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2. Balance equation for steam piping 6.4 MPa 
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Left side of this balance equation is also expressed by means of 
exponential approximation (1); separate coefficients are expressed 
as follows: a = a6.4,i, β = β6.4,i and dependent variable which we 
look for is expressed as: x = i,.

K,TP 46 . 

3. Balance equation for steam piping 0.8 MPa 
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4. Total produced electric output 
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5. Objective function 
Objective function expresses production costs for dependent 
variable PT,K. It is necessary to calculate the values of this 
dependent variable for each value of independent variable 
PT,DOD - heat supplied to heat network (Fig. 1). 

Then the objective function E has this form 
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upon the conditions: 
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It is useful to stress that non-linearities of this problem are in 
difference to these (following) variables: 
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46β are constant. 
Non-linear mathematical model is described by equations No. (3)-(9). 

Meaning of the variables in the equations: 
The symbol P signs the minimum value and in opposite the 
symbol P  signs the maximum one of the appropriate quantity 

K,TP  [GJ/h] the boilers output 
10

,, VTTP , 4.6
,, VTTP  [GJ/h] the heat input on turbine inlet 

10
,, VYTTP , 4.6

,, VYTTP  [GJ/h] the heat output on turbine outlet 
10

,, VNTP , 4.6
,, VNTP  [GJ/h] the heat input on inlet of the turbo-feed pump 

10
,, VYNTP , 4.6

,, VYNTP  [GJ/h] the heat output on outlet of the turbo-feed pump 
8.0/10

,RTP , 8.0/4.6
,RTP  [GJ/h] the heat output of the reduction stations 

DODTP ,  [GJ/h] the heat output supplied to the heat network 

kq
10, kq

6.4, kq
0.8 [-] the coefficients of heat consumption or losses in 

each phase of technology 
bT,V , bT,VY [GJ/MWh] relative increment of heat consumption 

on turbine inlet, outlet 
P [MW] electric output 
 
Non-linear mathematical model of the scheme of combined heat 
and electric energy production plant (Fig. 1) - practical part 
Balance equation for steam piping 10 MPa 
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Balance equation for steam piping 6.4 MPa 
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Balance equation for steam piping 0.8 MPa 
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Total produced electric output 
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Objective function 
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Limiting non-negative conditions: 
 

MW] [62MW] [94

MW] [152MW] [5256
]GJ/h  [0224373161]GJ/h  [731618780
]GJ/h  [811459564]GJ/h  [5834379171
 ]GJ/h  [5834379171]GJ/h  [4842915206

280280
21

246

146110

346246

146310

210110

≤=≤≤≤

≤≤≤≤
≤≤≤≤

≤≤≤≤
≤≤≤≤

,.,.
TG

,.

,.,

,.
K,T

,.
K,T

,.
K,T

,
K,T

,
K,T

,
K,T

PPP

.P.P
.P..P.

.P..P.
.P..P.  (15) 

 

4. CONCLUSION 
 

This paper has explained two methods of forming mathematical 
model of a heat and power plant which produces heat and 
electric energy in order to optimize its operation. Certainly, the 
differences between both models consist in reduction of the 
base variables number, the consumption characteristic 
approximation of non-linear equations and in forming of the 
other objective function. In the case of the linear model, the 
objective function is linear and it is non-linear in the second 
one. In order to gain the values for the general coefficients in 
the above mentioned mathematical models, it is necessary to 
process the whole rank of base and consumption parameters of 
the production units. The obtained results would be used as a 
base for operative planning and also for own operation control 
of production of heat and electric energy in real time. 
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