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Introduction1 

The paper addresses common misconceptions about PVC cables, particularly those 

surrounding the role of HCl in fire safety and the presence of more toxic fumes during the 

combustion in comparison to Halogen Free Flame-Retardant (HFFR) cables. Those 

misconceptions are often utilized in the brochures of our competitor plastics to remark the 

lower toxicity of HFFR alternatives and inside technical committees to give a priori exclusion of 

PVC in specific application often without any scientific basis. [1,2,3]

Construction Product Directive (CPD) [4] and Construction Product Regulation (CPR) [5] 

contributed to this witch hunt with the introduction of additional classification for acidity only

for cables, where acidity assessment is seen as fundamental parameter in fire safety. Most of 

the fire scientists consider acidity as a secondary parameter, while heat release rate is the 

“single most important variable in fire safety.” [6,7] Smoke is another critical parameter, 

while toxicity before and after flashover is ruled by mainly by CO. [8-12]. In a real fire scenario 

CO is the big toxic killer in smoke [7] while HCl rarely exceed its LC50. After flashover it is 

released from every polymer despite its chemical structure for a 20 % of its weight. [7] Before 

the flashover tenability is mainly driven by CO. [11,12] Therefore, “…there is no relationship 

whatsoever between acid gases (or acidity of solutions) and smoke toxicity.” [7]
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Introduction1 

Despite all considerations about the role of acidity in fire safety, the paper presents the 

performance of advanced PVC compounds for cables developed to reduce smoke and acidic 

fumes during fires without affecting flame retardance. They are developped by Gruppo Cavi 

Italia through a research funded by PVC4cables [13-26]. They are called low smoke acidity 

(LSA) compounds. 

This new compounds were evaluated vs. the HFFR counterparts in terms of effluent emission 

in thermal decomposition and combustion using as hyphenated technique pyrolysis gas 

chromatography mass spectrometry (PY-GC/MS) and toxicity index according to CEI 20-37/4-0 

[27]. Both are based on a bench scale test which burns completely the test specimens and 

does not take in account the quantity of the material in the cable.  

Furthermore, an Italian kind of CPR cables FG16OR16 manufactured with LSA PVC compounds 

was tested vs. the counterpart HFFR FG16OM16, performing the medium scale fire test EN 

50399 [28] in terms of flame spread (FS), Fire growth rate (FIGRA), total heat release (THR),  

peak of HRR and SPR, and total smoke production (TSP). 

CO, CO2 and HCl release were also measured, and the toxicity of effluents expressed as 

fractional effective dose (FED) according to ISO 13344 was calculated. [29]
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Decomposition / Combustion of PVC and PE2 

Ref. 30 from Pasquale Lombardo studied the decomposition / combustion at 500 °C and 950°C of a 

standard R16 PVC compound, R16 LSA and the HFFR counterpart (M16), utilizing PY-GC/MS 

7

Decomposition & combustion HFFR

ASTM D 7903 method A [31]

First stage (220-350°C), HCl is released via zip-

elimination, forming polyene sequences that can

rearrange to release aromatic compounds (i.e. heat

release and smoke), and crosslinked matrix. HCl

reduces and plasticizer increases the flame.

Second stage (400-600°C), the crosslinked

structure releases aliphatic hydrocarbons, which

burn with high heat but less smoke. The process

concludes with char formation, limiting further

heat release and flaming dripping.

Additives can shape the sHRR (T)

Decomposition & combustion PVC [17]

400-500°C: Volatilization of Hydrocarbons

The breakdown of the polymer leads to the 

volatilization of hydrocarbons, releasing gases such as 

aliphatic and aromatic hydrocarbons, which sustain 

the flame. As soon as the temperature increase the 

formation of aromatics is the preferable route [32]
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3 Misconceptions

8

Withstanding misconceptions on PVC fire 

behaviour

If not à PVC deselection

Smoke production

Smoke toxicity 

acidity

PVC releases black & dense smokes

PVC releases more toxic smokes

Acidity is a critical parameter in fire safety 
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3 Misconceptions. Fire safety in nutshell
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3 Misconceptions. Fire safety in nutshell
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3 Misconceptions. Fire safety in nutshell
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heat release rate is the “single most important variable in fire safety” [6] 
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3 Misconceptions. Fire safety in nutshell
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3 Misconceptions. Fire safety in nutshell
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3 Misconceptions. Fire safety in nutshell
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Acid scavengers work well, low acidity Acid scavengers does not work 

Who cares of acidity ?

CO “is the big toxic killer on smoke

CO drives tenability

- After the flashover you die for CO (20% of 

the mass of each polymer) and heat shock

- Before the flashover CO drives the 

tenability. Acidity is an ancillary parameter in 

fire safety. In any case here acid scavengers 

absorb completely HCl 

[15, 19]

[8-12]

[15, 19]

[7]
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LSA Cables n1 (2024): PY-GC/MS of compounds4 

Ref. 33 gives the decomposition / combustion at 500 °C and 950°C of a standard R16 PVC compound, R16 

LSA and the HFFR counterpart (M16), utilizing PY-GC/MS. Focus on total fuels 

154TH PVC FORMULATION 2024
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Comparison M16 and R16 LSA emission in pyrolysis 

LSA Cables n1 (2024): : PY-GC/MS of compounds4 
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Ref. 33 gives the decomposition / combustion at 500 °C and 950°C of a standard R16 PVC compound, R16 

LSA and the HFFR counterpart (M16), utilizing PY-GC/MS. Focus on fuels from polymers
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LSA Cables n1 (2024): CEI 20-37/4-0 of compounds4 

Ref. 33. evaluated each plastic component of the 

cables in Table 15.1 according to CEI 20-37/4-0. [27]

It is a small-scale test where 1 g of compounds is totally 

burnt at 800 °C in a tube furnace with an air flow of 

120 l/h for 20 min.

Toxicity Index T is calculated through the following 

formulation

Using as reference the toxic potentials of each 

component.

The method is a lab scale test burning completely the 

sample and not considering the amount of the material 

in the cables.

17

Table 15.1

Table 15.2
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LSA Cables n1 (2024): EN 50399 + gas detectors 4 

Ref. 33. evaluated also the classification of the 2 

cables according to EN 50399 and using specific 

sensors for CO, CO2 and HCl even the FED (fractional 

exposure dose) according to according to ISO 13344 
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Table 16.1

Table 16.2

20,5 kW 

burner

It lasts 20 min

Evaluation of heat 

release and  burn 

length

Evaluation of 

Smoke

Evaluation of 

Flaming droplets

Picture 16: EN 50399 performed on FG16OR16 cable

IR 

detector

SMOKE DETECTOR

CO, CO2 and HCl

Smoke
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LSA Cables n1 (2024): EN 50399 + gas detectors 4 

Ref. 33. evaluated also the classification of the 2 

cables according to EN 50399 and using specific 

sensors for CO, CO2 and HCl even the FED (fractional 

exposure dose) according to according to ISO 13344 
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Table 17.1

Table 17.2

20,5 kW 

burner

It lasts 20 min

Evaluation of heat 

release and  burn 

length

Evaluation of 

Smoke

Evaluation of 

Flaming droplets

Table 17.1. shows the classification parameters. 

FG16RO16 LSA is much more performant than 

FG16OM16

Table 17.2. shows the FED. PVC cable ha a lower 

value due to the fact that it burns less. 
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4 LSA Cables n2 (2022): : EN 50399 + gas detectors 

Ref 34, performing EN 50399, highlighted that the measure of CO 

production from low smoke acidity cable decays in time (yellow 

curve, Figure 18.1), while CO HFFR increases (green curve, Figure 

18,1). CO particularly drops because it is linked to HCl 

concentration in the gas phase. (equation 1) 

CO + OH à CO2 + H (1)

In absence of HCl this reaction can happen. When HCl decays CO 

decays. The cumulative production of CO LSA compounds is 

therefore much less comparing to standard PVC compound for 

cables even better than the best HFFR. (Figure 18,2 )

20
Figure 18,2 

Figure 18,1 
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4 New LSA Cables: real fire scenario n. 1

21

Fire Scenario number 1: A room goes in flashover, people die for:

CO monoxide

Hot air (> 80 °C)

Heat

Collapse of the structure

FLASHOVER
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4 New LSA Cables: real fire scenario n. 4/5

22

Fire Scenario number 4 and 5: A room goes in flashover, and people die for:

CO monoxide is the dominant intoxicant, HCl decays and it is release later 

because PVC article burn later than the common furnishing in the location.

Before FLASHOVER

CO drives 

tenability limits
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4 New LSA Cables: real fire scenario n. 6

23

Fire Scenario number 6: A room goes in flashover, HCl is released 

(Acid scavengers do not work), HCl decays, CO from PVC is less than 

HFFR and does not travel far from the location where it originated. 

CO is released in the same amount after the flashover from every 

polymer  (20% of their mass)

FLASHOVER

H
C

l

C

O
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5 Conclusions
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1) Toxicity of the effluents is mainly related to CO, and acidity assessment has no 

correlation with toxicity

2) Small scale tests that evaluating toxicity are not representative of real fire 

scenarios

3) The use of EN 50399 with sensors for CO, CO2 and HCl confirmed that it can be a 

powerful method for assessing the effluent toxicity in combination with ISO 

13344 through FED

4) LSA cables showed higher toxicity potential in small scale and lower in medium 

scale (FED 0,77 vs. 0,81)

5) The EN 50399 + sensors must be repeated for the third time to confirm definitely 

the data

6) In real fire scenarios HCl decays and the HCl quantity in the gas phase could be 

even less

7) Large scale tests are suggested for assessing if HCl is a real concern in the fire 

safety 



6 References

25

[1] CEI EN 50620/A1: Electric Vehicle Charging Cables; Comitato Elettrotecnico Italiano (CEI). Milan, 2021. Available online: https://mycatalogo.ceinorme.it/cei/item/0010017897 (accessed Oct 9, 2024).
[2] CEI EN 50618: Cavi elettrici per impianti fotovoltaici; Comitato Elettrotecnico Italiano (CEI). Milan, Italy, 2015. Available online: https://mycatalogo.ceinorme.it/cei/item/0000014504?sso=y (accessed Oct 9, 

2024).

[3] Piana, M.; Sarti, G. A Focus on PVC Cables: Innovation and Fakes. 4th Annual PVC Compounding & Production Cycle Forum, Rome, January 2023. DOI: 10.13140/RG.2.2.19534.54087. Available online: 
https://www.researchgate.net/publication/367328130_A_focus_on_PVC_Cables_innovation_and_fakes (accessed October 9, 2024).

[4] European Parliament and Council. Directive 89/106/EEC of 21 December 1988 on the approximation of laws, regulations, and administrative provisions of the Member States relating to construction products; 
Official Journal of the European Communities: Brussels, Belgium, 1989. Available online: https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:31989L0106 (accessed October 9, 2024).

[5] European Parliament and Council. Regulation (EU) No 305/2011 of the European Parliament and of the Council of 9 March 2011 laying down harmonized conditions for the marketing of construction products and 

repealing Council Directive 89/106/EEC; Official Journal of the European Union: Brussels, Belgium, 2011. Available online: https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:02011R0305-20210716
(accessed October 9, 2024).

[6] Babrauskas, V.; Peacock, R. D. Heat Release Rate: The Single Most Important Variable in Fire Hazard. Fire Saf. J. 1992, 18(3), 255–272. DOI: 10.1016/0379-7112(92)90019-9.
[7] Hirschler, M. M. Fire Safety, Smoke Toxicity and Acidity. In Proc. Flame Retardants 2004; Interscience Communications: London, UK, 2006; pp 47–58. Available online: 

https://citeseerx.ist.psu.edu/document?repid=rep1&type=pdf&doi=8a3c0b2110638d8bb351105ca451efaf22f10031 (accessed October 9, 2024).

[8] Debanne, S. M.; Hirschler, M. M.; Nelson, G. L. The Importance of Carbon Monoxide in the Toxicity of Fire Atmospheres. In Fire Hazard and Fire Risk Assessment, ASTM STP 1150; Hirschler, M. M., Ed.; American 
Society for Testing and Materials: Philadelphia, PA, 1992; pp 9–23.

[9] Hirschler, M. M. (Editor-in-Chief); Debanne, S. M.; Larsen, J. B.; Nelson, G. L. Carbon Monoxide and Human Lethality - Fire and Non-Fire Studies; Elsevier: London, UK, 1993.
[10] Hirschler, M. M. Fire Retardance, Smoke Toxicity and Fire Hazard. In Proc. Flame Retardants '94; British Plastics Federation; Interscience Communications: London, UK, January 26-27, 1994; pp 225–237.

[11] International Organization for Standardization. ISO/TR 20118:2019 - Plastics — Guidance on fire characteristics and fire performance of PVC materials used in building applications; ISO: Geneva, Switzerland, 

2019. Available online: https://www.iso.org/standard/67071.html (accessed October 9, 2024).
[12] Guillaume, E.; Didieux, F.; Thiry, A.; Bellivier, A. Real-scale Fire Tests of One Bedroom Apartments with Regard to Tenability Assessment. Fire Saf. J. 2014, 70(2), 50–57. DOI: 10.1016/j.firesaf.2014.08.014.

[13] Sarti, G.; Piana, M. PVC in Cables for Building and Construction. Can the “European Approach” Be Considered a Good Example for Other Countries? Academia Letters 2022. DOI: 10.20935/AL5453.
[14] Sarti, G. A New Perspective on Hydrogen Chloride Scavenging at High Temperatures for Reducing the Smoke Acidity of PVC Cables in Fires: An Overview of the Theory, Test Methods, and the European Union 

Regulatory Status. Fire 2022, 5, 127. DOI: 10.3390/fire5050127.

[15] Sarti, G. A New Perspective on Hydrogen Chloride Scavenging at High Temperatures for Reducing the Smoke Acidity of PVC Cables in Fires. II: Some Examples of Acid Scavengers at High Temperatures in the 
Condensed Phase. Fire 2022, 5, 142. DOI: 10.3390/fire5020142.

[16] Bassi, I.; Bandinelli, C.; Delchiaro, F.; Sarti, G. A New Perspective on Hydrogen Chloride Scavenging at High Temperatures for Reducing the Smoke Acidity of PVC in Fires. III: EN 60754–2 and the Species in 
Solution Affecting pH and Conductivity. Preprints 2024, 2024021727. DOI: 10.20944/preprints202402.1727.v1.

[17] Bassi, I.; Delchiaro, F.; Bandinelli, C.; Mazzocchetti, L.; Salatelli, E.; Sarti, G. A New Perspective on Hydrogen Chloride Scavenging at High Temperatures for Reducing the Smoke Acidity of PVC Cables in Fires, IV: 

The Impact of Acid Scavengers at High Temperatures on Flame Retardance and Smoke Emission. Fire 2023, 6, 259. DOI: 10.3390/fire6070259.
[18] Bassi, I.; Bandinelli, C.; Delchiaro, F.; Piana, M.; Sarti, G. A New Perspective on Hydrogen Chloride Scavenging at High Temperatures for Reducing the Smoke Acidity of PVC Cables in Fires V: Comparison between 

EN 60754-1 and EN 60754-2. Fire 2023, 6, 326. DOI: 10.3390/fire6080326.
[19] Sarti, G.; Piana, M. New Formulations and Test Comparison for the Classification of PVC Cables under EU Regulation n° 305/2011 for Construction Products. In AMI Cables 2019; Düsseldorf, Germany, March 

2019;. [20] Sarti, G.; Piana, M. PVC Cables and Smoke Acidity: A Review Comparing Performances of Old and New Compounds; Presented at AMI Cables 2020, Düsseldorf, Germany, March 2020.

[21] Piana, M.; Sarti, G. Smoke Acidity and a New Generation of PVC Formulations for Cables. In AMI Formulation 2021; Cologne, Germany, November 2021.
[22] Delchiaro, F.; Bandinelli, C.; Bassi, I.; Sarti, G. Developing and Improving Fire Performance and Safety in PVC; Presented at the Future of PVC Compounding, Production & Recycling Conference, Feb 24-25, 2022.

4TH PVC4CABLES 2024

https://mycatalogo.ceinorme.it/cei/item/0010017897
https://mycatalogo.ceinorme.it/cei/item/0000014504?sso=y
https://www.researchgate.net/publication/367328130_A_focus_on_PVC_Cables_innovation_and_fakes
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:31989L0106
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:02011R0305-20210716
https://citeseerx.ist.psu.edu/document?repid=rep1&type=pdf&doi=8a3c0b2110638d8bb351105ca451efaf22f10031
https://www.iso.org/standard/67071.html
https://doi.org/10.20935/AL5453


6 References

26

[24] Sarti, G.; Bandinelli, C.; Bassi, I.; Piana, M. Acidity Additional Classification in Cables and Its Impact on PVC Cables Compounds Growth; Presented at the Future of PVC Production, Compounding & Recycling 
Conference, Brussels, March 2023. 

[25] Delchiaro, F.; Bandinelli, C.; Bassi, I.; Sarti, G. New Sustainable Flame Retardants and Smoke Suppressants in Unplasticized PVC Compounds; Presented at the 3rd Future of PVC Compounding Production and 

Recycling Forum, Brussels, Belgium, March 2024.
[26] Delchiaro, F.; Bandinelli, C.; Bassi, I.; Sarti, G. New Generation PVC Compounds for Cables and Safety in Case of Fire; Presented at PVC 2024, Edinburgh, April 2024.

[27] Comitato Elettrotecnico Italiano. CEI 20-37/4-0: 2020 - Metodi di prova comuni per cavi in condizioni di incendio - Prove sui gas emessi durante la combustione dei materiali prelevati dai cavi. Parte 4: 
Determinazione dell'indice di tossicità dei gas emessi. CEI, Milano, Italy, 2020. Accessed October 9, 2024.

[28] EN 50399:2024, Common test methods for cables under fire conditions - Heat release and smoke production measurement on cables during flame spread test - Test apparatus, procedures, results; European 

Committee for Standardization: CEN. Brussels, Belgium, 2024. Accessed October 9, 2024.
[29] ISO 13344:2015, Estimation of the lethal toxic potency of fire effluents; International Organization for Standardization: ISO. Geneva, Switzerland, 2015. Accessed October 9, 2024.

[30] Lombardi, P. Comportamento al fuoco di compounds in PVC standard e a bassa emissione di fumi acidi vs compounds halogen free per cavi elettrici, II: Focus su effluenti organici sviluppati; Master’s Thesis, 
University of Bologna, Dipartimento di Chimica Industriale “Toso Montanari,” Bologna, Italy, 2023.

[31] ASTM International. ASTM D7309-21B: Standard Test Method for Determining Flammability Characteristics of Plastics and Other Solid Materials Using Microscale Combustion Calorimetry; ASTM International: 

West Conshohocken, PA, 2021.
[32] Wang, Y.; Cheng, L.; Gu, J.; Zhang, Y.; Wu, J.; Yuan, H.; Che, Y. Catalytic Pyrolysis of Polyethylene for the Selective Production of Monocyclic Aromatics over the Zinc-Loaded ZSM-5 Catalyst. ACS Sustainable Chem. 

Eng. 2022, 10 (6), 5895–5905. https://doi.org/10.1021/acssuschemeng.2c01234 (accessed Oct 10, 2024).
[33] LAPI S.p.A. The Evaluation of the Potential Hazard Posed by the Fire Effluents from the Combustion of Electrical Cables: A Survey of the Current Methods of Evaluation and a Proposal for a Possible Alternative 

Approach: Test Data and Discussion (Rev. 2); Internal Report, LAPI S.p.A., Italy, 2024.

[34] Cardelli, C. CPR Classification of Cables and Fire Safety: Contribution of Innovative PVC and Halogen-Free Compounds. Presented at AMI Cable 2022, March 2022.

4TH PVC4CABLES 2024



6 References

27AMI PVC FORMULATION 2024

(PDF) Full paper is available here)

https://www.researchgate.net/publication/384332565_The_Evolution_of_Formulations_of_PVC_Compounds_for_Cables_in_the_Context_of_a_Non-toxic_Environment


PVC Forum Italia (www.pvcforum.it) 

is the Italian association that brings 

together the leading companies in 

the production, compounding, and 

processing of PVC, as well as 

manufacturers of additives and 

processing machinery. Based in 

Milan, PVC Forum is part of the 

European network of PVC forums 

connected to ECVM (European 

Council of Vinyl Manufacturers), the 

European association of PVC 

producers, which is a division of the 

association of European plastics 

producers (PlasticsEurope).

www.pvcforum.it 

VinylPlus® is the Voluntary 

Commitment to the sustainable 

development of the European PVC 

industry. The program was developed 

through an open dialogue with 

stakeholders, involving industry, NGOs, 

legislators, representatives of civil 

society, and end-users of PVC. 

VinylPlus® operates in the 27 European 

Union countries plus Norway, 

Switzerland, and the UK. VinylPlus® is 

registered as a SMART partnership on 

the UN's Partnerships for the SDGs 

platform.

vinylplus.eu

PVC4Cables is the ECVM platform 

dedicated to the PVC cable supply chain. It 

brings together PVC resin producers, 

stabilizer and plasticizer manufacturers, 

and PVC compounders. It is open to the 

participation of PVC cable manufacturers, 

recyclers, and industry associations. 

PVC4Cables aims to be a driver for 

environmentally compatible innovations in 

the PVC cable sector and to serve as a 

point of reference for dialogue and 

communication with all stakeholders: cable 

manufacturers, legislators, designers, 

installers, electricians, media, and the 

general public.

www.pvc4cables.org 

7 About us

284TH PVC4CABLES 2024

http://www.pvcforum.it/
http://www.pvcforum/
http://www.pvcforum.it/
https://vinylplus.eu/
http://www.pvc4cables.org/


Thank you for your 

attention

Via Giovanni da Procida, 11 - 20149 Milano

Tel. 02 33604020

www.pvcforum.it   e-mail: info@pvcforum.it  

29AMI PVC FORMULATION 2024


