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1 Infroducing EDP - Energias de Porfugal. The production branch

EDF - Energias de Portugal is the main player In Porfuguese energy sector and &
reference company in the [beran market, with a strong presence in Brazil and
considerable investments in tha USA,

E0F In the ibarian Peninsula is present In the whole electicity value chain and alse
in the value chaln of the pas sector, =

At the present days, is a world top player in renewable energles.

in Portugal the generetien branch, EDP Producio, bas ths Installed power of 10 200
MW, where 1 180 MW are in Sines coal combustion power station, 4 units, placed in
the south,

In a regular year Sines production is about 8000 GWh, representing almest 20 % of
the Portuguese needs of anergy.

The eozl combustion Is over 3 70D 0000 for, producing about 360 000 ton of fy ash,
35 000 ton: of bettom ash and 210 000 ton of FED gypsum.

All the quantities of produced fty ash are sold o the cement and concrete industries.

This prasentafion is aboul @ technology change and Tts impast in the coal combustion
produsts {CCPY management.

2 The wet hottom ash system

When Sines power station started its operation, boliers were equipped with a wet
bottom ash removal systam,

In 2 system lke this, ash is collected In & water-fillad hopper at the bottom of the
furmace. Whan s sufficlent amount of bottom: ash drops into the hopper, it is removed
by means of high-pressure water jeis and conveyed by sluiceways elther to a
dispesal pond of to & decant basin for dewstering and then transported for disposal.

The cperation of this system revealed some disadvantages:
«  Water consumption
+  ECffivent treatmeant
+ Handiing of ash and disposal management
«  Power Consumption,

For several fmes It was evaluated the replacement of the wet ashiray with a dry type,
but this option seemed to be too expensive,
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3 Dy bottorn ash equipments

In 2003 2 new study wae done, based on the industrial use of the oblained bottom
ash,

It was considered the solution proposed by Magaldl, who presented technical and
economic advantages, with an option to crush and mill the dry ash removed from the
bottem of the bolier, miking T with the ash from the economizer and from air heatars
and intreducing them info the fly ash creuit, after the slectrostatic precipitators.

Ory bettam ash possesses the same physical and chernical properties of fly ash, and
the mixhire would comply with EN 458-1 requisites.

To tzka & decision, Ecoba and VEE were [istened, we spoke with the main CCP
customers and we visited & power station in Spain {LosBarios, Cadiz, of Endesa),
and in ftaly (Fusina, Venice, of ENEL)

Satween 2004 and 2008, the wst systemns were replacad with the dry cnes.
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{Source: Magaldi)

EDP Engineers worked togather with Magaldl to solve the negallve aspects, like the
replacement of the hammers of the mills every 3 maonths, which was o Expensive.
Now the all system s working in a selisfactory way.

4 The standard conformity

The question was whethar the coal ash obiained with this process accomplishes with
the standards EN450-1 and 197-1 of the concrete and cament.

The managers came to 2 conclusions:

s  You can't consider that the mixdure iz covered by the standards as far as e
dafinition of fly ash is concernad

» [ts physical and chemigal characteristics are complstely equivalent to fiy ash
characteristics.

The modification was first made in 2 groups whe stayed in service with the mbdure
during 2 vears, between 2004 and 2008, with the clients acceptance.
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When Sines got the certification with the CE mark for the fly ash, in 2068, many
successiul tests have bean made with tha product. Howevar It was taken the opiion
to stop the clroult of Infection for bottom ash and fiy ash mixing.

In the other 2 units the system was not fully instalied, allewing only the dry removal of
bottomn ash, but not the mixing with fiy ash,

Surnmarizing, at this moment, ths instaliation is
» Lnit 4 - 2004, Completa
+  Unit 2 - 2005, Complate

e LUnit 1 - 2007, with extractor, crusher, and mill, but without Injection (for
bettam ash and fly ash mixing)

¢ Unit3-2008, only extractor.

To certify the product for incarporation in concrete, as a type || addition, in 2007 EDP
starfed 2 process with "Laboratdro Naciona! de Engenhariza Chil' to obtain an
Eurcpean Technicsl Approval (ETA) for the mix of fly ash and, up to 10%, millsd
hettom ash.

An ETA allows 8 construction product with an assoclated Attestation of Conformity to
be placed on the market with CE marking.

An ETA can be granted whan any of the fallowing conditions apply:
+ norefevant Harmonised Standands for the product axst

« no mandate for such & Standard has been glven by the Europsan
Commission

+ the European Commission considers that 2 Stenderd cannot be developed
{vet)

» a preduct deviates significantly from the relevant Hamoenised Standards,

5 Introducing Laboratérie Nacional de Engenharia Clvil

The Laboratétio Nacional de Engenharia Civil — LNEC (MNational Laboratory for Chvil
Enginearing) Is a state owned research and development (R&D) Institution founded
in 1944,

It works in the various domains of civil enginesring, giving it a unigue multidisciplinary

perspeciive in iz field. The main goals of the LNEC are fo carmy out innovative
research and development and to contribute to the best practices in civil engineering

LNEC also plays = key role in advising the government in technical and sclentific
matters of civil engineering, as an unblased and indepandent body.

The Laboratory has, at present, 630 staff, of which 44% hold a university degree and
25% are researchers with a PhD or equivalant qualification. It alsa has about 100
science research fellows with grants awarded by LNEC.

6 The steps in the ETA process

A Europeen Technical Approval (ETA} for a construction product Is & favourable
technical assessment of Re filnass for an intended use, based on the contribution
made by this product to the fullilment of the six Essential Requirements, as stafed in
the Construction Products Directive (CPD) for the construction works in which the
produet iz installed,
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Agcording CPD, these requiremenis ara;
« Mechanical strength snd stability
+  Safety in the avant of fire
« Hygiene, health and the anvironment
+  Safely inuse
« Protection against noize
« Enargy aconomy and heat retention.

LMEC Is the Portuguess notified body to issue ETAs for any construction product
under the CPD, and is a member of the Europesn Organisation for Technical
Approvals (EOTA).

In conjunction with an Attestation of Conformily procedure (which is intended to
ensira that the product specification set out in an ETA is maini@ined by the
ranufaciurer), ETAs allow manufactiurers to place “CE marking” on thair products.

Although In certain circumstances & may be possible for an ETA to be issued on the
pasis of a Common Uncerstanding of Assessment Procedure (CUAP) agreed among
EQTA members (according to the ari. 8.2 of the Coundil Direcfive 89M106/EEC), in
most cases an ETA for a product will be granted 1o 2 manufacturer based on the
asssssmeant principles set out in an ETA Guidsline for the relevant product sector.
When a European Technical Approval has been issued it is valid s all Europear
Econcmic Area (EEA) countries, for a pariod of five years, renewsble thereafter,

The procedures for requesting, preparing and granting of ETA, are established in the
Commen Procedural Rules for European Technical Approval, issued by the
European Commisslon (EC), and the process flow chart is as follows:
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(Source; ECTA)
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For the preparation of this ETA It was first examined whether any of the existing
CUAP could cover the modified iy ash modified. It was found that the only existing
CUAF on fiy ash covered fly ashes incorpomating co-combustion materials in a
proportion higher than that allowed fn EN 450 -1, ;

There was thus need to draft a new CUAP, following the recent mode! aiready
adoptad by European Committes for Standardization {CEN) and with reference to the
established in EN 450 parts 1 and 2, which was sant for comments in May 2008 and
finally endorsed In Decermbser 2008,

In the discussicn perled, the points which heve raised guestions or comments
congemad notably the designation of the modified fiy ash and the nesd to
characterize the bottorm esh under the factory production condral.

The preposed designaticn “composits™ didn't seem appropriste because it may be
undersiood as a mixture of distinet materials when the modified fly ash and the
bottom ash have basically the same chemical composition therefore the designation
“rrodified fiy ash” prevailed. The principle that it was not necessary o test separstaly
the bottom ash slso prevallad, becauss the dry bottom ash fs orodused in the same
process as the Ty ash and the properfies of bottom ash to be assessed are controlled
in the final product. .

Meanwhile & study was initiated for charactrization of boftom ash, fly ash and
modified fly ash, covering its chemical and physical characterization, as well as to
analyse the infivence of the modified fly ash an the propedies of consrete, with
reference to the results chiained only with 1y ash.

The ETA is in the final phass of elaboration, and 1 i$ sent for comments during the
manth of April 2070,

7 Fly ash new management

Presendly the system for dry ash removal Is installed In all 4 boilers, =t Sines PP, but
only in 2 of them the system Is fully equipped for dry bottem ash removal and mixing
with fiy ash.

In the cther fwo units, the system Is equipped only for dry boliom ash ramaoval, but
not for mixing with fiy ash,

The fiv ash presenily produced is carfified and GE marked in accordance with EN
4580 = 1 and is totally sold for type I eddition for concrete and alzo for cement
production in accordance with EN 1971,

EN 197- 1: establishes, on £.2.4 - fly ashes {(V.W), that fly azh, intanded to be ussd
as a major constivent of cement, e obtained by electrostalic or mechanical
precipitation of dust-like particles from the flue gases of furnaces fired with pulverisad
ccal.

This definition thus excludas the use of modiffed” fly ash as a main consfituent for
cement production. ..

For this reason and In crder to provide the needs of our cliznts, the power plant will
maintain the separate production of fly ash and bottom ash in two units.

Onge the ETA for modified fly ash is granfed, the power plant will produce and
manage two cartifiad ash produsts:

* Fly ash in accordance with EN 450-1;
¢ Modiffed fly ash In sccordance with the applicable ETA.
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B Conclusion

The declsion @ install the Magaldi system revealed signiiicant advantages in watar
sconomy and i the wastewatsr tregiment: atout EUR 500 000 per yaar.,

Botforn ash market valorzation tums the zconomic and fnanclal evaluation of the
invesiment project with a positive refum,

in the fulure, ones the ETA for modified fiy ash is granted, it will have a benaficial
effact on ash disposal and In the Sines landfill.

The enviranmental impact of COZ reduction on cemant industry is also pesitive,

The additionsl quantifies of coal ash used 0 the cement and concrete Industries
sllow to face ihe decreese in fly ash producion derved from the reduction of
generation from coal combustion plants.
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