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Why do we care?

Interesting MINLP

• Lots of structure,
• challenging nonlinearities,
• many problem variants.

Infeasibility important . . .

• needed to certify rejections

Good setting to test MINLP methods

Lars Schewe · FAU · Optimization Problems in Gas Transportation CWM3EO 2014 3



Advertisement: Our book

Evaluating Gas Network Capacities

Koch, Hiller, Pfetsch, Schewe (Eds.),
to appear in the SIAM-MOS series, December 2014
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Structure of the Project

Funding

• Open Grid Europe
• German Federal Government

Partners

• FAU Erlangen-Nuremberg
• Humboldt University Berlin
• Leibniz University Hannover
• TU Braunschweig

• University Duisburg-Essen
• Weierstraß Institute Berlin
• Zuse Institute Berlin
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What are the problems?
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Problems

Standard contract

“On any given day you are allowed to supply/demand up to X units of gas at
node v if you have matching partners at some other nodes”

Problems

• Given a supply/demand situation on a given day, is it technically feasible?
• How large may X be?
• Given a set of nodes, how large may we choose each Xv such they can be

satisfied simultaneously?
• If one of the above problems has no satisfying solution, where can we build a

network extension to ameliorate the situation?
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Validation of nominations – Prerequisites

Given

• (stationary) gas network
complete specification of all pipes, compressors, valves, . . .
• active elements: compressors, valves, control valves, resistors
• temperature

Nomination

• Precise supply amounts at entry nodes
• Precise demands at exit nodes
• Pressure bounds at entries/exits
• Balance: flow in = flow out
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Validation of nominations – Task

Given

• a specification of the network,
• a nomination, defining supplies/demands.

Task: Find

1. Settings for active elements
(valves, control valves, compressors) and

2. values for physical network parameters,
which satisfy
• laws of physics (according to the model) and
• regulatory and technical requirements.
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Booking validation

Given a new contract at node u, how large may we choose Xu, such that all
supply/demand-scenarios can be satisfied?

• Is not a robust optimization problem,
• how to deal with the infinite scenario space?
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Calculation of technical capacities in gas networks?

Given a set of nodes, how large may we choose each Xv , such that all
supply/demand-scenarios can be satisfied?

Definition according to GasNZV

Technical capacity is the maximal fixed capacity which the network
operator can offer guaranteeing system integrity and fulfiling all
restrictions of network operation.
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Problem: Capacity maximization

Goal

Tool to compute available technical capacity

Problem

Given:
• a technical specification of the gas network
• technical and contractual requirements

Find:
• maximal capacity,
• such that all (conforming) nominations can be transported.
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Validation of nominations: Physical modeling
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Modeling – Discrete and Nonlinear

Nonlinear

• Pipes
• Compressors
• Resistors

Discrete

• Valves
• “Control Valves”
• Switching inside compressor

stations
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Network model

Basic model

Graph G with node set V and arc set A

Nodes

• Entries, exits, and inner nodes

Arcs

• Pipes, Resistors, . . .

Quantities

• pressure p, mass flow q,
• density ρ, and temperature T
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Hierarchical modeling

There is no true model

• need approximations,
• which typically come in hierarchies.

Are your solutions truely feasible?

• For which model?
• Does this translate to other models?
• Can you detect infeasibility?
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Pipes
1d Euler equations for cylindrical pipes
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= 0, (continuity)
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+ A ρ v g s + πD cHT (T − Tsoil) = 0,
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needed additionally

ρRs T z(p,T ) = p. (state)
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Plus . . .

Model for the real gas factor z

AGA-8 z(p,T ) = 1 + 0.257 pr − 0.533 pr/Tr ,
Papay z(p,T ) = 1− 3.52p/pce−2.26T/Tc + 0.247(p/pc)2e−1.878T/Tc,

or . . .

Model for the friction coefficient λ

Hagen-Poisseuille (laminar) λ(q) = 64
Re(q),

Prandtl-Colebrook (turb.) 1√
λ

= −2 log10

(
2.51

Re(q)
√
λ

+ k
3.71 D

)
,

or . . .
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For our model: only stationary and isothermal . . .
After simplification: System can be solved!

p2
v =

(
p2

u − Λ |q|q eS − 1
S

)
e−S

pu pv
q

Λ calculated from gas- and pipe-parameters
S calculated from the height difference of the nodes
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More precisely . . .

S̃ :=
2 g s

Rs zm Tm
, Λ̃ := λ(q)

Rs zm Tm

A2 D
.

Parameter uncertainties

Many of these parameters are only rough approximations
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Compressors
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Modeled by

• Characteristic diagrams

• Highly nonlinear,
• no underlying PDE model.
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Subnetwork Operation Modes

• Discrete Decisions
cannot be taken
independently,
• only reduced set allowed

for each compressor
station.
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Mathematical approaches to validate
nominations
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Easy cases

Much is known about . . .

• Pure pipe networks,
• easy graphs, like paths and trees.

Methods

• Pure pipe networks: Can be transformed to a convex problem,
• Easy graphs: Dynamic Programming (see the survey by Carter).
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What did we do?

Two stage approach

• First stage tries to compute discrete decisions (coarse models),
• Second stage checks these decisions (fine NLP model).

First stage

• Exact:
• MILP-relaxation,
• “special” MINLP-approach,

• Heuristic:
• MPEC,
• “reduced” NLP-approach + assignment heuristic.
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Basis of our approach
Classical: MIP approximations

• uses MIP formulations to approximate nonlinear constraints, e.g. incremental
method or convex combination method.

• modify classical formulations to incorporate over- and underestimators
(Geißler, Martin, Morsi, LS; 2012)
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Basis of our approach
MIP relaxations

• uses MIP formulations to approximate nonlinear constraints, e.g. incremental
method or convex combination method.
• modify classical formulations to incorporate over- and underestimators

(Geißler, Martin, Morsi, LS; 2012)
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Incremental Method: Basics
Markowitz, Manne (1957)

x i x i+1

y i

y i+1

y i+1−y i
x i+1−x i

δi

δi

x = x0 +
n∑

i=1

δi y = y0 +
n∑

i=1

y i − y i−1

x i − x i−1
δi

(x i−1 − x i−2)zi−1 ≤ δi for all i = 1, . . . , n.,
δi ≤ (x i − x i−1)zi for all i = 1, . . . , n − 1.
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Incremental method
Incorporating approximation errors (Geissler, Martin, Morsi, LS; 2012)

x = x0 +
n∑

i=1

δi

y = y0 +
n∑

i=1

y i − y i−1

x i − x i−1
δi + e

ε1
u(f ) +

n−1∑
i=1

zi(ε
i+1
u (f )− εi

u(f )) ≥ e

−ε1
o(f )−

n−1∑
i=1

zi(ε
i+1
o (f )− εi

o(f )) ≤ e

(x i−1 − x i−2)zi−1 ≤ δi for all i = 1, . . . , n,
δi ≤ (x i − x i−1)zi for all i = 1, . . . , n − 1.
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What can be computed now?

Lars Schewe · FAU · Optimization Problems in Gas Transportation CWM3EO 2014 29



test set |V | |Api| |Asc| |Ava| |Acv| |Acg| # nom.
HN-AB 661 498 116 33 26 7 43
HN-SN 592 452 98 35 23 6 4227
gaslib-582 582 451 96 26 23 5 4227
gaslib-582-95 582 451 96 26 23 5 4227

Public instances

gaslib-582 and gaslib-582-95 are available at:

http://gaslib.zib.de/
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Impression
Gaslib network

pipe_1
Q=[-399.579;4550.02]

pipe_2
Q=[0;0]

pipe_3
Q=[0;0]

pipe_4
Q=[0;0]

pipe_5
Q=[0;0]

pipe_6
Q=[-157.091;126.244]

pipe_7
Q=[-157.091;126.244]

pipe_8
Q=[-38.6155;67.3514]

pipe_9
Q=[0;0]

pipe_10
Q=[0;0]

pipe_11
Q=[0;0]

pipe_12
Q=[0;270]

pipe_13
Q=[-3989.73;2656.06]

pipe_14
Q=[-2195.16;4450.63]

pipe_15
Q=[6.0225;6.0225]

pipe_16
Q=[8.9934;8.9934]

pipe_17
Q=[6.0225;6.0225]

pipe_18
Q=[0;0]

pipe_19
Q=[275.19;275.19]

pipe_20
Q=[-4912.04;4949.6]

pipe_21
Q=[-4912.04;4949.6]

pipe_22
Q=[312.749;312.749]

pipe_23
Q=[-4912.04;4949.6]

pipe_24
Q=[-1.2487;-1.2487]

pipe_25
Q=[-8.0336;0]

pipe_26
Q=[18.031;18.031]

pipe_27
Q=[900.99;900.99]

pipe_28
Q=[900.99;900.99]

pipe_29
Q=[0;0]

pipe_30
Q=[276.131;337.481]

pipe_31
Q=[276.131;337.481]

pipe_32
Q=[0;0]

pipe_33
Q=[-4327.75;4949.6]

pipe_34
Q=[100.79;100.79]

pipe_35
Q=[0;0]

pipe_36
Q=[-126.658;173.41]

pipe_37
Q=[-126.658;173.41]

pipe_38
Q=[0;61.3501]

pipe_39
Q=[-151.09;148.978]

pipe_40
Q=[-38.6155;67.3514]

pipe_41
Q=[-38.6155;67.3514]

pipe_42
Q=[-67.3514;38.6155]

pipe_43
Q=[-67.3514;38.6155]

pipe_44
Q=[-38.3307;26.7785]

pipe_45
Q=[-38.3307;26.7785]

pipe_46
Q=[-22.6571;42.4521]

pipe_47
Q=[-22.6571;42.4521]

pipe_48
Q=[-22.6571;42.4521]

pipe_49
Q=[-22.6571;42.4521]

pipe_50
Q=[-22.6571;42.4521]

pipe_51
Q=[-22.6571;42.4521]

pipe_52
Q=[0;0]

pipe_53
Q=[-42.4521;22.6571]

pipe_54
Q=[-18.031;43.3191]

pipe_55
Q=[-18.031;43.3191]

pipe_56
Q=[5.9147;5.9147]

pipe_57
Q=[-130.94;107.778]

pipe_58
Q=[0;0]

pipe_59
Q=[-121.509;178.559]

pipe_60
Q=[-41.1581;23.9511]

pipe_61
Q=[-42.4521;22.6571]

pipe_62
Q=[4.1214;4.1214]

pipe_63
Q=[0;61.3501]

pipe_64
Q=[0;0]

pipe_65
Q=[-38.6155;67.3514]

pipe_66
Q=[-22.6571;42.4521]

pipe_67
Q=[0;0]

pipe_68
Q=[-41.1581;23.9511]

pipe_69
Q=[-14.3796;30.1214]

pipe_70
Q=[-14.3796;30.1214]

pipe_71
Q=[5.8395;5.8395]

pipe_72
Q=[-151.09;148.978]

pipe_73
Q=[-23.9511;41.1581]

pipe_74
Q=[-26;18.501]

pipe_75
Q=[-26;18.501]

pipe_76
Q=[-130.94;107.778]

pipe_77
Q=[-143.139;156.93]

pipe_78
Q=[-21.2113;23.2897]

pipe_79
Q=[-121.509;117.209]

pipe_80
Q=[-125.025;113.693]

pipe_81
Q=[-125.025;113.693]

pipe_82
Q=[-24.0323;20.5845]

pipe_83
Q=[-130.94;107.778]

pipe_84
Q=[0;0]

pipe_85
Q=[-130.94;107.778]

pipe_86
Q=[0;0]

pipe_87
Q=[-130.94;107.778]

pipe_88
Q=[-130.94;107.778]

pipe_89
Q=[0;0]

pipe_90
Q=[-126.244;157.091]

pipe_91
Q=[7.5703;7.5703]

pipe_92
Q=[-134.229;165.84]

pipe_93
Q=[-164.35;180.219]

pipe_94
Q=[0;0]

pipe_95
Q=[-107.778;130.94]

pipe_96
Q=[-117.209;121.509]

pipe_97
Q=[-117.209;121.509]

pipe_98
Q=[-107.778;130.94]

pipe_99
Q=[-107.778;130.94]

pipe_100
Q=[-128.363;154.972]

pipe_101
Q=[5.8395;5.8395]

pipe_102
Q=[5.149;5.149]

pipe_103
Q=[5.149;5.149]

pipe_104
Q=[-121.509;178.559]

pipe_105
Q=[-119.224;119.495]

pipe_106
Q=[-117.209;121.509]

pipe_107
Q=[-121.509;117.209]

pipe_108
Q=[-1.2487;-1.2487]

pipe_109
Q=[1.2487;1.2487]

pipe_110
Q=[1.2487;1.2487]

pipe_111
Q=[0;0]

pipe_112
Q=[-1.2487;-1.2487]

pipe_113
Q=[-1.2487;-1.2487]

pipe_114
Q=[0;0]

pipe_115
Q=[0;0]

pipe_116
Q=[0;0]

pipe_117
Q=[-3.5038;4.5298]

pipe_118
Q=[-3.5038;4.5298]

pipe_119
Q=[0;0]

pipe_120
Q=[0;0]

pipe_121
Q=[0;0]

pipe_122
Q=[-133.138;-63.754]

pipe_123
Q=[-133.138;-71.7876]

pipe_124
Q=[0;8.0336]

pipe_125
Q=[-133.138;-63.754]

pipe_126
Q=[-61.3501;0]

pipe_127
Q=[-61.3501;0]

pipe_128
Q=[0;0]

pipe_129
Q=[-61.3501;0]

pipe_130
Q=[-133.138;-63.754]

pipe_131
Q=[-133.138;-63.754]

pipe_132
Q=[-133.138;-63.754]

pipe_133
Q=[28.171;28.171]

pipe_134
Q=[-104.967;-35.583]

pipe_135
Q=[2.055;2.055]

pipe_136
Q=[2.055;2.055]

pipe_137
Q=[-102.912;-33.528]

pipe_138
Q=[-102.912;-33.528]

pipe_139
Q=[33.528;33.528]

pipe_140
Q=[-69.3837;0]

pipe_141
Q=[0;8.0336]

pipe_142
Q=[0;0]

pipe_143
Q=[-1.2487;-1.2487]

pipe_144
Q=[-8.0336;0]

pipe_145
Q=[-1.2487;6.7849]

pipe_146
Q=[-8.0336;0]

pipe_147
Q=[-8.0336;0]

pipe_148
Q=[0;0]

pipe_149
Q=[-8.0336;0]

pipe_150
Q=[0;0]

pipe_151
Q=[-8.0336;0]

pipe_152
Q=[0;0]

pipe_153
Q=[-8.0336;0]

pipe_154
Q=[2.0005;2.0005]

pipe_155
Q=[-6.0331;2.0005]

pipe_156
Q=[0;0]

pipe_157
Q=[-6.0331;2.0005]

pipe_158
Q=[-6.0331;2.0005]

pipe_159
Q=[0;0]

pipe_160
Q=[-6.0331;2.0005]

pipe_161
Q=[-6.0331;2.0005]

pipe_162
Q=[1.5033;1.5033]

pipe_163
Q=[1.5033;1.5033]

pipe_164
Q=[0;0]

pipe_165
Q=[0;0]

pipe_166
Q=[0;0]

pipe_167
Q=[0;0]

pipe_168
Q=[2.1316;2.1316]

pipe_169
Q=[0;0]

pipe_170
Q=[2.1316;2.1316]

pipe_171
Q=[-4.5298;3.5038]

pipe_172
Q=[2.1316;2.1316]

pipe_173
Q=[2.1316;2.1316]

pipe_174
Q=[2.1316;2.1316]

pipe_175
Q=[-2.3982;5.6354]

pipe_176
Q=[0;0]

pipe_177
Q=[-2.3982;5.6354]

pipe_178
Q=[-2.3982;5.6354]

pipe_179
Q=[-2.3982;5.6354]

pipe_180
Q=[-2.3982;5.6354]

pipe_181
Q=[-2.3982;5.6354]

pipe_182
Q=[1.1495;1.1495]

pipe_183
Q=[1.1495;1.1495]

pipe_184
Q=[-2.3982;5.6354]

pipe_185
Q=[-2.3982;5.6354]

pipe_186
Q=[0;0]

pipe_187
Q=[0;0]

pipe_188
Q=[0;0]

pipe_189
Q=[0;0]

pipe_190
Q=[-2.3982;5.6354]

pipe_191
Q=[0;0]

pipe_192
Q=[0;0]

pipe_193
Q=[-2.3982;5.6354]

pipe_194
Q=[0;0]

pipe_195
Q=[1.1495;1.1495]

pipe_196
Q=[0;0]

pipe_197
Q=[-1.2487;6.7849]

pipe_198
Q=[-1.2487;-1.2487]

pipe_199
Q=[0;0]

pipe_200
Q=[-1.2487;-1.2487]

pipe_201
Q=[0;0]

pipe_202
Q=[0;0]

pipe_203
Q=[-1.2487;-1.2487]

pipe_204
Q=[-1.2487;-1.2487]

pipe_205
Q=[-60.2855;75.1777]

pipe_206
Q=[-76.4264;59.0368]

pipe_207
Q=[-1.2487;-1.2487]

pipe_208
Q=[-1.2487;-1.2487]

pipe_209
Q=[-1.2487;-1.2487]

pipe_210
Q=[-1.2487;-1.2487]

pipe_211
Q=[0;0]

pipe_212
Q=[0;0]

pipe_213
Q=[0;0]

pipe_214
Q=[0;0]

pipe_215
Q=[0;0]

pipe_216
Q=[0;0]

pipe_217
Q=[0;0]

pipe_218
Q=[0;0]

pipe_219
Q=[-251.757;18.2431]

pipe_220
Q=[8.9934;8.9934]

pipe_221
Q=[8.9934;8.9934]

pipe_222
Q=[-1291.46;1353.61]

pipe_223
Q=[-2.2618;-2.2618]

pipe_224
Q=[0;0]

pipe_225
Q=[1.2716;1.2716]

pipe_226
Q=[4.5449;4.5449]

pipe_227
Q=[5.8165;5.8165]

pipe_228
Q=[1.3185;1.3185]

pipe_229
Q=[4.704;4.704]

pipe_230
Q=[4.704;4.704]

pipe_231
Q=[0;0]

pipe_232
Q=[0;0]

pipe_233
Q=[12.4266;12.4266]

pipe_234
Q=[12.4266;12.4266]

pipe_235
Q=[12.4266;12.4266]

pipe_236
Q=[0;0]

pipe_237
Q=[18.2431;18.2431]

pipe_238
Q=[18.2431;18.2431]

pipe_239
Q=[1.1714;1.1714]

pipe_240
Q=[1.1714;1.1714]

pipe_241
Q=[2.9709;2.9709]

pipe_242
Q=[0;0]

pipe_243
Q=[10.1648;10.1648]

pipe_244
Q=[12.4266;12.4266]

pipe_245
Q=[0;0]

pipe_246
Q=[0;0]

pipe_247
Q=[18.2431;18.2431]

pipe_248
Q=[-18.2431;251.757]

pipe_249
Q=[0;0]

pipe_250
Q=[0;0]

pipe_251
Q=[-18.2431;251.757]

pipe_252
Q=[0;0]

pipe_253
Q=[12.4266;12.4266]

pipe_254
Q=[0;0]

pipe_255
Q=[12.4266;12.4266]

pipe_256
Q=[12.4266;12.4266]

pipe_257
Q=[5.8165;5.8165]

pipe_258
Q=[18.2431;18.2431]

pipe_259
Q=[0;0]

pipe_260
Q=[-1291.46;1353.61]

pipe_261
Q=[-1335.36;1309.7]

pipe_262
Q=[0;270]

pipe_263
Q=[0;270]

pipe_264
Q=[0;270]

pipe_265
Q=[-251.757;18.2431]

pipe_266
Q=[51.818;51.818]

pipe_267
Q=[51.818;51.818]

pipe_268
Q=[0;0]

pipe_269
Q=[0;0]

pipe_270
Q=[0;0]

pipe_271
Q=[-19.512;-19.512]

pipe_272
Q=[0;0]

pipe_273
Q=[0;0]

pipe_274
Q=[99.823;99.823]

pipe_275
Q=[498.967;498.967]

pipe_276
Q=[34.758;34.758]

pipe_277
Q=[399.144;399.144]

pipe_278
Q=[51.818;51.818]

pipe_279
Q=[0;0]pipe_280

Q=[0;0]

pipe_281
Q=[34.758;34.758]

pipe_282
Q=[399.144;399.144]

pipe_283
Q=[498.967;498.967]

pipe_284
Q=[498.967;498.967]

pipe_285
Q=[1.433;1.433]

pipe_286
Q=[1.433;1.433]

pipe_287
Q=[7.8392;7.8392]

pipe_288
Q=[-9.2722;-9.2722]

pipe_289
Q=[9.2722;9.2722]

pipe_290
Q=[9.2722;9.2722]

pipe_291
Q=[9.2722;9.2722]

pipe_292
Q=[-9.2722;-9.2722]

pipe_293
Q=[0;0]

pipe_294
Q=[9.2722;9.2722]

pipe_295
Q=[9.2722;9.2722]

pipe_296
Q=[9.2722;9.2722]

pipe_297
Q=[0;0]

pipe_298
Q=[0;61.3501]

pipe_299
Q=[0;0]

pipe_300
Q=[19.512;19.512]

pipe_301
Q=[19.512;19.512]

pipe_302
Q=[19.512;19.512]

pipe_303
Q=[-9.6203;-9.6203]

pipe_304
Q=[-62.9902;-62.9902]

pipe_305
Q=[-62.9902;-62.9902]

pipe_306
Q=[-45.7972;-45.7972]

pipe_307
Q=[-45.7972;-45.7972]

pipe_308
Q=[498.967;498.967]

pipe_309
Q=[498.967;498.967]

pipe_310
Q=[0;0] pipe_311

Q=[9.6203;9.6203]

pipe_312
Q=[99.823;99.823]

pipe_313
Q=[0;0]

pipe_314
Q=[0;0]

pipe_315
Q=[9.6203;9.6203]

pipe_316
Q=[9.6203;9.6203]

pipe_317
Q=[33.506;33.506]

pipe_318
Q=[99.823;99.823]

pipe_319
Q=[9.6203;9.6203]

pipe_320
Q=[9.6203;9.6203]pipe_321

Q=[9.6203;9.6203]

pipe_322
Q=[9.6203;9.6203]

pipe_323
Q=[9.6203;9.6203]

pipe_324
Q=[9.6203;9.6203]

pipe_325
Q=[9.6203;9.6203]

pipe_326
Q=[17.013;17.013]

pipe_327
Q=[0;0]

pipe_328
Q=[-62.9902;-62.9902]

pipe_329
Q=[17.013;17.013]

pipe_330
Q=[-36.525;-36.525]

pipe_331
Q=[17.193;17.193]

pipe_332
Q=[0;0]

pipe_333
Q=[17.193;17.193]

pipe_334
Q=[-120.273;120.592]

pipe_335
Q=[-103.399;137.466]

pipe_336
Q=[-62.9902;-62.9902]

pipe_337
Q=[-62.9902;-62.9902]

pipe_338
Q=[-1191.77;1128.78]

pipe_339
Q=[-1191.77;1128.78]

pipe_340
Q=[-45.7972;-45.7972]

pipe_341
Q=[0;0]

pipe_342
Q=[-45.7972;-45.7972]

pipe_343
Q=[-45.7972;-45.7972]

pipe_344
Q=[0;0]

pipe_345
Q=[-19.512;-19.512]

pipe_346
Q=[0;0]

pipe_347
Q=[0;0]

pipe_348
Q=[74.435;74.435]

pipe_349
Q=[22.617;22.617]

pipe_350
Q=[0;0]

pipe_351
Q=[22.617;22.617]

pipe_352
Q=[0;0]

pipe_353
Q=[0;0]

pipe_354
Q=[181.803;451.803]

pipe_355
Q=[109.193;379.193]

pipe_356
Q=[109.193;379.193]

pipe_357
Q=[72.6105;72.6105]

pipe_358
Q=[0;0]

pipe_359
Q=[74.435;74.435]

pipe_360
Q=[0;0]

pipe_361
Q=[74.435;74.435]

pipe_362
Q=[0;0]

pipe_363
Q=[74.435;74.435]

pipe_364
Q=[109.193;379.193]

pipe_365
Q=[181.803;451.803]

pipe_366
Q=[-251.757;18.2431]

pipe_367
Q=[71.7876;133.138]

pipe_368
Q=[204.343;204.343]

pipe_369
Q=[200.047;200.047]

pipe_370
Q=[276.131;337.481]

pipe_371
Q=[0;0]

pipe_372
Q=[276.131;337.481]

pipe_373
Q=[0;0]

pipe_374
Q=[16.432;16.432]

pipe_375
Q=[16.432;77.7821]

pipe_376
Q=[276.131;337.481]

pipe_377
Q=[16.432;77.7821]

pipe_378
Q=[0;0]

pipe_379
Q=[353.913;353.913]

pipe_380
Q=[353.913;353.913]

pipe_381
Q=[353.913;353.913]

pipe_382
Q=[23.267;23.267]

pipe_383
Q=[377.18;377.18]

pipe_384
Q=[21.964;21.964]

pipe_385
Q=[0;0]

pipe_386
Q=[0;0]

pipe_387
Q=[498.967;498.967]pipe_388

Q=[498.967;498.967]

pipe_389
Q=[498.967;498.967]

pipe_390
Q=[498.967;498.967]

pipe_391
Q=[0;0]

pipe_392
Q=[498.967;498.967]

pipe_393
Q=[0;0]

pipe_394
Q=[0;0]

pipe_395
Q=[498.967;498.967]

pipe_396
Q=[33.506;33.506]

pipe_397
Q=[-33.506;-33.506]

pipe_398
Q=[0;0]

pipe_399
Q=[-33.506;-33.506]

pipe_400
Q=[99.823;99.823]

pipe_401
Q=[33.506;33.506]

pipe_402
Q=[0;0]

pipe_403
Q=[11.886;11.886]

pipe_404
Q=[87.937;87.937]

pipe_405
Q=[54.431;54.431]

pipe_406
Q=[33.506;33.506]

pipe_407
Q=[0;0]

pipe_408
Q=[0;0]

pipe_409
Q=[137.19;137.19]

pipe_410
Q=[-138;-138]

pipe_411
Q=[-4329.1;4948.25]

pipe_412
Q=[-4329.1;4948.25]

pipe_413
Q=[-1402.48;-1402.48]

pipe_414
Q=[-460.9;-460.9]

pipe_415
Q=[-2427.93;2521.67]

pipe_416
Q=[-1613.77;-1613.77]

pipe_417
Q=[-1613.77;-1613.77]

pipe_418
Q=[-399.579;-399.579]

pipe_419
Q=[-1961.58;2988.02]

pipe_420
Q=[0;0]

pipe_421
Q=[-2440.04;2509.56]

pipe_422
Q=[-2440.04;2509.56]

pipe_423
Q=[0;0]

pipe_424
Q=[-2427.93;2521.67]

pipe_425
Q=[-2427.93;2521.67]

pipe_426
Q=[-2427.93;2521.67]

pipe_427
Q=[-4912.04;4949.6]

pipe_428
Q=[-2362.89;2586.71]

pipe_429
Q=[-4329.1;4948.25]

pipe_430
Q=[-2362.89;2586.71]

pipe_431
Q=[-2427.93;2521.67]

pipe_432
Q=[-2440.04;2509.56]

pipe_433
Q=[-1567.69;3381.9]

pipe_434
Q=[-1567.69;3381.9]

pipe_435
Q=[-1595.4;3354.19]

pipe_436
Q=[-1595.4;3354.19]

pipe_437
Q=[-2468.68;2480.91]

pipe_438
Q=[-2366.17;2583.43]

pipe_439
Q=[27.708;27.708]

pipe_440
Q=[-2440.04;2509.56]

pipe_441
Q=[287.75;287.75]

pipe_442
Q=[332.75;332.75]

pipe_443
Q=[332.75;332.75]

pipe_444
Q=[-4616.85;4660.5]

pipe_445
Q=[-1567.69;3381.9]

pipe_446
Q=[0;4949.6]

pipe_447
Q=[-4327.75;4949.6]

pipe_448
Q=[0;4949.6]

pipe_449
Q=[1562;1562]

pipe_450
Q=[-2988.02;1961.58]

pipe_451
Q=[0;4949.6]

shortPipe_1
Q=[-1402.48;-1402.48]

shortPipe_2
Q=[0;0]

shortPipe_3
Q=[-4949.6;4949.6]

shortPipe_4
Q=[-4949.6;4949.6]

shortPipe_5
Q=[-4949.6;4949.6]

shortPipe_6
Q=[0;0]

shortPipe_7
Q=[0;0]

shortPipe_8
Q=[-4949.6;-399.579]

shortPipe_9
Q=[-4949.6;-399.579]

shortPipe_10
Q=[-4949.6;4949.6]

shortPipe_11
Q=[-4949.6;4949.6]

shortPipe_12
Q=[-4949.6;0]

shortPipe_13
Q=[-4949.6;4550.02]

shortPipe_14
Q=[-4949.6;4949.6]

shortPipe_15
Q=[498.967;498.967]

shortPipe_16
Q=[0;0]

shortPipe_17
Q=[0;0]

shortPipe_18
Q=[0;0]

shortPipe_19
Q=[0;0]

shortPipe_20
Q=[0;0]

shortPipe_21
Q=[0;0]

shortPipe_22
Q=[0;0]

shortPipe_23
Q=[254.77;254.77]

shortPipe_24
Q=[0;0]

shortPipe_25
Q=[0;0]

shortPipe_26
Q=[0;0]

shortPipe_27
Q=[0;0]

shortPipe_28
Q=[0;0]

shortPipe_29
Q=[0;0]

shortPipe_30
Q=[0;0]

shortPipe_31
Q=[0;0]

shortPipe_32
Q=[1214.19;1214.19]

shortPipe_33
Q=[0;0]

shortPipe_34
Q=[0;0]

shortPipe_35
Q=[138;138]

shortPipe_36
Q=[0;0]

shortPipe_37
Q=[0;0]

shortPipe_38
Q=[-247.71;-247.71]

shortPipe_39
Q=[0;0]

shortPipe_40
Q=[-3356.22;0]

shortPipe_41
Q=[0;3356.22]

shortPipe_42
Q=[-4949.6;0]

shortPipe_43
Q=[0;4949.6]

shortPipe_44
Q=[0;0]

shortPipe_45
Q=[0;0]

shortPipe_46
Q=[0;0]

shortPipe_47
Q=[-312.749;4636.85]

shortPipe_48
Q=[-4949.6;4912.04]

shortPipe_49
Q=[-4949.6;0]

shortPipe_50
Q=[0;0]

shortPipe_51
Q=[0;0]

shortPipe_52
Q=[0;0]

shortPipe_53
Q=[0;0]

shortPipe_54
Q=[0;0]

shortPipe_55
Q=[-4949.6;4912.04]

shortPipe_56
Q=[-4327.75;4949.6]

shortPipe_57
Q=[0;0]

shortPipe_58
Q=[0;0]

shortPipe_59
Q=[0;0]

shortPipe_60
Q=[-75.1777;60.2855]

shortPipe_61
Q=[-60.2855;75.1777]

shortPipe_62
Q=[0;0]

shortPipe_63
Q=[0;0]

shortPipe_64
Q=[0;0]

shortPipe_65
Q=[0;0]

shortPipe_66
Q=[0;0]

shortPipe_67
Q=[0;0]

shortPipe_68
Q=[0;0]

shortPipe_69
Q=[0;0]

shortPipe_70
Q=[0;0]

shortPipe_71
Q=[-1291.46;1353.61]

shortPipe_72
Q=[-120.592;120.273]

shortPipe_73
Q=[-120.273;120.592]

shortPipe_74
Q=[-1128.78;1191.77]

shortPipe_75
Q=[-1191.77;1128.78]

shortPipe_76
Q=[460.9;460.9]

shortPipe_77
Q=[2293.54;2293.54]

shortPipe_78
Q=[0;0]

shortPipe_79
Q=[137.19;137.19]

shortPipe_80
Q=[138;138]

shortPipe_81
Q=[0;0]

shortPipe_82
Q=[-1214.19;-1214.19]

shortPipe_83
Q=[0;0]

shortPipe_84
Q=[0;0]

shortPipe_85
Q=[0;0]

shortPipe_86
Q=[0;0]

shortPipe_87
Q=[0;0]

shortPipe_88
Q=[-4949.6;4327.75]

shortPipe_89
Q=[0;0]

shortPipe_90
Q=[0;0]

shortPipe_91
Q=[0;0]

shortPipe_92
Q=[0;0]

shortPipe_93
Q=[-900.99;-900.99]

shortPipe_94
Q=[0;0]

shortPipe_95
Q=[0;4949.6]

shortPipe_96
Q=[0;4949.6]

valve_1
Q=[-4949.6;-399.579]

valve_2
Q=[-4550.02;4949.6]

valve_3
Q=[-4949.6;4550.02]

valve_4
Q=[-4949.6;4949.6]

valve_5
Q=[-4949.6;4949.6]

valve_6
Q=[-4949.6;4949.6]

valve_7
Q=[-4949.6;4949.6]

valve_8
Q=[-157.091;126.244]

valve_9
Q=[-38.6155;67.3514]

valve_10
Q=[0;0]

valve_11
Q=[-1961.58;2988.02]

valve_12
Q=[0;4949.6]

valve_13
Q=[-275.19;4674.41]

valve_14
Q=[-4636.85;4949.6]

valve_15
Q=[-4949.6;0]

valve_16
Q=[-4949.6;0]

valve_17
Q=[-4949.6;0]

valve_18
Q=[-251.757;18.2431]

valve_19
Q=[0;0]

valve_20
Q=[-9.2722;-9.2722]

valve_21
Q=[0;0]

valve_22
Q=[0;0]

valve_23
Q=[-1696.19;4949.6]

valve_24
Q=[-4949.6;4550.02]

valve_25
Q=[-4550.02;4949.6]

valve_26
Q=[-4949.6;4949.6]

controlValve_1
Q=[-4550.02;4949.6]

controlValve_2
Q=[0;4550.02]

controlValve_3
Q=[0;0]

controlValve_4
Q=[-4949.6;4949.6]

controlValve_5
Q=[-2675.64;2273.96]

controlValve_6
Q=[0;4949.6]

controlValve_7
Q=[498.967;498.967]

controlValve_8
Q=[0;61.3501]

controlValve_9
Q=[71.7876;133.138]

controlValve_10
Q=[0;8.0336]

controlValve_11
Q=[0;8.0336]

controlValve_12
Q=[0;270]

controlValve_13
Q=[8.9934;8.9934]

controlValve_14
Q=[5.8165;5.8165]

controlValve_15
Q=[0;61.3501]

controlValve_16
Q=[99.823;99.823]

controlValve_17
Q=[72.6105;72.6105]

controlValve_18
Q=[-2656.06;3989.73]

controlValve_19
Q=[-1696.19;4949.6]

controlValve_20
Q=[460.9;460.9]

controlValve_21
Q=[-4949.6;4327.75]

controlValve_22
Q=[27.708;27.708]

controlValve_23
Q=[0;4949.6]

compressorStation_1
Q=[0;4949.6]

compressorStation_2
Q=[0;4949.6]

compressorStation_3
Q=[0;4949.6]

compressorStation_4
Q=[0;4949.6]

compressorStation_5
Q=[-4329.1;4948.25]

resistor_1
Q=[-2656.06;3989.73]

resistor_2
Q=[-1696.19;4949.6]

resistor_3
Q=[0;3356.22]

resistor_4
Q=[0;3520.03]

resistor_5
Q=[-3356.22;0]

resistor_6
Q=[-4949.6;4949.6]

resistor_7
Q=[-4949.6;4949.6]

resistor_8
Q=[-1696.19;4949.6]

source_1
source
Q=[1402.48;1402.48]
p=[61.8676;73.8301]
h=45

innode_2
p=[39.5393;84.1132]
h=0.1

innode_3
p=[61.9132;73.9118]
h=5

innode_4
p=[61.9132;73.9118]
h=5

innode_5
p=[61.9132;73.9118]
h=5

innode_6
p=[61.9132;73.9118]
h=5

innode_7
p=[14.0663;85.0132]
h=5

innode_8
p=[2.01325;86.0132]
h=5

innode_9
p=[2.01325;86.0132]
h=5

innode_10
p=[2.01325;86.0132]
h=5

innode_11
p=[2.01325;86.0132]
h=5

innode_12
p=[2.01325;86.0132]
h=5

innode_13
p=[2.01325;86.0132]
h=5

innode_14
p=[2.01325;86.0132]
h=5

innode_15
p=[2.01325;84.1111]
h=5

innode_16
p=[2.09931;4.11294]
h=40

innode_17
p=[2.09931;4.11294]
h=40

innode_18
p=[41.2274;84.2367]
h=77

innode_19
p=[2.01325;11.8679]
h=41

innode_20
p=[2.01325;10.2632]
h=44

innode_21
p=[2.98968;8.06104]
h=42

innode_22
p=[2.98519;8.0622]
h=41

innode_23
p=[2.01422;86.0132]
h=27

innode_24
p=[2.01325;85.9636]
h=34

innode_25
p=[2.01325;86.0062]
h=28

innode_26
p=[2.01339;86.0132]
h=27

innode_27
p=[2.01422;86.0132]
h=27

innode_28
p=[11.7457;84.1355]
h=0

innode_29
p=[27.023;86.0132]
h=77

innode_30
p=[41.222;84.2394]
h=77

innode_31
p=[40.9163;83.9256]
h=77

innode_32
p=[41.2274;84.2367]
h=77

innode_33
p=[4.60015;8.05067]
h=117

innode_34
p=[5.11078;8.39694]
h=117

innode_35
p=[9.02064;41.01]
h=125

innode_36
p=[5.97211;9.02612]
h=120

innode_37
p=[2.01325;84.2773]
h=0.1

innode_38
p=[4.25009;84.2773]
h=0.1

innode_39
p=[2.01325;84.2773]
h=0.1

innode_40
p=[4.25009;84.2773]
h=0.1

innode_41
p=[2.01325;84.2773]
h=0.1

innode_42
p=[4.25009;84.2773]
h=0.1

innode_43
p=[74.0154;81.0157]
h=0.1

innode_44
p=[74.9365;82.0716]
h=0.1

innode_45
p=[2.01325;86.0132]
h=77

innode_46
p=[73.6717;81.3233]
h=0.1

innode_47
p=[71.7871;82.9799]
h=0.1

innode_48
p=[71.7871;82.9799]
h=0.1

innode_49
p=[70.7696;83.8378]
h=0.1

innode_50
p=[71.7871;82.9799]
h=0.1

innode_51
p=[4.25009;84.2773]
h=0.1

innode_52
p=[4.36075;84.2815]
h=0.1

innode_53
p=[2.01325;86.0132]
h=0.1

innode_54
p=[2.01325;85.0132]
h=-2.8

innode_55
p=[2.01325;86.0132]
h=-2.8

innode_56
p=[3.07983;4.11324]
h=46

innode_57
p=[3.11006;4.1132]
h=78

innode_58
p=[7.32302;15.3779]
h=52

innode_59
p=[39.9775;68.2589]
h=71.65

innode_60
p=[39.7776;67.7764]
h=147

innode_61
p=[2.0133;84.1132]
h=0.1

innode_62
p=[2.0133;84.1132]
h=0.1

innode_63
p=[2.0133;86.013]
h=0.1

innode_64
p=[2.01325;85.0132]
h=-2.8

innode_65
p=[41.0132;84.0232]
h=41

innode_66
p=[41.0132;84.0232]
h=41

innode_67
p=[37.7725;68.1963]
h=105

innode_68
p=[39.8837;68.1791]
h=80

innode_69
p=[2.01325;86.0132]
h=28

innode_70
p=[2.01325;86.0132]
h=147

innode_71
p=[2.01325;86.0132]
h=147

innode_72
p=[2.87733;9.5282]
h=38

innode_73
p=[2.87733;9.5282]
h=38

innode_74
p=[2.01325;10.2261]
h=41

innode_75
p=[3.0184;8.05692]
h=43

innode_76
p=[3.0282;8.05385]
h=46

innode_77
p=[5.32859;8.37352]
h=40

innode_78
p=[5.26453;8.57777]
h=40

innode_79
p=[2.01325;18.7364]
h=40

innode_80
p=[2.01325;18.7996]
h=40

innode_81
p=[2.01325;19.3906]
h=40

innode_82
p=[2.01325;19.3726]
h=40

innode_83
p=[3.06248;8.03454]
h=70

innode_84
p=[3.06267;8.04905]
h=48

innode_85
p=[2.01325;12.3978]
h=44

innode_86
p=[5.44911;8.3132]
h=40

innode_87
p=[5.51496;8.31451]
h=40

innode_88
p=[2.01325;12.3978]
h=44

innode_89
p=[3.02175;8.05589]
h=44

innode_90
p=[3.02508;8.05486]
h=45

innode_91
p=[5.32481;8.44805]
h=40

innode_92
p=[5.38578;8.3132]
h=40

innode_93
p=[2.01325;17.23]
h=40

innode_94
p=[5.12294;8.4358]
h=40

innode_95
p=[5.09315;8.513]
h=40

innode_96
p=[2.01325;10.1443]
h=40

innode_97
p=[2.0133;19.2641]
h=40

innode_98
p=[2.01325;17.0616]
h=40

innode_99
p=[2.01325;13.4407]
h=40

innode_100
p=[5.52168;8.32064]
h=40

innode_101
p=[2.01325;12.2035]
h=44

innode_102
p=[5.94628;8.64994]
h=54

innode_103
p=[3.63093;9.62214]
h=54

innode_104
p=[3.05089;8.04985]
h=48

innode_105
p=[2.01325;9.53634]
h=49

innode_106
p=[4.24477;8.3132]
h=49

innode_107
p=[4.29552;8.33901]
h=49

innode_108
p=[4.29552;8.33901]
h=49

innode_109
p=[4.34305;8.36212]
h=52

innode_110
p=[4.39117;8.38616]
h=54

innode_111
p=[2.7018;8.3132]
h=44

innode_112
p=[5.51869;8.3176]
h=38

innode_113
p=[2.01325;10.402]
h=40

innode_114
p=[5.0628;8.59045]
h=40

innode_115
p=[2.01325;9.14063]
h=52

innode_116
p=[3.22916;9.50654]
h=65

innode_117
p=[2.0133;8.3132]
h=52

innode_118
p=[2.01325;9.4967]
h=48

innode_119
p=[2.01325;9.57823]
h=48

innode_120
p=[5.51675;8.31587]
h=44

innode_121
p=[5.51601;8.31531]
h=40

innode_122
p=[5.51887;8.31749]
h=40

innode_123
p=[3.40953;10.4588]
h=41

innode_124
p=[2.01325;10.4966]
h=65

innode_125
p=[2.01325;11.954]
h=62

innode_126
p=[2.01325;11.2995]
h=64

innode_127
p=[2.0984;4.11254]
h=40

innode_128
p=[2.09931;4.11294]
h=40

innode_129
p=[3.11612;4.11586]
h=67

innode_130
p=[3.0794;4.11292]
h=46

innode_131
p=[3.07957;4.11353]
h=42

innode_132
p=[3.10969;4.1132]
h=69

innode_133
p=[8.94148;15.908]
h=143

innode_134
p=[8.94148;15.908]
h=143

innode_135
p=[9.11772;16.0056]
h=143

innode_136
p=[8.94148;15.908]
h=143

innode_137
p=[7.63486;15.3779]
h=52

innode_138
p=[7.64343;15.3766]
h=53

innode_139
p=[7.6429;15.3753]
h=54

innode_140
p=[8.74816;15.8026]
h=143

innode_141
p=[8.18504;15.5769]
h=67

innode_142
p=[7.97635;15.4718]
h=66

innode_143
p=[7.73838;15.3381]
h=82

innode_144
p=[7.69553;15.3113]
h=105

innode_145
p=[7.69641;15.3126]
h=104

innode_146
p=[7.6825;15.3491]
h=74

innode_147
p=[7.66045;15.3617]
h=63

innode_148
p=[7.65839;15.3883]
h=42

innode_149
p=[3.08311;4.11649]
h=41

innode_150
p=[3.08317;4.11616]
h=44

innode_151
p=[3.10962;4.13473]
h=79

innode_152
p=[3.11134;4.12619]
h=72

innode_153
p=[3.11351;4.11418]
h=64

innode_154
p=[3.11493;4.11614]
h=58

innode_155
p=[3.1145;4.11549]
h=60

innode_156
p=[3.1145;4.11549]
h=60

innode_157
p=[3.11555;4.11629]
h=60

innode_158
p=[3.11555;4.11629]
h=60

innode_159
p=[3.11572;4.11593]
h=64

innode_160
p=[3.11612;4.11586]
h=67

innode_161
p=[3.11612;4.11586]
h=67

innode_162
p=[3.1165;4.11578]
h=70

innode_163
p=[3.06508;4.07699]
h=71

innode_164
p=[3.11732;4.11628]
h=71

innode_165
p=[3.09311;4.11353]
h=62

innode_166
p=[3.09311;4.11353]
h=62

innode_167
p=[3.0936;4.11418]
h=60innode_168

p=[3.09384;4.11451]
h=59

innode_169
p=[3.10072;4.11353]
h=72

innode_170
p=[3.09516;4.11562]
h=58

innode_171
p=[3.09626;4.11644]
h=58

innode_172
p=[3.0974;4.1173]
h=58

innode_173
p=[3.09883;4.1185]
h=57

innode_174
p=[3.08998;4.11647]
h=85

innode_175
p=[3.08543;4.11105]
h=99

innode_176
p=[3.08371;4.10951]
h=101

innode_177
p=[3.08019;4.11056]
h=71

innode_178
p=[3.07987;4.11124]
h=64

innode_179
p=[3.08182;4.10772]
h=104

innode_180
p=[3.08312;4.11019]
h=92

innode_181
p=[3.08315;4.11095]
h=86

innode_182
p=[3.08315;4.11095]
h=86

innode_183
p=[3.08315;4.11095]
h=86

innode_184
p=[3.07928;4.10682]
h=97

innode_185
p=[3.08001;4.10766]
h=94

innode_186
p=[3.08098;4.10879]
h=90

innode_187
p=[3.08064;4.10978]
h=80

innode_188
p=[3.08064;4.10978]
h=80

innode_189
p=[3.04624;4.08917]
h=66

innode_190
p=[3.08084;4.1123]
h=61

innode_191
p=[3.08148;4.11352]
h=55

innode_192
p=[3.08311;4.11649]
h=41

innode_193
p=[3.0815;4.11471]
h=45

innode_194
p=[3.0815;4.11471]
h=45

innode_195
p=[3.07748;4.11008]
h=59

innode_196
p=[3.07845;4.11121]
h=55

innode_197
p=[3.07967;4.11262]
h=50

innode_198
p=[2.09991;4.1132]
h=40

innode_199
p=[3.07981;4.11385]
h=41

innode_200
p=[3.07938;4.11377]
h=40

innode_201
p=[2.10313;4.11497]
h=40

innode_202
p=[3.07938;4.11377]
h=40

innode_203
p=[2.10048;4.11349]
h=40

innode_204
p=[2.10313;4.11497]
h=40

innode_205
p=[2.10223;4.11451]
h=40

innode_206
p=[2.10165;4.11422]
h=40

innode_207
p=[2.10065;4.11336]
h=42

innode_208
p=[2.10165;4.11505]
h=36

innode_209
p=[39.4986;68.3897]
h=75

innode_210
p=[39.5127;68.4113]
h=71

innode_211
p=[39.5768;68.6869]
h=20

innode_212
p=[39.5738;68.68]
h=21

innode_213
p=[39.5422;68.5888]
h=33.3

innode_214
p=[2.01325;40.7496]
h=235

innode_215
p=[9.02791;41.0169]
h=123.4

innode_216
p=[9.08551;40.7313]
h=242

innode_217
p=[6.01761;40.651]
h=253

innode_218
p=[4.21823;7.8697]
h=117

innode_219
p=[9.05221;40.8231]
h=194

innode_220
p=[9.06875;40.8652]
h=183

innode_221
p=[2.01325;58.8123]
h=242

innode_222
p=[9.0244;41.0177]
h=123

innode_223
p=[9.03501;41.0231]
h=122

innode_224
p=[9.01223;40.8685]
h=174

innode_225
p=[9.02141;40.865]
h=176

innode_226
p=[9.02141;40.865]
h=176

innode_227
p=[2.30878;41.8764]
h=238

innode_228
p=[2.02556;41.0639]
h=146

innode_229
p=[2.02792;41.0241]
h=137

innode_230
p=[2.01325;40.7023]
h=243

innode_231
p=[9.04273;40.9247]
h=160

innode_232
p=[9.02287;40.8711]
h=174

innode_233
p=[9.03645;40.8879]
h=170

innode_234
p=[9.03645;40.8879]
h=170

innode_235
p=[9.04103;40.8204]
h=194

innode_236
p=[9.10963;41.0403]
h=136

innode_237
p=[9.11572;41.0332]
h=139

innode_238
p=[9.1271;41.0158]
h=146

innode_239
p=[9.1271;41.0158]
h=146

innode_240
p=[2.01325;58.8123]
h=242

innode_241
p=[9.08551;40.7313]
h=242

innode_242
p=[2.24096;41.8601]
h=242

innode_243
p=[2.38739;41.9588]
h=213

innode_244
p=[2.3823;42.4515]
h=240

innode_245
p=[2.40445;44.9106]
h=105

innode_246
p=[2.01325;40.7363]
h=235

innode_247
p=[39.3808;68.5139]
h=30

innode_248
p=[26.0307;50.9498]
h=68

innode_249
p=[26.0307;50.9498]
h=68

innode_250
p=[8.52209;51.0163]
h=29

innode_251
p=[39.5563;68.6389]
h=27

innode_252
p=[39.5747;68.6671]
h=21.8

innode_253
p=[39.5422;68.5888]
h=33.3

innode_254
p=[40.3487;68.3825]
h=63.8

innode_255
p=[40.4145;68.4223]
h=62.8

innode_256
p=[40.422;68.4263]
h=62.8

innode_257
p=[26.0829;51.0054]
h=38

innode_258
p=[25.9032;50.5943]
h=147

innode_259
p=[26.0851;50.9982]
h=40

innode_260
p=[26.0843;50.9934]
h=41.5

innode_261
p=[25.9032;50.5943]
h=147 innode_262

p=[25.8995;50.5925]
h=147

innode_263
p=[25.9025;50.6028]
h=144

innode_264
p=[25.9025;50.6028]
h=144

innode_265
p=[26.0863;50.9943]
h=41.5

innode_266
p=[26.0883;50.9953]
h=41.5

innode_267
p=[26.0876;50.9905]
h=43

innode_268
p=[39.3367;68.4895]
h=31

innode_269
p=[26.0289;50.9603]
h=64

innode_270
p=[26.0344;50.9628]
h=64

innode_271
p=[40.3914;68.41]
h=62.8

innode_272
p=[40.3993;68.4142]
h=62.8

innode_273
p=[40.4069;68.4183]
h=62.8

innode_274
p=[26.56;51.3089]
h=62

innode_275
p=[26.0218;50.9343]
h=72

innode_276
p=[8.55336;50.7908]
h=90

innode_277
p=[26.56;51.3089]
h=62

innode_278
p=[8.50709;51.0141]
h=29

innode_279
p=[8.53431;50.9993]
h=34

innode_280
p=[8.542;51.0005]
h=34

innode_281
p=[8.54948;51.0016]
h=34

innode_282
p=[8.55691;51.0027]
h=34

innode_283
p=[8.51456;51.0152]
h=29

innode_284
p=[8.52209;51.0163]
h=29

innode_285
p=[25.8755;50.5892]
h=145

innode_286
p=[8.56213;50.9884]
h=38

innode_287
p=[8.56753;50.9779]
h=41

innode_288
p=[25.7571;51.1127]
h=98

innode_289
p=[25.7571;51.1127]
h=98

innode_290
p=[25.7811;51.1474]
h=90

innode_291
p=[26.2815;51.0106]
h=90

innode_292
p=[25.7811;51.1474]
h=90

innode_293
p=[26.5014;51.1804]
h=75

innode_294
p=[26.4075;51.1258]
h=75

innode_295
p=[7.97707;50.7099]
h=90

innode_296
p=[7.6472;50.8057]
h=60

innode_297
p=[26.6348;51.2994]
h=60

innode_298
p=[7.6472;50.8057]
h=60

innode_299
p=[26.6348;51.2994]
h=60

innode_300
p=[25.9078;50.5965]
h=147

innode_301
p=[26.095;50.9143]
h=86

innode_302
p=[26.0932;50.9095]
h=87

innode_303
p=[26.1808;50.9549]
h=89

innode_304
p=[26.1346;50.9282]
h=89

innode_305
p=[26.2815;51.0106]
h=90

innode_306
p=[26.2274;50.9793]
h=90

innode_307
p=[26.2274;50.9793]
h=90

innode_308
p=[25.8812;50.5915]
h=145

innode_309
p=[26.0481;50.9692]
h=64

innode_310
p=[26.0218;50.9343]
h=72

innode_311
p=[26.0218;50.9343]
h=72

innode_312
p=[26.0307;50.9498]
h=68

innode_313
p=[26.0396;50.9653]
h=64

innode_314
p=[39.4112;68.5158]
h=32

innode_315
p=[39.4232;68.532]
h=30

innode_316
p=[39.5392;68.5792]
h=34

innode_317
p=[39.5397;68.1806]
h=104

innode_318
p=[39.5481;68.4654]
h=61

innode_319
p=[39.5089;68.2692]
h=90

innode_320
p=[39.5531;68.6126]
h=28

innode_321
p=[39.4824;68.5639]
h=30

innode_322
p=[39.5502;68.6058]
h=29

innode_323
p=[39.5392;68.5792]
h=34

innode_324
p=[39.5472;68.5989]
h=30

innode_325
p=[39.5392;68.5792]
h=34

innode_326
p=[39.5251;68.4911]
h=55

innode_327
p=[39.5433;68.186]
h=103

innode_328
p=[39.3256;67.8197]
h=235

innode_329
p=[39.4419;67.7991]
h=143

innode_330
p=[39.506;67.6457]
h=185

innode_331
p=[39.8837;68.1791]
h=80

innode_332
p=[39.9627;68.2617]
h=70

innode_333
p=[39.9688;68.2708]
h=68.3

innode_334
p=[39.9788;68.2333]
h=77

innode_335
p=[39.9788;68.2333]
h=77

innode_336
p=[39.742;67.99]
h=115

innode_337
p=[39.7171;67.7751]
h=147

innode_338
p=[40.0275;68.0836]
h=100

innode_339
p=[39.7776;67.7764]
h=147

innode_340
p=[40.0275;68.0836]
h=100

innode_341
p=[40.0781;68.0542]
h=111.5innode_342

p=[40.3065;68.3551]
h=64.8

innode_343
p=[40.4433;68.4369]
h=63

innode_344
p=[40.4441;68.438]
h=62.8

innode_345
p=[40.4513;68.4419]
h=62.8

innode_346
p=[40.4904;68.5014]
h=52.7

innode_347
p=[40.5071;68.5208]
h=50

innode_348
p=[40.5278;68.5472]
h=46

innode_349
p=[40.3384;68.2524]
h=102.5

innode_350
p=[40.3402;68.2551]
h=102

innode_351
p=[40.4604;68.4455]
h=77

innode_352
p=[26.0305;50.9988]
h=70

innode_353
p=[26.0568;51.0186]
h=68

innode_354
p=[26.0955;51.0292]
h=70

innode_355
p=[26.0568;51.0186]
h=68

innode_356
p=[26.7702;51.4317]
h=62

innode_357
p=[26.1045;51.0111]
h=76

innode_358
p=[26.1269;51.0225]
h=76

innode_359
p=[26.319;51.1405]
h=73

innode_360
p=[26.1292;51.0264]
h=75

innode_361
p=[26.1562;51.0465]
h=73

innode_362
p=[26.77;51.4512]
h=60

innode_363
p=[26.7495;51.3965]
h=71

innode_364
p=[26.7746;51.459]
h=58

innode_365
p=[2.01325;12.4013]
h=52

innode_366
p=[9.13153;16.0132]
h=143

innode_367
p=[3.09389;4.1388]
h=143

innode_368
p=[9.11435;16.0056]
h=143

innode_369
p=[3.08359;4.11742]
h=42

innode_370
p=[7.65177;15.3883]
h=42

innode_371
p=[2.40445;46.004]
h=105

innode_372
p=[37.7725;68.1963]
h=105

innode_373
p=[8.26407;40.9048]
h=120

innode_374
p=[6.07677;40.9983]
h=139

innode_375
p=[8.91001;40.9983]
h=139

innode_376
p=[39.7902;68.2959]
h=70

innode_377
p=[27.1565;51.6594]
h=62

innode_378
p=[40.2958;68.3725]
h=62

innode_379
p=[8.56611;50.7928]
h=90

innode_380
p=[39.4505;68.2441]
h=90

innode_381
p=[41.2298;84.2378]
h=77

innode_382
p=[51.0132;86.0132]
h=77

innode_383
p=[2.01325;86.0132]
h=77

innode_384
p=[2.01325;86.0132]
h=77

innode_385
p=[74.0023;81.0066]
h=0.1

innode_386
p=[41.2298;67.3723]
h=77

innode_387
p=[41.2298;84.2378]
h=77

innode_388
p=[39.7043;84.1314]
h=9.3

innode_389
p=[2.01325;86.0132]
h=5

innode_390
p=[2.01325;86.0132]
h=5

innode_391
p=[2.01325;86.0132]
h=5

innode_392
p=[2.01325;86.0132]
h=5

innode_393
p=[2.01325;86.0132]
h=5

innode_394
p=[11.5088;84.1995]
h=0

innode_395
p=[16.2655;68.3671]
h=73

innode_396
p=[40.9643;84.0461]
h=41

innode_397
p=[40.2366;84.2984]
h=9.3

innode_398
p=[39.7497;84.1508]
h=9.3

innode_399
p=[40.1932;84.3186]
h=9.3

innode_400
p=[3.44999;84.2462]
h=0.1

innode_401
p=[2.0133;50.2747]
h=0.1

innode_402
p=[2.0133;84.2863]
h=0.1

innode_403
p=[39.5393;84.1132]
h=0.1

innode_404
p=[14.0663;85.0132]
h=5

innode_405
p=[40.6086;83.8123]
h=73

innode_406
p=[16.2655;68.3671]
h=73

innode_407
p=[2.01325;84.2605]
h=-2.8

innode_408
p=[2.01325;84.2605]
h=-2.8

innode_409
p=[2.01325;86.0132]
h=-2.8

innode_410
p=[40.6359;84.122]
h=22

innode_411
p=[40.907;83.9652]
h=43

innode_412
p=[40.6863;83.8789]
h=58

innode_413
p=[40.5989;83.8873]
h=58

innode_414
p=[2.20933;50.0524]
h=-3.3

innode_415
p=[2.58234;50.0201]
h=2.4

innode_416
p=[2.55294;50.0388]
h=-1.9

innode_417
p=[14.0393;84.822]
h=32.4

innode_418
p=[14.024;84.7134]
h=48

innode_419
p=[2.01325;85.0132]
h=-1.9

innode_420
p=[41.2651;84.1132]
h=43

innode_421
p=[13.9954;84.5118]
h=77

innode_422
p=[2.01325;85.0132]
h=-2.8

source_2
source
Q=[0;0]
p=[11.7457;84.1355]
h=0

source_3
source
Q=[0;0]
p=[11.7457;84.1355]
h=0

source_4
source
Q=[0;0]
p=[61.9136;73.9121]
h=5

source_5
source
Q=[0;0]
p=[74.0132;81.0132]
h=0.1

source_6
source
Q=[0;0]
p=[74.0023;81.0066]
h=0.1

source_7
source
Q=[0;0]
p=[12.4525;84.2133]
h=0

source_8
source
Q=[247.71;247.71]
p=[39.5393;84.1132]
h=0.1

source_9
source
Q=[0;0]
p=[74.0154;81.0157]
h=0.1

source_10
source
Q=[0;0]
p=[74.0132;81.0132]
h=0.1

source_11
source
Q=[0;0]
p=[11.7457;84.1355]
h=0

source_12
source
Q=[0;0]
p=[41.09;84.0407]
h=43

source_13
source
Q=[0;0]
p=[41.0132;84.0232]
h=41

source_14
source
Q=[0;0]
p=[41.2298;84.2378]
h=77

source_15
source
Q=[0;0]
p=[51.0132;86.0132]
h=77

source_16
source
Q=[0;0]
p=[74.0023;81.0066]
h=0.1

source_17
source
Q=[0;0]
p=[74.0132;81.0132]
h=0.1

source_18
source
Q=[0;0]
p=[14.0663;85.0132]
h=5

source_19
source
Q=[0;0]
p=[2.01325;84.2605]
h=-2.8

source_20
source
Q=[211.29;211.29]
p=[62.0558;74.0132]
h=7

source_21
source
Q=[0;0]
p=[61.8463;73.8038]
h=25

source_22
source
Q=[0;0]
p=[61.9136;73.9121]
h=5

source_23
source
Q=[1.3471;1.3471]
p=[2.0133;84.1132]
h=0.1

source_24
source
Q=[3.2806;3.2806]
p=[2.0133;84.1132]
h=0.1

source_25
source
Q=[0;0]
p=[40.8219;84.1472]
h=32.1

source_26
source
Q=[287.75;287.75]
p=[2.21999;50.0132]
h=5.2

source_27
source
Q=[332.75;332.75]
p=[2.59582;50.0132]
h=4

source_28
source
Q=[1562;1562]
p=[12.4525;84.2133]
h=0

source_29
source
Q=[0;0]
p=[2.0133;85.013]
h=0

source_30
source
Q=[0;0]
p=[2.0133;84.2863]
h=0.1

source_31
source
Q=[900.99;900.99]
p=[41.2651;84.1132]
h=43

sink_1
sink
Q=[0;0]
p=[61.8676;73.8301]
h=45

sink_2
sink
Q=[0;0]
p=[11.7457;84.1355]
h=0

sink_3
sink
Q=[0;0]
p=[2.09931;4.11294]
h=40

sink_4
sink
Q=[0;0]
p=[2.09991;4.1132]
h=40

sink_5
sink
Q=[0;0]
p=[11.7457;84.1355]
h=0

sink_6
sink
Q=[0;0]
p=[2.38739;41.9588]
h=213

sink_7
sink
Q=[0;0]
p=[40.3402;68.2551]
h=102

sink_8
sink
Q=[0;0]
p=[41.09;84.0407]
h=43

sink_9
sink
Q=[254.77;254.77]
p=[41.0132;67.213]
h=80

sink_10
sink
Q=[0;0]
p=[39.5324;68.5644]
h=36.9

sink_11
sink
Q=[0;0]
p=[39.4232;68.532]
h=30

sink_12
sink
Q=[0;0]
p=[2.40445;46.004]
h=105

sink_13
sink
Q=[0;0]
p=[39.5472;68.5989]
h=30

sink_14
sink
Q=[0;0]
p=[9.04103;40.8204]
h=194

sink_15
sink
Q=[0;0]
p=[37.7725;68.1963]
h=105

sink_16
sink
Q=[0;0]
p=[39.8837;68.1791]
h=80

sink_17
sink
Q=[1214.19;1214.19]
p=[61.9136;73.9121]
h=5

sink_18
sink
Q=[0;0]
p=[74.0132;81.0132]
h=0.1

sink_19
sink
Q=[138;138]
p=[74.0023;81.0066]
h=0.1

sink_20
sink
Q=[0;0]
p=[71.7871;82.9799]
h=0.1

sink_21
sink
Q=[0;0]
p=[2.0133;86.013]
h=0.1

sink_22
sink
Q=[0;0]
p=[2.0133;50.2747]
h=0.1

sink_23
sink
Q=[18.031;18.031]
p=[3.01325;8.01325]
h=70

sink_24
sink
Q=[0;0]
p=[41.09;84.0407]
h=43

sink_25
sink
Q=[0;0]
p=[39.9775;68.2589]
h=71.65

sink_26
sink
Q=[100.79;100.79]
p=[12.1166;84.3779]
h=67

sink_27
sink
Q=[0;0]
p=[9.04273;40.9247]
h=160

sink_28
sink
Q=[0;0]
p=[9.04103;40.8204]
h=194

sink_29
sink
Q=[0;0]
p=[2.40445;46.004]
h=105

sink_30
sink
Q=[0;0]
p=[39.4077;68.5104]
h=33

sink_31
sink
Q=[0;0]
p=[39.4232;68.532]
h=30

sink_32
sink
Q=[0;0]
p=[39.5472;68.5989]
h=30

sink_33
sink
Q=[0;0]
p=[39.5768;68.6869]
h=20

sink_34
sink
Q=[0;0]
p=[5.44911;8.3132]
h=40

sink_35
sink
Q=[5.9147;5.9147]
p=[5.51325;8.3132]
h=54

sink_36
sink
Q=[4.1214;4.1214]
p=[5.51325;8.3132]
h=40

sink_37
sink
Q=[0;0]
p=[2.0133;19.2641]
h=40

sink_38
sink
Q=[0;0]
p=[5.38578;8.3132]
h=40

sink_39
sink
Q=[4.7887;4.7887]
p=[5.51325;8.3132]
h=40

sink_40
sink
Q=[0;0]
p=[4.24477;8.3132]
h=49

sink_41
sink
Q=[0;0]
p=[2.7018;8.3132]
h=44

sink_42
sink
Q=[7.5703;7.5703]
p=[5.51325;8.3132]
h=39

sink_43
sink
Q=[0;0]
p=[2.0133;8.3132]
h=52

sink_44
sink
Q=[2.119;2.119]
p=[5.51325;8.3132]
h=48

sink_45
sink
Q=[5.8395;5.8395]
p=[5.51325;8.3132]
h=44

sink_46
sink
Q=[5.149;5.149]
p=[5.51325;8.3132]
h=40

sink_47
sink
Q=[5.8019;5.8019]
p=[5.51325;8.3132]
h=54

sink_48
sink
Q=[2.0146;2.0146]
p=[5.51325;8.3132]
h=65

sink_49
sink
Q=[1.2487;1.2487]
p=[2.09756;4.11217]
h=40

sink_50
sink
Q=[0;0]
p=[3.07933;4.1132]
h=43

sink_51
sink
Q=[0;0]
p=[3.10969;4.1132]
h=69

sink_52
sink
Q=[0;0]
p=[3.10957;4.11263]
h=80

sink_53
sink
Q=[28.171;28.171]
p=[7.73599;15.3352]
h=84

sink_54
sink
Q=[2.055;2.055]
p=[7.69463;15.3101]
h=106

sink_55
sink
Q=[33.528;33.528]
p=[7.59339;15.3337]
h=63

sink_56
sink
Q=[0;0]
p=[3.11006;4.1132]
h=78

sink_57
sink
Q=[0;0]
p=[3.11277;4.1132]
h=67

sink_58
sink
Q=[2.0005;2.0005]
p=[3.03308;4.06281]
h=59

sink_59
sink
Q=[1.5033;1.5033]
p=[3.01325;4.0383]
h=71

sink_60
sink
Q=[0;0]
p=[3.10048;4.1132]
h=73

sink_61
sink
Q=[0;0]
p=[3.09286;4.1132]
h=63

sink_62
sink
Q=[2.1316;2.1316]
p=[3.09242;4.1132]
h=61

sink_63
sink
Q=[0;0]
p=[3.08322;4.10895]
h=103

sink_64
sink
Q=[0;0]
p=[3.07928;4.10682]
h=97

sink_65
sink
Q=[0;0]
p=[3.07928;4.10682]
h=97

sink_66
sink
Q=[1.1495;1.1495]
p=[3.01325;4.06457]
h=75

sink_67
sink
Q=[0;0]
p=[3.04576;4.0886]
h=68

sink_68
sink
Q=[0;0]
p=[39.5092;68.4059]
h=72

sink_69
sink
Q=[0;0]
p=[39.5315;68.6009]
h=34

sink_70
sink
Q=[2.2618;2.2618]
p=[8.97749;40.9055]
h=162

sink_71
sink
Q=[1.2716;1.2716]
p=[6.01325;40.6208]
h=263sink_72

sink
Q=[4.5449;4.5449]
p=[6.0332;40.8118]
h=209

sink_73
sink
Q=[1.3185;1.3185]
p=[4.55563;8.0132]
h=149

sink_74
sink
Q=[4.704;4.704]
p=[4.21488;7.86817]
h=117

sink_75
sink
Q=[0;0]
p=[2.02744;41.013]
h=140

sink_76
sink
Q=[0;0]
p=[2.02424;40.954]
h=160

sink_77
sink
Q=[1.1714;1.1714]
p=[9.01325;41.0122]
h=124

sink_78
sink
Q=[2.9709;2.9709]
p=[5.75128;8.90213]
h=121

sink_79
sink
Q=[0;0]
p=[9.02127;41.013]
h=124

sink_80
sink
Q=[0;0]
p=[9.01996;40.859]
h=178

sink_81
sink
Q=[0;0]
p=[2.0133;40.742]
h=235

sink_82
sink
Q=[51.818;51.818]
p=[39.2993;68.4736]
h=31

sink_83
sink
Q=[34.758;34.758]
p=[39.5653;68.6451]
h=25

sink_84
sink
Q=[1.433;1.433]
p=[26.0811;51.0127]
h=36

sink_85
sink
Q=[7.8392;7.8392]
p=[26.0911;51.013]
h=36

sink_86
sink
Q=[0;0]
p=[26.0831;50.9828]
h=45

sink_87
sink
Q=[0;0]
p=[39.3367;68.4895]
h=31

sink_88
sink
Q=[19.512;19.512]
p=[26.0132;50.9529]
h=64

sink_89
sink
Q=[0;0]
p=[8.55336;50.7908]
h=90

sink_90
sink
Q=[9.6203;9.6203]
p=[8.50017;51.013]
h=29

sink_91
sink
Q=[17.013;17.013]
p=[25.8691;50.5867]
h=145

sink_92
sink
Q=[0;0]
p=[8.56213;50.9884]
h=38

sink_93
sink
Q=[17.193;17.193]
p=[25.6424;50.9186]
h=147

sink_94
sink
Q=[22.617;22.617]
p=[39.4061;68.513]
h=32

sink_95
sink
Q=[0;0]
p=[39.4077;68.5104]
h=33

sink_96
sink
Q=[0;0]
p=[39.5324;68.5644]
h=36.9

sink_97
sink
Q=[4.2964;4.2964]
p=[39.4132;67.3604]
h=230

sink_98
sink
Q=[16.432;16.432]
p=[39.712;67.9461]
h=123

sink_99
sink
Q=[0;0]
p=[40.0277;68.2903]
h=69

sink_100
sink
Q=[0;0]
p=[39.7944;67.761]
h=152

sink_101
sink
Q=[23.267;23.267]
p=[40.0689;68.0436]
h=113

sink_102
sink
Q=[21.964;21.964]
p=[40.3023;68.3522]
h=65

sink_103
sink
Q=[0;0]
p=[40.4433;68.4369]
h=63

sink_104
sink
Q=[0;0]
p=[40.5096;68.513]
h=51

sink_105
sink
Q=[0;0]
p=[40.3366;68.2497]
h=103

sink_106
sink
Q=[33.506;33.506]
p=[26.0132;50.9982]
h=68

sink_107
sink
Q=[11.886;11.886]
p=[25.9976;51.013]
h=73

sink_108
sink
Q=[54.431;54.431]
p=[26.0933;51.013]
h=74

sink_109
sink
Q=[2293.54;2293.54]
p=[51.0132;86.0132]
h=77

sink_110
sink
Q=[0;0]
p=[41.2298;84.2378]
h=77

sink_111
sink
Q=[137.19;137.19]
p=[74.0132;81.0132]
h=0.1

sink_112
sink
Q=[0;0]
p=[74.0023;81.0066]
h=0.1

sink_113
sink
Q=[0;0]
p=[2.0133;50.1593]
h=-1.6

sink_114
sink
Q=[0;0]
p=[61.9136;73.9121]
h=5

sink_115
sink
Q=[0;0]
p=[2.59582;50.0132]
h=4

sink_116
sink
Q=[0;0]
p=[62.0558;74.0132]
h=7

sink_117
sink
Q=[0;0]
p=[2.21999;50.0132]
h=5.2

sink_118
sink
Q=[0;0]
p=[61.8676;73.8301]
h=45

sink_119
sink
Q=[206.13;206.13]
p=[41.0132;67.213]
h=80

sink_120
sink
Q=[0;0]
p=[2.0133;85.013]
h=0

sink_121
sink
Q=[0;0]
p=[40.6322;84.113]
h=23

sink_122
sink
Q=[37.559;37.559]
p=[74.0132;81.0132]
h=0.1

sink_123
sink
Q=[12.108;12.108]
p=[40.4693;84.1132]
h=18.5

sink_124
sink
Q=[0;0]
p=[40.7635;83.9026]
h=69

sink_125
sink
Q=[28.649;28.649]
p=[41.0132;84.0232]
h=41

sink_126
sink
Q=[27.708;27.708]
p=[16.0132;68.5132]
h=32

sink_127
sink
Q=[0;0]
p=[2.0133;85.013]
h=0

sink_128
sink
Q=[0;0]
p=[2.0133;84.2863]
h=0.1

sink_129
sink
Q=[0;0]
p=[41.2651;84.1132]
h=43

innode_1
p=[41.2274;84.2367]
h=77
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Computational results – MILP approach

slack 0 infeasible slack > 0 no solution
HN-AB 33 3 7 0
HN-SN 3280 444 495 7
gaslib-582 2054 909 1230 34
gaslib-582-95 2831 716 661 19

• Timelimit: 14 400 s
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New variant of the MILP approach
under development

• |V | = 4460,
• |Api| = 3550,
• |Acs| = 12.

51 expert instances

• Run time: 13 min to 810 min
• Average run time: 150 min
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New variant of the MILP approach
under development

• |V | = 2735,
• |Api| = 3074,
• |Acs| = 41.

29 expert instances

• Run time: 3 h to 49 h
• Average run time: 17 h
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Future directions
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Problems

Standard contract

“On any given day you are allowed to supply/demand up to X units of gas at
node v if you have matching partners at some other nodes”

Problems

• Given a supply/demand situation on a given day, is it technically feasible?
• How large may X be?
• Given a set of nodes, how large may we choose each Xv such they can be

satisfied simultaneously?
• If one of the above problems has no satisfying solution, where can we build a

network extension to ameliorate the situation?
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There is much to do

Better physics

• Transient, non-isothermal,
• Gas mixtures,
• reach “simulation accuracy”.

More economy

• Booking validation,
• Technical capacities,
• Network extension planning.

Overall

• Faster,
• larger networks.
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Next up . . .

DFG CRC/TR 154

Mathematical modelling, simulation and optimization using the example of gas
networks
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Advertisement: Our book

Evaluating Gas Network Capacities

Koch, Hiller, Pfetsch, Schewe (Eds.),
to appear in the SIAM-MOS series, December 2014
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