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Abstract: Lithium has become a strategic scarce input in the economy. The 
basic aims of this paper are: firstly, to create the simple chaotic lithium price 
growth model. This model can generate stable equilibria, cycles, or chaos. Also, 
this model confirms the existence of the stable convergent fluctuations of the 
lithium price in the period 2020-2023. The golden ratio shows the equilibrium 
level of lithium price in the presented chaotic model.
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1.	 INTRODUCTION

According to Lozhnikov et al. (2024), up to 58% of estimated world lithium reserves are located 
in the so-called “lithium triangle”: Bolivia (21 million tons), Argentina (19 million tons) and 

Chile (up to 10 million tons). 

Restrepo et al., (2023) show that lithium prices (carbonate and hydroxide) have exhibited explosive 
dynamics (particularly in the periods: 2016-2018, and 2021-2022). 

According to Greim et al., (2020), lithium is an important input for: (i) the global „green“ energy 
transition towards low-carbon transportation and (ii) the energy sector. Nowadays, Australia, 
Chile and China together account for over 90% of global lithium production. 

Greim et al. (2020) state that China hosts 60% of the world’s lithium refining capacity for batteries. 
The lithium prices can generate the necessary investment in this input production.

Kindleberger and Aliber (2005) believe that it is possible that the existence of a lithium price 
“bubble” can generate the inefficient allocation of resources. 

Będowska-Sójka and Górka (2022) highlight that investors have the option to invest in lithium 
mining companies, noting the bubble-like behavior observed in lithium prices. They emphasize 
that while the transition to renewable energy is rapidly advancing, oil remains a significant energy 
source. Additionally, their findings indicate that the returns of lithium mining stocks generally 
exhibit a weak correlation with changes in oil prices.

Li et al. (2023) combine lithium real-time series data with Artificial Neural Networks (ANN) and 
Facebook Prophet (Fb-P) algorithms. The basic aim of this study is to forecast lithium mineral 
resource prices in China. 
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Gielen and Lyons (2022) emphasize that lithium is important to the “green” energy transition 
(rechargeable batteries for laptops, cellular phones, electric cars, ceramics, glass, etc.). It is expected 
that lithium prices will remain high. Australia and Chile dominate mining. Lithium mineral 
resources are concentrated in Argentina, Bolivia, Chile, and China. Battery-grade lithium car-
bonate and lithium hydroxide are important products in the context of the “green” energy transition. 
According to Gielen and Lyons (2022), battery lithium demand is projected to increase tenfold 
over 2020–2030. This is driven by the growing demand for electric vehicles. 

2.	 THE MODEL

The modified chaotic price growth model is applied in this paper (Jablanovic, 2022). The chaotic 
lithium price growth model is presented by the following equations: 

Dt = αPt – βPt 
2α > 0, β > 0	 (1)

St = γPt + δPt 
2γ > 0, δ > 0	 (2)

Pt+1 – Pt = ρ(Dt – St), ρ > 0	 (3)

Where P t – lithium price ; S t – supply function of lithium; D t – demand function for lithium; 
ρ - the adjustment coefficient ; α , β - the coefficients of the lithium demand function ; γ , δ - the 
coefficients of the lithium supply function.

(1) defines demand function for lithium; (2) defines supply function of lithium ; (3) determines the 
relation between the increase in lithium price and surplus of demand for lithium.

By substitution one derives:

Pt+1 = [1+ ρ(α-γ)]Pt – ρ(β + δ)Pt
2, α, β, γ, δ, ρ > 0	 (4)

The lithium price growth rate depends on the current lithium price, P, relative to its maximal size 
in its time series Pm. We introduce p as p = P/Pm. In this sense, 

pt+1 = [1+ρ(α-γ)]pt – ρ(β + δ)βpt
2 α, β, γ, δ, ρ > 0	 (5)

This model given by equation (5) is called the logistic model. 

The logistic map explains chaotic behavior. The map was popularized by the biologist Robert 
May (1976). 

It is possible to prove that the iteration process for the logistic equation (6)

zt+1 = πzt(1 – zt) , π ∈[0, 4], zt ∈ [0, 1]	 (6)

is equivalent to the iteration of the growth model (5) 

 and π = [1+ ρ(α-γ)]	 (7)
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Using (5) and (7) we obtain:

	

On the other hand, using (6) and (7) we obtain:

	

Li and Yorke (1975) and May (1976) analyzed the characteristics of the logistic equation (6).

3.	 EMPIRICAL EVIDENCE

The main aim of this analysis is to present the lithium price growth stability in the period December 
2020 – April 2023 by using the logistic model (8).

Figure 1. Lithium carbonate prices are held at CNY 100,000 per tonne
Source: Trading Economics (n.d.)

In this sense, 

pt+1 = πpt – υpt
2, π ∈[0, 4], υ > 0	 (8)

where: pt - lithium price, π = [1+ρ (α-γ)] , υ= ρ ( β +δ), ρ - the adjustment coefficient ; α , β - the 
coefficients of the lithium demand function; γ , δ - the coefficients of the lithium supply function.

It is supposed that the basic Elliott wave pattern exists in the period December 2020 - April 2023 
(see Table 1). The Elliot Wave Theory shows (Frost & Prechter, 2006) eight waves.
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Table 1. Lithium Price, December 28,2020-April 17, 2023 (unit: CNY/T )
December 28, 2020 43969.8

1 April 15, 2021 87939.7
2 August 02, 2021 86180.9
3 March 28, 2022 494221.1
4 May 09, 2022 459042.2
5 November 07, 2022 596231.2
A November 21, 2022 576884.4
B November 28, 2022 578643.2
C April 17, 2023 172361.8

Source: Trading Economics (n.d.)

Now the model (8) is estimated. The results are presented in Table 2.

Table 2. The estimated model (8): Lithium Price, December 28, 2020-April 17, 2023.
R=0.63287
N=8 π υ
Estimate 2.611670 1.982268
Std.Err. 2.408387 2.249974
t(5) 1.084406 0.881018
p-level 0.327682 0.418637

Source: Own calculations based on Trading Economics (n.d.)

Because π=2.611670, then lithium price convergent fluctuations exist. Namely, for 2 < π < 3 flu-
ctuations will converge to z = (π - 1 ) / π , or z = (2.611670 - 1 ) / 2.611670 , or 0.617, or 367874.65 
CNY/T in the observed period. The equilibrium lithium price exhibits the characteristics of the 
golden ratio (0.617) or 367874.65 CNY/T in the observed period.

4.	 CONCLUSION

This paper creates the chaotic lithium price growth model. This paper shows that the coefficient 
π = [1+ρ (α-γ) ] plays a crucial role in explaining the local stability of the lithium price, where, ρ 
is the adjustment coefficient; α is the coefficient of the demand function; γ is the coefficient of the 
supply function. The estimated value of the coefficient π is 2.611670. This result shows continuous 
convergent fluctuations of the lithium price in the observed period. In this sense, the equilibrium 
lithium price exhibits the characteristics of the golden ratio.
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