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Modeling the influence of temperature on 

product distribution from biomass fast pyrolysis 

by the Monte Carlo method.
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► Degradation pathway: Transcription of a non-linear 1st order ODEs system into an expectation system3

• Working on complex degradation pathways related to the lumped or 

detailed models representing pyrolysis kinetics.

• Treating stiffness that represents one of the most challenging 

properties of chemical systems.

• Studying the thermal/kinetic coupling with the non-reactive biomass

in zero-dimension, or by considering the internal diffusion, and the 

reactive biomass model via a single Monte Carlo algorithm.
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Illustration of Monte Carlo simulation

►Study the effect of heat transfer on the 

distribution of pyrolytic products.

►Model pyrolysis kinetics of a biomass 

sample arrangement in a reactor by 

considering the thermal mechanisms of 

its environment and within it.

►Perform a thermal kinetic coupling in the 

system (reactor + biomass) through a 

formulation in path space and as nested 

expectations, using Monte Carlo 

simulation. 

► Heat equation: Thin and non-reactive biomass film1
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► Analytical solution:

Arrhenius law4, 𝒌𝒋 𝑻 = 𝑨𝒋𝒆
−𝑬𝒂,𝒋

𝑹𝑻 [𝒔−𝟏]

• Bio-oil resulting from fast pyrolysis of biomass is considered as a valuable ressource of chemicals,

• Process modelling requires to conduct biomass fast pyrolysis under kinetic-controlled regime.1

All calculations were performed with a sample size of 𝐍 = 𝟏𝟎𝟒

• Monte Carlo Integral Formulation can solve a system of non-linear 1st order 

ODEs and by default a system of linear 1st order ODEs .

• It is possible to estimate mass fraction or molar fraction via several and 

independent probe points calculations (Each point showed in the figure above).

• Thermal/kinetic coupling can be treated in the case of prescribed thermal model.

𝑪

𝑫

𝑻 𝒕 = 𝑻𝒄𝒖𝒑 + 𝑻𝟎 − 𝑻𝒄𝒖𝒑 𝒆−𝜸(𝒕−𝒕𝟎)

𝜸 =
𝑺𝑩𝑼𝒆𝒙𝒕

𝑽𝑩𝝆𝑩𝑪𝒑
𝑩

𝒅𝑿𝑨 𝒕

𝒅𝒕
= −𝒌𝟏 𝒕 𝑿𝑨 𝒕

𝒅𝑿𝑩 𝒕

𝒅𝒕
= 𝒌𝟏 𝒕 𝑿𝑨 𝒕 − (𝒌𝟐 𝒕 + 𝒌𝟑 𝒕 )𝑿𝑩 𝒕

𝒅𝑿𝑪 𝒕

𝒅𝒕
= 𝒌𝟐 𝒕 𝑿𝑩 𝒕

𝒅𝑿𝑫 𝒕

𝒅𝒕
= 𝒌𝟑 𝒕 𝑿𝑩 𝒕

𝑪𝒑
𝑩 𝑱.𝑲−𝟏. 𝒌𝒈−𝟏

𝝆𝑩 𝒌𝒈.𝒎−𝟑

𝑽𝑩 𝒎𝟑

𝑺𝑩 𝒎𝟑

𝑼𝒆𝒙𝒕 𝑾.𝒎−𝟐. 𝑲−𝟏

𝜸 [𝒔−𝟏]

Objectives 

𝑷𝒚𝑰𝑰 =
𝒌

𝜸
~ 𝟏𝟎𝟐 − 𝟏𝟎𝟒

𝒌𝟐 𝒕 + 𝒌𝟑 𝒕 = 𝒌𝒔(𝒕)

BDF6: Backward

Differentiation

Formula

MC: Monte Carlo 

1

∀ⅈ 𝝐 𝑨,𝑩, 𝑪 𝒐𝒓 𝑫 𝑿ⅈ 𝒕 = 𝔼 𝑾 𝝉 ≃
𝟏

𝑵
σ𝒌=𝟎
𝑵 𝝎 𝝉𝒌

How to estimate the solution of a first order linear kinetic equation using Monte Carlo simulation ?
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Illustration by random walkers Algorithmic illustrationFrom ODE to expectation formulation
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