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Capitolul 5

Producerea Combinata de Energie si
Caldura(Cogenerarea)

Bazele Fundamentale ale Turbinelor
Turbine cu Contrapresiune
ModelareaTurbinelor cu Contrapresiune in SSAT
Exercitii manuale de calcul pentru Studenti
Turbine cu Condensatie
Modelarea turbinelor cu Condensatie in SSAT
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Sistemul de Abur

Cazanul nr. 1 Cazanul nr.2 Cazanul nr. 3
Carbune Pacura Gaz metan
|
7
> | D | D
T C7RE (ﬁ’o
i Achizitia
ferereneeeenenans Puriare coo | el Dpriara seeeees | eeeeendd uriare
J - " Purjare purj de energle
Eﬁ Cg E"'IP cerere abur
L R
) i
B2 CHS Cererg de
B energie
— —
: Ventil
%’_' ARG~ — 5
Frveeesennes s eeeeesseceeens ) Apa de alimentare
Gestiune ganalizare +— Process condensate

———=b  Condensatul

== Indica instalatia de masurare a debitului din turbina
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101 de Turbine

» Ce este o turbina?

- Un dispozitiv de conversie a energiel

Energie Potentiala / Cinetica / Presiune /Energie termica

1

Energia de rotafie a arborelui

UNIDO 2012, all rights reserved 3
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Utilizatorii industriali de Turbine cu Abur
» Utilizatori de turbine cu abur » Utilizatori mici&medii de

. Petrochimice turbine cu abur

- Rafinarea Petrolului * Alimentafie& Bautura

- Produse Petroliere(Hirtie&Celuloza) Plasticuri

. Cauciucuri - Electronice

- Produse Farmaceutice » Fabricatia de Metal
«  Manufacturing Assembly

- Evaluarea de fabricatie

UNIDO 2012, all rights reserved 4



~
W
r”]

N D v N R .n.n » A

.b
®
»

=
\

Utilizatorin Industriali de Turbine cu Abur

» Dispozitivele de Turbine cu Abur sunt deseori
intilnite in Industrie

« Generarea directa de putere
* Pompe de alimentare cu apa a cazanului
* Pompe de apa a turnului de racire
* Pompe de apa rece

+ Ventilarea fortata a cazanului

- Ventilare de evacuare

- Compresoare de Aer

* Masini de Racire

- Sisteme de Racire

» Alte servicii utile

UNIDO 2012, all rights reserved 5
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Utilizatorin Industriali de Turbine cu Abur

» Turbine cu Abur
+ Citeva tipuri de turbine:

« Contrapresiune
« Condensatie
« Cu emisiune in atmosfera
(sau prize de abur)
« Combinate
 Intervale diferite de marimi si eficiente

- Utilizarea turbinelor cu contrapresiune in loc de statii de coborire
si in paralel cu statiile de coborire

« Turbinele cu condensatie ofera o putere maxima arborelui pentru
unitatea debitului de abur

UNIDO 2012, all rights reserved 6
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Turbine de Abur cu Contrapresiune

» Turbinele cu Contrapresiune evacueaza aburul la o presiune mai
ridicata (sau egala cu) decit cea atmosferica

Supapa de oprire

Supapa
de directionar

Supapa

manuala
Turbina cu Contrapresiune Turbina cu Contrapresiune
monoetajata multietajata

UNIDO 2012, all rights reserved 7
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Turbine de Abur cu Contrapresiune

> Frecvent utilizate
> Forma simplificata Supapa de oprire

» Lucrul contra unei
contrapresiuni

Supapa de
directionare
» Evacuare la un proces de

sarcina sau colectoare de Supapi
abur manuali

» Un candidat excelent pentru
aplicatiile industriale

l

Turbina cu Contrapresiune monoetajata

UNIDO 2012, all rights reserved e
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Turbine cu abur cu Emisiune in Atmosfera

» Frecvent sunt utilizate in
centrale colectoare de presiune
a aburului multiple

» Lucrul impotriva contrapresiunii

» lesirile unui proces de
sarcina,colector de abur sau
condensat

» Un exemplu excelent pentru
colectoarele echilibrate &
ventilatia aburului eliminat

l

Turbine cu emisiune 1n atmosfera

UNIDO 2012, all rights reserved 9
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Turbine cu Abur cu condensatie

Generarea de putere pentru
Industria Grea

Va avea mereu asociat un
condensator de abur

Evacuare in gol

Rate majorate a presiunii
de operare

Multietajata sau poate avea
chiar 2 sau 3 secfiuni Turbini cu

Dimensiuni majorate Condensatie

Rate minime de abur

UNIDO 2012, all rights reserved 10
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Operatiuni Tipice a Turbinelor

o cu Abur Industriale
» Presiuni de operare:

* Minimum — 10 bari (pentru contrapresiune)
* Maximum — 100 bari
» Pot exista condifii de vin |la evacuare!

» Temperaturile aburului de Operare:
» De sturatie sau putin peste supraincalzire
* Maximum — 200°C supraincalzire

» Rezumat — Tehnologia turbinelor cu abur este diversa si
opereaza intr - o gama larga de presiuni si temperaturi

UNIDO 2012, all rights reserved



Turbine First Law Efficiency

» Un bilant energetic realizat pe turbina cu abur va dezvalui u
randament foarte ridicat

- In esenta, toatd energia aburului este convertitd in energia
arborelui

77 firstlaw msteam (h| . he) 0

» Turbinele du abur opereaza doar cu pierderi “minore”:

* Frecarea lagarelor
« Transfer de caldura
 Pierderile prin suprafata

UNIDO 2012, all rights reserved
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Modelul Ideal de Turbina

» Evaluarea turbinelor cu abur este efectuata dupa al ll- lea
principiu al Termodinamicii

» Al 2-lea Principiu al Termodinamicii, identifica faptul ca
energia termica nu poate fi complet transformata in

putere N
« Puterea poate fi convertita complet in energie
termica

- Aceasta defineste valoarea maxima a puterii arborelui,
care ar putea fi produsa(bazata pe legile fizicii

» Aceasta defineste modelul perfect al turbinei, care va
functiona adiabatic

— Proces adiabatic - entropia constanta (fara
pierderi)

» Fara generarea de entropie
UNIDO 2012, all rights reserved 13
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Randamentul Adiabatic

> Randamentul turbinei cu abur este descris de randamentul
adiabatic

- Compararea lucrului actual produs cu cel a unei turbine
perfecte (adiabatice)

Actual Work W actual
n. = - = —
SRS Isentropic Work W isenropic
n _ msteam(hinIet_hexit)actua| _ (hi_he)actual
isentropic™ -
mSteam(hin|9t_h9Xit)isentropic (hi_he)isentropic

UNIDO 2012, all rights reserved



Randamentul Adiabatic

» Randamenul turbinei nu este “la fel” ca randamentul cazanului

- Eficienta adiabatica a turbinei reprezinta o comparatie a
functionarii turbinei actuale cu functionarea unei turbine perfecte
cu acelesi conditii de intrare si presiuni de iesire

- Randamentul adiabatic reprezinta o descriere a modului in care
cantitatea de energie mecanica este dezvoltata de energia
termica

» Aburul produs de turbina contine o cantitate semnificativa de energie
termica

UNIDO 2012, all rights reserved 15
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Diagrama Mollier
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Eficienta adiabatica a turbinei — Diagrama Mollier
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Eficienta Tipica a Turbinei cu Abur

(hin_hout)actual — 20% tO 80%

hin_hou’[)isentropic

nisentropic: (

» O influienta majora asupra randamentului adiabatic o au:
+ Constructia turbinei
 Tipul supapel de control
« O singura supapa — supapa de reglare a debitului
« Multe-supape — ajutaje de curgere

» Vom avea nevoie de aceasta informatie pentru unele analize ale turbinei

UNIDO 2012, all rights reserved
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> In general,turbinele monoetajate opereaza cu randamente adiabatice
scazute in comparatie cu turbinele multietajate

- Majorarea suprafetelor de abur(diameter), duce la micsorarea
pierderilor

« Micsorarea vitezei de evacuare a aburului Si micsorarea
frecarii

« Turbinile monoetajate sunt mult mai eficiente decit turbinele
multietajate pentru instalatiile de mica putere

—

Turbina cu Contrapresiune Jhonoetaj ata Turbina cu contrapresiune multieiajatﬁ

UNIDO 2012, all rights reserved 20
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Randamentul Turbinel cu Abur

» Exista 3 metode de obtinere a randamentului adiabatic a turbinei:

+  Specificatiile intreprinderilor

* |Instructiile turbinelor/ Metodele de performanta

* Puncte forte de pornire — de asemenea pentru modele noi
« Conditiile cunoscute de intrare si iesire a aburului

« Supraincalzirea cu prize de supraincalzire este cea mai simpla
metoda de utilizare

« Nu vom lucra cu prize saturate (calitatea < 1)
+ Conditiile cunoscute de intrare a aburului si de generare a puteri

- In general utilizate pentru unitatile de generare a puterii
generation units

 Necesarul de debhit de abur

« Exista o serie de optiuni alternative pentru echipamentele
mecanice, insa cu o incertitudine majora

UNIDO 2012, all rights reserved
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Eficienta Turbinei in dependenta de
Conditiile de Intrare si lesire a Aburului

> A 2-a metoda

» Performanta turbinei poate fi determinata cu ajutorul
conditiilor de intrare si iesire a aburului, respectiv de
proprietatile aburului la aceste conditii

UNIDO 2012, all rights reserved 29
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Randamentul Turbinei cu Abur

» Pentru conditiile aburului supraincalzit de intrare si iesire

« Masurarea presiunii si temperaturii aburului supraincalzit permit
cunoasterea tuturor proprietatilor termodinamice

\

Parametri supraincalziti
deintrare Psi T

Parametri supraincalzifi
deiesire Ps1 T

UNIDO 2012, all rights reserved 23
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Conditii Actuale de Operare

P

25 bari
375° C
21 Tph
h = 3,180.9 kl/kg
$=6.909 kJ/kg-K

1,000 kW

2 bari
271° C
21 Tph
h = 3,009.8 ki/kg l
s=7.594 kl/kg-K

. . 21,000
Wshaﬂ: mSteam(hi_he)steam: 3.600 (3,1809—3,0098)

W =1000 kW =1,000kw| 0P
s 0.746 kW

UNIDO 2012, all rights reserved 24

} =1,340 hp




d/’@;
g‘\‘wj

PARTNER FOR PROSPERITY

Conditiile Procesului Adiabatic

25 bar
375° C
21 Tph 2,850 kW
h = 3,180.9 kJ/kg
$=6.909 kJ/kg-K
2 bar
2 bars $=6.909 kJ/kg-K
271° C 21 Tph

21 Tph Nigentropic = 2:692.0 kl/kg
h = 3,009.8 ki/kg l Tom=133.7° C
s=7.594 kJ/kg-K Calitatea = 0.985

y . 21,000
W shaft msteam(hi_he)steam = 3.600 (3,1809—2,6920)

W = 2850 KW = 2,850 kW[ P _
hat 0.746 KW

j 3,825 hp

UNIDO 2012, all rights reserved 25
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Conditiile Procesului Adiabatic

—

25 bari
375° C
21 Tph
h =3,180.9 kJ/kg
$=6.909 kJ/kg-K

2 bari
271° C
21 Tph
h = 3,009.8 kJ/kg
s=7.594 kJ/kg-K

2,850 kW

2 bari

$=6.909 kJ/kg-K

21 Tph

Nisentropic = 2,692.0 k/kg
Tisentropic: 133'70 C
Calitatea = 0.985

 (Noe—Noi ), (3180.9-30098) 1711 035

Misensopic ™ (Now—Pi ). (31809-26920) 4889
nle eXIt Jisentropic

UNIDO 2012, all rights reserved 26
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Eficienta Turbinei in dependenta de
Conditiile Aburului si Puterii Generate

> A 3-a metoda

» Performanta turbinei poate fi determinata conform
proprietatilor de intrare a aburului si a puterii generate

UNIDO 2012, all rights reserved 27
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Eficienta Generatorului — Turbinei cu Abur

» Turbina de abur cuplata cu un generator electric furnizeaza un mecanism
suplimentare de determinare a eficientei adiabatice a turbinei

« Masurarile suplimentare sunt necesare pentru determinarea eficientei

« Aceasta este unica metoda de evaluare a eficientei turbinei cu
condensatie

Psi T de intrare Puterea liVIV
—_

Generator Electric

P de 1esire

UNIDO 2012, all rights reserved 28
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Randamentul Turbinel cu Abur

Puterea masurata spre export = 950 kW
Randamentul generatorului: 95%

25 bari a
375° C D

21 Tph

h = 3,180.9 ki/kg

- v

$=6.909 kJ/kg-K

2 bari

$=6.909 kJ/kg-K

l 21 Tph

hisentropic =2,692.0 k‘J/kg
Tisentropic= 133'70 C
Calitatea= 0.985

UNIDO 2012, all rights reserved
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STEAM

Eficienta Turbinei cu Abur

W generator: 950 kW

Generator Work W generaior 950 kW

=0.95

Mgeneraor = T b e Shaft Work W
Wturbine: 1000 kW

turbine W turbine

_ Actual TurbineWork W generator

W gen

nisentropic_ |sent|"0piC Work 77 W
generator

isen

) ngen mst (hi_he)isen

UNIDO 2012, all rights reserved
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Eficienta Turbinei cu Abur
Puterea miasurata spre export = 950 kW
Eficienta generatorului: 95%
25 bari
375° C R
21 Tph

h = 3,180.9 k/kg
5=6.909 kJ/kg-K

2 bari

$=6.909 kJ/kg-K

21 Tph

hisentropic = 2,692.0 kJ/kg
Tisentropic: 133'70 C
Calitatea = 0.985

2 bari

_ 950kW 3,600 1
MTienvorc™ 0,95 21,000 (318092 —2,692.09)

UNIDO 2012, all rights reserved
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Rata de abur

» Rata aburului este o expresie pentru a determina cantitatea necesara
de abur pentru a produce o cantitate specifica de energie

« Rata teoretica a aburului este rata ideala a aburului

* Rata actuala a aburului este rata reala globala a aburului

Theoretical Steam Rate =TSR = msteam = ( 1 )
2|sen

ISEﬂtI’OpIC

Actual Steam Rate = ASR = mSteam — 1

W actual (h1_ hz)

_ TSR
nisen ASR

UNIDO 2012, all rights reserved
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Factorii ce influienteaza Rata de Abur

» Modificarea conditiilor de intrare si iesire a turbinei nu vor influienta
eficienta adiabatica

+ Rata de abur se va modifica considerabil daca vor fi modificate
conditiile

» Reglarea debitului de intrare in turbina va influienta eficienta totala
adiabatica( supapa de admisie a turbinei de evacuare)

- Eficienta adiabatica a turbinei nu se va modifica considerabil (de
intrare in turbina si iesire)

+ Rata de abur se va modifica considerabil

UNIDO 2012, all rights reserved 33
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Randamentul & Rata de Abur
120— . . . . . . . . . . . . . . .
Exhaust Pressure = 10 bars Inlet Pressure = 25 bars

100 Inlet Temperature = 375°C
=
=
o 80
<=
c) L
<
Q 60 \\
"(-_6' Exhaust Pressure =2 bars \
nd ' \ \
% 40 A\ \\
fB \\\\ \\\\\‘\\

20 —

0

0 | 5 | 10 .15 .20 .25 .30 .35 .40 .45 .50 .55 .60 .65 .70 .75 .80 .85 .90 .95 .100
Turbine Efficiency (%)
UNIDO 2012, all rights reserved 34
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Viteza de Curgere a Aburului in Turbina

120
115

s —
- e ,
a0 /./

ge /I’ f-"'
80

75 /I /'

70
. A
60 //

55

50
45
40
35
30 —e—Handvalve CLOSED

Shaft Power (HP)

25 —8—Handvalve OPEN
20

15
10
5
0

0 200 400 600 800 1000 1200 1400 1600 1200 2000 2200 2400 2600 2800 3000 3200 3400 3600 3800 4000 4200 4400 4600
Speed (rpm)
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Aplicatiilw Turbinei cu Abur in SSAT

> Cererea Totala de energie este mentinuta constanta in evalurarile
proiectelor sistemului SSAT

» Puterea generata de turbine reduce valoarea Puterii Importate
> In configuratia sistemului SSAT pot fi incorporate maximum patru

turbine
- IP-JP
- IP-MP
- MP-JP

[P — Condensatie
Influienta Turbinei poate fi modificata

» Sectia Site-ul de Detalii poate lua in calcul urmatoarele perfomante
actuale

- Eficienta Turbinei
* Interactiunea Supapei de reducere a presiunii
» Controlul si capacitatea turbinei
UNIDO 2012, all rights reserved 36
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Schema Turbinei cu Abur in SSAT

HP, 3

MP

107.4 t/h 0.0 t/h 21.0t/h 0.0 t/h
____O;QI_/I‘I___X ‘A ‘,A ‘,A
HP-Cond |9 KW HP-Lp  |1000kW HP-mp  |OKW
107.4 t/h MP Flash
362 C 0.0t/h
67.4 t/h Condensing 0.0 t/h
Section
____0_.Qt_/h___X L
. MP-LP |OKW
0.15!bara

w o
o N
SANN
QN3

>0

-0.9 bargi

UNIDO 2012, all rights reserved

LP Flash
0.0 t/h

LP Vent

0.0 t/h

1
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Turbinele cu Abur in Sistemele SSAT

Steam Turbines

Do you have a steam turbine installed between HP and LP? Yes v
Do you have a steam turbine installed between HP and MP? No v
Do you have a steam turbine installed between MP and LP? No v
Do you have an HP to condensing turbine installed? No v

> Turbinele cu Abur trebuie s& fie inscrise in sectia “Incepere rapida ”

« Utilizati tastele pentru a scie in meniu “da”, daca mai exista si
alte turbine de analiza

» Informatii suplimentare cu privire la turbine si mecanismul lor de
contrlor este apoi prevazut in sectiunea “Detalii de Site”

» NOTE: Turbinele nu trebuie sa fie conectate pentru includerea lor in
sistem

UNIDO 2012, all rights reserved 38
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Turbinele cu Abur in SSAT

HP to LP Steam Turbine(s) Input Data Notes/Warnings

— |Isentropic efficiency 35 % «
Note: If multiple turbines are installed, the operation of the impact turbine (the turbine affected by changes to the system) should be modeled
Note: A generator electrical efficiency of 100% is assumed by the model

— |Select the appropriate turbine operating mode Option 2 - Fixed operation v ‘ <«
Note: If Option 1 is chosen, the model will preferentially use the HP to LP turbine to balance the LP demand

— | Option 2 - How should the fixed turbine operation be defined? Specify fixed power generation v ‘ -
Cption 2 - Fixed steam flow 50 t/h

— | Option 2 - Fixed power generation 1000 kW «
Cption @ - How do you wish to define the operating range? Option 3 not selected v
Cption 2 - Minimum steam flow 25 t/h
Cption 2 - Maximum steam flow 75 t/h
Cption & - Minimum power generation 1500 kW
Cption 2 - Maximum power generation 2500 kw

» Fiecare turbina inclusa in sistem va fi modificata pentru optiuni de
eficienta si control

UNIDO 2012, all rights reserved 39
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Turbinele cu Abur in SSAT

HP to LP Steam Turbine(s) Input Data Notes/Warnings

— |Isentropic efficiency 35 % «
Note: If multiple turbines are installed, the operation of the impact turbine (the turbine affected by changes to the system) should be modeled

Note: A generator electrical efficiency of 100% is assumed by the model

» Fiecare turbina inclusa in sistem va necesita eficienta adiabatica a
aburului

- Datele intreprinderilor

+ Calcularea conform conditiilor de intrare si iesire pentru cazurile
de supraincalzire

 Calculul conform puterii generate si a presiunii de intrare si
lesire a aburului

* Eficienta generatorului este necesara a fi inclusa in calcule

» Daca oeratiunile turbinelor sunt satisfacute, atunci cererea de
presiune joasa a aburului cu operarea unui PRV va fi satisfacuta

UNIDO 2012, all rights reserved 40
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Turbinele cu Abur in SSAT

—» |Select the appropriate turbine operating mode Option 2 - Fixed operation v ‘ «
Note: If Option 1 is chosen, the model will preferentially use the HP to LP turbine to balance the LP demand

— | Option 2 - How should the fixed turbine operation be defined? Specify fixed power generation v ‘ <«

» Exista 4 oportunitati de setare a operatiunilor turbinei
* Debitul de abur livrat de turbina la cererea colectorului “de
lesire”
« Aceasta de asemenea este o optiune “implicita”
 Instalarea turbinei — o operatiune stabilita
» Debitul de abur stabili
» Generarea de putere stabilita

« Setarea turbinei pentru functionarea intre limitile minime si
maxime

* Debitul de abur
« (Generarea puterii

« Turbine NEoperationale
UNIDO 2012, all rights reserved 41
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Bilanful de Control a Aburului

Furnizarea aburului la P1

/

: T
---- Reducerea cererii de
A 4

» abur la presiune joasa

» Modelul SSAT poate fi stabilit pentru a descrie cu exactitate impactul
unei schimbari a cererii de abur asupra sistemului (sau conditiilor de
operare)

+ Componenta de influienta trebuie sa fie stabilita:
» Aburul poate trece prin turbina
« Aburul poate trece printr-o statie de reducere a presiunii

UNIDO 2012, all rights reserved
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Bilantul Verificarii Turbinei cu Abur

Aprovizionarea cu abur PI

/

(X T

Reducerea
> . .- .
presiunii aburului

» Bilanturile turbinelor reduc presiunea colectoarelor
«  Capacitatile turbinelor sunt limitate

+ Orice modificare a cererii de abur de joasa presiune va ducela o
schimbare a fluxului de abur prin turbina

UNIDO 2012, all rights reserved
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Bilant de Reglare a Aburului cu PRV — Turbine Stabilite

Aprovizionarea cu abur PI

el

» Turbinele opereaza conform conditiilor prestabilite fixe:

Reducerea
>

presiunii aburului

« Debitul de abur nu poate varia prin turbina

« Careva modificari in cererea de abur PJ rezulta in urma
modificarii debitului de abur prin PRV

* Procesele turbinei de obicei sunt modelate intr-un oarecare
mod

UNIDO 2012, all rights reserved A4
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Bilanful de Reglare a Aburului Maxim-Minim

Aprovizionarea cu abur PI

/

E. \
""" | Reducerea

> - . .
presiunii aburului

» Turbina poate fi fortata sa opereze intre valoarea maxima si minima a
debitului de aburw

PRV va furniza abur suplimentar , in cazul in care capacitatea
turbinei este limitata

* Aceasta prevede o limitare reala , bazata pe capacitatea
cazanului

UNIDO 2012, all rights reserved
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Verificarea pozitiei On-Off a Turbinel

Aprovizionarea cu abur PI

/

E. \
""" | Reducerea

> . . .
presiunii aburului

» Turbina poate fi in pozitia “on” in modelul de baza si in pozitia “off”
in modelul de proiect

« Turbina isi poate modifica pozitia in “off” in modelul de baza si
in pozitia “on” in modelul proiectat

UNIDO 2012, all rights reserved
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Exemple de Influienta a TurbineiTurbine Impact

Example
Presiunea aburului: 25 bar1 3/5° C

Cost de influienta

a energiei :
| $0.10/kWh
E- \
.... ! R Abur cu presiune
Impactul cazanului: Gaz Metan ($1.0/Nm3) joasa: 2 bari

Eficienta cazanului: 80%
» Exemplu de sistem de deschidere 3-colectoare cu urmatoarea configuratie:

 Echilibrarea sistemului turbinei
- Eficienta adiabatica a turbinei = 35%
> Modelarea impactului economic a aburului economisit 1 Tph Pl si 1 Tph PJ

UNIDO 2012, all rights reserved A7
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Exemplu de Rezultate a Impactului Turbinel

Steam System Assessment Tool

SSAT 3 Header Experts Training Example

Current Operation

I Tt X Y ' Emissions tly
' ; COo2 223126
: S02 0 Model Status : OK
: NOX 442
: ___Blowdown___
H Natural Gas 18.0th Trap Losses
' 141643 KW 151.1 thh v 4 Steam Leaks 0.0th
E 12702 Nm3/h 375C Heat Loss 0.0th
H eff = 82% 100% dry 0 kw
; HP i | 20.0th ___200¢h___100%h______ 0.0th __
: ] | -
H 40.0 th 0.0th 0.0th 25 barg Users Traps  Unrecovered | 10.0 t/h,
: 375C 12273 kW Condensate ¥ ! :
i 100% dry 10.0 th Y.00th_ i
B Trap Losses N
H 4 Steam Leaks 0.0th 110.0 th
: 40.0 thh Heat Loss I 0.0 th '
; 362C 0 kw 1
: MP | 40.0th R ___i‘Q»Qlfb,___ZQ-QJ/D___f____QQt_"l__
E | ' i
B 0.0th Condensing 10 barg Users Traps Unrecovered : 30.0 tlh:
| Section 362C 26660 kW Condensate y '
;_ ______________ 0.0th __ 100% dry 20.0th Y‘___Q.th______:
H '
E 0.155 bara Trap Losses '
H H 4 Steam Leaks 0.0 t/h 130.0 tth
: 0.0th : P Flashl Heat Loss I 0.0 th '
| 355C -0.9 barg; 0.0 t/h 0 kw '
: LP | 76.0 t/h L ___760vh___380th__y
H | I '
: ' 2 barg Users Traps  Unrecovered | '
1159.0 t/h | Vent 271C 51673 kW Condensate 168.0 t/h
1107¢C 15.1th ' 0.0th 100% dry 38.0th '
: | :
H \ |
: 1 Ll
[ I '
o McondTank Me---___ 70 G e ¥
54 ¢C! 68.0 t’h
0.0 t/h: Economic Summary based on 8760 hrs/yr $'000s/yr
| ' Power Balance
o e L 70C_ 1 v Generation 4327 kW
A Tegon Demand 9327 kW
. 0.0t Import 5000 kW
' 30ch ToLP Unit Cost $0.1000/kWh 4,380
4 0 kw! 0 kWi Make-up 18.0th Fuel Balance
e Y 4N 76.0 tth. ! Boiler 12702 Nm3/h
20C 20C __00th __1 Unit Cost $1Nm3 111,270
0.0 th! 1 Make-Up Water
0.0t ' ! Flow 76 m3/h
Cond TkVent|  _ _________L______ 226C________ Y o ___ L 4 Unit Cost $0.66/m3 439
8.0 tth 8.0 t/h 8.0 tth Total Operating Cost 116,089

UNIDO 2012, all rights reserved

0.0 t/h
To MP

0.0 t/h
To LP
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Exemplu de Rezultate a Impactului Turbinel

Marginal Steam Costs

(based on current operation)
HP ($/t) 93.24
MP ($/t) 93.24
LP ($/t) 88.49

CostSavings

CostSavings

1Tph_HP

1Tph_LP

=1.0x8,760x93.24 = $816,750

=1.0x8,760x88.49 = $775,000

UNIDO 2012, all rights reserved
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Exemplu de Influienta a Turbinei

Abur la PI: 25 bari1 375" C Cost de influients

a energiei:
| $0.10/kWh
E. \
| R Abur de joasa
Impactul cazanului: Gaz Metan ($1.0/Nm3) presiune: 2 bari

Capacitatea cazanului: 80%

> Exemplu de sistem de deschidere 3-Colectoare si implementarea Pi-PJ
conform configuratiei:

* MP-JP -Supape de reducerer apresiunii, cu un debit de ~10 Tph
- Randamentul adiabatic a turbinei = 35%
> Modelarea impactului economic de economisire a 1 Tph P si 1 Tph JP

UNIDO 2012, all rights reserved 0




Steam System Assessment Tool

158.9t/h
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Exemplu de Influienta a Turbinei

SSAT 3 Header Experts Training Example

Current Operation

V Emissions tly
v co2 222962
S02 0 Model Status : OK
NOx 441
. Blowdown
Natural Gas el - 17.9th Trap Losses
141539 kW 1509 th v 4 Steam Leaks 0.0th 0.0th
12692.7 Nm3/h 375C Heat Loss 0.0th To MP
eff = 82% 100% dry 0 kw
HP, s | 200t _..200¢h___100th____ __ 0.0th__
Ll 1
50.0th 0.0t/h 80.9 t/h 0.0 t/h 25 barg Users Traps Unrecovered : 10.0 tJh:
375C 12273 kW Condensate ¥ ' '
l 100% dry 10.0 th Y. 00th____ |
Trap Losses '
4 Steam Leaks 0.0th 110.0 th 0.0th
50.0 tth MP Flashl Heat Loss 0.0th ! To LP
362C 0.0t 0 kw i
MP | 40.0th L !
|
10.0t/h Condensing 10 barg Users Traps Unrecovered | 30.0 t/h;
Section| 362C 26660 kW Condensate . !
______ 0o0th __ 100% dry 20.0 t/h *‘___Q.t_)yr_]______:
0 kw '
0.15!bara Trap Losses .
1 4 Steam Leaks 0.0 tth
10.0 tth : LP Flash| LP Vent Heat Loss 0.0 th
355C -0.9 barg! 0.0th 0.0th 0 kw
LP | 76.0 th . ___160th
|
2 barg Users Traps  Unrecovered
280 C 52072 kW Condensate
100% dry 38.0th
Economic Summary based on 8760 hrs/yr $'000s/yr
Power Balance
Generation 3844 kW
Demand 8844 kW
0.0 tth Import 5000 kW
ToLP Unit Cost $0.1000/kWh 4,380
17.9th Fuel Balance
! Boiler 12692.7 Nm3/h
__00th __. Unit Cost $1/Nm3 111,188
| Make-Up Water
0.0th : ! Flow 76 m3/h
Cond TkVent| — _ _________ L_____.226C________ Y o ¥ Unit Cost $0.66/m3 439
7.9 th 7.9 th Total Operating Cost 116,007

UNIDO 2012, all rights reserved
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Exemplu de Influienta a Turbinei

Marginal Steam Costs
(based on current operation)

HP ($/t) 93.12

MP ($/t) 93.12

LP ($/t) 87.82
CostSavings, , . =1.0x8760x93.12=$815,700
CostSavings, , ,,=1.0x8,760x87.82 =$769,300

UNIDO 2012, all rights reserved 52
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Exemple de Influienta a Turbinel
Abur de PI: 25 bari 375° C

$0.10/kWh
/

: T
""" | R Abur de JP: 2 bari

Influienta cazanului: Gaz Metan ($1.0/Nm3)
Capacitatea cazanului: 80%

» Modelarea sistemului de deschidere 3-Colectoare si implementarea
IP-JP, conform configuratiei

+ Debitul de abur al turbinei ~21.0 Tph
+ Eficienta adiabatica a turbinei = 35%
> Modelarea impactului economic al economisirii 1 Tph Pi si 1 Tph PJ

UNIDO 2012, all rights reserved
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Exemplu de Influienta a Turbinei

Steam System Assessment Tool

SSAT 3 Header Experts Training Example

Current Operation

17771582 th Emissions tly.
H COo2 222034
: S02 0 Model Status : OK
: NOX 440
' - _ - Blowdown___
H Natural Gas: B .:7 9th Trap Losses
| 140950 kW 150.3 t/h v 4 Steam Leaks 0.0 t/h
E 12639.9 Nm3/h 375C Heat Loss 0.0 tth
H eff = 82% 100% dry 0 kw
: HP, 3 | 20.0h R ___200th___100t¢h______ 0.0th __
| ! \
| 109.3th 0.0th 0.0th 25 barg Users Traps  Unrecovered | 10.0 t/h,
: 375C 12273 kW Condensate ¥ ' :
T 0. _Clt!h___ 100% dry 10.0th *‘___Q.th______:
B Trap Losses |
H 4 Steam Leaks 0.0 t/h 110.0
: 109.3 th P Flashj' Heat Loss I 0.0th !
H 362 C 0.0t/ 0 kw '
5 P \ 40.0th ___400th___200th__y __00th__
! | I i
H 69.3t/h Condensing| 10 barg Users Traps Unrecovered | 30.0 t/h,
: Section 362 C 26660 kW Condensate  y . !
[ 00th __ 100% dry 20.0th Y- -00Uh
H ]
E 0A15E bara Trap Losses .
! | 4 Steam Leaks 0.0th 130.0 thh
H 69.3th LP Flash Heat Loss 0.0th 1
: 355 C 0.0 th 0 kw i
: Lp \ 76.0th _..780th___380th__y
H | 1 h
: i 2 barg Users Traps  Unrecovered | |
1158.2 tthh i Vent 335C 54443 kW Condensate  y 168.0 t/h
5107 C 14.3th 1 0.0 tth 100% dry 38.0th '
H ! !
1 ! 1
E i :
s ' 1
v McondTank Me----___ 70 G e v
54C, 68.0 tth
0.0 t/h Economic Summary based on 8760 hrs/yr $'000s/yr
. \ Power Balance
[ o 70C_ . v Generation 1000 kW
: A" Tegoth Demand 6000 kW
1 1 0.0th Import 5000 kW
759 th ' 30ch ToLP Unit Cost $0.1000/kWh 4,380
20C 0 kw! 0 kWi Make-up 17.9th Fuel Balance
D WU, Y 75.9 th ' Boiler 12639.9 Nm3/h
20C 20C __00th __1 Unit Cost $1/Nm3 110,725
0.0 th! H Make-Up Water
0.01th : ! Flow 76 m3/h
CondTkVent| — _________ e 226C________ Yo R 4 Unit Cost $0.66/m3 439
7.9 th 7.9 th 7.9 th Total Operating Cost 115,544

UNIDO 2012, all rights reserved
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0.0t/
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Exemple de Rezultate de Influienta a Turbinel

Marginal Steam Costs
(based on current operation)
HP ($/t) 93.16
MP ($/1) 903.16
LP ($/t) 91.77

CostSavings =1.0x8,760x93.16 = $816,000

1Tph_HP

CostSavings,_ _=1.0x8,760x91.77 =$803,900

1Tph_LP

UNIDO 2012, all rights reserved 55
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Economiile Turbinei cu Contrapresiune

» Majoritatea sistemelor industriale utilizeaza energia termica (nu
debitul de abur)

» Turbina va extrage energia aburului si o va transforma in energia
arborelui

- Aburul va parasi turbina cu o temperatura redusa

» Rezultatul va fi un flux de masa crescut necesar pentru a satisface
cererea termica

UNIDO 2012, all rights reserved 56
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Turbine cu Abur cu Condensatie

» Turbinele cu condensatie deseori opereaza cu conditiile aburului
saturat

[l ~ " [

« Conditiile aburului, debitul de abur la iesire din Generator
» Estimate conform datelor intreprinderilor

Turbina cu
Condensatie

UNIDO 2012, all rights reserved 57
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Turbine cu Abur cu Condensatie

> Presiunea descarcata are un efect
semnificativ asupra generarii de putere

+ Unitatile de masura a sistemului
SSAT , sunt:

* barA

* barG

« Cm absolut de mercur
 Cm vid de mercur

| _ N . Turbina
» Turbinele cu condensatie se utilizeaza cu condensatie

pentru:

* Producerea unei cantitati maxime de
energie

« Conducerea echipamentelor
mecanice masive

UNIDO 2012, all rights reserved 58
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Turbine cu Abur cu Condensatie in SSAT

Steam Turbines

Do you have a steam turbine installed between HP and LP? Yes v

Do you have a steam turbine installed between HP and MP? No v

Do you have a steam turbine installed between MP and LP? No v

Do you have an HP to condensing turbine installed? Yes v

For a Condensing Turbine, please define how the turbine operates and then provide supplementary information below:
— | Mode of operation Option 1 - Define fixed power generation v
— | Option 1 - Fixed power generation 1000 kW “«—

Cntion 2 - Fixed steam flow 25 t/h

» Turbinele de abur cu condensatie trenuie sa ia pozitia “Quick Start —
incepere rapida”, din sectia respectiva

- Utilizati tastele pentru a tasta meniul “Yes - da” daca exista o
turbina cu contrapresiune

 Informaftia necesara despre mecanismul de control
» Informatii suplimentare in sectia “Site Detail”

UNIDO 2012, all rights reserved 59
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Turbine cu Abur cu Condensatie in SSAT

Steam Turbines

Do you have a steam turbine installed between HP and LP? Yes v

Do you have a steam turbine installed between HP and MP? No v

Do you have a steam turbine installed between MP and LP? No v

Do you have an HP to condensing turbine installed? Yes v

For a Condensing Turbine, please define how the turbine operates and then provide supplementary information below:
— | Mode of operation Option 1 - Define fixed power generation v
— | Option 1 - Fixed power generation 1000 kW <«

Cotion 2 - Fixed steam flow 25 t/h

» Turbinele cu condensatie functioneaza in 2 moduri, conform:
- Puterea generata stabilita

« Majoritatea operatiunilor echipamentelor au aceasta
configuratie
- NOTA: Eficienta generatorului in SSAT 100%

» Debitul de abur stabilit
UNIDO 2012, all rights reserved 0
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Turbine cu Abur cu Condensatie in SSAT

Configure the operation of your HP to Condensing turbine(s) using the options below:

HP to Condensing Steam Turbine(s) Input Data Notes/Warnings
— |Isentropic efficiency 65 % “«—
Note: If multiple turbines are installed, their data should be combined to allow them to be modeled as a single turbine

Note: A generator electrical efficiency of 100% is assumed by the model

Select the units of measure to specify the condenser pressure bara v
Condenser pressure (bara) | 0.15

Il
T 1

» Eficienta adiabatica a turbinei cu condensatie necesita:
« Datele intreprinderilor

« Calculele aburului de intrare, debitului de abur si puterea
generata

» Presiunea de iesire din Turbina cu condensatie
* Poate fi furnizata in una din cele 4 unitat;
« Echivalenta cu presiunea condensatorului de suprafata

UNIDO 2012, all rights reserved 61
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Exemple de Influienta a Turbinei cu Abur

Abl:l‘ la presiune inalta: 25 barl, Costul de

375° C influienta a
energiei:
$0.10/kWh

Presiunea de evacuare: 0.15 bari

Influienta cazanului: Gaz Metan: $1.0/Nm3
Eficienta cazanului: 80%

» Utilizarea a Modelului Sistemului de Colectoare-3 si a turbinei cu
condensatie utilizind urmatoarele date

- Puterea de generare stabilita =950 kW
- Eficienta Generatorului = 95%

- Eficienta adiabatica a turbinei = 65%
UNIDO 2012, all rights reserved 62
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Exemple de Rezultate a Turbinei cu Condensatie

Steam System Assessment Tool

HP,

165.0 t/h

SSAT 3 Header Experts Training Example

Current Operation

1165.0 th
1107 C

MP

LP

: Emissions tly
L COo2 231510
S02 0 Model Status : OK
NOx 458
Natural Gas i G “18.2th Trap Losses
146966 kW 156.7 th v 4 Steam Leaks 0.0 th
13179.3 Nm3/h 375C Heat Loss 0.0t/h
eff = 82% 100% dry 0 kw
| 2001th __.200%h___100th_ _____ 0.0th __
' '
109.9 t/h 5.9th 0.0t/h 25 barg Users Traps Unrecovered : 10.0 Uh:
375C 12273 kW Condensate  y ' !
0.0 thh 100% dry 10.0 tth Yo 00th
HP - Cond | 1000 kw 998 kW Hp-mp  |OkW :
Trap Losses 1
4 Steam Leaks 0.0 tth 110.0 th
109.9 tth MP Flash Heat Loss 0.0th !
362C 0.0t/h 0 kw '
40.0 th ___400th___200th__y __00th__
| ' '
69.9 t/h Condensing 10 barg Users Traps Unrecovered 30.0 th;
Section 362C 26660 kW Condensate y H !
100% dry 200 th Yoo 008
'
0.15!bara Trap Losses H
' 4 Steam Leaks 0.0 t/h 130.0 thh
69.9 t/h : LP Flash| LP Vent Heat Loss 0.0th !
355C -0.9 barg; 0.0 t/h| 0.0 t/h 0 kw '
76.0th ___760Uh___380th__y
| ' '
1 2 barg Users Traps  Unrecovered | '
H 335C 54450 kW Condensate y 168.0 tth
' 100% dry 38.0th '
'
i i
' '
' Ll
' '
v McondTank a------70C e ¥
Economic Summary based on 8760 hrs/yr $'000s/yr
Power Balance
Generation 1998 kW
Demand 6998 kW
Import 5000 kW
Unit Cost $0.1000/kWh 4,380
18.2t/h Fuel Balance
___________________________________ ! Boiler 13179.3 Nm3/h
| Unit Cost $1/Nm3 115,451
-: Make-Up Water
' Flow 76 m3/h
Cond Tk Vent| R4 Unit Cost $0.66/m3 441
Total Operating Cost 120,272

UNIDO 2012, all rights reserved
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Exemple de Rezultate a Turbinei cu Condensatie

Steam System Assessment Tool

SSAT 3 Header Experts Training Example Current Operation

1 158.0th : Emissions tly
1 L Cco2 221739
: 502 0 Model Status : OK
: NOX 439
i i Blowdown
E Natural Gas el - 17.9th Trap Losses
1 140763 kW 150.1 th v 4 Steam Leaks 0.0 thh 0.0 th
E 12623.1 Nm3/h 375C Heat Loss 0.0 th To MP
H eff = 82% 100% dry 0 kW
: HP L | 20.0 th . ___200¢h___100th
: ] |
1 103.2 th 5.9th 0.0th 25 barg Users Traps  Unrecovered |
: 375C 12273 kW Condensate ¥
R 0.0th __ 100% dry 10.0th
B Trap Losses '
: t Steam Leaks 0.0th 110.0 tth 0.0th
' 1032 th MP Flashl Heat Loss T 0.0th '
B 362C 0.0 tth 0 kW '
: MP | 40.0 th 40.0th Y
: I --hg W ---"-"---- "~ -
E 63.2th Condensing 10 barg Users Traps  Unrecovered
1 Section| 362 C 26660 kW Condensate
L 00th 100% dry 200 th
E 0.155 bara Trap Losses '
! | 4 Steam Leaks 0.0 t/h 130.0 tth
H 63.2th | LP Flash Heat Loss 0.0th
: 355C -0.9 barg! 0.0 Vh]' 0 kW T
! LP | 70.0 th ‘___ ___700th_
: |
E , 2 barg Users Traps  Unrecovered
1158.0 tth ' Vent 334C 50091 kW Condensate 65.0t/h
1107¢C 14.2th ' 0.0th 100% dry 35.0th
' Ll
H '
' l
[ i
I cond Tank | da------- 10 G e
54C, 65.0t/h
5.9 t/h: Economic Summary based on 8760 hrs/yr $'000s/yr
' \ Power Balance
__________________________ Yoo Generation 1998 kW
A Demand 6998 kW
Import 5000 kW
Unit Cost $0.1000/kWh 4,380
0 kW Fuel Balance
___________________________________ Boiler 12623.1 Nm3/h
Unit Cost $1/Nm3 110,578
Make-Up Water
0.0t Flow 73 m3/h
Cond Tk Vent Unit Cost $0.66/m3 421
Total Operating Cost 115,380

UNIDO 2012, all rights reserved
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Un Model Exemplu de Sistem

» Toate modelele “De intrare” sunt completate

» Modelul 3-Colectoare

* Prezinta legatura dintre debitul de abur si bilantul debitului de
abur pe colectoare si vor opera in acelasi sistem

- Exact modelul de impact (marginal) al costului aburului din sistem
- NU REPREZINTA costurile totale, emisiile, etc.
« NOTA: Influienta combustibilului este utilizatd pentru modelare

- Este gata pentru reflectarea impactului economic a economiilor
de energie si a oportunitatilor de optimizare a sistemului de abur

» Asigurati-va ca acesta este SALVAT!

UNIDO 2012, all rights reserved 65




