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SUMMARY :

The Zabalgarbiurban wastéo-energy system is an industrial process that
adapts the technology of combineytle gas plants to modern wasteenergy
facilities.

This plant have been supplied and delivered in 2005 by a joint venture made by
CNIM and SENER.

In order to fulfill with the ambitious plant efficiency, the steam parameters and
mainly the pressure value used in the WLE boiler is higher tisamally

obtained in mdern wastdo-energy plants, which cause an increase of
corrosion rate on evaporateection.

Conventional protection has been originally installed in the WtE boiler by
Inconel 625 application in the first unprotecteels refractory section

Despite the satisfactory result demonstrated by the original protection which
has been extended afterwards, tests have been made on single tubes using
ceramic coating protection developed by k&@at company. Started in 2014,
the test is always on going with additonnal improvement madw®aaterial and
application technology.

The esults obtained are very positive with none corrosion attacks and with
positive effect on fouling behavior.
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l. ZABALGARBI| PLANT

The Zabalgarbi urban wadi@energy system is an industrial process that
adaptghe technology of combinecicle gas plants to modern wasteenergy
facilities. The plant have been supplied and delivered in 2005 by a joint venture
made by CNIM and SENER.

Itisasingld nt egrated process in which the
determined by the following:
AThe plantés required UW treat ment
A Finetuning the thermelectric performance.
A Reducing the environmental impact per kWh generated by the plant.

Zababarbi occupies a plot measuring just over five hectares within the
Artigas-Arraiz Special Plan Area in Bilbao. The industrial facilities cover 2.7
hectares, with the rest being taken up by roads and gardens.

Overall, the ArtigafArraiz Specia Plan Area extends over 108 hectares.
In addition to the urban wasi@energy plant, it houses a mechanical
biological treatment (MBT) plant, a composting facility, a landfill, and a
leachate treatment plant.
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Figure 2 : Artigas-Arraiz Special Plan Area in Bilbao

General process features

Slight superheatedteam at a temperature a283C and a pressure of

106 bar IS pr odu c exaationline furdacdbaldr g ar bi 0 s
designed by CNIM and combined with NRA'IN type A grate One line with

the nominal capacity of the WtE package is 30t/h of waste for a thermal heat
yield of 80 MW.

This boiler has ahigher pressure than usually obtained in modern waste
to-energy plants (400 °C 4&/60 bar).
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Figure 3 : Schematic process diagram
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This saturated steam from the furnboder is superheated to 540 °C in
a recovery boile(CNIM design)using heat from the flue gases of a 43 MW
gas turbindGE LM6000) while maintaining pressure at A(ar in

conditions similar to those of a power plant using conventional fuels.
The superheated steam is usedrtee a 56.5 MW turbaenerator( GE,
Novopinione).

Gr oss power yield S 99. 5 owWw,
consumption is 94 MW.

o)

Higher enerqy vield

T o d ay 0-ef-theasttpantergenerating wast-erergy (WTE) plants

record anet yield of approximately 23%.

However, the Zabalgarlp | ant 0 s Il nnovative- desic
cycle gas plant technology to modern WTE plan&simgle integrated

process, means it records a net yield of 42%.

The EUG s T HE RIMDGEL7 1 Ras aegagrasedmtais

improved perfamance and energy efficiency by granting Zabalgarbi its
maximum subsidy for increasing energy performance, saving and efficiency, as
well as for reducing its environmental impact..

Saving fossil fuels and reducing CO2 emissions per kWh generated

The use D UW instead of fossil fuels and its highly efficient plant

enable Zabalgarbi to deliver significant primary energy sa\#)

Moreover, the renewable fraction of UW entering the pldmmass amounts

to 63%, similar to the figures recad throughout the EU.

The plantédés WTE process, together wit
also help to reduce atmospheric CO2 emissions per KWh generated (175% less
than the emissions from a landfill).

Power is generated at a facility whosaadihcy and environmental protection
measures ensure the effective reduction of emissions per kibauatiof

electricity produced.

This reduction is achieved through the following measures:

A combustion control measuresfirrnaceand burners

A effective scubbing of combustion gases

A highly efficient technology

A Improved operating conditions reduce corrosion in the furbader
because of the lower temperature of the steam produced,
resulting in lower operating and maintenance costs

A Increased plant availability.

A The size of the Zabalgarbi treatment plant combines a processing

capacity of around 220,000 to 240,000 t of UW ypear with a
net installed powegenerating capacity of around 95 MW
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Il.  VALUE CHAIN (COMPANIES & PRODUCTS) INVOLVED

=

KERA-COAT : www.keracoat.com

1 Develops, manufactures & supplies tailmade special (high resistarjceeramics
(powder /slurry) to be applied ometallic substrateswith a world exclusivity
agreement fotubular goods to

V

2. TUBACOAT: www.tubacoat.com
1 Produces and supplies CERAMIC COATED TUBUIS®LUTIONS tdahe WE and
many other sectors (Pow&en,Ch e mi c al etc). O&Gé

s

3. ZABALGARSBI: http://www.zabalgarbi.com/en/
1 WIE plant in BILBAO, pilot tests and end user.

V

4. CNIM: https://www.cnim.com
1 Designs,Produce & Maintains WtE boilers and other systermend applications
Supply Waste Management solutions

. PRODUCT CHARACTERISTICS :

CERAMIC COATING:
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Figure 4 : Structural view

Typical coating thickness range00-200e m
o0 Hardness: 64 HRC
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Figure 5: Coating surface

THERMAL CONDUCTIVITY: .001- 0.003 cal./sq. cm./sec/degree C.
Despite a certain thermal barrier effect, as the thickness is so small the real
effect has demonstrated to be neglectable

ABRASION RESISTANCE:
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Figure 6 : Abrasion Test

Mass loss in 10,000 cycles:
Bare Substrate AISI 310:58 mg Coated AI SI 310 e

THERMAL SHOCK RESISTANCE:

U Samples are introduced in a furr

U After 30 min. at temperature samples taken from the furnace and
directly introduced in a container with cold water 20°C (68%F).

U Reached up to 850°C (17629Ryith NO DAMAGE, above that
temperature, the ceramic starts to soften.

Figure 6 : Water quenched from 850°C to 20°C

Figure 7 : Softening defects appear at 900°C.
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MICROSTRUCTURE & CHEMICAL BONDING:

Microstructure: Chemical Bonding
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Figure 8: Structural analysis

SEM images of inner structure sintered in normal conditi@)&eramic
coating micrograph, b)Micrograph of the interface between the steel substrate
and the ceramic coating showing the diffusion area c) Ceramic coating EDX
results, d) the interface e)Metal substrate

This chemical bondindAVOIDS CRACKS, even incase of impact if the
impact effet deforms the substrate above2%, elongation, the ceramic
covering the deformed area blows up as powder, but the interface layer remains
attached to the substrate. This layer has demonstrated to maintain a better
chemicalresistance than the substrate.

PREFERRED SUBSTRATES:

A Vitrification of the ceramic coating requires a-fiftnute heat treatment of
the tubes at 920°C for ceramics capable to keep their full properties at
650°C metal temperature

A This treatment might affect the mechanical properties of some LOW
ALLOYED steels currently used in i boilers

A Austenitic steels DO NOT LOSE these properties so they are the most
preferred to ensure many long years of high efficient performance (AlSI
310,347..)
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Advantage:

1 RESISTANCE TO THERMAL OXIDATION/CORROSION:
Provide both protection of the metal and ease of cleaning.

1 Long run SURFACE METAL WORKING TEMPERATURE:
650°C with peaks of 850°C.

17 THERMAL STABILITY:  Ability to withstand intermittent or
prolorged heat. (YEARS).

1 THERMAL EXPANSION: Designed to be the same as the substrate
from :-140 to +850°C.

V. DESCRIPTION OF THE LAST 3 YEARS TEST (20142017 in
progress)

The Wte boiler supplied by CNIM is a vertical type boiler with
convective bundles installed in a third pass.
In March 2014few pieces of about 1m long of coated AISI 310 were inserted
in a evaporatopanel in the 2nd pass with a metal temperagstimatedat
about350°C (fluegas at 720° and steam at 320°C)
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Figure 9: Schematic boiler view
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Figure 10: Tubes coating aspect

V. RESULTS

After ONE -YEAR operation, the tubes weatways brandhew; ash was easily
removed by hand as it was probably deposited by condensation at the cooling
of the boiler and not in hot operation. The GLOSSY SURFACE indicates that
not a single micron of coating has been neither eroded nor corroded during the
year. The @me still happens after thrgears operatian

Figure 11: Tubes after 1 year and afterthree years before and after cleaning the ash
by hand with a glove
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