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Electric floor heating systems
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Electric floor heating systems consist of an arrangement of heat-
ing cables or heating foils installed in the floor and covered by a
top coat. Heat is produced by the flow of electric current through
the heating elements. This current may generate low-frequency
magnetic fields around the heating elements, the field strength
varying according to the type of heating cable used.
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State-of-the-art electric floor heating systems produce insignificant magnetic fields. These systems
employ two-core heating cables in which the magnetic fields of the adjacent supply and return conduc-
tors cancel each other out. On the other hand. in single-core cable floor heating systems, the generally
greater distance between supply and return conductors may result in stronger low-frequency magnetic
fields during the heat-up phase.

Floor heating systems incorporating two-core heating cables pose no risks in terms of magnetic
field exposure.

Single-core heating cable systems: It is not known whether the long-term impact of low-frequency
magnetic fields presents a health risk. No effects are expected from short-term exposure to low-fre-
quency emissions from floor heating systems. The following precautions help to minimise exposure to
the magnetic fields generated by single-core heating cable systems:

— Whenever possible, heat up rooms while they are unoccupied.

— Do not place mattresses and bed bases directly on the floor - use a bed frame. The addi-
tional distance from the floor reduces magnetic field exposure.

— Particular cantonal specifications may exist for electric heaters. Before installing a new
floor heating system enquire about them with the relevant cantonal departments.
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1 Technical data

Voltage: 230V /400V
Output / square-metre: 60-300 W for cable mats, 100-250 W for film heating systems [1]
Frequency: 50 Hz

With heating loops and cable mats laid freely in the floor, warmth is generated by means of heating
cables. The electrically conductive core of these cables normally takes the form of a flexible stranded
wire that serves as an ohmic resistance element. When a voltage is applied, the resistance to the flow
of current through the stranded wire causes electrical energy to be converted into heat energy. The
particular resistance needed to deliver the required heat output at voltages of 230 or 400 V is achieved
through the selection of suitable strand sizes and electrical properties. PTC thermistors are used for
the return current, unheated connections and power leads. Due to their lower resistance, these gene-
rate less heat than the heating cables.

As soon as a heating cable is connected to the mains power supply, the applied voltage generates an
electric field.

In addition to the insulation layer, the heating cables may also be sheathed by an electrically conduc-
tive metal armouring, which is connected to the protective earth conductor. This armouring improves
electrical safety in the event of damage to the cables, while also serving to shield the electric fields.
During the heat-up phase, the current flow produces a magnetic field around the conductors. The
magnitude of this magnetic field depends on the heating cable design:

—  With low-magnetic-field two-core heating cables, the supply and return conductors are
close together and carry current in opposite directions. The opposite magnetic fields re-
sulting from this arrangement largely cancel each other out.

— Single-core heating cables carry a single heating conductor, and the supply and return

conductors in this type of system may lie far apart. As the magnetic fields of the two con-
ductors cannot fully offset each other, a residual magnetic field persists
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Carbon film or foil heating systems consist of two adhesive-bonded polyester sheets that sandwich
a heating conductor layer comprising a mix of carbon black and/or graphite. This layer is applied to a
separate woven base or directly to one of the polyester sheets. Contact strips at the edge of the film
are connected to the supply and return conductors. The flow of current through the carbon film gener-
ates heat over the entire sheet area and also produces a low-frequency magnetic field

Both direct and storage electric floor heating systems are available.

— Storage heating systems use the thermal mass of the floor to store heat energy. The
heating cables are laid in the bottom section of an approx. 10 cm thick screed. The ther-
mal store is normally heated up during the night using off-peak electricity. The stored en-
ergy is then passively released to the space as radiant heat during the daytime. Low-fre-
quency magnetic fields occur during the heat-up phase, i.e. normally during the night.

— Direct systems, which employ a thin screed as a short-term thermal store, respond more
immediately to temperature fluctuations. Energy is passively released as radiant heat with
only a short time lag, the short-term thermal store being replenished throughout the day-
time as required. Low-frequency magnetic fields occur during the heat-up cycles, i.e. in
most cases throughout the day.

2 Exposure to low-frequency magnetic field

A survey commissioned by the FOPH (Federal Office of Public Health) set out to measure the mag-
netic fields produced by various electric floor heating systems in a grid of 20 cm squares at a height of
50 cm above floor level (Table 1).The systems with two-core heating cables were shown to generate
practically no magnetic fields (Figure 1A). Where the power leads are not two-core, however, so-
mewhat higher magnetic fields are observed near the mains connection (Figure 1B). Carbon film hea-
ting systems likewise exhibit relatively small magnetic fields (Figure 1C). The strongest magnetic fields
were produced by the systems with single-core heating cables (Figure 1D). Though at least 35 times
below the threshold of 100 pT (for 50 Hz) recommended by the European Union [2], these far excee-
ded the magnetic fields normally encountered in dwellings [3].
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Table 1: Magnetic fields generated by various electric floor heating systems. Mean of measure-
ments taken in a grid of 20 cm squares 50 cm above floor level; maximum; minimum. *Near

mains connection

Magnetic field (uT

Type Heating cable type Mean Max. Min.
Storage heating single-core 0.95 1.38 0.69
Storage heating single-core 0.50 0.69 0.08
Storage heating single-core 0.55 0.92 0.09
Storage heating single-core 1.16 2.08 0.76
Direct heating single-core 1.28 2.87 0.10
Direct heating two-core 0.07 0.09 0.03
Direct heating fwo-core 0.05 0.54* 0.02

(except power lead)

Carbon film heating heating conductor layer 0.20 0.35 0.09
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Figure 1: Magnetic fields produced by various floor heating systems during heat-up phase, measured 50 cm above floor level
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3 Impact on health

Low-frequency magnetic fields can penetrate and induce electric currents within the human body.
Excessive amounts of current may in some cases excite the nerves of the central nervous system.
The European threshold values for magnetic fields are therefore set such that the current resulting
from magnetic field exposure shall be at most one-fiftieth of the excitation threshold of the central ner-
vous system [2]. The magnetic fields from floor heating systems are much smaller than the threshold
value of 100 uT. No effects are expected from short-term exposure as the present threshold values
preclude acute damage.

In 2002 the International Agency for Research on Cancer (IARC) classified static and low-frequency
magnetic fields as possibly carcinogenic (Group 2B) [4]. This was based on epidemiological studies
that suggest that long-term and durable exposure to magnetic fields in the low-dosage area of 1 uT or
even lower (< 0.4 uT) could increase the risk of Alzheimer's disease [5, 6] or of childhood leukaemia
[7,8]. Personal exposure to magnetic fields generated by electric floor heating systems can be re-
duced by following the recommendations listed above.

4 Legal Regulation

Electric floor heating systems are classed as low-voltage products and governed, in Switzerland, by
the Ordinance on Low-Voltage Electrical Products [9]. This ordinance requires that low-voltage pro-
ducts - both when used properly and, wherever possible, in predictable cases of misuse or in the
event of foreseeable malfunctions - pose no danger to either persons or property. Only low-voltage
products that meet the essential health and safety requirements specified by the European Low-Vol-
tage Directive (2006/95/EC) may be brought into circulation.

At the time any such a product is brought into circulation, the relevant manufacturer is required to
issue a Declaration of Conformity confirming that the product complies with the essential require-
ments. The essential requirements for specific products are detailed in technical standards;
electromagnetic fields produced by household appliances are covered by standard SN EN 62233 [10].
The conformity criteria set out here reflect the thresholds recommended by the EU [2]. The manufac-
turers themselves are responsible for ensuring that their products comply with the conformity criteria.
While Switzerland has no comprehensive system of market controls, the Swiss Inspectorate for High
Current Installations (www.esti.admin.ch) carries out random conformity checks on marketed products.

Bundesamt fiir Gesundheit BAG
26. October 2016 Seite 5 von 6



Schweizerische Eidgenossenschaft Eidgendssisches Departement des Innern EDI
Confédération suisse Bundesamt fir Gesundheit BAG
Confederazione Svizzera

Confederaziun svizra

5 Literature

1. Borstelmann P, Rohne P. Handbuch der elektrischen Raumheizung. Heidelberg: Huthig, 1993

2. RECOMMENDATION OF THE COUNCIL of 12 July 1999 on limiting the exposure of the popula-
tion to electromagnetic fields (0 Hz - 300 GHz) (1999/519/EC) http://eur-lex.europa.eu/legal-con-
tent/DE/TXT/PDF/?uri=CELEX:31999H0519&from=DE.

3. Stratmann M et al. Messung der Belastung der Schweizer Bevoélkerung durch 50 Hz Magnetfelder,
PSI Bericht Nr. 95-09, 1995, ISSN 1019-0643

4. |ARC. 2002. Non-ionizing radiation, Part 1: Static and extremely low-frequency (ELF) electric and
magnetic fields. IARC Monographs on the evaluation of carcinogenic risks to humans, Volume 80.
Lyon, France: International Agency for Research on Cancer.

5. Huss et al. Residence near power lines and mortality from neurodegenerative diseases: longitudi-
nal study of the Swiss population. American Journal of Epidemiology. 169(2):167-75. 2009

6. Kheifets et al. Future needs of occupational epidemiology of extremely low frequency electric and
magnetic fields: review and recommendations. Occupational and Environmental Medicine.
66(2):72-80. 2009

7. Kbheifets et al. Pooled analysis of recent studies on magnetic fields and childhood leukaemia.Brit-
ish Journal of Cancer. 103(7):1128-35. 2010

8. Ahlbom et al. Review of the epidemiologic literature on EMF and Health; ICNIRP (International
Commission for Non-lonizing Radiation Protection) Standing Committee on Epidemiology. Environ
Health Perspect. 109 Suppl 6:911-33. Review. 2001.

9. SR 734.26. Ordinance of 9 April 1997 on low-voltage electrical equipment (LVEO).

10. EN SN 62233 "Household and similar electrical appliances - Electromagnetic fields - Methods for
evaluation and measurement”

Specialist staff:
Federal Office of Public Health FOPH
emf@bag.admin.ch

Bundesamt fiir Gesundheit BAG
26. October 2016 Seite 6 von 6



