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Combined heat and power
generation — CHP (Cogeneration)

Exercises 7 (KEE/TTE)
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Thermal cycle with backpressure turbine

* Increasing efficiency by using heat removed from the thermal cycle for
technological purposes or heating -> elimination of thermal cycle losses

* THIS IS NOT CARNOTIZATION, i.e. the gain of mechanical energy does not increase

Parla

Thermal cycle with backpressure turbine

Superheated steam from the steam generator > expansion in the back-pressure turbine
to a constant pressure p, - emission steam led to consumers S > the steam transfers its
condensing heat > the generated condensate can be used to supply the steam generator
again.

Poly T P,

—W, _J_ Wy

—q, [~9on

s ( kkg K)

* Reduction station
— transition from combined heat and power generation only to thermal energy production




Thermal cycle with backpressure turbine

Supplied heat g, is divided into:
«» HEAT CONVERTED AT WORK Wp

+«* BACK PRESSURE HEAT FOR TECHNOLOGICAL OR HEATING PURPOSES qop

App = Wip T dop

* Heating plant coefficient
= the ratio of the heat output

}——@——’ supplied to the consumer by the
steam from the turbine to the
total heat supplied, i.e.
| Qop including the heat supplied
through the reduction station

= op
r + qop

Thermal cycle with backpressure turbine

* Thermal efficiency of the thermal cycle Par by

Wy + 4, In fact, we must consider the losses in

el _ P _ 1

m = q = heat transfer to the consumer, the
(44 efficiency of the boiler, the efficiency of

the pipes, etc.
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The difference between a condensing turbine and a backpressure turbine
M

p

Condensing turbine Back Pressure Turbine

w,
tk b, \ P,
O w -
M, t,=30°C M, t,=80°C
ok op )
— M, t=15°C M, t,=40°C
eak = .
= lnvk =iny

Real thermal efficiency of the thermal cycle

Wee _ g —is _ g =gk " W _ b=l
Mk = —=F—F— =7 —5— p = —=——7 =
Aok L~ lg ~lnwk QGp L—h
Heat removed from the thermal cycle
ok = ls — U1 = lgk — lkak Quz = Qop = Is — iy = lxp — lkap

Total efficiency of the power plant without losses
gt =0 o _ o Zlen) * (lop ~ lear) _
v ta — lkdp




The difference between a condensing turbine and a backpressure turbine

* Condensing turbine * Back Pressure Turbine
Power plant efficiency - gross Heat supply efficiency
el _ T e T . — 3
Nk = Meok " Med * T * g * e Mp 0% = 0E T e M Mg M Tae

= 77% =1
Amount of cooling or service water
_ 3600-P, _ 3600-P, _ 3600-P, _ 3600-P,
Cla=ledea tm Ng  Cla=ladtm Nlg " (la~iep)neatm N (la=iup)m g

Mpi

Amount of cooling or service water
ip

My (ikk — frar) _ My (ikp = ikap)
Menw = RG]

(& cho—lcnw)

Amount of fuel consumed

Qi _ My " (ia = o) My, = 2o = Mo (fa = )
Gpar Gpat Mk *Tp PP Gy Gpat * Mic * Mp

Example
* Replace the condensing turbine with a generator with an electrical output of P, =
6 MW by a back-pressure turbine if we supply heat for district heating purposes
with the heat removed from the thermal cycle. The required heat value is 80 °C.
The return water temperature is 40 °C.
* Calculate how the thermal efficiency of the RC cycle will change and what the
overall efficiency of CHP (combined heat and power) will be.
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Specified parameters:
Py =Pg=3.5MPa, ps=p, =6 kPa, q,q= 12 220 ki/kg,
t,=t,=435°C t;=t,, =35°C Par g
N = 0.85
np = 0.99
Nm = 0.96
ng = 0.97
Nea = 0.8
Example - Solution
« Condensing turbine * Back Pressure Turbine

P
O
M. 1,=80°C
op_
M, {,=40°C
* Pa=35MPa,t,=435°C + p,=3.5MPa,t,=435°C

* pex=6kPa, ty =35°C © t,p=80°C=t,




Example - Solution

Condensing turbine

* Determination of steam
and condensate
parameters

v p,=3.5MPa,t, =435 °C
v p.=6kPa, t,=35°C
Y N =08

* Enthalpy calculation iy,
25007

ixe = g = Nea * (ia = lek)

200

i =
=3304—0.8-(3304—2140) 0
=2372.8kJ/kg 2

#E iy = 2373 kifkg 3

ol e = 2 140 kifkg y -
o B St | s (h-s)
Z e r diagram
o il
o L Y T
S k/lhg Kl
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Example - Solution

Determination of enthalpies of admission steam and condensate using software

/ Vypotet  Body Funkce Rozsahy Diagram Tisk

X\

Vybér funkce

Oblast Obecné funkce
[obecné funkce = Joe ~]

Vstupniveliginy

Condensing turbine

l
Viypottens hodnote Vjpotet  Body Funkce Rozsahy D x\
Entalpie = 3303612 kikg
7 B b3 » . Vybér funkce
K Oblast Mez sytosti
ez sytost = T |
Enthalpy of Vstupniveliginy P
admission Tepota=[35__ |c
steam
.
Vypoétena hodnota
|
[ Condensate enthalpy J \\ = e Chialpie = 146.645 kikg
[ i Kt oy

g

Example - Solution -

TN X
AL~
AL p,=3.5MPa

/, ¥

Back Pressure Turbine

* Determination of steam
and condensate
parameters

* p,=3.5MPa,t,=435°C
* t,=80°C=t,
v Na =08

* Enthalpy calculation i,

ikp = ia = Nea * (ia = lep)
A
i = aawle i, 4% i
=3304—0.8-(3304—2413) 2otz e
=2591.2 k] /kg 2100 G55
-~ i-s (h-s)
- diagram

S ku/lhg Kl




Example - Solution

« Determination of enthalpies of admission steam and condensate using software

/ Vypotet  Body Funkce Rozsahy Diagram Tisk

X\

Vybér funkce

Oblast Obecné funkce
[obecné funkce = Joe ~]

Vstupniveliginy

Vypoétena hodnota

Back Pressure Turbine

-
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- S —

Entalpie = 3303612 kikg ___

Vypotet  Body Funkce Rozsahy  Disgram Tis x\

Vybér funkce

Enthalpy of
admission

Oblast ez sytosti
[iez sytost = T =
Vstupniveliéiny -

ool S

w0y =2373kifkg %

steam
™ -
Vypoétena hodnota
[ Condensate enthalpy ———  Entapie=334949 kky ___
s - D ARS8
Condensing turbine Back Pressure Turbine
A ETIs U AN A
- ‘zgf/f% g "*FU ’ 1 yeilia ,’,/;z?ﬁ%ﬁ = s
ool (-t  py=3,5MPa - AT A= Pa= 3,5 MPa 1
- ;| / ALy TS w0 4 o Y i VIV VRN
’ ‘ ff‘ a7 o v
- /2 WAL
ol 1e=3308k1/kg t, i
H LA/ S
Ei |
s/
- 20

/ AL
20} iy =2 591 ki/ke

s T ”
) > 4 ol i, =2 413ki/kg |
O o 200 G55 2 |
)| i =2140 ki/kg > 7 S L -
) . o Z e
. ’ - 1. i-s (h-s)
= = ’; diagram - AN diagram
Skfig Kl — Skifig Kl —
i | |~ |
| 7 =43¢
1 S
)
i ~
a
Vi P
A /" <
[ /4 K ( 5
P
'/Q )
2
il v 4
Condensing turbine s Back Pressure Turbine s
Point | Temperature (°C) |Pressure (MPa)| Enthalpy (kJ/kg)
4 435 3.5 3 304
Condensing 5 35 0.006 2140
turbine 5 35 0.006 2373
1 35 0.006 147
4 435 3.5 3304
Back Pressure 5 80 0.047 2413
Turbine 5 80 0.047 2591
1 80 0.047 335




Example - Solution

* Ideal thermal efficiency of the thermal cycle

Condensing turbine

Wik _ o — lek

Mok = —— == -
Gpk  la — lka

Ntok =
« Back Pressure Turbine
Wep _ ig —legp

Ntop = =7 -
Qpp  la — lkap

Ntop =

KE Po &y

16
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Example - Solution

+ Real thermal efficiency of the thermal cycle
* Condensing turbine

Wi _ lg = g
Gk la — lka

* Back Pressure Turbine

)
Qp o~ lka

17

Example - Solution

- Efficiency of heating heat utilization

_Yop _ lkp — lkap
Nep = — = ———"
Qop  la ~ v

+ Total ideal efficiency of the power plant without losses

* Condensing turbine
1
N =
* Back Pressure Turbine

l _ KVET_
np=nc =

18




Example - Solution

+ Power plant efficiency - gross

v 1 = 0.85
v o, =099
v N =0.96
v ng =097
v Na =08

* Condensing turbine

Nk = Mook * Med * T * g * Mie * Mp =

* Back Pressure Turbine

08 = 0EE Neq N Mg M M Nae =

19
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Example - Solution

+ Mass flow of the working substance

Vv m = 0.96
v 1y =097
v P,=6 MW

* Condensing turbine

My =

* Back Pressure Turbine

p =

20
Example - Solution
+ Mass flow of cooling water and service
water
* Condensing turbine
Tk -
56 Caw=30°C Meno =
* Back Pressure Turbine
M, =
21




Example - Solution L

+ Amount of fuel Qpa= 12 220 ki/kg

v 1 = 0.85
v, =099
* Condensing turbine ‘gim
e T
@‘ KC Po ¢ ikap
Mpau = @
Myai =

* Back Pressure Turbine

Myap =

22
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Used and recommended literature

* Dvorsky, Emil; Hejtmankova, Pavla; Kocmich, Martin. Elektrarny : zaklady vyroby
elektricke energie : priklady. 1. vyd. Pilsen : UWB, 1994. ISBN 80-7082-133-7.

Dvorsky, Emil; Hejtmankova, Pavla. Elektrarny : zvysovani ucinnosti premen energie v
tepelnych elektrarnach : priklady. 1. vyd. Pilsen : UWB, 1999. ISBN 80-7082-523-5.

LI, and other literature listed in the course syllabus on the website Portal of the UWB
in Pilsen

Next exercise

Steam-gas cycle
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