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Abstract. At present, the use of different candles in the house has increased significantly to create a pleasant environment. At
the same time, from an energy point of view, it is an attempt to reconstruct and create buildings as densely as possible to
provide the least heat loss due to uncontrolled ventilation. Is it safe to use a home candle in this regard? The article is a
brief documented history of candles, the principle of combustion and the effect of burning candles on the internal
environment. The purpose of the article is to indicate how the burning of candles affects the need for ventilation of the room.
Experimental measurements were made to achieve this aim Measuring of the production of carbon dioxide at flames of
candles is the subject of this study. Experimental investigations have been carried out and the results of research are
presented in figures and analytic equations. Measurement took place in three stages with order to some methods There have
been measured both internal and external air parameters that are documented in figures From the given data, it can be
argued that the greatest increase in the concentration of carbon dioxide occurred during the second stage of measurement,
when the person was in the room when the candle burned. Effect of candles burning on the environment is presented. For
example, some candles emit dangerous substances for human health and are pollutants in the air. Burning of candles
process has been analyzed and a chemical scheme of a burning candle is presented. From measured and calculated data it
can be argued that the flame of candles during an experimental measurement causes an increase in the concentration of
carbon dioxide by 76 %, as in the case of human being.

Key words: candle, room, carbon dioxide, ventilation, air flow rate.

Introduction. Candles are used as a light
source for thousands of years. Historians have
found evidence that many early civilizations de-
veloped candles using waxes from available plants
and insects. People used candles to illuminate their
homes, help night wanderers and religious cere-
monies. In the Middle Ages candles were made of
animal fat and beeswax. Later they began to be
made of fatty whales. In the 19th century a modern
candle was growing. The first paraftin was isolated
from beech wood resin in 1833 by C. Reichenbach
in Blansko near Brno [1]. Paraffin as a petroleum
product was put into production in the 1950s. One
of the pioneers in Europe who was involved in oil
refining was the pharmacist and inventor Jan Jozef
Ignatius Lukasiewicz (1822-1882), who in 1850,
in Lviv, Poland, first received an oil kerosene by
means of distillation. Paraffin was produced as a
byproduct [2]. From the archival reports of the
Kralupsk Refinery, Lederer et al. Founded in 1900,
5 kg of paraffin was obtained from 100 kg of Bor-
islav oil, among other products [3]. In Europe, oil
refineries for kerosene and paraffin were built dur-
ing this period. With the introduction of produc-
tion of light bulbs, the production of candles began
to decline. The popularity of the candle began to
increase significantly since the mid-1980s, when
the candles were interested in decorative elements.
They began to produce candles of different sizes,
shapes and colours. There is a great interest of

consumers in sparkling candles. At present candles
are not used more as the main source of light, but
as a life and social holiday [4].

Burning of candles. Waxes of animal, veget-
able or oil origin are mainly hydrocarbons. Par-
affin is the most commonly used candle wax.

Bees are also used in wax, soy wax, palm wax,
gels, synthetic waxes and wax blends. Known can-
dlesticks use only high-quality waxes [4]. Paraffin,
which is a by-product of oil production, is most of-
ten used for the production of candles. This is a
white mixture of higher saturated aliphatic hydro-
carbons. It is no taste and no smell. It is insoluble
in water. It is obtained by distillation of crude oil
or crystallization by de-browning brown coal. It is
also produced by catalytic synthesis. The paraftin
melting temperature is from 42 °C (soft paraffin)
to 65 °C (solid paraffin) and above. The boiling
point is approximately 300 °C [5].

All waxes are hydrocarbons and consist of hy-
drogen (H) and carbon (C). Paraffin wax is a com-
bination of carbon and hydrogen, whose chemical
formula is C,H>, +2, where n > 16 [6]. After spark-
ing the candle, the wax melts around the wick. Li-
quid wax is a capillary force drawn into the flame
of a candle, where it turns into warm gas and be-
gins to decompose on the atoms of hydrogen (H)
and carbon (C). Hydrogen (H) and carbon (C) mo-
lecules react with oxygen (O) from the ambient air
during combustion, forming light, heat, water va-
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por (H,O) and carbon dioxide (CO,). Chemical
scheme of a burning candle:

CyHiu + O, — CO, + H,O + heat + ligh[ (1)

When burning a candle flame (fig. 1), we see
a blue area in the lower part of the flame, dark or-
ange to a brown color above it, and a large yellow
area of the flame above it, which is most visible.
The blue zone of flame is rich in oxygen. In it, the
molecules of hydrocarbons evaporate and begin to
decompose on hydrogen and carbon. Here, water
vapor and carbon dioxide [4] begin to form. Mea-
suring the production of carbon dioxide at flames
of candles is the subject of this study.

45 mm

:d 22 mm| .

Fig. 1. Paraffin burning and size (Source: author's archive)

Effect of candles burning on the environ-
ment. Today candles are mainly used to improve
the feelings in the room. For this reason, candle-
sticks are trying to produce candles with the smell
that suits consumers. Scientists at universities and
research laboratories around the world experiment
with candles to learn more about burning candles
and their effects on the environment in buildings.

For example, according to the authors of
R. Masudi and A. Hamidi [7], some candles emit
dangerous substances for human health and are
pollutants in the air. In the period from 2008 to
2010, several types of paraffin candles were inves-
tigated and it was found that candle samples pro-
duce various hazardous products, including ben-
zene, toluene and alkenes. Their conclusion was
that the studied paraffin candles are dangerous to
the human body in confined spaces.

Scientific group Derudi et al. [8] During their
studies, the emission factors for pollutants, in par-
ticular for VOCs, which the EU identifies as prior-
ity pollutants in the room from the burning of
scented candles, have been identified.

Climate engineering [9] argues that air in the
average economy contains two to five times more
pollutants than external air — which, of course, de-
pends on the method of ventilation, and so on. In
article "How to improve indoor air quality" [9]
there are 9 ways to improve the air quality in the
room, which, besides proper ventilation, mainte-

nance of the air conditioner, etc., recommends that
you do not smoke indoors and avoid the use of
sparkling candles.

For more information on how candles affect
indoor air quality, we can find it on various other
sites. such as Safe Air Environmental Inc. In the
article "Candles affect the quality of air indoors"
[10] states that the burning of some aromatic or
aromatherapy candles in the apartment can be
compared to smoking cigars.

Christian Seacher (Denmark) concluded [11]
in his review that burning candles and cooking is
the largest source of pollution in households.

The aim. The aim of the article is to indicate
how the burning of candles affects the need for
ventilation of the room. Experimental measure-
ments were made to achieve this aim.

Experimental measurement. Experimental
measurements were carried out in an office located
on the second floor of a five-story building. The
office has the following dimensions: length
5.63 m, width 3.4 m and height 2.72 m. The room
has one open window with a height of 1.75 m and
a width of 1.1 m. The internal volume of the room
is 52.07 m’. The measurements are performeded in
winter.

The measurement took place in three stages
with order to method [12-15]. During the first stage
of the measurement in the office there was one per-
son, and the candle did not fire. During the second
stage of the measurement, one person was in the of-
fice, and a paraffin candle 22 mm in diameter was
burnt all the time (fig. 1). During the third stage of
the measurement there was no person in the office,
and a 22 mm paraftin candle was constantly burned.
During all three measuring stages, the window and
the door in the room were closed.

Results of experimental measurements. The
course of the concentration of carbon dioxide from
all three stages of measurement is shown in Fig. 2.

From Fig. 2 we can observe:

* during the first stage of measurement from
7:29 am to 7:59 am, the concentration of carbon
dioxide increased from 653 ppm to 781 ppm;

* during the second measurement step from  8:41
am until 9:10 am the concentration of carbon
dioxide has increased from 719 ppm to 944 ppm;

* during the third measurement step from 10:00
am to 10:30 am, the concentration of carbon
dioxide increased from 590 ppm to 659 ppm.

From the given data, it can be argued that the
greatest increase in the concentration of carbon
dioxide occurred during the second stage of mea-
surement, when the person was in the room when
the candle burned. The concentration of oxide in
the room increased by about 7.5 ppm/min.
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Fig. 2. Measurement of carbon dioxide concentration
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Fig. 3. Outdoor air parameters

The slightest increase in the concentration of
carbon dioxide occurred during the third stage of
measurement, when there was no man in the room,
and the candle was burned. The oxygen concentra-
tion in the room increased by about 2.3 ppm/min.
During the first phase of the measurement, when
the person was indoors and the candle did not light
up, the oxygen concentration increased to about
4.3 ppm/min.

The increase of the concentration of carbon
dioxide in the room is strongly influenced by the
intensity of ventilation resulting from the leakage
of the construction structures, which also depends
on the weather — mainly on wind speed and air
temperature. Measured external air parameters are

documented in Fig. 3.

From Fig. 3 shows that at the first stage of
the experimental measurement, the average wind
speed was about 6 km / h. In the second stage, the
average wind speed was about 7 km/h, and in the
third stage, the average wind speed was about
10 km/h. The temperature of the outside air during
the entire measuring period was from minus 5 to
minus 7 °C. It can be assumed that if the wind
speed in the third stage was similar to the previous
two stages, the increase in concentration would be
about 3.2 ppm/min.

Conclusion. From measured and calculated
data it can be argued that the flame of candles dur-
ing an experimental measurement causes an in-
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crease in the concentration of carbon dioxide by
76%, as in the case of human being. From the
above results it can be argued that for this case, in
the presence of a person in the room and the si-
multaneous burning of candles, it is necessary to
provide almost twice the air exchange than if the

candle did not used. Also, when buying candles it
is necessary to take into account the material from
which they are made, so as not to harm the health.
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Anomayis. YV oanuil uac UKOpUCMAHHA PI3HUX CBIYOK Y OYOUHKAX 3HAYHO 30iNbUMULOCA 30015 CMBOPEHHS NPUEMHO20
cepedosuwia 051 MOOUHU. Y moil dice yac, 3 mouKu 30py niOBUWEHHS eHep2oeheKmusHocmi 6y0ieli peKOHCMPYIOIOMbCs
ma 6yoylomuca aKkomo2a Oinbt WitbHuMU, wob 3abe3neuumu HalMenuLy empany meniomu yepe3 Heopeanizosanuil nogi-
mpooomin. Yu be3neuno Kopucmyeamucs 6 NpuMiWeHHAX ceiukamu? Y pobomi nasedena KOpomKa OOKYMEHMATbHA
iCmopis c8iHOK, NPUHYUN IXHbO2O 20PIHHA MA BNIUE CRATIOBAHHS CEIHOK HA 6HYMpIHE cepedosuuye. Memoto pobomu €
docnioumu, Ik 20PIHHA CEINOK GNIUBAE HA NOMpeby seHmunayii npumingents. [l 0ocsienenHs yiei memu 0ynu nposedeHti
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EKCNEePUMEHMANbHI 00CTIONCeHHsT  NpUMiljeHHs. Bumiproganna KinbKocmi 8yeneKuciozo 2easy npu 2OpIHHI C8IMOK €
npeomemom 0ano2o 0ocaiodxcenHs. Pesynomamu 0ocniodcens npeocmasieti y Yucio8omy uisioi ma y uenaoi ananimu-
YHUX pigHAHb. Bumiproganns 6i00ysanocs ¢ mpu emanu: y BpUCYMHOCMI TIOOUHU 8 NPUMIUEHHI, Me JHC 3 2OPIHHAM CEIUKU
ma 2opinHs ceiuku Oe3 npucymuocmi ai00uny. Bumipiosanuca sk enympiwini, max i 306HiwHi napamempu nogimps. 3
OMPUMANHUX OAHUX SUNTUBAE, WO HAUOLIbUE 3POCMAHHA KOHYenmpayii 0iokcudy eyeneyio 8i06Y8ANOCA Ha Opy2OMY
emani GUMIDIOBAHHSA, KOIU NOOUHA nepebysana 6 Kimuami, Oe eopina ceiuka. Haiimenwe s3pocmanmns xowyemmpayii
Ouokcuoy gyeneylo CHOCmepieanocs Ha mpemvomy emani, npu 2opinni ceiuku 6e3 npucymuocmi noounu. Ilpeocmaegneno
6NIUG 20PIHHA CEIYOK HA HAGKOMUWIHE cepedosuwye. Hanpuxnad, Oeski ceiuku 6udingioms Hnebe3neuHi peyosunu Ol
300p08's moduHu i 3a6pyonioroms nogimpsa. Ilpoananizosano npoyec 20piHHA CEIMOK i NPeOCMABIeHO XIMIYHY cXemy
2OpIHHA C8IUKU. 3 BUMIPAHUX | PO3PAXYHKOBUX OAHUX MOXNCHA CMBEPON’CY8AMU, WO NOIYM'S C8IYOK Ni0 uac excnepu-
MEHMANLHO20 OOCTIONCEHHS GUKIUKAE 30LIbUEHHS KOHYeHmpayii gyanexkuciozo 2asy na 76 %, nisxc moouna. Ilpu copinni
C8IuKU CNi0 30inbUWUmMU ROGIMPOOOMIH Y NpUMIiLyeHHI OIU3LKO 080X pa3is.

Knrouosi cnosa: Ceiuka, npumingenns, 8y2neKuciuii 2a3, 6eHMUIAYIs, UMpaAma nogimpsi.
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Annomayus. B nacmosiwyee pems ucnonv3o8anue paziuuHbx ceéeueli 8 00OMax 3HAYUMEIbHO 603DPOCI0, YMoDbl cO30amb
npusimmyio 06cmanogky. B mo oice epemsi, ¢ snepeemuneckoti mouku 3pemus npu peKOHCMPYKYUY U CIMpoUmenbcmee 30d-
HULl UX 0enarom MAKCUMANbHO 2epPMEMUYHbIMU, Ymobbl obecneuums HauMeHblue NOMmepu Meniomol U3-3a HeopP2aHu30-
6aHH020 6030yx000MeHa. Bezonacho u ucnonvzosams npu smom ceéeuu? B cmamve npedcmaenena kpamias 0OKymeH-
MUPOBAHHAS, UCIOPUSL CEedell, NPUHYUN 20PEeHUs U GIUsIHUE 20pAuUX ceéedell Ha Hympennioio cpedy. Lleno cmamovu - no-
Kazamo, KaK 20peHue ceedell usem Ha GeHMUIAYUIo nomewenus. J{ist 0ocmudicenust smou yeau Obliu npo6eoeHbl IKCne-
PUMEHMATbHbIE UCCIe006aHus. Vamepenue Koauuecmea yenekucio2o 2a3a npu 20peHuU ceéedell si6isemcs: npeomMemom
0anHo20 uccredosanus. Ilposedenvl IKCnepUMEHmanbhble UCCIe008AHUSL U PE3YIbIMAMbL UCCIe008AHUL NPEOCMABIIeHbL 8
YUCTIOB0M 8UOE U 8 BUOe AHATUMUYECKUX ypasHeHull. Mzmepenue npogoounocy 6 mpu smana. Bvliu usmepervl kax 6Hy -
mpeHHue, max u GHeulHue napamempol 6030yxa. M3 npueedénnvix OaHHbIX MOJICHO YMEEPICOams, Ymo Hauboivulee yee-
JIuYenue KOHYEHMpPayuu y2neKuciiozo 2a3a NPOU0UIo 60 6peMsl BMOpPO20 IMANA. USMePeHUsl, K020d Yelo8eK HAX00UILCs 8
KomHame, 20e 2opena ceeua. Ilpeocmagneno eusinue 2openusi ceeyell Ha oKpydcaiowyio cpedy. Hanpumep, nexomopote
cgeuu Gbloensliom onachvle 05l 300P06bsl HeN0BEKA 6eujecmsa U 3azpssisiom 6030yx. Ilpoananusuposan npoyecc 2ope-
HUsl ceeuell u npedcmasiiena Xumuyeckas cxema copenus ceeuu. Co2nacHo uaMepeHHbIM U PACYEMHbIM OAHHbIM MONCHO
ymeepoicoamy, Ymo Niamsl Ceeuell 60 8peMsl IKCNePUMEHMANbHO20 UMEPEHUsL 6bl3bl6Aen YEeIUYeHUe KOHYEHMPAayuu ye-
JIeKUC020 2aza Ha 76%, Kak u 6 ciyuae npebvléanus 4enoeexd.

Knroueswvie cnosa: ceevya, nomeujerue, yafleKuC]lbluv 2a3, 6EHMUJAYUA, pacxod 6030_)/)(?(1
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