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- EHTP is a novel patent 
pending tobacco product with 
unique processed tobacco 
made from tobacco powder

- Charger that is used to 
recharge the Holder after 
each use

- Holder into which the EHTP is 
inserted and which heats the 
tobacco material by means of an 
electronically controlled heater

Elect r ically Heat ed Tobacco Syst em  (EHTS)
(also referred to as Tobacco Heating System (THS-2.2))

EHTS is composed of a charger, holder and electrically heated tobacco product (EHTP)

What is an Electrically Heated Tobacco Product?



How does an EHTP function?

• During use, the patented EHTS heats a specifically 
designed tobacco product (EHTP) at a controlled 
temperature when inserted into the Holder 
(heating device).

• The tobacco material in the EHTP undergoes a 
controlled heating process to release chemical 
compounds into gas phase, from which an aerosol 
is formed during cooling
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 Transport of compounds

( conduction, convection, radiation )

from tobacco

(evaporation & condensation)

Droplet size distribution, filtration & aerosol density, 
Multicomponent gas and particulate phases

( electrical heating )

Physical and chemical processes governing 
aerosol generation in an EHTP



EHTP aerosol versus cigarette smoke

Constituents in cigarette smoke 
(3R4F, Health Canada regime)

Constituents in the aerosol from 
PMI’s EHTP (Health Canada regime)

[NTDS GC×GC-TOFMS: Volatile method]

Heating instead of burning 
reduces constituents
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+ many additional 
compounds

Selected compounds quantified 
in the aerosol from the EHTP, 
identified as harmful, potentially 
harmful, or major constituents



Object ive

Investigate the aerosol formation characteristics for realistic 
operating conditions of the EHTS as well as for relevant gas 
mixture compositions measured in the EHTP aerosol

• Determine from which compounds and at what operating conditions aerosol droplets 
are formed when the tobacco in the EHTP is heated. 

• The role of compounds resulting from evaporation, such as water, glycerol and 
nicotine, on the aerosol formation

• Evaluate the potential for  aerosol droplet nuclei formation from thermal degradation 
products alone, in the absence of any aerosol former
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MODELING AEROSOL FORMATION



• Computational Fluid Dynamics (CFD) with heat, mass and species transfer and aerosol 
formation and dynamics

• An extended Classical Nucleation Theory (CNT) for multicomponent gas mixtures

• Eulerian-Eulerian treatment of both gas and liquid (droplet) phases (both phases are 
treated as continua)

Modeling aerosol formation in an EHTP

Mass conservat ion

Mom ent um  conservat ion

Energy conservat ion

Transpor t  of  com pounds in gas phase

Transpor t  of  com pounds in droplet  phase

Transpor t  of  droplet  num ber  densit y
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Homogeneous nucleation 
according to the extended CNT nucleation

TemperatureSupersaturated vapors
with carrier gas

Nucleat ion rat e:

Boltzmann’s 
constant

surface tension

Saturation vapor 
pressureGibbs free 

energy

Temperature

Average growth rate

Zeldovich factor

mole fraction

‘monomer’ surface area

condensation 
rate

number of molecules of component i in a
critical (equilibrium) cluster

Different compounds 
have different saturation 
vapor pressure curves 
different nucleation rates
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SIMULATION CASES



Simulation geometry and 
estimated operating conditions

Sim ulat ion geom et ry

• One-dimensional with representative 
dimensions of geometric dimensions and 
cooling rates along the flow path

10 mm

Est im at ed operat ing condit ions

• Tem pera tu re  range  30°C – 350°C 
(controlled by electrical heater)

• Velocity range  in  the  p roduct e stim ated  from  a  Hea lth  
Canada  In tense  puff p rofile  (55mL puff during 2 seconds, 
every 30 seconds)

• Estim ated  cooling ra te s in  the  EHTP:

• Low cooling ra te : LCR = -2.2·104 K/s

• High  cooling ra te : HCR = -2.9·105 K/s
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Compound present in multicomponent gas mixture, but 
cannot contribute to the formation of aerosol droplets

CASE A CASE B

• All compounds except for air may contribute 
to the formation of aerosol droplets

• Masses assumed to be evenly distributed 
over all puffs and initially in the gas phase

• Same as case A, but compounds originating from 
the tobacco by evaporation, are treated as inert 
and cannot contribute to the aerosol droplet 
formation. 

Investigate if compounds generated from thermal decomposition of 
tobacco components can form aerosol droplets on their own, without 
the help of aerosol formers released from the tobacco by evaporation.

Chemical composition in cases



CASE B

Compound present in multicomponent gas mixture, but 
cannot contribute to the formation of aerosol droplets

• Represents ~1.5 times the total mass remainder 
reported by Labstat International ULC and omitted in 
the simulation cases A and B.

CASE C

50×

CASE D

100×

CASE E

500×

• Represen ts a  situa tion  where  a ll the  m ass of 
the  m inor com ponen ts appears during rough ly 
1/8 of the  dura tion  of a  single  puff of 2s. 

• Collected  m ass of the  m inor com pounds is 
a lm ost equa l to  the  m ass of wate r

• Extrem e  case  to  investiga te  the  sensitivity of the  
nuclea tion  p rocess and  to  e stim ate  the  like lihood  of 
ae rosol d rop le ts be ing gene ra ted  from  the  m inor 
com ponen ts withou t the  he lp  of an  ae rosol form er.

Chemical composition in cases
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Cases A & B
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Aerosol formation in cases A & B
Generat ed aerosol droplet s

No aerosol droplet s generat ed
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• Aerosol droplet nuclei are only 
generated in case A

• Only minor influence of cooling rate 
on nucleation in the EHTP

• An aerosol former (glycerol) is 
required to generate aerosol droplets



Glycerol is t he m ajor  
aerosol form er
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• Glycerol is the major aerosol former
• Only minor liquid mass fraction of 

other compounds in the nuclei 
generated by the glycerol

Liquid mass fractions in nuclei generated in case A
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According to the extended CNT, aerosol 
d rop le t nucle i cannot form  from  chem ica l 
com pounds poten tia lly de rived  from  the  
the rm al degradation  of tobacco com ponents 
during use  of the  EHTP

Aerosol formation in cases C-E
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CONCLUSIONS



• Aerosol form at ion in t he EHTP dur ing use when heat ed in t he Holder  (heat ing device) has been 
m odeled using an ext ended CNT for  m ult icom ponent  gas m ixt ures to investigate the aerosol 
formation characteristics for realistic heating operating conditions of the EHTP as well as for relevant gas 
mixture compositions of the EHTP aerosol

• Sim ulat ions show t hat  aerosol droplet s are form ed only by t he act ivit y of  an aerosol form er  being 
m ainly glycerol (evaporated from the tobacco plug when it is used as intended and heated by the Holder)

• According t o t he ext ended CNT for  m ult icom ponent  aerosols, an aerosol cannot  be generat ed 
f rom  t he m inor  com pounds of  t he gas m ixt ure alone at  t he com posit ions and operat ing 
condit ions t est ed, i.e. representative of EHTP use conditions, even if all minor compounds, potentially 
generated via thermal decomposition reactions, are released or generated in a single puff

Conclusions
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