione e effettuato con sistemi completamente

a secco: iniezione di CaOH e Carboni Attivi in un
reattore che garantisce la miscelazione dei sorbent i
con | fumi contenenti le sostanze inquinanti
producendo prodotti di reazione sostanzialmente
Inerti da inviare a discarica

La rimozione delle polveri ed il completamento dell e
reazioni di adsorbimento sono realizzati tramite un
filtro a maniche

Il ciclo termico comprende una turbina a condensazi one con 3 spillamenti
di vapore che alimentano un degasatore e due scambia  tori di Alta e Bassa
Pressione, e scarica in un condensatore ad aria

Condensatore ad aria: esigenze ambientali (limitato utilizzo delle acque di
falda - meno di 3 l/sec - e mancanza di ricettori ido  nei dellacqua di Blow
Down)



Risultati ambientall

Emissioni reali

La tecnologia adottata ha permesso di esercire I'im pianto con livelli
di emissione notevolmente inferiori ai limiti di le gge.



Risultati ambientall

Emissioni reali

Le ricadute al suolo e l'influenza sulla qualita del I'aria
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Emissioni reali

Concentrazione al suolo delle polveri - Media annual e ng/m3 (DIMULA.2 - ENEA)



Fattori di scelta

Considerazioni economiche

L’'impianto opera in ambito del provvedimento CIP 6/  92.

La produzione di energia € di tipo a cessione vincol ata e l'intera energia prodotta, al
netto dei consumi degli impianti ausiliari e integra Imente ceduta alla Rete Elettrica
Nazionale.

La remunerazione dell’energia elettrica e garantita per 8 anni dal GSE. | valori attuali
sono dell’ordine dei 0,182 €/kWh.

Non trattandosi di un inceneritore, ma di un impian to di produzione di energia, il
ritorno dell’investimento e garantito solamente da:

» efficienza

« affidabilita

A fronte della produzione di energia, oltre
al costo di investimento elevato data la
complessita di questo tipo di impianti
rispetto a quelli che utilizzano fonti di
energia di natura fossile o comunque piu
convenzionale, devono essere prese in
considerazione tutte le diverse voci di
costo.



Fattori di scelta

Conclusioni

Le basi per la scelta della tecnologia sono quindi riconducibili alle
prestazioni tecniche, in particolare I'efficienza, ed a quelle ambientali.

Cio comporta necessariamente
sensibili costi di investimento
ma rappresenta I'unico modo
per conseguire una
soddisfacente sostenibilita
economica dell'iniziativa, anche
nell’ottica della nuova
normativa di sostegno
all’energia elettrica rinnovabile
(Certificati Verdi), in cui le
biomasse si trovano
sicuramente in una posizione
piu debole rispetto ad altre
fonti.






