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Abstract: This paper presents an algorithm that evaluates the current state of an asset fleet containing
sulphur hexafluoride (SF6) and estimates its leakage in future electrical power substation projects.
The algorithm uses simple models and easy tools to facilitate decision making for transmission
and distribution system operator companies. The algorithm is evaluated using data provided by
ENEL-CODENSA. The corresponding results are shown, and the estimation values obtained are
compared with leakage records in existing assets which helps to understand the advantages and
limitations of the algorithm.
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1. Introduction

In the last two decades, environmental regulations and protocols signed by a great
part of the international community, such as the United Nation’s Kyoto [1] and Paris agree-
ments [2], led Distribution System Operators (DSOs) and Transmission System Operators
(TSOs) to contribute to reducing their carbon footprint [3]. Some power industry companies
have already started to estimate their environmental impact in order to include environ-
mental risk assessment as a strategic objective [4]. A way to mitigate those risks, minimize
costs, and maximize performance is to implement an asset management system [5], taking
into account that an adequate process to estimate environmental impact is needed.

Sulfur hexafluoride (SF6) has outstanding dielectric properties, with about 2.5 times
the dielectric strength of air under the same conditions. SF6 has a low dissociation tem-
perature and high dissociation energy, which makes it an excellent arc quenching gas.
Those characteristics led switchgear manufacturers to use it to design their equipment [6].
However, according to EU regulations, SF6 has a global warming potential (GWP) that
is 22,800 times greater than that of carbon dioxide (CO2) [7]. It also has a lifetime in the
atmosphere of 3200 years relative to CO2 [8]. Aware of this environmental impact, The
European Union (EU) is reviewing its fluorinated greenhouse gases regulation, which
include SF6, in order to reduce its emissions by two-thirds compared to 2014 levels by
2030 [9]. The EU goal is to be climate-neutral by 2050 [10], which is why the European
Network of Transmission System Operators for Electricity (ENTSO-E) is willing to commit
to reducing annual SF6 emissions for the existing fleet below 0.5% of the installed SF6 in
2019. New equipment will tend to be SF6 free or have very low GWP by 2050 [11].

According to [12], only 0.1% of human-made global warming in 2006 was related to
SF6 emissions, of which around 10% was due to the electric industry. A study from Réseau
de Transport d’Électricité (RTE), the transmission system operator of France, showed that
its SF6 releases reached seven tons in 2008. The calculated valuation was EUR 16.8 million,
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using a penalty value of EUR 100 per ton of CO2 [13]. The same company stated that in
2018 its SF6 emissions were equivalent to 138,400 tons of CO2, representing 13% of total
RTE emissions [14].

Potential sources of SF6 emissions appear from leakage in SF6-containing equipment
and losses during equipment installation, maintenance, and decommissioning [15]. Studies
that estimate SF6 leakage in electrical equipment can be found in the literature. In [16],
surveys are used to gather information about top-up operations in SF6 circuit breakers,
resulting in lower and upper bound weighted-average leak rates. Another work studied
the influence of temperature on SF6 leakage in switchgear, giving a lifetime estimation
of the analyzed equipment [17]. In order to support decision-making processes, a mixed
approach is necessary using the available information of the current fleet and a proper, yet
simple, model to estimate the impact of future projects.

This paper proposes an algorithm to evaluate the current state of power substation
assets and to estimate SF6 leakage on forthcoming projects. Its main objective is to facilitate
management of assets and the general decision-making process. On one hand, the algorithm
employs existing fleet data in order to produce straightforward charts that summarize
the current state of SF6-containing assets. On the other hand, it allows setting a group of
parameters into a simple model for a quick SF6 leakage projection on future projects.

The structure of this work is composed of three sections. The second section presents
the algorithm, including the description of each stage. In the third section, the algorithm
is applied to SF6 assets data from ENEL-CODENSA, a DSO in Colombia. In the fourth
section, the estimation results from the proposed algorithm and real data are compared.

2. Stages of the Algorithm

The purpose of the algorithm is to provide an understanding of the current state of the
fleet and the SF6 leakage based on the existing data, as well as an estimation of the leakage
of a future potential project, all visualized in a single Microsoft Excel file. The resulting
workbook is a flexible tool for the decision-making process.

Figure 1 shows the flowchart of the proposed algorithm. The details of each stage will
be illustrated in this section.

Figure 1. Flowchart of the algorithm.
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2.1. Information Entry

The information of the existing assets is provided by the workbook user. This stage
of the algorithm is strictly descriptive. The workbook includes a spreadsheet to insert the
data. The necessary fields to produce the charts are: substation and module id, year of
commissioning, SF6 initial mass, rate voltage and weight of injected SF6 mass along with
the corresponding dates.

Model for Estimation of SF6 Leakage

The model selection was defined by the available information sources and the level
of complexity. In a first approach, field monitoring measurements on the equipment were
taken into account. For this, it was assumed that gas pressure or density measurements
would be available for the fleet equipment, so gas behavior models such as one based on
density [18], Van der Waals, or Beattie-Bridgeman models could be implemented [6,19].
However, those models assume that changes in density and/or pressure are due only
to gas leaks in the equipment and require data that may be difficult to obtain. If such a
model could be interesting for realtime monitoring, its consolidation over long-time data
makes it appropriate not for a quick estimation of historic leakage but for fast projection for
future projects.

A second approach taken into consideration was to use the information provided
by the manufacturer about the nominal leakage rate of each asset. Again, very particular
and organized information would be required, such as hard to find historical data, which
should not be a problem for new projects.

Considering the drawbacks of the first two approaches, a simple linear model was
chosen, which depends only on easy to obtain information. Although the flexibility of the
model decreases for the sake of simplicity, the parameters of the model can be changed
according to the needs of the user, so different scenarios can be easily visualized. The model
assumes a constant SF6 leakage averaged rate per year, which summarizes the combined
effect of all assets in all conditions during the lifetime of the project, as observed in previous
leakage analyses [6,16,20]. The general model equation is shown below:

mSF6 = m0 · Fp · (t − t0) (1)

where

• mSF6 : leaked SF6 mass in kg;
• m0: initial SF6 mass in the asset in kg;
• Fp: reference leak rate in % kg/year;
• t: year for which the leak is estimated; and
• t0: year of asset commissioning.

There is an additional parameter named Leol , used to model end-of-life leakages, which
considers the emissions related to the handling of the gas for disposal or recycling [21].
This parameter affects only the estimation for the final year tend as shown below:

mSF6(tend) = m0 · Fp · (tend − t0) + m0 · Leol . (2)

Additionally, economic impact parameters are used to make an estimation of SF6
leakage equivalent cost. The model used is presented:

mCO2−eq = mSF6 · GWPSF6 (3)

CA = mCO2−eq · CO2−cost (4)

where
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• mCO2−eq: mass of equivalent CO2 in kg;
• GWPSF6 : Global Warming Potential of SF6;
• CA: cost of environmental impact; and
• CO2−cost: cost of CO2 emission per ton.

The parameters of time and initial mass of the assets depend on the project to be
analyzed. All the values used in equations 1 to 3 can be edited by the workbook user. In
the next section the algorithm is used with real data and selected parameter values are
further explained.

2.2. Data Handling

Once the data of the current fleet were entered and the parameters of the future
project were defined, the corresponding charts were generated. This stage of the algorithm
automated the data manipulation using a Python script that processed all the data and
produced the charts, which interacts with the Microsoft Excel workbook to present the
results in a clear and user-friendly way. The interaction between Python and Excel allows
the correct generation of the charts regardless of the number of rows or the range of
the data.

2.3. Results Layout

The results of the algorithm are presented in three spreadsheets of the workbook.

2.3.1. Basic Information Sheet

This sheet allows setting the parameters of the estimation model and offers an overview
of the current status of assets and their distribution. Data for the current asset fleet are
grouped by rate voltage and displayed in a pie chart. A scatter plot is also produced
with the distribution of the SF6 mass in the current assets, grouped by substation and by
voltage level.

2.3.2. Current Fleet SF6 Leakage Report Sheet

This sheet addresses the historical analysis of SF6 leakage in the current fleet. The leak-
age is determined as the SF6 quantity used in a top-up operation. The first two charts plot
the mass of SF6 leakage per year and per substation. The rest of the charts depend on a
drop-down list that enables selection of the substation for which leakage by year and by
module is plotted.

2.3.3. New Fleet Impact Sheet

With the input of parameters into the basic information sheet and given a SF6 mass,
the new fleet impact sheet presents an estimated impact that includes leakage per year,
equivalent CO2 and annual cost. In addition, a chart plots the accumulated SF6 leakage in
the time span defined with the t0 and tend parameters. A drop-down list enables changing
the visualization between SF6 leakage kilograms or equivalent CO2 tons.

3. Results of Algorithm Applied to Real Data

The algorithm was validated using data from the current fleet provided by ENEL-
CODENSA, the DSO with the largest coverage in Colombia [22].

In this particular case, the Information Entry stage used the information of 410 SF6-
containing assets. Table 1 shows a portion of the provided assets data and exemplifies the
structure of information that is entered in the current fleet data section of this stage.
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Table 1. Current fleet data example.

Substation ID Year of Comm. Rate Voltage
[kV]

SF6 Initial
Mass [kg]

SF6 Injected
Mass [kg] Injection Date

VE 2012 2008 115 8 NA NA
VE 2032 2008 115 8 NA NA
VE 2042 2006 115 8 NA NA
VE 2062 2008 115 8 NA NA
VE 2072 1986 115 4 NA NA
VE 2082 2008 115 8 0.56 30 August 2012
VE 2092 2008 115 12 NA NA
VE 2102 2008 115 12 NA NA

Table 2 shows an example of parameters that can be used in the model for the estima-
tion section of the algorithm’s first stage in order to estimate SF6 leakage. However, users
may choose different values according to their needs.

Table 2. Parameters used for the estimation of SF6 leakage in a new project.

Parameter Value

m0 10 kg
Fp 0.5% kg/year

tend 35 years
Leol 10%

GWPSF6 22,800
CO2−cost 23 EUR/t

The m0 parameter was arbitrarily picked. The reference leak rate, Fp, is the most
important parameter, as it defines completely the rate of growth of the gas leakage in the
proposed model; 0.5% is the maximum relative leakage rate per year permitted for SF6 in
closed pressure systems according to IEC 62271-1:2017 standard [23]. The Leol parameter
selected is the best guess according to [21].

The GWPSF6 parameter is taken from the European regulation No 517/2014 on flu-
orinated greenhouse gases [7]. However, a different value may be used based on other
sources, as it could actually be 23,500 according to [24]. The cost per ton of CO2 needs to be
adjusted to carbon markets or internal corporate considerations.

According to the Carbon Pricing Dashboard from The World Bank, in order to meet
the goals of the Paris Agreement, for the power sector the carbon prices need to be in the
range of USD 24–39/tCO2e by 2020 [25]. EUR 23/t is slightly above that lower bound.

The results of the data handling stage are shown in Table 3, where data is grouped by
substation and rate voltage to sum the total SF6 initial and injected mass values.

Table 3. Data handling stage results example.

Substation Rate Voltage [kV] Total SF6 Initial
Mass [kg]

Total SF6 Injected
Mass [kg]

VE 115 68 0.56

The charts generated in stage 2 are shown in Figures 2–5. Note that said charts
correspond not only to the partial data shown in previous tables but to the full 410 assets.
Figures 2 and 3 show the generated charts with the distribution of SF6 mass as explained
in Section 2.3.1. Figure 4 displays SF6 leakage per year and per substation. Figure 5 exhibits
the result of process described in Section 2.3.3, with the parameter values shown in Table 2.
In Figures 2–4, the category labeled as other groups data has lower values to allow the
correct visualization of results.
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11 24.342

13 2.4

34.5 237.5

57.5 8

115 3121.6

145 486.6

230 237

500 127.8

Rate Voltage

[kV]

SF6 MASS

[kg]

Distribution of asset eet by SF6 mass and rate voltage

Figure 2. Distribution of SF6 mass based on ENEL-CODENSA assets data.

Figure 3. Distribution of SF6 mass based on ENEL-CODENSA assets data.

Top-up operations SF6 leakage by substation

Sub

CI 737.26

BO 111.83

BA 105.199

SA 79.45

S1 70.29

GV 64.91

CS 53.17

Other 638.73

Weight

[kg]

Year

2010 102.22

2011 140.54

2012 181.42

2013 168.238

2014 191.09

2015 187.04

2016 171.39

2017 322.86

2018 139.12

2019 145.749

2020 111.18

Weight

[kg]

Figure 4. Historical analysis of SF6 top-ups in ENEL-CODENSA assets.
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Figure 5. Estimation of SF6 leakage for a new project according to the parameters given in Table 2.

4. Discussion

The algorithm was designed to achieve simplicity and clarity. However, it was evalu-
ated to understand its limitations and discuss future work. Table 4 compares the results
of the linear model estimation, given by Equation (1), applied to data of the current fleet
against the available reports of SF6 leakage, without considering the end-of-life emissions.

Table 4. Comparison of model results against historical data.

Substation ID SF6 Injected
[kg]

Model
Prediction [kg]

Relative Error
%

FO 2082 1.42 0.65 −54.23
UM 2062 0.4 0.18 −55.00
FO 2042 1.05 0.725 −30.95
MU 2012 0.55 0.324 −41.09
AU 2052 0.95 0.6 −36.84
TU 3062 2.06 1.68 −18.45
UM 2032 0.8 0.66 −17.50
VE 2082 0.56 0.2 −64.29
LG 2032 0.7 0.68 −2.86
TZ 2012 0.88 0.8 −9.09
NO 3122 0.8 0.95 18.75
AJ 2012 0.5 0.68 36.00
CO 2042 0.32 0.16 −50.00

Note that a positive error means that the prediction was above the injected mass.
That is an indication of better than expected performance regarding gas leakage in the
equipment. Negative errors underestimate the leakage. However, reasons for the high
error values can be explained and help understand limitations of the algorithm.

Asset 2082 from substation VE, which has the maximum relative error, is a Crompton
Greaves SF6 gas insulated circuit breaker. According to the technical brochure, the equip-
ment has a guaranteed maximum leakage rate of less than 1% per year [26]. The model
estimation with a Fp parameter value of 1% is 0.4 kg of leaked gas, with a corresponding
relative error of −28.6%. This reduction in the prediction error applies to another 31 assets.

Asset 2082 from substation FO is an ABB HPL145/25C1 circuit breaker installed in
1991, with 0.42 kg of SF6 injected in 2013 and 1 kg in 2017. This behavior may indicate
an inadequate top-up operation in 2013, which led to higher leaks since then. Another
influential aspect is the technology available when the circuit breaker was manufactured,
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as found in [16] where the largest emissions came from the oldest equipment. It is relevant
to consider that 142 out of the 410 assets have over 25 years of service.

In addition to the reasons previously mentioned, other factors can be considered to
explain high error values:

• Leak rate error: for this specific implementation of the algorithm, an average leak
rate of 0.5% was used. However, assets with a longer operating time or lower quality
may have higher leak rates, while newer higher building quality assets may suffer
less leakage. To solve this problem, as was seen with asset 2082 from substation VE,
catalog data could be used instead of average leakage rate.

• Important leaks during the recharging process: the model developed does not take
into account leaks that may occur during maintenance of the asset, which can result in
a significant mass of gas that is not injected. Manufacturers usually recommend good
practices, such as those exposed in [6], for the recharging process to avoid SF6 leakage.

• Damaged equipment: although the estimation in the algorithm itself is not designed to
be compared with historical data, an exaggerated deviation from the model estimation
may indicate damages in an asset. Along with the record of top-ups, this kind of result
offers the opportunity to anticipate failures and to take proper actions early in order
to analyze the situation in more detail and start preventive maintenance.

5. Conclusions

An algorithm for estimation of SF6 leakage in electrical equipment on power substa-
tions was proposed. In the first stage, the information is entered into a Microsoft Excel
workbook that includes spreadsheets to fill with current fleet data including top-up records
and parameters for leakage estimation of a future project. This well-known tool facilitates
the entry of information and the visualization of results. In the second stage, a Python
script generates charts by interacting with the workbook. With this, the number of rows,
missing records, or range of data do not affect the quality of charts. The final stage of the
algorithm presents all the results in three different spreadsheets. Various scenarios can be
seen by changing the parameters used to estimate the impact of a new fleet.

In the discussion section it became clear that the algorithm results are not to be
compared with historical data, since the objective has a more global approach. When such
comparison is made, the explanation of obtained results needs a detailed examination
of particular assets. The maximum relative errors found in Table 4 were explained by
looking at the characteristics of the assets. However, this comparison presents itself as an
opportunity for a better and appropriate selection of parameters.

Atypical values, if any, are clearly identified in generated charts from the results layout
stage of the algorithm. This layout makes situations that need special review more evident,
such as the CI substation SF6 leakage observed in Figure 4. This is the way by which the
algorithm helps identify strange behavior instead of the comparison of model estimation to
historical data.

In this paper, the simple structure of the algorithm and workbook tool was highlighted,
as well as its capacity to globally visualize the state of an asset fleet for further decision
making and quick estimation of the environmental impact of future projects.

Author Contributions: Conceptualization and research proposal—direction, F.C.A. and R.G.S.;
methodology, F.C.A., A.F.C.P. and B.M.; software, B.M.; validation, F.C.A., R.G.S., A.F.C.P. and
B.M.; formal analysis, B.M.; investigation, R.G.S., B.M. and A.F.C.P.; resources, R.G.S., F.C.A.; data
curation, B.M., R.G.S.; writing—original draft preparation, B.M. and L.M.L.G.; writing—review and
editing, B.M. and L.M.L.G.; visualization, B.M., L.M.L.G.; supervision, F.C.A. and A.F.C.P.; project
administration, F.C.A., R.G.S. and A.F.C.P.; funding acquisition, F.C.A. and R.G.S. All authors have
read and agreed to the published version of the manuscript.

Funding: This research was funded by ENEL-CODENSA.

Institutional Review Board Statement: Not applicable.



Algorithms 2022, 15, 38 9 of 10

Informed Consent Statement: Not applicable.

Data Availability Statement: Data is property of ENEL-CODENSA.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. United Nations. Kyoto Protocol—United Nations Framework Convention on Climate Change. 1998. Available online:

http://unfccc.int/resource/docs/convkp/kpeng.pdf (accessed on 2 November 2021).
2. United Nations. Paris Agreement—United Nations Framework Convention on Climate Change. 2015. Available online: http:

//unfccc.int/files/essential_background/convention/application/pdf/english_paris_agreement.pdf (accessed on 2 November 2021).
3. Swiss Grid. Decarbonizing the Energy System—The Role of Transmission System Operators. Available online: https:

//www.swissgrid.ch/dam/swissgrid/about-us/company/sustainability/decarbonisation-role-of-TSOs-en.pdf (accessed on
2 November 2021).

4. CIGRÉ WG C1.25. Asset Management Decision Making Using Different Risk Assessment Methodologies; CIGRÉ: Paris, France, 2013.
5. Alvarez, D.L.; Rosero, L.S.; Rivera, S.R.; Romero, A.A. A Framework For Asset Management in Electrical Systems, Part I:

Conceptual Model. In Proceedings of the 2019 IEEE Workshop on Power Electronics and Power Quality Applications (PEPQA),
Manizales, Colombia, 30–31 May 2019.

6. Koch, D. SF6 Properties, and Use in MV and HV Switchgear; Cahier Techniques; Schneider Electric: Grenoble, France, 2003; Volume 188.
7. Schulz, M.; Kourkoulas, D. Regulation (EU) No 517/2014 of The European Parliament and of the council of 16 April 2014 on

fluorinated greenhouse gases and repealing Regulation (EC) No 842/2006. Off. J. Eur. Union 2014, 195–230.
8. Intergovernmental Panel on Climate Change (IPCC). Climate Change 2007—The Physical Science Basis: Working Group I Contribution

to the Fourth Assessment Report of the IPCC; Cambridge University Press: Cambridge, UK, 2007.
9. DG Climate Action–Unit A2: Climate Finance, Mainstreaming, Montreal Protocol. Proposal for a Regulation on Fluorinated

Greenhouse Gases (Recast). 2020. Available online: https://eur-lex.europa.eu/legal-content/ES/ALL/?uri=PI_COM:Ares(2020
)3402178 (accessed on 5 November 2021).

10. European Commission. 2050 Long-Term Strategy. Available online: https://ec.europa.eu/clima/eu-action/climate-strategies-
targets/2050-long-term-strategy_en (accessed on 5 November 2021).

11. ENTSO-E. ENTSO-E Contribution to the EC Roadmap Consultation Concerning the Revision of the Fgas-Regulation.
Available online: https://ec.europa.eu/info/law/better-regulation/have-your-say/initiatives/12479-Fluorinated-greenhouse-
gases-review-of-EU-rules-2015-20-/F550132_en (accessed on 9 November 2021).

12. Ficheux, A.; Depres, D.; Laruelle, E.; Kieffel, Y.; Prieur, P. Limiting SF6 Gas Emissions by Optimization of Design and Testing of Gaskets
in High Voltage Gas-Insulated Substations; CIGRÉ Paper C3-209; CIGRÉ: France, Paris, 2012.

13. Serres, E.; Martin, G.D.S.; Isoard, J. External Costs of Transmission: State of RTE’s Knowledge and Practical Experience; CIGRÉ: France,
Paris, 2010.

14. RTE. Bilan des Émissions de Gaz à Effet de Serre 2018 de RTE. Available online: https://assets.rte-france.com/prod/public/20
20-09/Bilan%20gaz%20effet%20de%20serre%20RTE%202018.pdf (accessed on 9 November 2021).

15. EPA. Overview of SF6 Emissions Sources and Reduction Options in Electric Power Systems. 2018. Available online: https:
//www.epa.gov/sites/default/files/2018-08/documents/12183_sf6_partnership_overview_v20_release_508.pdf (accessed on
11 November 2021).

16. Blackman, J.; Averyt, M.; Taylor, Z. SF6 leak rates from high voltage circuit breakers-US EPA investigates potential greenhouse gas emis-
sions source. In Proceedings of the 2006 IEEE Power Engineering Society General Meeting, Montreal, QC, Canada, 18–22 June 2006.

17. Tits, Y.; Delouvroy, G.; Marginet, J.; Francois, A.; Van Den Berg, M. Life time estimation of SF6 MV Switchgear according to
on-site conditions in DNO’s distribution networks. In Proceedings of the 21st International Conference on Electricity Distribution
(CIRED), Frankfurt, Germany, 6–9 June 2011.

18. CIGRÉ WG B3.25. SF6 Analysis for AIS, GIS and MTS Condition Assessment; CIGRÉ: France, Paris, 2014.
19. Green, D.W.; Perry, R.H. Perry’s Chemical Engineers’ Handbook; McGraw-Hill Education: New York, NY, USA, 2008.
20. Fuhai, L.; Zhan, T.; Yeyuan, L.; Yongqiang, D. Analysis of the Causes of Gas Leakage of a 500 kV SF6 Circuit Breaker. In IOP

Conference Series: Earth and Environmental Science; IOP Publishing: Bristol, UK, 2019; Volume 310.
21. Heckmann, W.; Reimann, T. Impact Assessment of F-Gas Free Medium Voltage Switchgear—Modeling Scenarios of MV Switchgear

Installation Development and Impact on SF6 Emissions; Fraunhofer IEE: Kassel, Germany, 2020.
22. About ENEL-CODENSA. Available online: https://www.enel.com.co/en/about-enel/enel-codensa.html (accessed on

17 November 2021).
23. IEC 62271-1: 2017. High-Voltage Switchgear and Controlgear-Part 1: Common Specifications for Alternating Current Switchgear and

Controlgear; International Electrotechnical Commission: London, UK, 2017.
24. Myhre, G.; Shindell, D.; Bréon, F.; Collins, W.; Fuglestvedt, J.; Jianping, H.; Koch, D.; Lamarque, J.; David, L.; Mendoza, B.; et al.

Anthropogenic and Natural Radiative Forcing; Cambridge University Press: Cambridge, UK, 2013.

http://unfccc.int/resource/docs/convkp/kpeng.pdf
http://unfccc.int/files/essential_background/convention/application/pdf/english_paris_agreement.pdf
http://unfccc.int/files/essential_background/convention/application/pdf/english_paris_agreement.pdf
https://www.swissgrid.ch/dam/swissgrid/about-us/company/sustainability/decarbonisation-role-of-TSOs-en.pdf
https://www.swissgrid.ch/dam/swissgrid/about-us/company/sustainability/decarbonisation-role-of-TSOs-en.pdf
https://eur-lex.europa.eu/legal-content/ES/ALL/?uri=PI_COM:Ares(2020)3402178
https://eur-lex.europa.eu/legal-content/ES/ALL/?uri=PI_COM:Ares(2020)3402178
https://ec.europa.eu/clima/eu-action/climate-strategies-targets/2050-long-term-strategy_en
https://ec.europa.eu/clima/eu-action/climate-strategies-targets/2050-long-term-strategy_en
https://ec.europa.eu/info/law/better-regulation/have-your-say/initiatives/12479-Fluorinated-greenhouse-gases-review-of-EU-rules-2015-20-/F550132_en
https://ec.europa.eu/info/law/better-regulation/have-your-say/initiatives/12479-Fluorinated-greenhouse-gases-review-of-EU-rules-2015-20-/F550132_en
https://assets.rte-france.com/prod/public/2020-09/Bilan%20gaz%20effet%20de%20serre%20RTE%202018.pdf
https://assets.rte-france.com/prod/public/2020-09/Bilan%20gaz%20effet%20de%20serre%20RTE%202018.pdf
https://www.epa.gov/sites/default/files/2018-08/documents/12183_sf6_partnership_overview_v20_release_508.pdf
https://www.epa.gov/sites/default/files/2018-08/documents/12183_sf6_partnership_overview_v20_release_508.pdf
https://www.enel.com.co/en/about-enel/enel-codensa.html


Algorithms 2022, 15, 38 10 of 10

25. The World Bank. Carbon Pricing Dashboard—What Is Carbon Pricing. Available online: https://carbonpricingdashboard.
worldbank.org/what-carbon-pricing (accessed on 13 January 2022).

26. Crompton Greaves Ltd. Guaranteed Technical Particulars. Available online: https://www.tstransco.in/it_uploads/Drawings_
GTPs_CB_CGL.pdf (accessed on 13 January 2022).

https://carbonpricingdashboard.worldbank.org/what-carbon-pricing
https://carbonpricingdashboard.worldbank.org/what-carbon-pricing
https://www.tstransco.in/it_uploads/Drawings_GTPs_CB_CGL.pdf
https://www.tstransco.in/it_uploads/Drawings_GTPs_CB_CGL.pdf

	Introduction
	Stages of the Algorithm
	Information Entry
	Data Handling
	Results Layout
	Basic Information Sheet
	Current Fleet SF6 Leakage Report Sheet
	New Fleet Impact Sheet


	Results of Algorithm Applied to Real Data
	Discussion
	Conclusions
	References

