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Gas quality tracking with
SmartSim – Energy billing in gas
grids with multipoint injection
by Stefan Rickelt, Peter Schley, Andreas Hielscher, Christian Fiebig and Joachim Schenk
Smart solutions for gas grids are essential given increasing variations in the quality of natural gas. SmartSim
provides an innovative software solution that uses simulation to track gas quality in the grid. This way, calorific
value (CV) and other gas properties can be precisely determined and correctly assigned to end customers for
gas billing. With SmartSim, grid operators can avoid alternative methods, such as the installation of measurement devices or CV adjustment through conditioning, and thus achieve considerable cost savings. The method
can be used for both transport and distribution networks and is already used for billing in several grids in
Germany and Denmark. Implementations in other countries are in preparation.

1. INTRODUCTION
The European gas market is becoming increasingly
dynamic. The sources of natural gas and liquefied natural
gas (LNG) are becoming more diverse, and the trading
and transportation of natural gas across national borders
is made easier by the standardisation of technical codes
and standards. Another aspect is the integration of
renewable energy sources – such as biomethane or in
future hydrogen from Power to Gas plants – into the gas
grid [1].
These developments are posing ever greater challenges to grid operators. Despite the variations in gas
qualities, they have to establish the energy content of the
gas supplied to each end-user on the basis of a correctly
determined CV.
The SmartSim method developed by E.ON allows
operators to simulate gas flows throughout the entire
grid and so track the gas quality accurately and with precise timing. The CVs determined with SmartSim can be
used for billing of customers. Often an approval according to national rules and standards by the respective
authorities is required. However, this process varies from
country to country and has to be adopted accordingly.
Grid operators are then able to operate their systems
flexibly where different gas qualities are fed into their
grids. As a result, complex measuring equipment or gas
conditioning with propane – which is mostly standard
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where biomethane is fed into a grid – can be avoided.
The grid operator ultimately saves costs and avoids additional CO2 emissions.

2. THE SMARTSIM METHOD
The use of SmartSim depends on a number of input data.
Beside the information about the grid’s topology, measured data are required for the CV at the entry points and
for volumes at the entry and exit points. For regional distribution grids which often do not have volume meters at
their exit points, quantities taken can be determined
using standard load profiles in conjunction with a new
type of correction algorithm [2, 3].
On the basis of these input data which are usually
available as hourly values, the flow conditions throughout the entire grid can be calculated with a temporal resolution of one hour. Following the flow simulation, a
special algorithm is used to track gas packages backwards in time through the grid from their respective exit
points to the entry points. This so-called ‘back-propagation algorithm’ enables SmartSim to identify the fractions
of injected gases at each exit point, together with their
transit times. One of the benefits of this approach is that
all relevant gas parameters (CV, standard density, gas
components, Wobbe index, CO2 emission factor etc.) can
be determined for each exit point with just one simulation run. In practice the calculation is performed in a
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monthly cycle, with the billing CV being shown as the
volume-weighted monthly average for each exit point.
Further information on the flow calculation can be
found in [3].
SmartSim is validated using a statistical method
known as Monte Carlo simulation. This method, described
in the ISO GUM guide [4], is a metrologically recognised
method for determining the measurement uncertainty of
complex systems. With this method, the input variables
are randomly varied according to their measurement
uncertainty and the effect on the output variable - e.g.
the CV - is calculated. A large number of simulation runs
are carried out to obtain the resulting measurement
uncertainty. Additionally, the system is validated by comparing its results with measurements from a mobile process gas chromatograph (PGC). Several grid operators in
Germany have already successfully obtained permission
from the relevant calibration authority to use the method
for billing purposes.
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Figure 1: SmartSim data flow and link to grid operator's IT system

3. SOFTWARE
A software programme that can run in MS Windows was
developed to implement the method. It is simple to
operate and allows flexible system integration. The software is able to simulate most diverse gas networks
including meshed topologies and different pressure
stages [5].
The calculation model was programmed in a discrete
module - the SmartSim Kernel - which can be operated
with a graphical user interface (GUI) (Figures 1 and 2).
This kernel is based on a newly developed algorithm for
calculating hydraulic flow [3]. The algorithm is characterised by a high degree of accuracy and very short calculation times, allowing even highly complex grids to be calculated within an acceptable time frame. An interface for
data import and export can be configured for different
data and file formats (incl. XML, MSCONS, CSV), making
connections to upstream or downstream IT systems really
straightforward. The user interface can be operated
intuitively.

Figure 2: SmartSim Graphical User Interface

4. IMPLEMENTATION WITH GRID
OPERATORS
4.1 Project phases and approval
SmartSim is normally implemented in two project
phases (Figure 3). In the first phase (preliminary study) a
grid analysis is carried out for a grid section or for an
entire grid. This involves performing a complete simulation for a period of time in the past (e.g. one year). If an
automated data transfer is not yet possible then the
input data are in part manually edited. The results of the

Figure 3: Typical project workflow
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simulation reveal mixing and pending zones which are
characterised by frequent changes in the gas quality.
Based on these results it is possible to assess whether the
CV can be tracked easily or whether measures must be
taken with regard to the grid’s infrastructure (e.g. a different breakdown of grid sections/CV districts, or installing
additional measuring instruments).
The second phase of the project involves carrying out
a validation for the system “gas grid/SmartSim”. National
authorities (e.g. calibration authority) may also be
involved at the start of this phase. The course of the validation process may be country-specific and therefore has
to be conducted according to the respective national
requirements. However, key to an acceptance is the proof
that CV tracking is a suitable solution with respect to
accurate customer billing but also system costs in often
regulated network businesses. Therefore it has to be
proven that a permitted error margin for the CV is
achieved for all exit points in the grid, e.g. 2 % based on
the monthly average.
Similar to a measurement device this assessment of
the system gas grid/SmartSim takes place in two steps:
■■ Determination of uncertainty of the system gas grid/
SmartSim and
■■ Experimental validation/field test.
The uncertainty of system is determined with a Monte
Carlo simulation performed for each month of the same
time period as in the preliminary study. As a result, the
uncertainty of the CV (and all other tracked quantities)
can be specified for each exit node of the grid.

Figure 4: Overview of current SmartSim projects (April 2016)
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This theoretical (and maximum) uncertainty of the
system is the verified with a field test where a mobile
process gas chromatograph (GC) is installed. The field test
should normally be carried out in two different seasons
so as to evaluate how the system responds to different
flow situations. The comparison of the simulation results
with the GC data not only quantifies the correctness of
the monthly average CV being relevant for billing. A comparison of the trend lines for CV, normal density or CO2
content clearly shows if SmartSim can reproduce these
quantities on an hourly basis.
To ensure the measurement results are valid and representative, the mobile GC should if possible be set up at
locations within the grid where the uncertainty of the
simulation results is expected to be high. This can usually
be expected where blends of different gases such as
natural gas and biomethane occur. The measurement
locations are decided on the basis of the grid simulation
carried out in phase 1. The expected uncertainty at any
particular measuring point can be estimated in advance
using Monte Carlo simulation.
The time taken to implement the project will depend
on the grid’s complexity and on the availability and quality of the input data. If conditions are favourable, a project
can be completed in approximately 9 months (phase 1 ≈
3 months, phase 2 ≈ 6 months).

4.2 Regular operation
Operational use by the grid operator begins on the successful completion of phase 2 of the implementation
project. A trial operation period of, say, six months is often
initially agreed with the calibration authority, and CVs
that are calculated using SmartSim during this trial period
may actually be used for billing purposes.
The system is evaluated on a monthly basis. Usually
grid operators try to provide the billing CVs between the
3rd and 5th working days of the following month. Especially with automated data transfer it is unproblematic to
meet such deadlines.
Of course, a CV tracking system of this type must be
checked at regular intervals even during normal operation. This can be done either by carrying out a monthly
Monte Carlo simulation or by regular testing of the measuring equipment. The measuring equipment is often
tested using a sample collector. In this case, a sample that
is collected over a certain period – usually four days –
(with typically four samples per hour) is analysed with a
gas chromatograph and the representative CV for the
sampling period is calculated. This value is then compared with the CV calculated from SmartSim which is also
averaged over the sampling period. The number of tests
will depend on the complexity of the grid. An annual test
will suffice in most cases.
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4.3 Examples of implementation
An overview of current or already successfully completed
SmartSim projects is given in Figure 4. The following sections present a number of reference projects by way of
example.

4.3.1 Mitteldeutsche Netzgesellschaft Gas mbH,
Germany, Minkwitz Grid
The number of biomethane injection points in the grid
area of the Mitteldeutsche Netzgesellschaft Gas mbH
(MITNETZ GAS) which covers the German states of Saxony, Saxony-Anhalt, Thüringen and Brandenburg has
been growing for a number of years. By the end of 2015
there were eleven biogas plants feeding biomethane into
the MITNETZ GAS high-pressure grid with a connected
rating of approx. 11,100 m³(n)/h. This trend involves considerable costs and these continue to grow as the CV of
the biomethane must be conditioned by adding liquefied petroleum gas.
For this reason MITNETZ GAS opted to introduce the
SmartSim method. In an initial pilot project conducted in
close collaboration with E.ON, the process was to be initially rolled out and trialled in the ‘Minkwitz’ section of
the grid [6]. An overview of the Minkwitz grid with a typical distribution of the injected gases in winter (three natural gas entry points and one biomethane entry point) is
shown in Figure 5. Following successful completion of a
pre-study, the application for approval was submitted to
the offices of weights and measures of the German states
of Saxony and Saxony-Anhalt in April 2014. A field trial carried out in June and November 2014 to validate the new
method found that the differences in the monthly averaged CVs were less than 0.1 % over the entire trial period.
Figure 6 illustrates the results of the field test in June.
Based on these very positive results, the calibration
authorities granted their approval in July 2015 in agreement with the Physikalisch Technische Bundesanstalt
(PTB). SmartSim is now used for billing since November
2015, so removing the need for conditioning with liquefied petroleum gas in the Minkwitz section of this grid.
Following its positive experience with the pilot project and the successful rollout in Minkwitz, MITNETZ GAS
recently started a project to rollout the use of SmartSim
to their main grid which will comprise a pipeline network
of 1700 km in length.

4.3.2 Ferngas Nordbayern GmbH, Germany,
entire grid
Ferngas operates three gas distribution grids which are
hydraulically separated. Two of the grids can be connected via a valve. Altogether the three grids have eleven

Figure 5: The “Minkwitz” grid of MITNETZ GAS with three natural gas
and one biomethane entry points. Different colours indicate the different gases and their distribution in the grid for typical flow situations in
winter

Figure 6: Results from the field test in the grid Minkwitz, June 2014

natural gas injections and three entry points where biomethane is recompressed from downstream distribution
grids. The overall grid length is about 2000 km and large
parts are operated at a pressure of 60 bar. The largest of
the three grids, “Hauptnetz Ost” is shown in Figure 7.
Issue 2/2016
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Figure 7: Ferngas Nordbayern,
grid “Hauptnetz Ost” with five natural gas (dark blue, light blue and
yellow) and two biomethane entry
points (light green and dark
green). Different colours indicate
the different gases and their distribution in the grid for typical
flow situations in summer

Ferngas decided to use SmartSim as a gas quality
tracking system to be prepared for changing gas qualities
at the injection points. While today the upstream transmission grid operator Open Grid Europe provides Ferngas natural gases in a narrow CV range at their different
entry points, increased variations of gas qualities are to be
expected in future.
Of the four examples of implementation in this chapter, the distribution grids of Ferngas are the only grids
where flow meters are installed at all 350 exit points. A
determination of exit volumes on the basis of standard
load profiles is not necessary. Field tests were conducted
in all three grids in August to November 2015 with three
GCs, whereof two were installed permanently and will
serve as reference GCs. All field tests revealed excellent
alignment between simulated and measured CVs with
deviations below 0.1 % for the monthly volume weighted
average CVs. Starting the project in May 2015, the approval
is expected by the end of the second quarter 2016.

4.3.3 NGF Nature Energy Holding A/S, Denmark,
Fyn West Grid
In the last years the biogas industry in Denmark underwent a significant growth with a number of plants injecting upgraded biomethane in the natural gas network. In
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alignment with Denmark’s target to be independent
from fossil fuels by 2050, NGF Nature Energy does not see
an admixture of fossil propane as an option. Danish gas
grid operators hence require solutions to handle different
CVs in their gas networks. With CVs of around 10.9 kWh/
m3 for biomethane and around 12.1 kWh/m3 for the highcalorific Danish natural gas, grids may experience variations in the CV of 10 % and more. This would make conditioning with progan very expensive.
NGF Nature Energy owns and operates the distribution gas grid on the Danish island Fyn as well as several
biogas plants in Denmark (four in operation and three
underway). They run a grid with 18 bar and 4 bar pressure
stages. Recently two biomethane plants have started
operation and inject biomethane into two of the 4 bar
grids. Since the biomethane production will exceed the
gas consumption in late spring and summer, two compressors have been installed to feed the surplus biomethane into the 18 bar grid. Currently the western parts (“Fyn
West”) of the 18 bar grid is hydraulically disconnected
from the eastern grid sections by a closed valve. Figure 7
illustrates the grid Fyn West and the two downstream
4 bar distribution grids “BOSS” and “HVA” where SmartSim
is applied. The BOSS grid is connected with the 18 bar
grid with four pressure regulating and metering (MR) stations, the HVA grid has two connections. 12 further 4 bar
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grids are fed from the 18 bar grid with each one connected through one MR station. It is sufficient to regard
them as exit nodes of the grid. SmartSim calculates the
CVs at these exit points which then can be used as billing
CVs for the hydraulically separated grids with single point
injection. NGF Nature Energy installed volume flow
meters at all these MR stations and connected them
to their IT system. They now provide input data for
SmartSim.
The topology and flow situation displayed in Figure 8
also make clear why the alternative option to install
metrology and measure the CVs is unfeasible. The
widely distributed biomethane and natural gas entry
points as well as more than 100 exit points make it
impossible to determine the changing CVs in the grid
with a few GCs. Instead a large number of costly GCs
would be required.
A challenge of this project was that SmartSim had to
be ready for billing when the first biomethane plant
started operation in December 2015, 12 months after the
project start. This in turn meant that a validation with a
mobile GC as described in section 4.1 could not be done
before SmartSim went in operation. The first field tests
started in January 2016 and a second test phase is currently ongoing. At the same time SmartSim already provides the CVs to allow a correct billing of the customers
connected to the grid Fyn West. In April 2016 NGF Nature
Energy decided to extend the use of SmartSim to the
eastern part of the grid so that the entire grid can be run
more flexible.
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analyse the propagation of biomethane in the grid for
scenarios with different valve settings. An example for
the gas flow is illustrated in Figure 9.
The pre-study was finished end of 2014. However, in the
past Sweden was only supplied with natural gas from

4.3.4 E.ON Gas Sverige AB, Sweden, Malmö Grid
E.ON Gas Sverige operates several distribution grids in the
southeast of Sweden. The Malmö distribution grid is the
largest of these grids. Sweden is supplied with natural gas
via a pipeline from Denmark. Currently one biomethane
plant feeds in the grid in Malmö with a second biomethane plant being in the project phase. The large difference
in the CVs of the biomethane and the high-calorific Danish natural gas today requires conditioning of the biomethane with around 8 % of propane.
The Malmö grid has three pressure stages – 16 bar,
4 bar and 0.1 bar. The 4 bar grid is the main object of consideration. It is supplied through a total of 8 entry points
from 3 pipelines with a nominal pressure of 16 bar and
one biomethane plant in the north of the grid. These 16
bar pipelines are in turn connected to an upstream transportation pipeline so that they all provide natural gas of
the same quality. The 4 bar grid has 42 exit points to
which customers are connected directly or which have
0.1 bar low-pressure grids downstream.
The complex topology requires a gas quality tracking
to assess flow situations. Therefore SmartSim was used to

Figure 8: NGF Nature Energy, grid “Fyn West” with one natural gas
(yellow) and two biomethane entry points (green). Different colours
indicate the different gases and their distribution in the grid for typical
flow situations in winter 2016
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one source. One CV could be assigned to all customers
connected to the gas grid between Malmö and Gothenburg. The legislative framework did not comprise handling of different CVs. Since these general conditions are
currently changed, E.ON Gas Sverige plans the start for
the implementation of SmartSim as soon as this framework ist put into force.

5. VALIDATION METHODS
As previously described, SmartSim is validated using a
mobile gas chromatograph and also by conducting routine checks with samplers. Mobile gas chromatographs
are already in service and are available for use by several
grid operators and service companies.

Figure 9: The 4 bar grid Malmö of E.ON Gas
Sverige with eight natural gas and one
biomethane entry points. Four entry points
(yellow) are fed by a 16 bar pipeline included
in the simulation. Different colours indicate
the different gases and their distribution
in the grid for typical flow situations in
summer

Figure 10: New type of mobile gas sample collector. The cyclic filling of the sample cylinder is set by a highly accurate differential
pressure gauge

30

gas for energy

Issue 2/2016

Gas quality

Gas samplers have proven their value for testing and
validating gas quality tracking systems but their availability is still quite limited. In view of the growing demand for
gas samplers brought about by the increasing use of CV
tracking systems, E.ON has teamed up with Ehrler
Prüftechnik GmbH to develop a new type of sample collector that is available on the market since January 2016.
This new sample collector (see Figure 10) is straightforward to start up and easy to operate. The device can
also be set up outdoors and has its own battery to make
it completely self-contained and able to be deployed at
virtually any desired measuring point.
Further research work is currently focused on developing a new measurement technique based on infrared
sensors which will be able to greatly simplify the validation of CV tracking systems going forward. A research
project into this new technique was initiated in partnership with the Munich University of Applied Sciences in
early 2015.

6. CONCLUSIONS

REPORTS

Propagation of distributions using a Monte Carlo
method (98-3-1), 2008.
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SmartSim has been developed to provide an innovative
way of tracking calorific values in gas grids. A software
release has been available since early 2015 and is currently being successfully rolled out with a number of grid
operators. The use of SmartSim will make significant cost
savings, not least by eliminating the requirement to add
propane when biomethane is injected into the grid.
More than ten implementation projects are currently in
progress. Four of these projects at different stages have
been presented. Several grid operators have already integrated SmartSim in regular operation and use it for billing
of customers whereof three have already started the rollout for further grids or to large parts of their gas network.
Further projects both inside and outside Europe are
being planned.
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