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Abstract: This paper proposes a method based on genetic algorithm (GA) for the security-constrained 11 
optimal dispatch of integrated natural gas and electricity networks, considering operating scenarios 12 
in both energy systems. The mathematical formulation of the optimization problem consists of a 13 
multi-objective function which aims to minimize both cost of thermal generation (diesel and natural 14 
gas) as well as the production and transportation of natural gas. The joint gas-electricity system is 15 
modeled by two separate groups of nonlinear equation, which are solved by the combination of 16 
Newton's method with the GA. The applicability of the proposed method is tested in the Belgian gas 17 
network integrated with the IEEE 14-bus test system and a 15-node natural gas network integrated 18 
with the IEEE 118-bus test system. The results demonstrate that the proposed method provides 19 
efficient and secure solutions for different operating scenarios in both energy systems.  20 
 21 
Keywords: Integrated Electric Power and Natural Gas Network, Optimal Power Flow, Genetic 22 
Algorithm. 23 
 24 

1. Introduction  25 
In 2012, the thermoelectric power sector in Brazil generated 73.456 GWh; whereas the share of 26 

natural gas increased by 50% [1]. This data provides evidence of the increasing importance of natural 27 
gas in the thermal power generation of Brazil, mainly resulting from the high efficiency, low-cost 28 
investment, operational flexibility and less environmental impact when compared to diesel [2]. This 29 
significant increase in the installation of thermoelectric power plants using natural gas associated 30 
with increased electricity demand, prompted this type of power generation to assure a greater 31 
participation in electric power supply. 32 

On the other hand, this fact creates a strong interdependence between the electrical system and 33 
the gas pipeline system, the latter being responsible for the transportation of natural gas from the 34 
production well to the consumption point. Traditionally, this interdependence is disregarded in 35 
studies of optimal planning of the operation of thermoelectric power plants using natural gas. 36 
However, this simplification may affect the safe operation and performance of the joint systems, as 37 
pressure losses, contingencies in gas pipelines, lack of storage or interruptions in the supply of natural 38 
gas may bring about a cut off of the generating units. In the occurrence of shutdowns of gas pipelines 39 
or power transmission lines, inconsistent procedures for cutting off the supply of natural gas to 40 
thermal electric generators may restrict the operation of the electrical system or even result in 41 
additional shutdowns [3]. The active power adjustment in an arbitrary number of generators may 42 
affect the flows in the gas network, which shows the interdependence between both networks [4]. 43 
Therefore, this strong dependence operation between these two systems requires a coordinated 44 
operation to obtain reduced operating costs and congestion without jeopardize the security of power 45 
systems. 46 

Various models have been proposed to ensure optimal combined operation of natural gas and 47 
electrical networks by means of an unified formulation. In [3], the authors performed an assessment 48 
of interdependence between both networks in terms of the impact of market prices of natural gas in 49 
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the dispatch of the generating units. In [5], the authors presented an multiperiod generalized network 50 
flow model focusing on the economic interdependence of the combined system (electric grid, coal 51 
and natural gas). In [6], a model was presented to calculate the maximum amount of energy that 52 
should be provided to a natural gas combined cycle power plant. In [7], an integrated model of 53 
optimal dispatch was proposed to evaluate the impact of the interdependence of electricity and 54 
natural gas networks in the operational safety of the electric system. Other studies have proposed 55 
methods of optimal dispatch of joint natural gas and electric networks [8]-[12]. All these cited works 56 
used conventional optimization methods as a solution to the problem of joint gas-electricity optimal 57 
dispatch.  58 

The electricity-gas optimal dispatch is a mixed integer, nonlinear, non-convex problem with a very 59 
complex solution. Conventional methods of nonlinear programming may not be able to provide an 60 
optimal solution taking into account that generally the solution is trapped in on local minima. As an 61 
alternative to conventional optimization methods, an evolutionary computation has been used to 62 
solve a variety of problems due to its ability to find the global optimum. However, few studies have 63 
employed evolutionary computation to solve the problem of joint electricity-gas optimal dispatch. In 64 
[13], an optimization methodology based on genetic algorithms (GA) is proposed to determine the 65 
pipeline diameter to minimize the cost of the gas network. Nonetheless, the authors did not take into 66 
account the model of the electrical grid. A hybrid model is proposed in [14], combining an 67 
evolutionary algorithm with Newton's methods and the interior points to plan for the optimal 68 
operation of the natural gas and electric systems. However, the work does not take into account the 69 
cost of transportation of natural gas in the objective function, which may reduce the overall efficiency 70 
of the system considering that the pipeline system must meet the demands for natural gas with the 71 
lowest production and transportation costs [15]-[16]. Besides, the authors of [14] did not evaluate the 72 
operating interdependence of the gas-electric system from different operational scenarios in both 73 
energy systems.  74 

In this context, this paper proposes a method based on GA for security-constrained optimal 75 
dispatch of integrated natural gas and electricity networks, in order to minimize the costs associated 76 
with thermoelectric generation (natural gas and diesel), natural gas production and transportation. 77 
The nonlinear algebraic equations representing both systems are solved separately by Newton's 78 
method combined with GA in order to assess the optimal dispatch of the global energy matrix under 79 
a pre-specified operating condition.  80 

The proposed method is described in detail hereinbelow in accordance with the following 81 
sections. Section II shows the formulation of the natural gas flow system considering the pipeline and 82 
the production nodes and gas consumption. section III describes the integrated electricity-gas optimal 83 
dispatch using the GA. The application of the proposed method in two coupled energy systems is 84 
presented in section IV. Finally, section V presents the conclusions of the work. 85 

2. Natural Gas System Formulation 86 
In order to determine the gas flow model in pipelines, it may be admitted as a reference an element 87 

of a pipeline of infinitesimal length dx (m) and transversal section A (m2) and consider w (m/s) and a 88 
(m/s2)), respectively, the velocity and acceleration of the gas inside this element, W (Kg.m/s2) weight of 89 
the gas particles, and p (bar) the external pressure as shown in Figure 1, according to [17]. 90 

Figure 1. Parameters of the gas flow in pipelines. 91 
 92 
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Bernoulli's Equation is written as: 93 

݃ߩ݌ 94  + ଶ2݃ݓ + ݖ =  96 ܥ

                                                                 (1) 95 

 97 
Figure 2. Gas flow in an infinitesimal portion of the pipeline. 98 

In steady state, the gas flow is constant, therefore: 99 ݓଵ. ଵܣ = .ଶݓ ଶܣ = ௫݂ 101 
                                                                                                                                                                           (2) 100 

                              102 
Figure 2 represents a gas flow in an infinitesimal portion of the pipeline, where:  103 ݓଵ. ଵߩ = .ଶݓ  ଶ 105ߩ

݃ߩ݌ 104 (3)                                                                                                                                                                             + ଶ2݃ݓ + ݖ = ݌ + ݃ߩ݌݀ + ݓ) + ଶ2݃(ݓ݀ + ݖ) + (ݖ݀ + ݀ℎ௙ 107 

                                                                                                                                                                            (4) 106 

The term dhf represents the losses in the form of heat due to friction of the gas against the pipeline 108 
wall and can be quantified by Darcy's equation. 109 

݀ℎ௙ = .ܦଶݓ4݂ 2݃  111 ݔ݀

                                                                                                                                                                            (5) 110 

Where f is the friction factor (dimensionless) and D is the inner diameter of the pipeline (m). By 112 
replacing (5) in (4), one has: 113 −݀݌ = ܦଶݓߩ2݂ ݔ݀ +  115 ݖ݀݃ߩ
                                                                                                                                                                            (6) 114 

Considering equation (3) and the proportionality of density variations, pressure and gas velocity in 116 
the pipes, equation (7) is obtained according to [17]. 117 

݌݀݌− = ܦ2݂ ݔଶ݀ݓଵ݌ଵߩ + ଵ݌ଶ݌  119 ݖଵ݃݀ߩ

                                                                                                                                                                            (7) 118 

The gas density is given by the inverse of the specific volume according to equation (8). 120 
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ߩ =  122 ݒ1
                                                                                                                                                                            (8) 121 

The gas compressibility factor in the pipeline is given by equation (9). 123 ܼ =  125 ܴܶݒ݌
                                                                                                                                                                            (9) 124 

From equations (7), (8) and (9), equation (10) is obtained. 126 

݌݀݌− 127   = ܦ2݂ ݔଵଶܼܴܶ݀ݓଵଶߩ + ଶܼܴܶ݌  129 ݖ݀݃
                                         (10) 128 

From equations (2) and (3), equation (11) can be written as: 130 

ଵଶݓ ଵଶߩ = ௡ ଶߩ ௡ଶݓ  = ௡ଶߩ  ௫݂(௡)ଶܣଶ = ௡ ଶߩ ௫݂(௡)ଶ(0,25ܦߨଶ)ଶ 132 

                                                                                                                                                                          (11) 131 

Where the subscript n indicates the values for the standard pressure and temperature conditions, 133 
which are ݌௡ ≅ and ௡ܶ  ܽܲܯ0.1 ≅  134 .ܭ288

By replacing equation (11) in equation (10), equation (12) is obtained as: 135 

݌݀݌− = ହܦ ଶߨ௡ଶܳ௡ଶߩ32݂ ݔܴܼ݀ܶ + ௔௩ଶܼܴܶ݌  137 ݖ݀݃
                                                                                                                                                                          (12) 136 

According to [17], ݌௔௩ = ௣భା௣మଶ  can be considered, and ݌௡ = ௡ܴߩ ௡ܶ for gas, where as ݌௡ = ௡ܴ௔௥(௔௥)ߩ ௡ܶ  138 
is for air. By dividing the two expressions for (ߩ௔௥)௡, equation (13) can be written as: 139 

௡(௔௥ߩ)௡ߩ 140        = ܴ௔௥ܴ = ܵ 142 

                                                                    (13) 141 

With ܵ being the specific gravity of gas, equation (14) is obtained: 143 

௡ߩ 144      = ܵ. .௡ܴ௔௥݌ ௡ܶ 146 

                                                                       (14) 145 

By replacing equations (13) and (14) in equation (12), equation (15) can be written as: 147 

݌݀݌− 148            = ହܦଶܴ௔௥ߨ32݂ܼܵܶ ௫݂(௡)ଶ ൤݌௡ܶ௡൨ଶ ݔ݀ + ௔௩ଶ݌ . ܼܴܵ௔௥. ܶ  150 ݖ݀݃

                                      (15) 149 

By integrating equation (15) in the following intervals: ݔ = ሾ0; ݌ , ሿܮ = ሾ݌ଵ; ݖ ଶሿ  and݌ = ℎ, equation 151 
(16) is obtained: 152 

ଵଶ݌  153                       − ଶଶ݌ = ହܦଶܴ௔௥ߨܼܶܮ64݂ܵ ௫݂(௡)ଶ ൤݌௡ܶ௡൨ଶ + ௔௩ଶ݌2 . ܼܴܵ௔௥. ܶ ݃ℎ 155 

                                       (16) 154 
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By isolating ௫݂, equation (17) can be written, which is the equation of gas flow according to [17]. 156 

                  157 

௫݂(௡) = ඨߨଶܴ௔௥64 . ௡ܶ݌௡ . ඩ൤(݌ଵଶ − (ଶଶ݌ − ௔௩ଶ݌2 . ܵ݃ℎܼܴܶ௔௥ ൨ . ܼܶܮହ݂ܵܦ  159 

                                            (17) 158 

Figure 3 shows the nodes and arcs [16] in a simplified manner. In Figure 3, ܲ ݀ is the gas production 160 
associated with that node, for example,  ܲ݀௚ is the natural gas production at node g., ௫݂(௚௞)  is the 161 
flow from one node to another; this means that ݂ ௫ is the gas flow from node g to node k. Still referring 162 
to Figure 3, ݀ீே are the demands for gas in each node. 163 

The supply node, which can be a gas well, a reservoir or regasification terminal of LNG (Liquefied 164 
Natural Gas), may have contractual supply requirements. Depending on the flexibility of the contract, 165 
the supply of natural gas may have a pre-specified range of values, a minimum (Pdmin) and maximum 166 
(Pdmax) production. Mathematically: 167 ܲ݀௠௜௡ ≤ ܲ݀ ≤ ܲ݀௠௔௫ 169 
                                                                                                                                                                          (18) 168 

 170 

 171 

 172 

 173 

 174 

 175 

 176 

Figure 3. Simplified natural gas network. 177 

For the nodes on-demand, the consumption value must always meet the demand ݀ீே. 178 
In pumping gas in pipelines, there is a maximum value in the operating pressure, which refers to 179 

safe pressure levels for the operation and at delivery points to consumers. Moreover, for each node 180 
in the system, the gas demand should be met at a certain minimum pressure guaranteed to industries, 181 
local distribution companies and thermoelectric power plants. Mathematically: 182 ݌௠௜௡ ≤ ݌ ≤  ௠௔௫ 184݌
                                                                                                                                                                          (19) 183 

In addition to restrictions of operating limits, there is the flow conservation equation at node i, shown 185 
below, ensuring gas balance (Figure 3). In pipelines, there is a relationship between the gas flow 186 
transmitted and the pressure difference between end nodes. 187 

Mathematically, the flow conservation can be expressed as: 188 

 189 ෍ (݂௫)௜௝ = ෍ (݂௫)௝௜ + ௜ܲ − ݀ீே௜௝|(௜,௝)∈஺௝|(௜,௝)∈஺  191 

(20)                               190 
The gas flow through each passive pipeline (݂௫)௜௝ is a quadratic function of the pressures at the end 192 
nodes: 193 ݊݃݅ݏ൫ (݂௫)௜௝൯ (݂௫)௜௝ଶ = ௜௝ଶܥ ൫݌௜ଶ − ,௝ଶ൯݌ ∀(݅, ݆) ∈  ௣ 195ܣ
                                                                                                                                                                          (21) 194 
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The gas flow through an active pipeline is also a quadratic function of the pressures at the end nodes. 196 
In this case, the pressure at the incoming node i (or j) is lower than the pressure at the outcoming 197 
node j (or i) (pi < pj) and the gas flows from node i (or j) to node j (or i ) (fij > 0 (or fij > 0) ). Mathematically, 198 

௜௝ଶܥ = 96,074830. 10ିଵହ  200 ߜ௜௝ܮܶݖ௜௝ߣ௜௝ହܦ

                                                                                                                                                                          (22) 199 
 201 

Where Ap is the set of passive pipelines and Aa is the set of active pipelines and Cij is a constant that 202 
depends on the length, diameter and absolute roughness of the pipeline and the gas composition as 203 
shown in (23) and (24) 204 

൫݊݃݅ݏ 205                               (݂௫)௜௝൯ (݂௫)௜௝ଶ ≥ ௜௝ଶܥ ൫݌௜ଶ − ,௝ଶ൯݌ ∀(݅, ݆) ∈  ௔ 207ܣ
௜௝ߣ1 206 (23)                                = ൤2݈݃݋ ൬3,7ܦ௜௝∈ ൰൨ଶ

 209 

                                                                                                                                                                          (24) 208 
 210 

3. Combined Natural Gas and Electric Optimal Power Flow Formulation 211 
The integrated gas-electricity formulation is obtained by the coupled model of power flow and 212 

natural gas flow, considering that the link between both systems is the thermal gas-fired generators 213 
which are connected to gas pipelines network.  214 

The joint gas-electricity system is modeled by two separate groups of nonlinear equations, which 215 
are solved by the combination of Newton's method with the GA. Firstly, the optimal power flow is 216 
solved. Next, the gas flow is solved using the values of state variables provided by optimal power 217 
flow, in order to assess the steady-state of the overall network. 218 

The attractiveness of using Newton's method is the solution with a local quadratic convergence, 219 
irrespectively of the dimension of the electric power grid, provided that all the state variables 220 
involved in the study are properly initialized. On the other hand, the solution provided by Newton's 221 
method can be trapped on local minima. 222 

In the power flow solution, the voltage magnitudes are initialized 1.0 p.u. for all uncontrolled 223 
voltage bus. Meanwhile the voltage magnitudes and the active power at buses of thermal power 224 
generation (diesel and natural gas) are initialized by GA at specified values that remain constant 225 
throughout the iterative solution provided by the Newton-Raphson method. The active power of the 226 
slack generator is not initialized by GA, considering that this slack bus is responsible for supplying 227 
the entire imbalance of active power in the system, even when a sufficient spinning reserve exists on 228 
other generators.  229 

The strategy adopted for the gas flow solution is similar to that of the load flow. The initial nodal 230 
pressures at the pipelines are measured in Baria. The initial values of pressures and gas flow in 231 
producing nodes are provided by GA, remaining constant throughout the iterative solution process 232 
provided by Newton's method. As for the power flow solution, the gas to be produced by the swing 233 
node is not initialized by GA. It is repeated while the maximum generation’s number hasn’t been 234 
reached. Therefore, the proposed approach fully takes the advantages of both evolutionary strategy 235 
optimization and classical method in the attempt to jump out from the local optimal point. It increases 236 
the precision and quickens the convergence. The flowchart of this approach is depicted in Figure 4. 237 

The scope of this article is to propose a method of joint electricity-gas optimal dispatch, under 238 
security constraints that aims to minimize the total operating cost of the gas-electricity system. 239 
Thus, the formulated objective function is represented by: 240 

݊݅ܯ 241                               ෍ .௚ܥ ܩܲ + ෍ .்ܥ ௫݂ + ෍൫ܽ + ܾ. ௚ܲ௘௥ + ܿ. ௚ܲ௘௥ଶ ൯ 243 
        (25) 242 

 244 
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Subject to: 245 
 246 ෍ (݂௫)௜௝ = ෍ (݂௫)௝௜ + ܲ݀௜ − ݀ீே௜௝|(௝,௜)∈஺௝|(௜,௝)∈஺  247 

൫݊݃݅ݏ 248  (݂௫)௜௝൯ (݂௫)௜௝ଶ = ௜௝ଶܥ ൫݌௜ଶ − ,௝ଶ൯݌ ∀(݅, ݆) ∈  ௣ 249ܣ
൫݊݃݅ݏ 250  (݂௫)௜௝൯ (݂௫)௜௝ଶ ≥ ௜௝ଶܥ ൫݌௜ଶ − ,௝ଶ൯݌ ∀(݅, ݆) ∈  ௔ 251ܣ
 252 ܲ݀௠௜௡ ≤ ܲ݀ ≤ ܲ݀௠௔௫ 254 

௠௜௡݌ 253  ≤ ݌ ≤  ௠௔௫ 256݌
 255 ܲீ ௜ − ܴ݁൫ߖ௜(ܸ, ൯(ߠ = ௅ܲ௜;∀݅ ∈ ஻ܰ 257 

 258 ܳீ௜ − ,ܸ)௜ߖ൫݉ܫ ൯(ߠ = ܳ௅௜;∀݅ ∈ ஻ܰ 259 
 260 ௜ܸ,௠௜௡ ≤ ௜ܸ ≤ ௜ܸ,௠௔௫; ∀݅ ∈ ஻ܰ 261 
 262 ห ௜ܲ௝(ܸ, ห(ߠ ≤ ௜ܲ௝,௠௔௫; ∀݅ ∈ ஻ܰ 263 
 264 ܲீ ௜,௠௜௡ ≤ ܲீ ௜ ≤ ܲீ ௜,௠௔௫; ∀݅ ∈ ீܰ 265 

 266 ܳீ௜,௠௜௡ ≤ ܳீ௜ ≤ ܳீ௜,௠௔௫; ∀݅ ∈ ீܰ 267 
 268 
 269 
The variables are described in the Appendix.  270 

 271 
Figure 4. Flowchart of the proposed method 272 

 273 
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4. Case Studies 274 
The proposed method for optimal dispatch of the power grid combined with the natural gas 275 

network is tested in two systems, namely: 276 
• Case 1: The Belgian natural gas network integrated to the IEEE 14-bus electric grid; 277 
• Case 2: 15-node natural gas network integrated to the IEEE 118-bus electrical grid. 278 

 279 
a) Case 1 280 

The proposed method is applied to determine the optimal gas-electricity operation made up by 281 
the Belgian natural gas network [16], shown in Fig. 5, and the IEEE 14-bus electric grid [18], illustrated 282 
in Fig. 6. The 20-node Belgian natural gas network consists of eight nodes for gas consumption for 283 
non-electrical purposes, seven nodes for gas production and 24 pipelines [16]. The node referred to 284 
as Zeebugge is considered the slack node. On the other hand, the electric grid is assumed to consist 285 
of two natural gas generators connected to bus bars 2 and 3, which are supplied by nodes 4 286 
(Zomergen) and 12 (Namur) of the natural gas network, respectively. For analysis purposes, the 287 
optimal gas-electricity solution was obtained assuming the following operating conditions in both 288 
systems: (a) base case; (b) shutdown of the pipeline between nodes 4 and 14; (c) 20% increase in the 289 
total gas demand for non-electric purposes; and (d) 20% increase in the total load of the electrical 290 
grid. 291 

 292 
Figure 5.  Belgian natural gas network. 293 

 294 
 295 
 296 
 297 
 298 
 299 
 300 
 301 
 302 
 303 
 304 
 305 
 306 
 307 

 308 
Figure 6.  IEEE 14-bus network. 309 
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Table 1 shows the correspondence between the nodes of the Belgian natural gas network and the 310 
cities to the Figure 5. 311 
 312 

Table 1. Nodes and Cities- Belgian Natural Gas Network 313 
 314 

 315 

 316 

 317 
 318 
 319 

 320 
Table 2 shows the coefficients for the costs of thermal power generation using natural gas 321 

(connected to bus bars 2 and 3) and diesel (connected to the buses 1 and 4) of the 14-bus electric grid. 322 
Figures 7, 8 and 9 show the results of the joint electricity-gas optimal dispatch with power provided 323 
by natural gas and diesel-fired generators, the natural gas flows and nodal pressures of the gas 324 
network, respectively. Table 3 presents the total costs of the integrated electricity-gas optimal 325 
dispatch with the cost of thermoelectric power generation (gas and diesel) and the production and 326 
transportation costs of natural gas. The results presented are related to the operating conditions: (a), 327 
(b), (c) and (d). 328 

All generators have regulated their active powers to meet the economic criteria, according to the 329 
operation scenario without compromising the security of the gas-electricity system. The voltages in 330 
the buses of the electric system, the thermal capacity of lines and transformers and reactive capacity 331 
of the generators were not violated. 332 

 333 
Table 2. Operational Characteristics of Gas- and Diesel-Fired Generators 334 

Unit 
Cost coefficients 

($/MWh) 
PG,min 

(MW) 
PG,max 

(MW) 
a1 b1 c1 

1 2239 21.02 0.009 10 150 
4 1469 19.71 0.077 10 100 

 335 
 

Tower 
(node) 

 
Unit 

Gas supply 
coefficients 
(Mm3/Mw) 

PG,min 

(MW
) 

PG,max 

(MW
) 

K0 K1 K2 
Zomerge

n          
(4) 

2 0.00 0.005 0.00 0 100 

Namur 
(12) 

3 0.00 0.005 0.00 0 100 

 336 
Figure 7 shows that natural gas-fired generators injected a greater amount of active power 337 

compared to diesel generators for the base case (a), showing the efficiency of the method to minimize 338 
the cost of thermal power generation (natural gas and diesel). For cases (b) and (c), which correspond 339 
to different scenarios of the gas network in relation to the base case, figure 7 illustrates that natural 340 
gas-fired generators also injected more active power when compared to diesel-fired generators.  341 

The model adopted first solves the optimal power flow through Newton´s method combined with 342 
GA, and subsequently solves for the gas flow also by Newton's method combined with GA. In other 343 
words, in case there are no changes in the scenarios in the electric grid, the results to be obtained for 344 
the optimal dispatch of thermal units tend to be very close. These similar results take into account 345 

Node City Node City Node City Node City

1 Zeebrugge 6 Antwerpen 11 Warnand 16 Blaregnes

2 Dudzele 7 Gent 12 Namour 17 Wanse

3 Brugge 8 Voeren 13 Anderlues 18 Sinsin

4 Zomergem 9 Berneau 14 Péronnes 19 Arlon

5 Loenhout 10 Liège 15 Mons 20 Luxemburg
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that the GA has associated structures to the probability. For this reason, the generation levels obtained 346 
for cases (b) and (c) are close to those in case (a). On the other hand, cases (b) and (c) could have been 347 
critical considering that both the shutdown of a pipeline and the increase of gas consumption for non-348 
electrical purposes could have restricted the supply of natural gas to generating units. However, the 349 
solution of the gas flow converged to cases (b) and (c), ensuring the supply of natural gas to nodes 4 350 
and 14, which in turn correspond to the nodes that supply the gas-fired generators. It is important to 351 
note that producing nodes store gas for supply in scenarios of increased natural gas demand. For case 352 
(d) both the diesel and gas-fired generators contribute with the increase in electric demand. 353 

Figures 8 and 9 illustrate the flow in the pipeline network and the pressures at each node of the 354 
network, respectively. It is possible to notice in case (b) an interruption of the gas flow in the branch 355 
between nodes 4 and 14. Such contingency causes a reduction in gas production illustrated in Fig. 10 356 
in nodes 1, 2 and 5, reducing the flow in the pipelines located in the upper part of the gas system. 357 
Since node 14 does not receive gas from node 4, gas production in nodes 8, 13 and 14 increases to 358 
maintain the systems supplied. 359 

 360 
 361 
 362 
 363 
 364 
 365 
 366 
 367 
 368 
 369 
 370 

Figure 7.  Optimal dispatch of diesel and gas-fired generators [MW]. 371 
 372 
 373 
 374 
 375 
 376 
 377 
 378 
 379 
 380 
 381 
 382 
 383 

Figure 8.  Natural gas flows at pipelines [m3/h]. 384 

 385 
 386 
 387 
 388 
 389 
 390 
 391 
 392 
 393 
 394 
 395 
 396 

Figure 9.  Nodal pressures [bar]. 397 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 5 October 2017                   doi:10.20944/preprints201710.0028.v1

http://dx.doi.org/10.20944/preprints201710.0028.v1


Case (c) reflects an increase in the demand for gas for non-electrical purposes. This condition 398 
causes an increase in gas supply and an increased gas flow transported in pipelines and the pressures 399 
of the nodes, as can be observed in Figures 8 and 9. For the scenario applied in case (d), which refers 400 
to an increased electrical power demand, it can be observed in Figs. 8 and 9 that the branches 401 
responsible for supplying nodes 4 and 12 (nodes that supply the thermal gas-fired generators) 402 
undergo an increase in gas flow without a significant pressure variation in the nodes. 403 

 404 
 405 
 406 
 407 
 408 

 409 

 410 

 411 

 412 

Figure 10. Gas Production [Mm3]. 413 

 414 
The scenario presented in Case (b) simulates an interruption in the pipeline between the cities of 415 

Zommergen (node 4) and Perrones (node 14). This contingency causes a division of the gas network 416 
in two systems, generating an islanding pipeline. So producers nodes located in the cities of 417 
Zeebrugee (node 1), Dudzele (node 2) and Lorenhout (node 5) decrease the level of natural gas 418 
production, as shown in Figure 10. Consequently, the gas flow in the branches 1-2, 2-3, 3-4, 5-6, 6-7 419 
and 7-4 reduces in the same proportion in accordance with Figure 8, since there isn´t a demand gas 420 
from node 4 to node 14.  421 

 In the lower portion of the gas system an inverse process occurs. Without the amount of gas 422 
transported from node 4 to 14, the producers nodes located in the cities of Voeren (node 8), Anderlues 423 
(node 13) and Perrones (node 14) increase their level of gas production (Figure 10), causing an 424 
increase in the gas flow in that part of the pipeline network (Figure 8). Thus, the Genetic Algorithm 425 
(AG) evaluate the levels of security of electric and gas system and optimizes the solution to new 426 
values of the costs, as shown in case (b) of the Table 3 below. 427 

This scenario demonstrates the importance of the security-constrained studies related with 428 
integration of gas network and electric systems. At the same time it´s possible to guarantee the 429 
process of cost optimization (minimization of costs) based on GA as described previously. 430 

Table 3 depicts the operating costs for each scenario. It is observed that the costs are subject to 431 
individual variations due to the contingency brought about in the respective simulation. The largest 432 
identified cost refers to the increase in electricity demand, represented by scenario (d). 433 

 434 

Table 3. Optimal Dispatch Costs 435 

 436 
 437 
 438 
 439 
 440 
 441 

It’s verified that contingency in the pipeline between 4 and 14, represented by the case (b) causes 442 
an increase in the cost of gas production and a reduction in cost of transportation. The 1st situation 443 
is explained by the need of the node 8 from the gas network to produce a portion of gas higher than 444 

Scenaries Case A Case B Case C Case D

Generation cost 5365,50 5,371.82 5,351.17 6,654.60
Gas production cost 2880,20 2905.00 2,991.40 3,032.76
Gas transport cost 709,83 763.20 819.77 777.67

Gas total cost 3590,00 3,668.20 3,811.17 3,810.43
Total cost 8955,50 9,040.02 9,322.37 10,465.03
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its optimal value. The 2nd situation is related to disruption in the gas flow in a branch of 55 miles 445 
long.  446 

b) Case 2 447 
The proposed method is also applied to obtain the optimal dispatch of the electricity-gas system 448 

made up of the 15-node natural gas network [8], shown in Figure 11, and the IEEE 118-bus electric 449 
grid [18], shown in Figure 12. The 15-node natural gas network consists of five nodes for the 450 
consumption of gas for non-electrical purposes, and two nodes for gas production, and 16 gas 451 
pipelines. Node 1, is considered the slack node. Table 4 shows the operational characteristics of these 452 
networks. 453 

On the other hand, the 118-bus electric grid is assumed to be made up of 118 buses for nineteen 454 
generators, out of which 8 gas-fired generators and 11 diesel-fired generators. For analysis purposes, 455 
the optimal gas-electricity solution was obtained assuming the operating conditions in both 456 
networks: (a) base case; (b) shutdown of two gas pipelines between nodes 3 and 4 and another 457 
between nodes 13 and 14; (c) 20% increase in the total gas demand for non-electric purposes; and (d) 458 
a 20% increase in the total power of the electric grid. 459 

 460 
Figure 11.  15-node natural gas network. 461 

 462 
 463 

 464 
 465 

Figure 12. IEEE 118-bus network. 466 

 467 
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Table 4. Operational Characteristics of Gas and Diesel-Fired Generators 468 

Unit 
Cost coefficients 

($/MWh) 

PG,min 

(MW) 

PG,max 

(MW) 

a1 b1 c1 

26, 31, 46, 
54, 65, 66 

2239 21.02 0.009     10       150 

69, 80, 87, 
100, 111 

 

1469 

 

19.71 

 

0.077 

 

10 

 

100 

 469 

 

Node 

 

Unit 

Gas supply 
coefficients 
(Mm3/Mw) 

 

PG,min 

(MW
) 

 

PG,max 

(MW
) 

K0 K1 K2 

5, 6, 7, 
8        

10, 12, 
25, 49 

 

0.00 

 

0.005 

 

0.00 

 

0 

 

100 

9, 10, 
11, 12 

59, 61, 
89, 103 

 

0.00 

 

0.005 

 

0.00 

 

0 

 

100 

 470 

Figures 13, 14 and 15 show the results of integrated gas-electricity optimal dispatch with the 471 
powers provided by natural gas and diesel generators, the natural gas flows, and the nodal pressures 472 
of the gas network, respectively.  Table 5 presents the total costs of integrated gas-electricity optimal 473 
dispatch with the cost of thermoelectric power generation (gas and diesel) and the costs for the 474 
production and transportation of natural gas. The results presented are related to the operating 475 
conditions: (a), (b), (c) and (d). 476 

As can be observed in Figure 13, all generators regulate their active powers to meet the economic 477 
criteria according to the operation scenario without compromising the security of the gas-electricity 478 
system. Figure 13 shows that natural gas-fired generators connected to buses 10 and 89, respectively, 479 
injected a greater amount of active power compared to the other generators in the system to the base 480 
case (a), showing the efficiency of the method to minimize the cost of thermoelectric power 481 
generation (gas and diesel).  482 

 483 
 484 
 485 
 486 
 487 
 488 
 489 
 490 
 491 
 492 
 493 
 494 

Figure 13. Optimal dispatch of diesel and gas-fired generators [MW]. 495 
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 496 
It’s noted that contingency in the pipelines between the nodes 34 and 1314, represented by 497 

the case (b), causes an increase in the cost of gas production and a reduction in cost of transportation. 498 
Again the 1st situation is explained by the need of the node 2 produce a quantity of gas higher than 499 
its optimal value. The 2nd situation is related to disruption in the gas flow in the branches cited above, 500 
as shown in Figure 14.  501 

 502 
 503 
 504 
 505 
 506 
 507 
 508 
 509 
 510 
 511 
 512 

Figure 14. Natural gas flows in pipelines [m3/h]. 513 
 514 
 515 

 516 
 517 
 518 
 519 
 520 
 521 
 522 
 523 
 524 
 525 

 526 
Figure 15.  Nodal pressures [bar]. 527 

 528 
 529 

As expected, case c) returns an increase in gas flow transported in pipelines, the pressures of the 530 
nodes and in gas production, as can be observed in Figures 14, 15 and 16 respectively. 531 

Table 5 shows the operating costs for the scenarios presented herein. It is verified that the costs 532 
are subject to individual variations due to the contingency brought about in the respective simulation.  533 
Similar to case 1, the largest identified cost refers to the increase in electricity demand, represented 534 
by scenario (d), because this scenario reflects an increase in the generation of electricity in diesel-fired 535 
power plants. 536 

 537 
 538 
 539 
 540 
 541 
 542 
 543 
 544 
 545 
 546 
 547 

Figure 16. Gas Production [Mm3]. 548 
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 549 
Table 5: Optimal Dispatch Costs 550 

 551 
 552 
 553 

 554 
 555 
 556 
 557 
5. Conclusions 558 

This paper proposes a genetic algorithm-based optimal dispatch method of integrated gas-559 
electricity networks, considering operating scenarios. A mathematical model of this problem was 560 
formulated as an optimization problem where the objective function is to minimize both cost of 561 
thermal generation (diesel and natural gas) as well as the production and transportation of natural 562 
gas subject to electric system and natural gas pipeline constraints.  563 

The integrated electricity-gas optimal power flow problem is solved using a hybrid approach 564 
which combines genetic algorithm with Newton’s method. The tests on the Belgian gas network 565 
integrated with the IEEE 14-bus test system and the 15-node natural gas network integrated with the 566 
IEEE 118-bus test system demonstrate the effectiveness of the proposed optimal dispatch approach 567 
taken into account Gas transportation cost and security-constrained which were guaranteed even in 568 
contingencies conditions of the gas system and demand variable as demonstrated in both cases. 569 

 570 
 571 
Appendix 572 

gC - electricity generation cost; 573 

TC - natural gas transportation cost; 574 
PG -active power generated; 575 
 gerP - Active power from gas and diesel-fired generators; 576 

BN - bus number; 577 

GN - generators number; 578 

iΨ - complex power injection; 579 

GiP , LiP - active power generated and demand at bus i; 580 
 GiQ , LiQ - reactive power generated and demand at bus i ; 581 

,miniV , ,maxiV - voltage limits;  582 
,V θ - Voltage Magnitude and angle of electric bus; 583 

ijP - Active power between bus i e j; 584 

,maxijP - active power limitation in line ij; 585 

,minGiQ ; ,maxGiQ - reactive power limits. 586 
 587 
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