Yanma Optimizasyonu icin Olciim
ve Denetim Cihazlari

A\

Yakma Yonetim Sistemi LAMTEC

Sensors & Systems for
Combustion Engineering
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Sensor

Teknolojisi
*Oksijen (O,)
*Yanicl maddele

(CO/M,)

*IR-/UV Alev

Denetimi

Debi Olcimi

Weber

Feldbus - Leitebene [optional)

A\

EC = Hepsi bir unitede LAMTEC

PROFIBUS, CAN, INTERBUS-S5, MODBUS

LAMTEC-SYSTEM-BUS

Elektronik
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June 2008

Flammen-
wachter

Lutt

Drehzahlaufnehmer

. Cihazlar

1-Elektronik
Hava/Yakit Orani
kontrol

* Yakici Dizin
Kontrolul

*Alev Denetimi

"-02-/ CO Trim Kontrol
«0,-Olglimii
*CO/H,-Izleme

Magnetventiansteuenung Gas

*RPM-Dongu Kontrol

Magnetventinsteuerung O o O p eras yo nve A I arm

Bildirim Cihazi
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LAMTEC 2008: 4 Yerleske A\

LAMTEC

LAMTEC EAST ASIA Ltd.
Buchon — Gliney Kore

Elektronik Arastirma ve
Gelistirme
New Anspach - Almanya

driven by controllers s

Alev Sensorleri Imalat Tesisi
Leipzig-Almanya
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Weber

Sirket Profili A\

LAMTEC

LAMTEC Sensors and Systems for Combustion Engineering
(LAMTEC MeB- und Regeltechnik fir Feuerungen GmbH & CO KG)
Impexstrasse 5, 69190 Walldorf

Kurulus : 01. Haziran 1995 (ABB)

Sirket Ortaklari : Dipl. Ing. H.-J. Altendorf, Dipl. Ing. Bernd Julg,
Dipl. Ing. Harald Weber

LAMTEC-Leipzig GmbH & Co KG
Kurulus : Ekim 1998, ABB (H&B)

LAMTEC EA Ltd., Buchon — Glney Kore (80% ortaklik)
Kurulus : Haziran 2006

4 Yerleske : Walldorf (Baden), Neu Anspach, Leipzig, Guney Kore
Isglicli : 77 + tageron personel

Ciro 2007: 11,5 Milyon €

ISO 9001 akreditasyona sahip

June 2008 driven by controllers



ler — Kalite Sertifikalari A

LAMTEC

YENILiKCiLiK ODULU 2004

LAMTEC Walldorf Sirkeini gelistirdigi, endistriyel 1s1
merkezlerinde CO trim kontrol sistemi, 2004 Alman Gaz
Endustrisi tarafindan yenilikgilik olarak tamimlanms ve
enerji koruma, enerji verimliligini arttirma konusunda
dikkat cekici gelisme olmasi ifadesiyle, ,,Asue
Arbeitsgemeinschaft fur sparsamen und
umweltfreundlichen Energieverbrauche.V.* tarafindan
YENILIiKCiLiK ODULU ile édiillendirilmistir.

CERTIFICATE

1S09001 : 2000 il

CE
_. A\

TUV LAMTEC

impazsirabie £, 0-£9150 Wil
Moss. urd Regeltechnik fir Fessnengen Smbd & Co. KO
in der Miderabach 13, D-61297 Res-Anspach

TRD 604 (Daimi isletmeler) R i L

SIESE & CEPTWOMKAT & CERTIFICADD # CEATIFICAT
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DVGW el davlcos tor laraes
G st ey pmstoeTrg, Bt Mo FOOE0ITO
Proct has bems fumished that fis mqeramsms
arrreg m
NFPA 85 IS0 9001: 2000
v fufilacl Thas certiicae s valkd untl 2009-11-42

Uizl Flagrakabon Mo, 12 103 1537E THE

@ _eﬂ_-*‘?&_ @7 -

ZERTIFIKAT # CERTIFICATE #
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limsel Degisim Sorunu : A\
C 02 LAMTEC

Giiniimiziin Zorunlulugu

Enerji Verimliginin Arttiriimasi

Modern bir enerji merkezinin tesis edilmesi,
potansiyel ekonomik kaynak sunabilir mi?

Weber June 2008 driven by controllers -



-_l.amtec Firmasinin Hedefleri &

Maksimum termal (1s1) gii¢ temini icin ,
enerji kaynaklarinin (yakat, elektrik
enerjisi) en disiik hava Kirletici emisyon
degerlerinde ve optimum kullaniminda
gerceklesmesini hedeflemektir.

-Maksimum yanma verimliligi +

Minimum emisyon degerleri = Optimum
Yanma

Weber June 2008 driven by controllers s



l Gb.rev Tayini j A\
LAMTEC

“"Mikemmel bir yanmayi saglama temelinde ilgili cihazlari
turetmek ve gelistirmek ™

e Minimum enerji tuketimi

e Minimum emisyon degerleri
e En yiksek guvenilirlik

e Kolay Isletim

e Cift kanal (fail-safe) isletim

Weber June 2008 driven by controllers s



rosesi : Teme/ A\

LAMTEC

Tamamlanmig yanma
Combustion CO,,H,0, 0,

process reactions Tamamlanmamis Yanma

CO, H,CO, H,, CH,, O,

. Kimyasal Yanma Bilesenleri:
Combustion 1 m3 Natural Gas - ca. 10m3 Air

air Fuel 1 ka Li . ) .
g Light Oil (LFO) - ca. 11,3m3 air
0, N,, W, CH,, CO, CO,
CnHm’ H2
Weber June 2008
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C,H, + [Air(0, 1/5+ N, 4/5)] ——> CO,+H,0 +N,

Completed Combustion

C+0, —» €O, + 8113 Kcal/Kg-C
2H, + 0, ———  2H,0 + 34650 Kcal/Kg-H
S+0, — > SO,+2250 Kcal/Kg-S

Uncompleted Combustion

2C+0, — 2CO + 2467 Kcal/Kg-C

Weber June 2008

ical Combustion Equation &

LAMTEC

Probe voltage [mV], or CO [ppm]
A
Characteristic of the Combi Probe KS1

Characteristic of a
potentiometric oxygen probe

> O, [%]

I
|

Incomplete 1 Complete
I

combustion combustion

driven by controllers
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Hava/Yakit Karisiminin Onemi A\

yuksek verimli ve disiik kirleticili iyi bir yanma

LAMTEC

B
Weber June 2008 driven by controllers 12



1t/Hava orani kontroli

Load
controller

Boiler-

Mechanical fuel-air
compound regulator

Burner
Combustion gas

ok

Heating oil
—>

Heating oil

Combustion air

*Complex start up
*Hysteresis demand exess air

Disadvantages:

*Combustion optimisation (O2-/CO Control) not possible

Weber

June 2008

temperature/-pressure

A\

LAMTEC

—_—
Exhaust

gas

driven by controllers
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ava Ayari Kontrolii A\

LAMTEC

Mekanik Elektronik

Rod, disli, kam gibi mekanik histerileri Mikro-islemci tabanl isletim birimi ve
yuksek olan elemenlardan olusan bagimsiz siuruculer — servo-motorlar
mekanizmalar ile yapilan karisim ayan frekans invertorler

Fazladan yakit tiketimi ve ayar zorlugu Mekanik histerisiz

Yakit tasarrufu

I
Weber June 2008 driven by controllers 14



ik Yakit/Hava Kontrolii A\

LAMTEC

Avantajlari : * Devreye-alma kolaylhgi
«Sistem degiskenlerine karsi tepki,
(gaz ve hava basinci degisimleri gibi)

Stetige Regelung
Continuous control
Régulation continue
V&
- Dezavantajlari : « Sadece gaz yakit
e * YUk orant maks.: 1:5
= * Yanma optimizasyonu mumkan
.@ degil (0O2-/CO Trim Kontrol)
a5 5 N —==
iy
DKL Fig. 5

I
Weber June 2008 driven by controllers 1s



m Yakit/Hava Kontrolii A\
LAMTEC

LAMTEC

YAKMA YONETIM SISTEMI

Weber June 2008 driven by controllers 1



IC S “d6ngli& 02-/CO-Kontrollii A

LAMTEC
F\el_gib_q_s - Lgi‘rebene‘_[lrl;}pﬂon_q__!l]_ PRE)FIBUS, CAN, INlTE"RBUS-S, MODBUS
Bus-Modul
r LAMTEC - || SYSTEM - BUS ]

Etamatic

O,-Messung LT 1/1T 2
4

Flarmmendetekior

b

Drehzahlaufnehrmer

Maognetventilansteusrung Sas

[ Magnetventiansteusiung O
Weber June 2008 riven by controllers
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A\

LAMTEC

Yakit/Hava Set Egrisi

Hava-Yakit(2)

Air Fuel 1 (Oil)
200 =t
Fuel 2 Gas I
160 =
Fuel 1 Oil I
120 ==
80 =t=
40 =t=
i i >

200 220 240

< } > BrularvukumO%I

Weber June 2008 driven by controllers 1s



TC/FMS Funktions outline A

LAMTEC

e Detection

i (Option) Leakage

Sequence Test C%n;ﬁﬁgpd
Daﬂca

4 or 5 actuators

Coumer for

Control :’

Brennar

Lambda-Control
(Ophon)

Operating
Hours i
= I — =
nopoD &
Burner Start A bl g =
Counter
Frequency-/Current
book
Note Converter (Option)
-
RS 232 Option:
CAN-Bus
Interbus-S LAMTEC-
Manual Operation Profibus System-Bus
Service Modbus

Remote Control
Data Locking / Back Up

Weber

June 2008

driven by controllers 1s



dongi (RPM) kontrolii A\

enerjisi tasarrufunu saglar LAMTEC
25 [
E 20 :: ~._;4=.—_'.
c '
o g
% 15 | / .
3 I /
[0} il
E 10 | -
2 I //
= 5] o — — Damper kontrol
I // — RPM kontrol
0--::::':::::::::::: L U e e
0 1000 2000 3000 4000 5000 6000 7000 8000
Brennerleistung in kW

I
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MATIC Animation A\

LAMTEC

Weber June 2008 driven by controllers 21



Lamtec Tarihcesi A\

20 yillik deneyim LAMTEC

1988 baslarinda atik gaz

Resirkilasyon kontroll

VR1 VR2/VR4

FMS

Weber June 2008 driven by controllers 2



Bugiin A

LAMTEC
Product Spectrum Completeness
Uniform Operation Customer-
LT 2 e Interface
== LSB-BUS ,
BurnerTronic
- | 28R
- |
o} ]
o)
| =
O _
& RS 232/
RS 422
S Programming-
g LT 1 Unit
=] 1 ' i
{1) ) . )
o BUS | g, | EhikEii:
= - . Module BE e L
| Boller-
Management
TEYwEwT S & ==
&
xe} Notebook
O
Q
o
o
L2
o
O
= Manual control
Service
e Remote C‘.‘OI"IITlOl
Data back up

<

B
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Lockbarwachung
Shirsng FIS
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Arilngen ROT-2US |

" [ a2

NEMS 16 ] \
e ve Ariza Bildirim Unitesi A

LAMTEC

Yeni-/ilk deger/isletim-/Alarm indicakdri
opsiyonel emniyet zinciri arabirimi

-16 qgiris
- u-Islemci denetim

- Herbir giris serbestce PC veya tus takimi Gzerinden
programlanabilir.

- 64 adet NEMS LSB (Lamtec-Sistem-Bus) ile baglanarak (64 x
16 = 1024 qiris sinyali) bir Montérleme Sistem Agi kurulabilme
ozelligi

- TUV onayli

Arabirim : - Lamtec System Bus (LSB)
cihazlara dogrudan baglantt FMS/ETAMATIC

- Opsiyonel : Fieldbus
Profibus, Modbus, Ethernet

Weber

June 2008

driven by controllers 24



Alev Denetimi A\

LAMTEC

F 200K Kompakt tip F 250 - FFS 05/FFS06

Infraruj (IR), Ultraviyole (UV), lonizasyon (IO) prensipli tim yakma
uygulamalarina (tek ve coklu yakici) ve tum yakit tirlerine (kati,sivi
gaz yakit ) uygun Alev Denetleme Sensor ve Sistemleri

- Dijital alev denetimi
- Tim yakit tarlerine uygun ayar imkani
- Yuksek emniyet ve guvenililirlik

- YUksek duyarlilik
- Yakici kapasite sinirlamasi olmaksizin surekli isletim onayl

Weber June 2008 driven by controllers 2



Sensorik fur Feuerungsanlagen

Lambda-Sonde L51

TEC Gaz -Sensorleri
akma uygulamalarinda

A

LAMTEC

~——A[[}—_J Lambda-Sonde LS2

j— Kombi-Sonde KS1
Kombi-Sonde KS1-D
e
Sauerstoff (O.)
Lambda-Sonde LS1
Lambda-Sonde LS2

Kombi-Sonde KS1-D
Lambda-Transmitter LT10

Unverbranntes (COM,)

Kombi-Sonde KS1/KS1-D
CarboSEN

Vorteile der direkten (in situ)
LAMTEC-Messtechnik im Rauchgas:

Sensoren und Systeme
fur die Feuerungstechnik

EEEEEEE____—_—_—
Weber June 2008

=p Schnelle Reaktions- und Einstellzeit

=p Permanente Messwerterfassung auch bei CO/H,
=) Keine Messgasentnahme

=p Keine Gasaufbereitung

=p Kurze bzw, keine Erholzeit bei CO/H,

=P \Wartungsarm

A\

LAMTEC

driven by controllers 2



or — Isletim Prensipleri

LAMTEC

SENSOR - PRINCIPLES

:

?ﬁ
%
7
A
7
7
A
4
7
%
7

Sensors and Systems
for Combustion Engineering

Weber June 2008

Voltaj Prensibi LS2:

Akim Prensibi LS1:

LAMTEC

driven by controllers 27



A

LAMTEC

TRANSMITTER |75 )

@g@ T

S83my .,

A EE ..

LT 1 O,- Transmiteri LT 2 O,- Transmiteri

Tiim yakma tesislerine ve yakitlara uygun O,- Olciim Cihazlari

- Yanma verimliligini hesaplamada temel olusturacak, atik gaz ve yakma havasi sicakliginin
Oleimu

- Yanici gazlarin ( CO / H, ) 6lgimi ve goriintilemesi CO CO,)

Equivalent (
- GO, konsentrasyonun hesaplanarak goéruntilenmesi

- Yakici kapasite bildirimi ve yakit spesifik limit egrileri/degerlerinin gérintilenmesi
- PID mantigi ile igleyen O, - Regulatori

- Tim Haberlesme Arabirimleri ile ¢alisabilme olanagi

[
Weber June 2008 driven by controllers 2



Debi Olciimii A\

asing prensibine dayanan Olciim Izgaralar1  LAMTEC

- Hacimsel Debi Olgiimi ( Akiskan: Gaz Faz)
Ozellikle yakma uygulamalarinda yakma havasinin élgimu

- Konvensiyonel tipleri ile kargilastirildiginda minimum
basin¢ kaybi

- Malzeme : Paslanmaz Celik

- Laminar akis dogrultmasi igin gerekli giris ve ¢ikis uzunluk
sinirlamalarina ihtiya¢ duymaz.

- 400 °C’ akigkan sicakhdina kadar calisma imkani
- Temiz hava uygulamalarinda bakima ihtiya¢ duymaz.

- Uygulamalara gére prizmatik veya dairesel tipleri
mevcuttur.

- Kirli akigkan (toz, partikdl..) uygulamalarinda , sbkmeden
hava ile geri temizleme olanagi

- Masterinin istegine bagli olarak sevk borulari ile Fark
basin¢ Transmiterine baglama olanagi

I
Weber June 2008 driven by controllers 2



Weber

ETAMATIC OEM A
dan yakiciya baglanti LAMTEC

SPS- / Leiftechnikanbindung (optional) PROFIBUS, CAN, INTERBUS-S, MODBUS, eBUS

LAMTEC - SYSTEM - BUS

ebebitEe
BEEE "o el

kKessel-

Management

O,-Messung LT 2-D
CO/H, - Detektion

b v

Flammendetektor

=
= Cantral Oparafion

AE O

Operator
paneli

A 2@ eeeeee

Etamatic OEM

Hessal-
termparature
-druck

stetiges
Signal

Drehzahlaufmehmer

Magnatvertilansteusung Sas

June 2008

Magnetwantisteuarning O

driven by controllers

30



kma-Yonetim -Sistemi A

LAMTEC
[ LAMTEC - SYSTEM - BUS ]
FrAS
St Elektronik Yakici
Flarmmen- o:‘“‘
wachter % e i 9 - .
Denetimi

COM,-Uber- g ot
wachung [Option) ' — L ]

£7% [ 4+ Sizdirmazlik Testi

* Yakici, )
Kapasite kontroll

Y °Hava/Yakit karisim
orani kontrol(

* Fan devir kontroli
- Drehzahlaufnenmer ° OZ_/CO_TrIm

A Magnetventilansteusmng Gas

Magnetventiansteusarning O

I
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A\

/ VMS Universal Application |, cc

Hormekturmod i:
Crarand WGl u s
Eﬁ Korrekiur 1 02
— I Sicaklik
Isitma degeri
Lusdapras
. _ » & bur 2 Karigim Orani
f .
/
e
-
LR
p————

—

Kontrol ¢ikiglari

I

Jx Je Jo e e
e e adet
surucu/aﬁtua?or/servo :
Hava damperi
Yakit valfi

Devir (RPM) kontroli
Resirkilasyon kontroli.v.b..

I
Weber June 2008 driven by controllers 32



VMS Dikkat Edilecek Noktalar! A\

LAMTEC

> Sivi yakit/gaz yakit degisiminin kolayca yapilabilmesi

> On supirmesiz yakit degisimi

» Cok yakith yakma
Miktari degisebilen yakit tirlerinde aninda yakma

» CO-/ O2 Trim Kontrolle enerji koruma

» Sahadan veri tasima arayuzl

> Modem baglantisi

> Internet lizerinden gériintiileme

I
driven by controllers 33
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=yakit Karisimini Yakma A\

LAMTEC
_ - - . T - o2 yakit
o B «» 3 yakittan 2'si degisimli
- - o kullanilabilir
- ST

e Yakit Degistirme

-] _/ Kolaylig

Weber June 2008 driven by controllers s




Yakit Degisimi

“Brulor Kapasite Kontroliine Miidahale Etmeden

«£ Chart Fenster - Gleitender Brennstoffwechsel.cht

Chart Anzicht I K.urven Optionen I
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Q50
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250
00
v50
oo
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GO0
550

—,
-
b |
s00
450 ey
400 o :
L

350
=

200 “'—'.__I_H
g
Sivi Yakit T
200 -|'_I_.

150
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100
a0

o 20 40 g0 S0 100 120 140 160 180 200
Feitachse [1,0 =]
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vantajlar coklu-yakit Yakma A\

LAMTEC

» PC Ulzerinde yalniz yakit egrisinden

yakit-hava egrisinin hesaplanmasi
» Hava-yakit egrisinin spesifik olarak optimize edilmesi

» Dunya capinda 200 civarinda igletmede test edilmis olmasi

> Failure safe performed
TUV — TRD 604’den sonra devam eden isletmeler icin onaylanmis

I
Weber June 2008 driven by controllers 35



ontrol Sistemleri A\

arihi itibariyle dretilmis ve tidkenmistir. LAMTEGC

ETAMATIC / ETAMATIC S
ETAMATIC / ETAMATIC S alev izleme entegre 1.015E

edilmis olarak

ETAMATIC OEM 1413 E

ETAMATIC V / VS /45 E

FMS 4 / FMS 5 1.379 E
VMS 4 / VMS 5 1.455 E

Total :8.197 E

Weber June 2008 driven by controllers sz



erkezlerinin Optimizasyonu A\

LAMTEC

Sorun: Eksik Yanma
mm) Diisiik Verimlilik
mmm) Viksek CO, NOy, pargacik emisyonu

Varolan Teknoloji: O2-Trim Kontrol

I
Weber June 2008 driven by controllers ss



urecini Etkileyen Unsurlar A\

LAMTEC
_ Sicaklik
> Hava: ‘ Basing

Nem

Is1 degeri
Sicaklik
(viskozite)

T Bralor
» Contamination: - Kazan

H RiUzgar ve sicakligin etkisi
M Hareket/Histeri

Weber June 2008

> Yakit:

driven by controllers 3s



vanin Etkisi A\

LAMTEC

Hava sicakhiginin ve atmoferik basincin yanmaya etkisi

O, [%] «
6.0
50 - Effects of
0 perturbing factors
4.0 - . Dizenlenmemis hava
‘ 3.0 - ~—— Sicakhik 0 C
. Hava Basinci
2.0 T—— + 25 mbar
1.0 e @ 20 C ve 1013 mbar'da
dizenlenmis isletme
--..._______
4 Hava basinci =25 mbar,
i i Is sIniri
20 40 60 80 100 &) Diizenlenmemis hava
Yakici yakma orani [%a] sicakhk +40 C
I
driven by controllers s
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nin Etkisi A\

LAMTEC
O2 degeri I | , | Hava sicakligi I
Hava sicakhgi O2degeri "
360 0o

26°C 2,7%
14°C 3,4%

2R.0
340
26,0
5 i+ 240
L. ]
300+
E
S 220
z
£ 300 + 20,00
18,0
240
16,0
B
14,0
280 .
12,0
240 10,0
0-0e01-041 44800 Q3500 14:24:00 19:12:00 240000 JRAR0 A3:35:00 AR24:00

Zeitin Stundan

I
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a‘’yva Gaz Saglayan \
A

LAMTEC

!Expﬂrta L-Gas [Mrd m"]k

|Exporte I'-I-Gaé'ilulrd'.'m‘?

Grofibritannien ¢

Niederlande j
!
Nigen

- &
Fipaling | }§

Calorific value

[kWh/m3]

Algenen
& Libyen

)

Weber June 2008 driven by controllers s



/ Gazin Etkileri A\

LAMTEC

Aciklama H grubu

Wob
Aralik si

12,8 ...
46,1 ...

15,0
54,0

+0,7
-1,4 -1,4

30,2 ... 47,2 -

Nominal de

Bolgesel

degisimler
Yaki

Nominal deger mbar 20

Extract of DVGW Process sheet G260

Weber Gas condition driven by controllers s



deger degisimlerinin etkisi A\

LAMTEC

Durum 1 Durum 2

Yakicl tam yiik isletimde A = 1,15 | Yakicl tam yuk isletimde A = 1,15
ile yikesek kalorifik degerde ile dusuk kalorifik degerde isletilir
isletilir (10,383 kWh/m3) (9,983 kWh/m3)

A'nin 1,2 degeri icin hava A'nin 1,10 degeri icin hava
oraninin artmasiyla kalorifik oraninin dismesiyle kalorifik deger
deger en fazla 3,95% diser. Gaz | en fazla 3,95% artar. Gaz yakitin
yakit ~ 0,75% kaybeder. (n. dusmesi gerekir anacak gizli is
Siegert). nedeniyle verimliligin dismesi ve
yanmamis karbon salinimi
nedeniyle tehlike olusur.

Isletme emniyetil.

I
June 2008 driven by controllers s




Etamatic S

,- & RPM- Kontrol ile | AMTEG

Feldbus - Leitebene (optional) PROFIBUS, CAN, INTERBUS-S, MODBUS
L. T S e P B e T SRS I""'-'.' — == = = s e o |]

Bus-Modul
- LAMTEC - || SYSTEM - BUS

Etamatic

LS 2/KS 1

O,-Messung LT 1/ LT 2
_

Flarnmendetekiar

A

Drehzahloufnehrmer
Luft

F a Mognetventilansteusrung Gas

Magretventilansteuerung Ol
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02-Regler

— Setpoint curve

A

LAMTEC
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rim-Control Videosu A\

LAMTEC
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nmanin Optimizasyonu A\

LAMTEC

Varolan Teknoloji: O2-Control

temelinde deneysel kontrol yontemi.

surecleri icin maliyet ve emisyon azaltma

I
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-_Yanmamn Optimizasyonu A\
LAMTEC

Plan

Yanma drdnlerinin yakic
kontroliine uyarlanmasi
CO/H2
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CO(ppm)

arakteristikleri CO = f (i 02)

4 farkll enerji merkezinde L AMTEC

1000

H ] BIE

800

» Heizzentrale Walldorf

5MW

» Marien Hospital

Ludwigshafen(7MW)

200

Weber June 2008

o -{H

10 12
0, (%)
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Yakitli yanmalarda 1s1 kaybi A\

LAMTEC

Heat loss by
combustibles
(incomplete
combustion)
CO/H,
Efficiency
rate loss

Combustion
optimum

Heat loss by
excessive air

4%
Vol.% O,

0% 1% 2%

.
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LAMTEC CO-Control

Control
elements @

+ Adr rotation I
Secundary air volume
I_ Primary air volume
Fuel volume

Burner firin
>< rate contro

- Process
Correction of measurement
control tables of

CO, H, or soot

ves

Correction
of the
control
elements

Calculation of the
optimum
E = f(CO, H, bzw. Rul3)

combustion

A

LAMTEC
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Sensor A\

LAMTEC

CO/H, selective working electrode
Gas inlet (Pt/precious-metal alloy)

\ Heater

LN B & & 8 & 8 8 8 8 8 8 8 8 8N S S & 88 &= (8 8 & 8 & & 8 & 8 8 5 5 85 5 8 5 5 8 5

|

Protective
layer  Zirconium dioxide ceramic

/] -

«’f/{/
7 .r'{f‘i

Reference electrode (Pt) Housing

Weber June 2008 driven by controllers s



Sensor karakteristigi A\

US = (02 + CO/H2) LAMTEC

— A
Us
e | / KS1 probunun karakteristigi
Potansiyometrik oksijen
probunun karakteristigi
\ s
\ /
N
\

N |

~ - o |

N~ -~ I

I
I T——

I

I

I

» O, [%]

I
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rop KS1 karakteristigi A\

farkll enerji merkezinde

LAMTEC

U (mV)

800 {

?00 I | :. i _

- | » Heizzentrale Walldorf

| (3,9 MW)
500
| » Marien Hospital

400 | Ludwigshafen (7MW)

300

200

100

0 | , .
’ : 4 6 8 10 120, (%)
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mbi Prop KS1
rakteristik Usl—3 f(CO) A\

LAMTEC

200 7

. . : : : .
0 500 1000 1500 2000 2500 3000

Coref [ppm]
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Hedef

Fazla havayr en aza indirmek
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| Gazli Enerji Merkezlerinin A\

Karakteristigi LAMTEC
Vol.% O,
5.0
4.0 .
Upper limit band
3.0 O/
Lower Iirnit band

|

! |

O, basic values 1
f A

2.0 |
\CL' — 1

Optimized curvv& ® "-i ® ®
10 _| automatically !

determined = £

CO level < 50 ppm i
T best efficiency
0.0 !

0 10 20 30 40 50 60 70 80 90 100

Burner load [%]
D Entire combustion

-:l Incomplete combustion

o
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02 6lgiim LT1/LS1 CO sensorii

ETAMATIC alternatif LT2-LS2 LT2/KS1

Slave ID10 without

Master ID9 with Display Display

LAMTEC SYSTEM BUS __ LAMTEC SYSTEM BUS
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CO Algilama Stratejisi A

LAMTEC

my U,s, = voltage of Combination Probe KS 1
A Ug. = O, component or voltage of a
e ZrQ, oxygen probe as a function of
- the O, value
ol Vo !
b4 -, 1
> "' !
T i
c I
2 !
» |
c i
3 T
Olom e N
E : .\Uo,
T Tactuator postion S for air supply
| »
[ - >
incomplete | complete | incomplete  Vol.% O,
combustion ! combustion ! combustion
insufficient air ' ' excess air
TO0
= 500 1— 7 Signal dynamic response Signalsynammic response
= v =+ 100 mV 300 = + 50 b 200
= 400 TN\ 1= -
: (| / 5 £
B 300 1 \ =1
- \ / s} 8
200 Q( a ©
100 \\
i = U I — 2 —— z
ﬂ s ':||:l 3 ; b o E-
° 1 : ; ¢ k : Q, ref. %]
Low load 0, ref. [%]
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Ik Enerji Merkezi
,Nestlé Weiding*

Commissioning after TUV — approval, Dec. 2002
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Nestlé Weiding A\

LAMTEC
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Nestlé Weiding \
N

~ ”
-~ o
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B st weiang D\

Elde Edilen Nedir?

CO-Kontrolle, optimum
yanmaya yaklasllir.
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estle Weiding

LAMTEC

'ETAMATIC - Fernsteuersoftware & x|
ndung Zugriffsrechte  Ansicht  Parameter Einstellen  Zubehér  Hilfe

CO-Reg
Referenzaniage Nestle

10. Ekim 2005

02-Regler
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=8l x|
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(Hochwald) March 07 A\

LAMTEC
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Mart 2007

h
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CO-Kontrolle, A\

um yanmaya yakilasilir. CAMTEG

CO kontrol O2 kontrol

Pnomatik oran

45030 2 1400
kontrol
1
) L1200
//”' Elektronic oran
1500 kontrol
£ 10,00

O, [VOL 2]

L 3,00

T " g L . g
= = 3 £ = =]
=) [ Falnl i ; — 8 = 5 b 5
= lE 1 & - o 5
o | - I (= | = - GO0 5
| 5 1 I = [ | b= H
'8, B8 iR L2 o3 Mekanik oran
w ]
! | - . & | kontrol
| I E 15 1 £ + 400
i t t — = :ﬁ ¢ E
| | I E | | :
| I o [ s | E
| 1 I I 1 += 200
1 1 I |
- €O [ppm]
Luftiberschufizahl X
4 . = . ; & 0,00
0,50 1,00 1,10 1,20 1,20 1,40 1,50

I
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O—Kontrolle, A\

yanmaya yakilasilir. CAMTEG

CO-Control working point
Best effiency

1 =954 %

Best combustion

/ Efficiency rate loss

CO, H,, CH i 1
| 0. Control working point

nF = 95,1 %

e =943 %

Zone of dispersion
4 without O, ntrol

//7|Control Range
/] 0.Control|

AVAVAVAY. Y, .0 0 B A AA

0, - setpoint 1,5 % 02 %

1 Entire combustion [ 1 Incomplete combustion: pollutants
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a icin gerekli veriler sirasityla A\
Hve CO-Kontrol ig'iﬂ LAMTEC

Durgun isletim igin gaz yakit
sicakhgi: DlsUk YUk 108 °C

Toplam Isletim Siiresi (h): Duslk YUk 700 h

Dustk Yik 450 NmA3

K|i 10 °C
w32 SN S,
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,ve CO-Kontrol Tasarruf A\

LAMTEC

Yuksek YUk

O,-Kontrol 1.37 %

1.27 % 1.14 %
CO-Kontrol 1.54 % 1,45 % 1.27 %

isletim Stiresi 5950 350

Yakit Maliyeti /h 0.35 €/Nm3

Tasarruf / Yil:

O2-Kontrol 27.777,- Euro
CO-Kontrol 33.188,- Euro CO2 228t
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=Kontrol Sistemin Avantajlari A\

O,-Kontrol e gore LAMTEC

= Her yUk noktasinda kosula gore optimizasyon yapilmasindan
dolayi fazla hava azaltilarak enerji tasarrufu en Ust dlzeye
cikar

= Cevap ( geri donus bilgisi) siresinin olabildigince kisa
olmasindan daha iyi bir kontrol saglanabilir

= Kagak havaya bagli degildir

» Hata emniyetlidir.

= Siirekli isletmeler icin TUV onayhdir. (TRD 604)
» YUksek igletim glvenligi saglar

= Dayanikhdir

= Bakim gerektirmez.
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Kontrolii (RPM) ile Saglanan
Ekstra Faydalar

LAMTEC

— Damper Kontrol
—— RPM kontrol

«sel Tiiketim | 2° |

\
A

d

"4

—
L e L Ll
L L L L LI L L LI

=

Aufnahmeleistung in kL
N
o

0}
T Pl i
L L L T

-
=

./

0 1000 2000 3000 4000 5000 6000 7000 8000

Yakici Kapasitesi (KW) I
I
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iksel Enerjiden Tassarruf
Havasi1 Faninin Devir Kontroli ile

A

LAMTEC

P -blower [%)]

100
.
40 i RPM Kontrol .
T S
0 3 ; : i : ] i :
0] 10 20 30 40 50 60 70 80 90 100
Combustion air flow [%]
Warbremnungsluftgeblass; Leistung in KW: kW
Maz. Brennersistung; in Stunden puoa.: Sturclzn
70% Brnnsrsistung; in Stunden pa.; Sturcten
E0% Brennarsistung; in Stunden pa.: Stuncen
20% Brennarsistung, in Stunden p.a.: Stuncen Beirisbhast. p.a.: T.0X hrs
Prica p. a. at [ KW h]: &KWh
Ernnerleistung kWh = f (Klappenstellumg) kKWh = f{Drehzahl)
100 % kKWh kKWh
709 KWh 28900 EWh
B0 2% KWh 10830  KWh
209 KWh 2840 KEWh
ges. KWh: KWh gas. KWh: B354 KWh

Einsparung p. a. in [KWh]:

Einsparung p.a. in [€]:

EEE—
Weber June 2008
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o CO-Kontrol A\

LAMTEC

I
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Referanslar A\

LAMTEC

» Dunya capinda 300°den fazla igletme
> Reference lists at your request

I
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A\

LAMTEC

B
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=Maximilians-Universitat Wirzburg A\

LAMTEC

L
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Maximilians-Universitat Wiirzburg A

LAMTEC

INNOVATIONSPREIS =

DER DEUTSCHEN
4[_|:‘-'- El_..\u'J'\.u .._.:.l_] l\]
MNAhc
l-':-'||'.l-'|

What has been achieved?

FMS,/¥MS/ETAMATIC - Fernsteuersoftware — |2 x|
Datei  Verbindung  Zugriffsrechte  Ansicht  Parameter Einstellen  Zubehdr  Hilfe
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4 02-Regler
- 1~ Darstellun
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02 5ol [[0fLine]

02-setnoktasi
egrisi

eksik yanmada O2 sinir
degerleri

[ 1. Uberwachungsband I 2. Uberwachungshand

StorReset |
Kurvensatz— v Akliven Kurvensatz wahlen Zustand CO/02-Regle
|ciee e L

Fertig

[ [CowT 20 [A = B

& Startl [ 3 % ™ 24 Windows Expla.. .| .co 02 Regelung... | 2 FMS/YMS/ETAM... *IMGPDBQZ FG-Ir.. | ¥ IMGPOEES. IPG - Ir.. | | LI N

B
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=-Kontrolle Enerji Tasarrufu A\

LAMTEC

Anlage: Bayerische Julius-Maximilians- Universitat Wiirzburg
Am Hubland, 97074 Wiirzburg

Yakit: Dogal gaz Enerji Tasarrufu:

Kazan Yakici Isletme Siiresi m CO-Kontrol
A e e G

GESAMT 23.175,-- 31.351,--

CO2 Toplam Tasarruf: 215t
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Weber

June 2008

riesisches Brauhaus at Jever A\

LAMTEC

LOOS double fire tube boiler
with ;

2 ELCO KLOCKNER
Burners of 6,9 MW each
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Isches Brauhaus at Jever A\

LAMTEC

02-/CO- olcum cihazi

I
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Isches Brauhaus at Jever A
LAMTEC

R CO-Kontrol
BEIE)| Eyliil 2004

- Derdelng f
& Solberle D2 Lemk (" CO-Lemk, Ladt| 455 0210 | DB O25al | 162 | =4 Ko |
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ches Brauhaus at Jever A\

LAMTEC

Savings by using O,, respectively CO-Control

Function Partial Middle High
load Load Load

O,-Control 1.19 % 1.47 % 1.20 %

CO-Control 1.96 % 1,85 % 1.59 %

Operating hours 1600 5600 800

Fuel costs /h 0.35 €/Nm3

Savings / year at 0.35€/Nm?:

O,-Control 11.537.- €
CO-Control 3.291.- € additionally
Total 14.828.- €
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TESA Hamburg A

LAMTEC

02-Regler

Darstelur
| & Solwete C 02Lerk (" COLemk|  Las[[0fre] | 02ist][Ofine] | 0250l [[OLine |

10.0%

=101

2.0% ‘h
- o ]

02 value at the border : : : : ; .
to incomplete combustion

I 2 (bewachungshand

Kurvenzatz— W Akliven Kurvenzatz wihlen
’7(‘ 12 3¢ 4

—‘ "Zustand CO/02-Reqgler

10% 02-setpoint curve '

[[DfLine] 2

Stor-Heset |

Fertig

2005/03/07

I
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A
LAMTEC

France
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an 1: Gaz / Mazot 17 MW A\

LAMTEC

R

JR—

T T S L T 4T

4 5
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P11 1
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[

a.sm
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Cihazlari

- 02 Sensoru Lambda Probe LS2

- COe algilayicisi Kombi Probe KS1

| ——

- 02- ve COe Olciimii icin 2 Lambda Transmitter LT2

- Hava-Yakit Orani Kontrolori VMS 5
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Yatirrm: 43 100 € A\

LAMTEC
VMS 5 ile hava yakit orani kontrolii ve RPM Kontroli 27 200 €
Baslatma 8000 €
Gaz valflerinin degisimi 4700 €
Hava faninin degisimi 3200 €

Tahmini Enerji Tasarrufu:

Veimliligin etkisinin 2% artisi
- Gaz tuketiminde azalma 750MWh
- Kar : 21.000.-€

- CO2 emisyonunda azalma: 170 t

I
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02 ;49
— 2 LAMTEC CO-Kontrollii

6,0%

onceki O2

5,0%"

4,0%

3,0%"

2,0% "

1,0% |

0,0% ‘ ' , , ‘ , , ,
0,0 12,5 25,0 37,5 50,0 62,5 75,0 87,5 100,0
Yakici kapasitesi

I
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tiiketimi ve verimliligin A\
karsilastirmasi MTEG

150 | 100,00%

N M \“/.‘ 1 95,00%

1 90,00%

| 85,00%
1 80,00%

| 75,00%

- Sl D T 70,00%

©
(3]
|
N O Y E B

45 | |1 65,00%
401 __ GAZMWH/PCS May 07 May 07 — May 08
| —— GAZ MWH/PCS May 08 1 60,00%

50 | = verimlilik May 07
- Vverimlilik May 08 T 55,00%

—_— o
50,00%
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LAMTEC

May 07 — May 08 A

NOx May 07
NOx May 08

misyonu

E,

190 | \

220 |
210 |
200
180 |
170 |
160 |
150 |
140 |
130 |
120 |

cw/bw

110 |

100 -
90 |
80 |
70
60 |
50
40
30 |
20
10

lew-|.g
Iew-og
IewW-6g
lew-gg
lew-,g
Iew-9g
Iew-gg
lew-yg
lew-gg
lew-zgg
lew-|g
Iew-0g
Iew-61
lew-g|
lew-/ |
lew-g|
lew-G |
lew-y |
lew-g|
lew-g|
lew-1|
lew-g|
Iew-60
Iew-go
Iew-20
Iew-90
Iew-G0
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Daimler Chrysler Wérth A

LAMTEC

I
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imler Chrysler Worth

FMS /¥MS /ETAMATIC - Fernsteuersoftware

Datei  Werbindung  Zugriffsrechte  Ansicht  Parameter  Einstellen  Zubehiér  Hilfe

0Z2-Regler

D arstellun,
| & Sollwette © 02Lemk CO-Lemk| Last[[Oftne] | 021st[[Offtine] | 02Sall [Oftine] |

10.0%

02-setnoktasi
egrisi

Eksik yanmada O2 sinir

degerle" I 2 Oberwachungsband

Kurvensatz— v Aktiven Kurvensatz wihlen Zugtand CO/02-Fegler
Sl 2 3 A5 B 78 |[foLine]

LAMTEC

Stor-Hesst |

[ oM 15200841 [ At [ [k= [ [ EADene o T10LSENDS OE

mStartI B N ™ 3 Windows Explorer vI Microsoft PowerPaink - [... II B FMS /¥MS/ETAMATIC ... A 3 Irfanvicw
I

Weber

LT MR 111
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rysler Gaggenau A\

LAMTEC

Gaz ve Sivi yakith
02 kontrolli
yvakicida dusuk
NOX

toplam 35 MW
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eichstag Berlin A\

of German Parlament LAMTEC

Oksijen ve RPM
kontrollil ETMATIC S
Total 12 MW

57 200

I -

f-_-"'t il i 1
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mg range CO- Control &

» Gas combustion in every form, also process-
combustion

> Qil-Blue Burner

Dusuk NOx ile yakicida dahili gaz donglsu, on emniyet
gereklidir. Yakici Ureticisiyle iletisime geciniz.
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art Universitesi Diploma Tezi A\
Kontrolle potansiyelin korunmasi LAMTEC

Institut fiir Verfahrenstechnik und Dampfkesselwesen O ":;EI::;};EE:
Direktor: Prof. Dr. techn. G. Scheffknecht 3&?{*5:
Abteilung Reinhaltung der Luft DOOSA

Prof. Dr.-Ing. Gunter Baumbach Universitat Stuttgart
Pfaffenwaldring 23 - D-70569 Stutigart - Tel: 0711-685-63487 - Fax: 0711-685-63491

Diploma Tez Nr.: 2832 Bing Zhang
Matr.-Nr.: 2115634
cand. Cevresel Koruma

23.03.2007
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TEC Walldorf donanm merkezi A

-l

Darstellun
| @ Sclwete C Q2LemkC COLemk  Lest[[DfLne] | 021st[[OfCre] | 025al [[DfLie] |

LAMTEC

0 10 20 30 40

1 1. Ubemachungsband B 7 Ubenwachungshand

a0 &0 70 a0 an 100

ClE20C304

Gitir-Feset
—Kurvensatz—— W Aktiven Kurvensatz wahlen -‘ "Zustand CO/02-Regler 4|
[[OffLine]
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EC Walldorf donanm merkezi A\

LAMTEC

Rucklaut Vorlaur

ZUF Helzuhg

. ©@--ﬁ;—fc

T - 100 ¢
Frisch Wamer

5
=

At 50 0
~ 20mA

Warmtauscher

- T, -
L Ll
Warmzahier A ey

[Qab+0 ap)kvWh [ I

1. Pumpdrehzahl erhéht sich mit
stalgander

LOOS Kessel 750 kW Temperaturdmterent,

1 Vergrobferte Wirmaufnahme,
wennt g den Gremzwert
lbarsehrittet. Aktualler
Gremzweart tp=60°C.

Fabrika temel hisrolik semasi

I
Weber June 2008 driven by controllers 1o



uttgart Universitesi Diploma Tezi A\
=/CO Kontrolle potansiyelin korunmasi LAMTEC

Dogrudan Yontem (Energy consumption to heat amount):

: Heat power in W
: Input power in W
: Volume flow heating water in kg/s
: Specific heat capacity of the water in Ws/ (kg*K)
. Input temperature of the coldwater (recirculation temperature) in °C

. Output temperature of the water (supply line temperature) in °C

. Fuel‘s calorific value times fuel‘s mass flow in kWh

V,:  Flue gas amount m? for fuels m3/ m3
ty: Fluegas temperature in °C

t : Intake temperature in °C

Cpom.ay - Fuels calorific value in Ws/ (m3 *K)
H, : Fuels calorific value in Ws/ (m3 *K)

u

(This is still missing, old gas analysers were therefore drawn for
calculation)
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rt Universitesi Diploma Tezi A\
Kontrolle potansiyelin korunmasi LAMTEC

Sigert Yontemi

:  Gaz yakit sicakligr °C
: Sicaklik emigi °C
O, : gaz yakitta oksijen icerigi, kuru

: dogal gaz katsayisi 0,66
: dogal gaz katsayisi 0,009

[
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art Universitesi Diploma Tezi A\
Kontrolle potansiyelin korunmasi LAMTEC

Orta Yiikte Yanma Verimliligi

— 96
verimlilik % I . -=— Direkt
95 \ ——1) Indirekt

o4 —— Siegert
93

o N

290
89

88 ] ]
1 2 4

oksijen % I
Test yorumu: I

i
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rt Universitesi Diploma Tezi A\

ontrolle potansiyelin korunmasi LAMTEC

O, konsantrasyonuna bagli gaz akig oraninin artisi

70 - —o— Full load 100%
< — o
2 60 —_ . | - —— Full load 80%
= —— Middle load
,§ 50 & A= —— — —e— [ow load
(=%
= 40
:
= 30 ° ® —e o
@)
20
10
0
1 2 4 5

Residual O2 content in fluegas Vol. %

Test yorumu: I

I
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lir moddaki isletmelerde enerji tasarA
LAMTEC

»EN 676 uyumlu (Gaz brulori) atesleme pozisyonunda
onsupurmesiz baslatma

> Isletme bekletmede ( pilot briilér acikken)
Ana alevi dogrudan baslatmak mimkin

Weber June 2008 driven by controllers 10



k Yakicili Uygulamalarda A\
Algilama ve 0O2/CO Kontrol CMTEC

Feldbus - Leitebene (optionall PROFIBUS, CAN, INTERBUS-5, MODBUS

LAMTEC SYSTEM BUS

YENI! I

1 Yanma surecinde
02/CO kontrollt
2 Yakici




Eden Gelismeler A

LAMTEC

SPS- / Leiftechnikanbindung (optional) PROFIBUS, CAN, INTERBUS-5, MODBUS, eBUS e

LAMTEC - SYSTEM - BUS

Etamatic OEM

2 82222
O,-Messung LT 2-D Interface
CO/H, - Detektion

Flammandeatakior

stetiges
Signal

Drehzahlaufnehmer
Luft

mMagnetventilansteusung Sas

magnetventilsteuerung O1

Projelendirilmis:
KS 1-D Kombi prob

Ayni anda bir ZrO2 probe ile Oksijen ve diger yanma urunlerinin olcimu
(CO/H20) y P J gery ¢

I
Weber June 2008 driven by controllers 10



Combination probe KS1-D
Simultaneous measurement of oxigen (O,) and Combustibles (CO/H,)

Electrical principle

Schematic structure: Combination proba KS 1-D

0, measurement CO/H, detection
' A
120 - 1
100+ s
y @t
500 t
0. }
S & W .
20}
- C0vad [ppm)
e 1 2 3 4 E & 7 & @ : ; : : : : -
T = ki 0, % [%] 0 B0 1000 1500 2000 2500 3000
Sensor characteristic linie Us = (0,) Typical sensor characteristic Us = 1 (CO) of

Combination probe KS 1/KS 1-D, by gas combustion
0, concentration < 2 vol.% \
Sensors and Systems A

for Combustion Engineering LAMTEC




1Eden Gelismeler

Web Tabanli Gorsellestirme &
Yakicl ve Enerji Merkezlerinin
KontrolU

LAMTEC

[0 1. Ubemwachungsband. B 2 Ubemachungsband
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Visiocontrol A\

LAMTEC Web gorsellestirme LAMTEC

B
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Visiocontrol
LAMTEC Web gorsellestirme

arkli gorunum ve uygulamalar

Son Kullanici Teknisyen Brilér Ureticisi

a 2 &

Anlagenmanagement
Fernwartung
Datenlogging
arametrierung
hlerauslesurg
lysen / Benchmarks GPRS

CenterSight

Server

Webbrowser

SCADA-System (OPC)

A

LAMTEC

Anlagenbau
Gebéudetechnik
Heizung/Kilte/Klima
Wasser/Abwasser
Energiewirtschaft
Transportwesen
Medizintechnik

LonWorks |
Modbus
SPS-Protokolle
Digitale, analoge E/A
proprietére Protokolle

Lamtec :
Kommunikationsmodul
B Benutzerschnittstellen [] mnternet [] Datenmodule [] Anlagen / Maschinen
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Eden Gelismeler

A\

LAMTEC

Innovation included

- -
P N
- ; ! kY
¥ s [ ] |
T L ] L I I}
el e o
il Ta - =
B £ i ;
! - :
.u - o
-t i i 1 = |
: i -
9 1Y | b=
- ¥ gy g
B L

: s
e~ e —
‘e

Thick film-Gassensor

e
Weber June 2008
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arboSEN 1000 \

algilanmasi icin minyatir hale getirilmis A
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Test installation CarboSen 1000
Testanl Oil-Blue burner

" Ol - Blaubrenner

A | Qualifications respectively reference
. measurement in the exhaust pipe of
Oil-Blue burners

System -
7

. ‘ '
- _—
- - [

o 4 CarboSen 1000 in exhaust pipe




Test readings
Oil blue flame burner

Sensoren und Systeme
fir die Feuerungstechnik

CO Referenz in ppm,

Sensorsignal in mV

400 2,5
350
CO (Referenz) T2
300 +
*
250 + 02 (Referenz) |15 €
El ';
&
200 + 5
@
150 + [
o
100 1
s Carbosen | 0!5
50 +
0 PATAEZ T adansci—— | | | | 0
300 320 340 360 380 400 420 440 460 480 500
Zeittins

Exemplarisches Sensorverhalten im realen Einsatz (Histogramm, Zeitversatz kompensiert)

Mittelwertew und Abweichungen der

Sensorspannungen in mV

200 1200
Streubreite > 5,0 mV Streubreite < 1,2 mV
180 ! ®
{ + 1000
160 i&
140 \\ Regelbereich vor der Emissionskante | 1 800
120 \ 4]
100 600
80 \
\ \\ CarboSen1000 1 400
60 / \ \\L
40
Referenz \\k‘i\- + 200
20 ™
e
0 === = 0
0,0 0,4 0,8 1,2 1,6 2,0 2,4 2,8 3,2
0, in %

CO in ppm

Exemplarisches Sensorverhalten im realen Einsatz (CO Uber O,)

LAMTEC



Innovation implied
INn commission of our clients
and for a better environment

Thank you very much for your attention
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