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1. INTRODUCTION

This paper presents a library for the simulation of natural gas
networks which contains dynamic components developed in
the simulation environment EcosimPro. It comprises the main
components of a natural gas network that have been modelled
based on mass, energy and momentum balances and
additional equations for describing the dynamic behaviour of
real gases. The complete model that describes the natural gas
transport has been adjusted to real data taken from a 127-km
long gas pipeline located in Mexico that is managed by the
company Fermaca with a 16-inch pipe nominal diameter, one
input, 4 outputs and an altitude difference of 397 m. The
results obtained show that the developed models can be used
to accurately simulate real natural gas networks. A picture of
the appearance of this library is shown in Fig.1:

Fig.1. Dynamic library of natural gas networks in EcosimPro.
2. THE FERMACA NETWORK

Fermaca network is a 127-km long gas pipeline with a 16-
inch pipe nominal diameter and a total altitude difference of
397 m. The receiver station is located in Palmillas and there
are four supply points located in Atlacomulco, Pastejé, San
Cayetano and Toluca. The topology is represented by Fig.2
where the existing pressure (PT), temperature (TT), flow
(FT) and composition (AT) sensors are represented.
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Fig. 2. Fermaca network topology.

The dimensions of the gas pipelines are defined in Table 1.

Table 1. Dimensions of the gas pipelines

Pipe | Length Altitude Inlet Outlet

(km) difference (m) pressure pressure (bar)
(bar)

PO 64 308 51.55 -

P3 1 0 - 47.90

P4 12 4.5 - -

P5 1 0 - 47.06

P8 39 80 - 45.53

P9 12 4.5 - -

P10 1 0 - Estimated

The complete model comprises 3891 variables with 91

boundary conditions that evolve the inlet gas composition,
one inlet and four outlet pressures, the inlet gas temperature
and the environment temperature for each pipeline. The total
number of equations is 3891 (2523 explicit and 1368
differential equations).

3. PARAMETERS ESTIMATION

Measurements from the inlet and outlet volumetric flow,
temperature, concentration and pressure are available. These
data have been adjusted by changing the pipeline efficiencies
and the environment temperature. These measurements show
that, for the chosen period of time, all the variables are in
steady-state except the outlet temperatures in P3 and P5. This
transient behaviour is because the outlet pipelines are not
buried so the effect of the environment temperature on the
gas temperature is bigger. The available measurements are
graphically represented in Fig. 3, 4 and 5 that show the
pressure profile, the temperature profile and the measured
volumetric flow respectively.
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Fig. 3. Pressure profile.
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Fig. 4. Temperature profile.
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Fig. 5. Measured volumetric flow.

The data reconciliation problem to be solved is described by
(1) where it can be observed that the cost function J contains
a stationary part to evaluate the differences between the real
(yrea) and the modelled variables (ymoq4) at the steady-state,
and a dynamic component to evaluate the differences
between the reality (V4 rs) and the model (ya moqs) for the
transient variables. For the dynamic reconciliation an
environment temperature profile has been adjusted for P3 and
PS5 assuming that this profile follows a linear behaviour given
by (2) where ¢ is the time expressed in hours:

mjn J = (yreal ~ Ymod )2 + (ydireal (t) - ydﬁmad (t))z

u= [@po €p3 €pq4 €ps €ps €p9 €plp
Pourpro ap3 bps aps bps Toups (1)
Yreat = Onpo Qups Qs Qs Tours)

Ya_ real = [Towrs  Tours)

Ty =a-t+b (2)

The NLP optimization problems have been solved using a
sequential approach with a sequential quadratic programming
(SQP) algorithm implemented in SNOPT library (Gill et al.,
2008) and executed in EcosimPro software (EA Int, 2013).

The results obtained are shown in Table 3 which presents the
value of the adjusted parameters and Table 4 where the
stationary error is presented:

Table 3. Data reconciliation results

Table 4. Steady-state data reconciliation results

Variable Yreal Ymod Quadratic error
Qinpo (M%/s) 3.713 3.715 4-10°
Qours (m/s) 0.200 0.199 1-106
Qours (m*/s) 0.097 0.097 0
O ours (m/s) 3.510 3.494 2.5-10%

Tourrs (°C) 16.17 16.178 6.4:107

Adjusted Description Value
parameter (u)
ero (#) Efficiency of pipeline 0 1.106
epr3 (#) Efficiency of pipeline 3 0.122
eprq (#) Efficiency of pipeline 4 1.131
eps (#) Efficiency of pipeline 5 0.101
ers (#) Efficiency of pipeline 8 1.069
epry (#) Efficiency of pipeline 9 1.11
eprio (#) Efficiency of pipeline 10 0.108
Pourio (bar) Outlet pressure pipeline 10 47418
ar; (°C/h) Slope of Tenvp3 -0.749
bp; (°C) Intercept of Tenve3 23.577
aps (°C/h) Slope of Tenvps - 0.658
bps (°C) Intercept of Tenvps 11.62
Tenvps (°C) Environment temperature P8 16.00

The obtained results from the dynamic reconciliation are
graphically shown in Fig. 6 where the measurements (7ours3,
Toups) and the modelled (Toar3, Tmoars) data are compared.
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Fig. 6. Dynamic reconciliation result (ya rear and ya mod),
ToutP3 and ToutP5-

6. CONCLUSIONS

In this paper, a library for the simulation of natural gas
networks has been presented. In addition, it has been
demonstrate that this library can be used to simulate real
networks after a previous step of data reconciliation.

Measurements taken from a real network has been used to
adjust the model parameters such as: pipe efficiency or
environment temperature. To make this, a data reconciliation
problem is solved whose cost function combines a stationary
part with a dynamic one. The results show that the model is
adjusted perfectly to real data which allows using it for real
simulations.
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