
Abstract— With the growth of electricity generation from gas 
energy gas pipeline reliability can substantially impact the electric 
generation. A physical disruption to pipeline or to a compressor 
station can interrupt the flow of gas or reduce the pressure and lead 
to loss of multiple gas-fired electric generators, which could 
dramatically reduce the supplied power and threaten the power 
system security. Gas pressure drops during peak loading time on 
pipeline system, is a common problem in network with no enough 
transportation capacity which limits gas transportation and causes 
many problem for thermal domain power systems in supplying their 
demand. For a feasible generation scheduling planning in networks 
with no sufficient gas transportation capacity, it is required to 
consider gas pipeline constraints in solving the optimization problem 
and evaluate the impacts of gas consumption in power plants on gas 
pipelines operating condition. This paper studies about operating of 
gas fired power plants in critical conditions when the demand of gas 
and electricity peak together. An integrated model of gas and electric 
model is used to consider the gas pipeline constraints in the economic 
dispatch problem of gas-fueled thermal generator units.   

I.  INTRODUCTION

The growth of power generation in Iran and several other 
countries is mainly based on constructions of combined-cycle 
power plants. The increase electricity generation by this 
technology has tightly linked the electrical system and natural 
gas system together. As the energy systems move into era of 
increased interdependency between the gas and electricity 
sectors, the decentralized approach does not address the 
interactions between these two sectors with regard to 
operational, security and reliability issues. It is thus useful to 
undertake the operational and planning analysis in an 
integrated manner.  

Gas pipeline reliability can substantially impact the electric 
generation. A physical disruption to pipeline or to a 
compressor station can interrupt the flow of gas or reduce the 
pressure and lead to loss of multiple gas-fired electric 
generators, which could dramatically reduce the supplied 
power and threaten the power system security. Although in 
case of certain kind of pipeline contingencies, under ground 
storage facilities can provide the back up for natural gas 
supply to some of the units, the power dispatch decisions 
could be affected by gas pipeline constraints. Gas pressure 
drop during peak loading time on pipeline system, is another 
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problem which limits gas transportation capacity and usually 
happens in systems with inadequate transportation capacity. 
Although there is enough gas supplies in countries like Iran, 
lack of enough pipeline capacity causes many problem in 
supplying the gas demand during peak times.  

To perform generation scheduling of thermal units, the 
maximum amount of power that can be supplied by each unit 
is required. Without considering the gas pipeline impacts on 
generation units operating, the maximum power is constant 
parameter. Nevertheless, maximum amount of power is a 
nonlinear function of the amount of available fuel for 
generators.  

For a feasible generation scheduling planning in networks 
with no sufficient gas transportation capacity, it is required to 
consider gas pipeline constraints in solving the optimization 
problem and evaluate the impacts of gas consumption in 
power plants on gas pipelines operating conditions.  

Optimal operating of power plants attracts a great deal of 
attention, as a modest reduction in fuel cost leads to a large 
saving in system operation cost. One of the important 
scheduling problems is the economic dispatch problem. The 
aim of ED problem is allocating of the required load demand 
between the available generation units, such that the operation 
cost in minimized while satisfying system constraints. But in 
some operating conditions for instance during the peak 
demand of gas pipeline system, the main problem of system 
operator is to find a feasible solution to supply the electric 
grid demand by gas-fueled generators. At the time of peak 
loading in pipeline, the gas transportation system is operating 
near its stability borders and pressure drop is very likely in the 
system. So the pipeline system may not be capable to supply 
the gas-fueled units demand completely. Therefore, to find a 
feasible solution for generation scheduling, it is necessary to 
use an integrated model of gas and electric model to consider 
the gas pipelines constraints.  

As the gas-fueled power generators are major natural gas 
consumers, there is a close interaction between their operation 
and the pipelines operating condition. The dispatch of gas-
fueled power plants affects the gas flow rate and its pressure 
in pipeline systems. A wise generation dispatch with regards 
to gas pressure constraints can prevent the pressure drop in 
pipeline system and meanwhile supply the electricity demand 
by gas-fueled power plants.  

This paper studies about operating of gas fueled power 
plants in critical conditions when the demand of gas and 
electricity peak together. An integrated model of pipeline 
system and gas-fired power plants is used to evaluate the 
effect of each generator gas usage on the gas flow rate and its 
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pressure in pipeline system. By using this model we can 
dispatch the electricity demand between the existing generator 
units such that no pressure drop happens through the 
pipelines. 

II.  NATURAL GAS MODELING

Natural gas is transported from gas wellheads to different 
customers by gas transmission network. The NG 
transportation network model consists of four basic 
components namely, gas wellheads, pipelines, compressor 
stations and interconnection nodes. Figure 1 shows a 
simplified NG transportation network which is utilized in this 
study for analyzing the impacts of natural gas system 
operation on the economic dispatch.  

The transportation pipelines connect the gas wellhead, 
usually far from load centers, to distribution system or large 
industrial users.  The compressors act like step-up 
transformers in electric networks [4]. As gas flows through the 
pipelines, its pressure will drop. Thus the compressors are an 
essential component in the natural gas system to maintain the 
desired pressure level in the transportation pipelines. 

Figure 1: Gas pipeline system [4]

The mathematical formulation of NG system components 
are presented as follows: 

A. Flow Equation in Pipeline 

The flow equations in gas transportation network describe 
the relation between gas flow rate, the pressures at the two 
ends of pipelines. For isothermal gas flow in long horizontal 
pipeline, which begins at node i and ends at node j , the 
general steady state flow rate ( in mmscf2/hr) is often 
expressed by the following formula[1]:  
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where:

                                                          
2 -million standard cubic feet  

ijf = pipeline flow rate, mmscf/hr 
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F = pipeline friction factor 
D = internal diameter of pipeline (inches) 
G = gas specific gravity 
L = pipeline length between nodes (miles) 

i = pressure at node i, psia 

j = pressure at node j, psia 

0
= standard pressure, psia 

0T  = standard temperature, R0

aT = average gas temperature, R0

aZ = average gas compressibility factor 

Equation 1 is a nonlinear equation that defines the relation 
between the flow rate through a pipeline and its terminal nodes 
pressures.

B. Compressor Model 
Gas flow loses a part of its energy during transportation along 

the pipelines due to its frictional resistance which results in a 
loss of pressure. To maintain the gas pressure at a desirable 
level, compressor stations are installed in the network. The 
amount of energy consumed by compressor stations, can be 
computed based on “the horsepower equation” as follows: [1]  

]1/)1()/[(. Z
jifBH                                        (2) 

Where: 

H: compressor rate of work (horsepower)  

)1/(*/08531.0 TB
 f  : flow rate through compressor, mmSCF/hr 

i : compressor suction pressure, psia 

j : compressor discharge pressure, psia 

Z : gas compressibility factor at compressor inlet, 

T : compressor suction temperature, R

: specific heat ratio (cp=cv )
´ : compressor efficiency

The above equation shows the rate of work of each 
compressor as a function of the gas flow rate through the 
compressor and the pressure ratio between the inlet and outlet 
gas.

The compressor stations can use steam, electricity and natural 
gas as the energy source. Usually, in large pipeline systems, the 
most economic source is the natural gas, which is available and 
flowing through the compressors. The amount of gas withdrawn 
to power a gas turbine to operate the compressor can be 
approximated as: 
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2.. HH                                                     (3) 

Where is the amount of gas used by compressor, H is 
horsepower required for gas compressor in equation (2) and 

,,  are the compressor coefficients.  

C. Gas-fired Power Plants Modeling 
Gas and electric networks interconnect at gas-fired power 

generation station. The input-output characteristic of the 
power plants expresses the relation between the two networks. 
It determines the gas consumption flow rate in the power plant 
( iq , mmscf/hr) as a function of the generated electric power. 
This is obtained by dividing the plant’s heat energy function 
( iH , MBtu/hr)) by the gas gross heating value (GHV, MBtu/ 
mmscf).  

GHViHiq
1

.                                                         (4) 

Also, we have: 

iHCiF .                                                                 (5) 

where:

iF : the cost function of  the thi plant 

iH : the heat energy function of  the thi plant 
C: the gas energy cost($/MBtu) 

Replacing  iH  in equation 4 with 
C
iF

 we have: 
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Equation 6 expresses the gas consumption flow rate of the thi
power plant as a linear function of the plant cost function.  

D. Gas load flow problem 
The problem of simulation of gas network with N nodes in 

steady state, known as loadflow, is usually that of computing 
the values of node pressure and flow rates in individual pipes 
for known values of source pressures and gas injection in all 
other nodes. For more studies you can see loadflow statement 
and solution in [2]. 

Figure 2: Natural gas network and power plants schematic   

III. ECONOMIC DISPATCH OF DUAL-FUEL THERMAL UNITS
CONSIDERING PIPELINES CONSTRAINTS

Figure 2 shows a typical pipeline system that transports gas 
from wellhead to five electric power plants and other gas 
consumers. The gas pipeline system is composed of one gas 
source node and three branches. Branch 1 supplies two power 
plants (#1, #2) and none electrical industrial users which are 
presented as D1. The second branch transports gas to power 
plant #4 and #5 and a gas distribution network, D2. On the third 
branch, there are power plant #3 and other non-electrical 
consumers that are represented as D3. Each power plant has 
multiple gas-fueled generator units. The technical parameters of 
power plants and their generators are listed in table 1. The gas 
pipeline system has five compressor stations, two at branch 1, 
two at branch 2 and one at branch 3. The technical parameters of 
compressors refers to equation 2 and3 are in table 2. 

Let’s consider the gas and electricity demand of a cold winter 
day. First we use the typical economic dispatch method to 
determine the power plants generation power. In this case the 
ED problem is formulated as:  

Min 
17

1
)(

i ipiF                                                              (7) 

Subject to:  

DP
i ip
17

1
                                                                  (8) 

maxmin ipipip 17,...,2,1i (9)

Table 3 shows the results of the above optimization problem. 
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Table1:  Generators characteristics parameters 
No Number 

of units )(

min

MW
Pi

)(

max

MW
Pi

)/($ hr
ai

)./($ hrMW
bi

./($ 2 hrMW

ci

1 4 50 175 213.1 15.7 0.008 

2 2 30 250 230 11.85 0.008 

3 4 50 250 369 14.9 0.009 

4 4 15 200 203 11.9 0.008 

5 3 37.5 300 280 12.3 0.009 

Sum 17 units , 3900 MW 

Table 2- compressors and gas turbine data 
Turbine Fuel Rate CoefficientsNo Efficiency ji /

1 0.84 1.4 0 0.2 e-3 0.02 e-3 
2 0.83 1.3 0 0.2e-3 0.025e-3 
3 0.84 1.5 0 0.2e-3 0.03e-3 
4 0.83 1.4 0 0.2e-3 0.03e-3 
5 0.83 1.5 0 0.2e-3 0.03e-3 

Table 3- The economic dispatch result 

Plant No. Units no. MW 

1 1,2,3,4 175 
2 5,6 250 
3 7,8,9,10 153 
4 11,12,13,14 200 
5 15,16,17 170 

Total demand 3000 
Total cost 75782 

Now let’s see the pipelines operating conditions in the 
achieved result. First we should calculate the gas consumption 
of each power plant using the equations 4-6 .When the gas 
demands of power plants are obtained, the gas flow algorithm 
is applied to the pipeline system. The simulation result of gas 
pipelines is shown in table 4. The gas pipelines model used in 
gas simulation is presented in appendix. 

Table 4: gas simulation results for ED result in table 3 

Node No. Pressure Node No. Pressure 
1 1000 10 -3 i 
2 842 11 -20 i 
3 1180 12 671 
4 966 13 1007 
5 928 14 663 
6 1206 15 528 
7 1175 16 739 
8 1169 17 630 
9 -2 i 

The simulation result shows that the gas pressure at nodes 
9, 10, 11 in branch 3 are not real quantity. This imaginary 
numbers state that the ED result is not a feasible answer due to 
the gas pipeline system. The pipeline system does not have the 
adequate capacity to supply the gas demands in branch 3. As 
the priority at natural gas network is to serve non-electrical 
gas consumption, the generation of plant 3 should be reduced 
due to lack of gas supply and instead the generation of plant 5 
should be increased (plants 1, 2 and 4 are generating their 
maximum capacity). If the increase of generation at plant 5 
also leads to gas pressure drop in branch 2, then it would be 
not possible to supply the electricity demand all by gas 
energy.

Most of thermal plants have oil storage facilities to use in 
case of disruption of gas supply. Now the economic dispatch 
of thermal units with dual-fuel capacity is formulated regards 
to pipelines constraints. 

For the system in figure 2 if all the generator units are 
equipped with oil storage facilities the economic dispatch 
problem is formulated as: 

Min 
5

1
.])()1()([

17

1 j jciPiCiiPiCii
(10)   

Subject to: 
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                (11)   

1,0i
C : gas price $/mmscf 

)( iPiC power generation cost in thi plant when it uses gas

)( iPiH *G=
)( iPiC power generation cost in thi  plant when it uses oil 

)( iPiH *L=
Heat energy characteristic o unit i , Mbtu/h)( iPiH

G : gas energy cost $/Mbtu

L  : oil energy cost $/Mbtu 

The optimization variables are 17 out put power of 
generator units and 17 decision variables: iw . When iw =1, the 

thi unit consumes gas as primary energy and when iw =0 it 
consumes oil. 

Due to various non-linear equations and constraints in 
simulating the gas pipelines network and also because of the 
integer variables ( iw ), genetic algorithm is applied to the 
optimization problem.   

Genetic algorithm (GAs) is an evolutionary optimization 
approach which is alternative to traditional optimization 
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methods. GAs are most appreciate for complex non-linear 
models where location of the global is difficult task. Unlike 
traditional optimization methods, GAs is better at handling 
integer variable than continuous variables.

To solve the optimization problem with GA, a chromosome 
is a bit string composes of 17 iP  variables and 17 iw
variables. The fitness function is defined as:

Fitness function =

17

1

5

1
)(cos))()1()((

i k jtiPiCiiPiCi

2)min(
17

1

217

1 jjj ji iPlossPDP

                                                                                       (12)
Where j  and  are penalty factors and defined as: 

510

otherwise
if jj

j 100
0 min

                   (13) 

In the previous formulation the ED solution was not 
acceptable regards to pipelines constraints. Now with this new 
formulation the best economical power dispatch is obtained 
with respect to both gas and electricity networks. The gas and 
oil prices are defined as their prices in Iran. (Gas price = 700 
Rials/m3, oil price= 6000 Rials/lit). Table 5 shows the 
optimum generation schedule. 

Table 5- The economic dispatch result
Power

Plant No. 
Gen. No. MW Natural Gas / 

Residual Fuel Oil
G 1 175 NG 
G 2 175 NG 
G 3 175 NG 

1

G 4 175 NG 
G 5 250 NG 2
G 6 250 NG 
G 7 174 NG 
G 8 174 NG 
G 9 196 residual fuel oil

3

G 10 174 NG 
G 11 200 NG 
G 12 200 NG 
G 13 200 NG 

4

G 14 200 NG 
G 15 260 NG 
G 16 71 residual fuel oil

5

G 17 260 NG 

Table 6 compares the gas pressure in these two operating 
points.

Table 6: gas pressure in two ED results 
Node

pressure
Considering 

pipelines constraint 
without Considering 
pipelines constraint 

9 518 -2i 
10 777 -3i 
11 504 -20i 
15 504 528 
17 579 630 

At the optimum condition of the previous part the gas 
pressure in nodes 9, 10 and 11 were imaginary and the 
pressure in node 15 in branch 2 was very close to its lower 
limit. In new generation scheduling one of the generator units 
of power plant 3 is switched on oil fuel and thus the pressure 
drop through branch 3 is removed. The total generation of 
plant 5 is increased than the previous solution. Therefore, to 
avoid the gas pressure drop through branch 2, one of its 
generator units is switched on oil fuel.

As table 6 shows the pressure constraint is active in branch 
2 and 3. It indicates that the main goal in solving the 
optimization problem was to find a feasible solution to supply 
the electric demand by gas energy as much as possible. This is 
because the gas energy in Iran is much cheaper than oil 
energy.

IV.  CONCLUSIONS

The continual and rapid growth of NG-fueled electricity 
generating plants has increased the interdependency of natural 
gas and electricity industries. As the electric power plants are 
major NG consumers, there is a close interaction between the 
gas-fired power plants operation and the gas supply system 
operation. The dispatch of the NG fueled power plants affects 
the gas flow in the pipeline system and, on the other hand; the 
pipeline operating constraints can impose limits on power plants 
generation.

 For a secure operation of gas and electricity system, it is 
necessary to impose some extra constraints on electricity system 
operation in case of some particular operating conditions. For 
instance in severe weather situations (e.g., hot summer and cold 
winter days) when demands for gas and electricity peak together, 
the pressure drop in pipelines is very likely. In these cases, it is 
unavoidable to limit the amount of gas used by some power 
plants to prevent the loss of multiple gas consumers. 

This paper studied about operating of gas fired power plants 
in critical conditions when the demand of gas and electricity 
peak together. An integrated model of pipeline system and gas-
fueled power plants was used to evaluate the effect of each 
generator gas usage on the gas flow rate and its pressure in 
pipeline system. By using this model the economic dispatch of 
thermal units was formulated considering the pipelines 
constraints. By solving this new economic dispatch problem, the 
power demand is dispatched between the thermal units in such a 
way that prevents pressure drops in pipeline system and loss of 
multiple gas consumers. 
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V.  APPENDIX

Figure appendix 1. gas pipeline model for solving gas loadflow 

B matrices of the loss formula  
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