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Abstract 
The lithium carbonate, presents an increase in price and demand, however, there is not studies where an equation is proposed 

that allows modeling the Chilean exported behavior of the mineral. This study is put forward an equation that allows to model the 

lithium carbonate exports in addition to identify the most influence variables in the commercial exchange of that product between 

two countries, using the extended gravitational model. The estimated model is not consistent with the gravitational model theory. 

This is because lithium carbonate is a manufacturing input and the costs of transporting and importing do not influence the volume 

that is imported. This research has opened new study proposal; such as improve the lithium carbonate export estimation taking into 

consideration the problem of zero observations. 
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I.INTRODUCTION 
The world advances by leaps and bounds in the 

implementation of renewable energies in everyday use and 
that is where lithium is one of the main protagonists due to 
its application in batteries, especially with a view to electro 
mobility. As for reserves, Chile has an outstanding participation 
in this market with the 48 % of the world total (USGS, 2018) 
in the Salar de Atacama, which also has geological conditions 
and especially favorable climate for the production of lithium 
minerals. Within these conditions is its great extension, its low 
precipitation rate, its high temperatures, the low humidity in 
the environment, the presence of wind in the area, in addition 
to the high concentration of lithium, potassium and low lithium- 
magnesium ratio. The lithium carbonate, the main product 
lithium exported by Chile, presents a clear trend towards an 
increase in both price and demand, however, have not been 
documented studies where an equation is proposed to allow 
modeling the export behavior of the mineral. According to this 
and given the importance of lithium carbonate, this study aims 
to propose an equation, through a descriptive, exploratory and 
empirical study, which allows to model the exports of lithium 
carbonate, in addition to identifying the variables that most 
influence in the commercial exchange of said product between 
two countries. 

To meet the objective, the gravitational model is 
proposed, estimating lithium carbonate exports using static 
and dynamic panel data. Finally, a section of conclusions is 
added where we proceed to interpret the results obtained 
in the modeling, both general and specific for each of the 
resulting significant variables. There are no articles with this 
methodology in Chilean literature. 

2. World Resources and Reserves of Lithium 
The United States Geological Survey (USGS) (2017) has 

estimated a total reserves of 15,556 tons of lithium, within a 
resource universe of 47,000,000 tons. Chile ranks third in the 
amount of lithium resources, with a total of 16%, placing itself 
behind Bolivia and Argentina that own 19% of the total planet. 
However, when talking about lithium reserves, Chile tops the 
ranking with 48% of total, followed by Argentina with 14% and 
Australia with 11% (COCHILCO, 2017). 

The mining reserves according to Codelco (2016) 
“represent the subset of the mineral resource measured and 

indicated and that is removable according to a technically and 
economically sustainable mining plan, inserted in a productive 

scenario”. According to the above mentioned and applying it to 
the lithium scenario, the reserves are defined by various factors 
such as climate, geographical location, lithium concentration, 
salary extension, among others. Table 3 describes the variables. 

In Table 4 you can compare different salt mines around 
the world organized from highest to lowest lithium content. The 
data allow us to understand the magnitude of the operations 
of these salt flats and infer part of the reasons why, in some 
salt flats, a lithium extraction project has not been developed 
from the brines present there. Currently, Chile›s production is 
clearly focused on the Salar de Atacama which, according to 
table 4, presents the best conditions, both geological, climatic 
and geographical for brine extraction and salt production. Its 
3,000 square kilometers of extension make it one of the largest 
salt flats in the world with lithium content. In addition, there is 
a greater concentration of lithium and potassium in the sector, 
which allows obtaining brines rich in lithium, in addition to 
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the parallel production of potassium salts. Also, the amount 
of magnesium compared to that of lithium represents an 
approachable relationship when obtaining the product of 
interest, without making the process too expensive. 

On the other hand, the climate present in the solar; 
considering solar radiation, air humidity, wind currents and 
temperature conducive and a good evaporation rate, which, 
together with low rainfall, 27.8 mm. annual present in the area, 
has one of the place most favorable worldwide to define the 
path of preparation by solar evaporation. Finally, its location 
geographical ends up making the Salar de Atacama the best 
place for the extraction of lithium and it is located relatively at 
low altitude and at only 270 km. from the port of Antofagasta, 
making it easily accessible. The conditions mentioned above 
allow the cost of production of lithium carbonate in the Salar 
de Atacama to present lower operational costs compared to 
other salaries in the world, increasing the profit margin. It is 
worth mentioning the other salt flats present in Chile, which, 
although they do not have the same characteristics as the 
Atacama room, have conditions that merit further studies to 
evaluate the feasibility of lithium extraction from their brines. 

 
2.1 To Extraction process from lithium brines 

Extraction of the important sources of lithium extraction 
are brines, which are particularly important for South America 
and that the known «triangle lithium» is composed of areas 
rich in brines with high concentrations of this element. This 
concept of the lithium triangle, plotted in Figure 2, covers part 
of Argentina, Bolivia and Chile and contains the largest lithium 
reserves worldwide. 
2.1.1 Pumping and evaporation 

The specific process applied in Chile begins with the 
extraction of the brine from an approximate depth of 30 
meters towards the surface by means of pumps. Brines with 
approximately 0.23% lithium are sent to solar evaporation 
wells, where after several stages, a concentration of approx. 
5.8% lithium. This operation takes approximately one year 
(González, 2000). 

The extraction of lithium by solar evaporation has a fairly 
simple and low-cost operation, but it also has many technical 
requirements and can present many problems. For a correct 
operation you need large areas of flat land for the construction 
of the pools, in addition to the necessary conditions to 
evaporate the water from the pools. 

The evaporation rate is controlled by solar radiation, air 
humidity, wind and the present temperature, therefore, these 
variables influence the size of the pools, the final concentration 
of the brine, the cost of the pools and their operation and in 
the treatment of the final brine. 

To have a better cost-effectiveness ratio, the pools should 
be divided into segments to maximize the evaporation rate (the 
rate decreases as the concentration in the brine increases), so, 
ideally, in each pool crystallizes a different salt that must be 
removed periodically without disturbing the entire system, 
that is, without affecting the precipitation process. 

Other important aspects when designing evaporation 
pools are to consider a gravitational flow from one pool to 
another to optimize energy expenditure; protect the edges 
of the pools against erosion caused by brine waves; and 
most importantly, create a leak-free solar protection system. 
The pools are built on the salt flat with a layer of fine gravel 

and clays, and then covered with a 0.5 mm waterproof PVC 
membrane of thickness. Then, above all this, a special layer is 
installed that protects from tillage machinery and the action of 
ultraviolet rays (Garret, 2004). During the evaporation process, 
Halita (NaCl+CaSO4*2H2 O) precipitates first, then Silvinita (which is 
sent to the potassium chloride plant, then Carnalita (NaCl+ KCl) 
and finally Bischofita (KCl*MgCl2*6H2O) precipitates.  In 
addition, Lithium Carnalite (LiCl*MgCl2*6H2O) can precipitate, 
which it is recovered by drainage, repulping and subsequent 
washing with saturated. (Gonzalez, A., 2000). 
2.1.2 Chemical plant 

The product, from evaporation pools with approximately 
5.8% lithium, is sent to the chemical plant where Mg is removed 
to obtain a brine with approximately 6% lithium. To reach the 
final product is added in hot, causing precipitation, which is 
filtered and dried in rotary kilns for battery grade, having a purity 
of 99.5% (Albemarle, 2014), the minimum required by the market 
99.1% (Ministry of Economy and Public Finance of Argentina, 
2011). 

In parallel, the metal lithium industry requires as a raw 
material with low Boron content. This is why before sending it to 
the chemical plant, a process that reduces the boron content to 
10 ppm is applied. The process consists in purifying the brine by 
removing the boron for a subsequent manufacture of boric acid. 
2.2 Lithium World Market 

This chapter details the main producers of lithium carbonate 
worldwide, describes part of the history of the two companies 
that currently produce lithium carbonate in Chile, in addition to 
presenting exports of other lithium-derived compounds and the 
most important buyers. Finally, the income generated by lithium 
to the national economy is presented. 
2.3 Global Lithium Reduction 

Currently, worldwide lithium production is based on the 
extraction by the two routes mentioned above. Argentina, Bolivia, 
Chile, China and the United States are carrying out developments 
for the extraction of lithium from brines, while Australia, Austria, 
Canada, China, Spain, Finland, Mali, Portugal and the Czech 
Republic are developing profitable mineral extraction techniques 
from espodumeno (USGS, 2018). The world market, as indicated 
in table 5, is mainly led by four actors: Australia, Chile, Argentina 
and China. 

As can be seen, Australia increases its production 
significantly from 2016 to 2017, moving from second place to 
being the world leader in lithium production. For its part, Chile, 
who was the world›s largest producer until 2016, shows a slight 
decline. 

In this way, the aforementioned data help to represent the 
worldwide distribution of world lithium production in 2017. 
2.4 Production of Lithium in Chile 

As of 1979, by decree of law N 2. 886, the lithium is 
reserved for the State of Chile with two exceptions: it did not 
extend to existing belongings and that had a written record of 
measurement; or that were in process for the year of publication 
of the decree of law. 

In 1982, Organic Law No. 18.097 on mining concessions 
was published, followed by Law No. 18.248, corresponding 
to the Mining Code of 1983, which maintained the reserve of 
lithium in favor of the State of Chile and ratified that Lithium is 
not susceptible to mining concession, except for those already 
established prior to the date of publication of Decree No. 2,886. 
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At the time of entry into force of Decree No. 2,886 CORFO has a 
total of 59,820 mining belongings in the Salar de Atacama. 

Chile has four commercial products based on lithium: lithium 
carbonate, lithium chloride, lithium hydroxide and lithium brines. 
The following graph details the production of Chile according to the 
type of compound between 2009 and 2016, where the decreases 
may be due to the economic crises of 2009 as occurred in Europe 
during 2013-2014. As an interesting observation, it is appreciated 
that lithium production, although it has highs and lows, always 
tends to increase. 

Clearly, much of the Chilean lithium production in recent 
years corresponds to lithium carbonate, in fact, it is the only 
compound where exports over the years have a behavior clearly 
similar to that of total production, therefore, it is the one who 
marks the trend behavior. However, although production has been 
variable within the years, lithium carbonate has a clear tendency 
to increase within the country›s global productions, as shown in 
table 6. 

According to the data of the Chilean Copper Commission 
(COCHILCO), the countries that stand out in the acquisition of 
lithium carbonate (Chile›s main export product based on lithium) 
are historically: South Korea, Japan, China, Belgium, United States 
and Germany. As Figure 5 shows, lithium carbonate produced in 
Chile is mainly destined to countries in the Asian continent, which 
according to Figure 6, have a clear tendency to increase investment 
to acquire the lithium ore produced in Chile. 

2.5 Revenue from exports of lithium carbonate 
Fig. 7 shows the large amount of income from lithium 

carbonate compared to the other products derived from the same 
element. 

Table 7 shows the evolution of total lithium carbonate 
exports between 2005 and 2016, in addition to the thousands 
of dollars exported in each year for the sale of the product. With 
these data, the mathematical relationship is made to obtain the 
average value is FOB (up to Chilean port) through the years 2005 
to 2016. 

In Figure 8, it is displayed how Chilean exports not depend 
on the value of FOB lithium carbonate. In addition, it is observed 
how lithium carbonate has a tendency to increase its value over 
time, especially during the last 3 years. The great increase in value 
that the product has had is remarkable, since, according to table 
7, the FOB value of lithium carbonate has increased more than 3 
times in only 11 years and, in addition, the year 2016 has increased 
by 42% in relation to the value it had in 2015. 

In the same way and according to the data presented by 
COCHILCO (2017), the distribution by total export amount of 
lithium carbonate according to destination country is found in 
Figure 9. 

Through data tonnes of lithium carbonate exported in 
2016 and amounts and exports in thousands of dollars in 2016 
corresponding to that product, it may be realizer an estimate of 
the price of selling ton of lithium carbonate to the most important 
buyers. When analyzing Table 8, the relationship between the 
amount of lithium carbonate exported and the thousands of dollars 
obtained from said commercial exchange, since the countries that 
most buy Chilean lithium carbonate, are not precisely those who 
pay a lower unit price per the China, which is the second buyer of 
lithium carbonate, in 2016 paid 89% more than Germany, which 
only acquires about a quarter of what the Asian country acquires. 

together with the growing demand, has led to this mineral 
becoming increasingly protagonist within the national 
economy, reaching to represent 1.2% of the country›s income 
in 2017, surpassing exports of non-mining products such as 
avocados and closely following the total produced by meat 
exports, as shown in Figure 10. 

3. Model and Estimation 
This research uses an extended gravitational model, 

using pool and static panel data with fixed, random and 
dynamic effects (Arellano-Bond and Arellano-Blundell), in 
order to analyze the variables that affect the export of lithium 
carbonate between the years 2005 and 2016. This model 
refers to Newton›s model that relates the attraction between 
two bodies according to their masses and the distance that 
separates them, where the attraction is proportional to 
the masses of the bodies and inversely proportional to the 
distance that separates them. In its economic version, the 
masses are replaced by the size of each country›s economy, or 
gross domestic product (GDP), while the separation distance 
is an estimate of transportation costs. The character of 
«extended» is given because in addition to GDP and distance, 
more variables are added that can influence when exporting 
lithium carbonate. 

The first authors who use the gravitational model to 
analyze international trade were Tinbergen (1962), Pöyhönen 
(1963) and Linnemann (1966). In the studies of Anderson 
(1979), Bergstrand (1985) and Helpman and Krugman (1985), 
gravitational equations are derived from international trade 
models based on product differentiation and yield on an 
increasing scale, and theoretical support was provided 
rigorous. Mátyás (1997), Cheng and Wall (1999), Bayoumi 
and Eichengreen (1998), Breuss and Egger (1999), and Egger 
(2000) provide econometric specifications. In recent decades, 
the extended gravitational model is one of the models that 
has been most used to analyze the flows of international 
trade, migration or foreign investment, due to its properties, 
its theoretical and empirical support, and its flexibility and 
adaptation to different regional realities or to that of a 
particular country. 

This work includes the 14 most important countries 
in the export of Chilean lithium carbonate, these countries 
are: China, South Korea, India, Japan, Thailand and Taiwan 
(considered separately from China due to its complex political 
relationship with that country), corresponding to Asia; 
Germany, Belgium, Spain and Italy of Europe; Canada and the 
United States of North America; Mexico of Central America; 
Argentina from South America. To select these countries, 
those that do not have more than five observations or 0 
regarding the importation of lithium carbonate by Chile are 
considered within the study period. Exports to these countries 
represent 99% of lithium carbonate exports within the study 
period (2005-2016). The simplest form of this equation, which 
seeks to determine the trade between two countries (i, j), is 
given by equation 1: 

E   Y (1 )Y (2 ) D j(3 ) 

where it Y
i 
represents the GDP of the exporting country, 

Y represents the GDP of the importer and D is the distance 
j ij 

The increase in the production of lithium by Chile, added 
to the rise in the price of the element and its associated minerals, 

between the two countries. According to the theory, GDP is 
directly proportional to trade between countries, while the 
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distance is inversely proportional. Indices α
0
, α

1
, α

2 
and α

3 
are 

unknown parameters. In order to eliminate the heteroscedasticity 

present in the sample and according to commercial literature, the 

variables are expressed in natural logarithm. 

The estimation strategy to model equation (1) is to use 

a methodology that allows considering the dynamic effect of 

lithium carbonate exports. The importance of using this kind of 

methodologies is that it makes it possible to obtain long-term 

elasticities that take into account the autoregressive effect 

derived from the presence of some continuity in the export 

markets between Chile and the countries of study: once the 

commitments between the parties and export begins, generally 

these commitments remain in force for several years (Perroti, 

2015). Because the estimators of ordinary least squares, fixed 

effects and random effects are biased and inconsistent for 

this type of model (Baltagi, 1995), together with the fact that 

Chile›s export behavior is dynamic and fluctuating according to 

Fuenzalida-O›Shee , Valenzuela-Klagges and Corvalán-Quiroz 

(2018) is estimated according to the Arellando method. According 

to the above, the following model is determined: 

Where it β
0 

is a constant for each pair of merchant countries, 

it(E
ijt-1

) is the first delay of the dependent variable and (E
ijt-2

) is the 

second delay of the same. Further: they represent the exporting 

country, the importing country and the year, respectively; 
i,j y t represents the export flow from country i to country j; 

-The conversion factor of the purchasing power parity of a 

country and the market exchange rate has been added because 

it represents the amount of units of a national currency that 

are required to acquire the same amount of goods and services 

in the country. national market that could be acquired with 

United States dollars in that country. Therefore, it matches the 

economies of the pairs of countries under study to the same 

unit. 

-The export of high-tech products refers to the export of 

products made with high standards of research and development, 

such as products from the space, computer, pharmaceutical, 

scientific instruments and scientific machinery industry. 

This variable has been studied only in the case of the 

exporting country, Chile, since the lack of data for the Republic 

of China, Taiwan, does not allow it to be applied to importing 

countries. The results obtained from the estimation using the 

Arellano-Bover / Blundell-Bond model with two delays are 

presented in Table 9. 

Note 1: Values with heterocedasticity and corrected 

endogeneity. 

Note 2: Level of significance: *** = 0% error;** = 0% <P ≤ 

2.5%;* = 2.5% <P ≤ 5% 

Note 3: The values in parentheses represent the error 

standard. 

E
ij 

it is the gross domestic product of country i and j, 
According to the data obtained, the proposed model is 

expressed as follows for the years 2005-2009 and 2013-2014: 
respectively; 

γ it is the maritime distance between country i and ln(E )  39,64  0,42ln(E )  0,22ln(E ) 1,56ln( ) 
(i,j) 

country j in kilometers; ijt ijt1 ijt2 it 

 

ε
ij
 represents the sale price to country j; 2,02ln(ij )  0,69ln jt  0,57ln jt 1,27lnit ijt 

θ
j 

is the price for exporting (i)/importing (j) a 20 foot 

container in US dollars; In addition, for the years 2010, 2011 and 2012 a value of 

μ
(i,j) represents the relationship between the conversion 0.61 must be added, while for the years 2015 and 2016 a value 

factor of the purchasing power parity of country I, j, and the 

market exchange rate; 

τ
(i,j) 

it is the index of perception of corruption in country i, j; 

φ
(i,j) 

represents the democracy index of the exporting and 

importing country, respectively; 
υ

(i,j) 
It represents exports of high-tech products from 

the exporting country, Chile, in year t. In addition, equation (2) 
includes dummy variables represented by (∑

k
ϕ

h
P

ij
), those that 

take a value of 1 in case they apply for that country / period and 

0 in case they do not. 

In the estimations all the aforementioned variables were 

considered, however, during the estimation process the variables 

that do not present statistical significance within the model are 

discarded. According to the above, the variables that have shown 

a significance within the model are described in detail: 

-L distance between countries considered for the model 

is given by the sum of 0.94 km. corresponding to the distance 

between the square of Antofagasta and the port of the same city, 

plus the maritime distance between countries and the distance 

between the port and the capital of the country of destination. 

-The price for importing container corresponds to the value 

that each country must pay to make a 20-foot container enter the 

national territory. The price varies according to each importing 

country and according to each year. 

of 0.49 must be added. 

An obtained time or the model, it verifies their efficiency 

by replacing the data in the equation and comparing the result 

with actual exports and s. The first graph, figure 11, shows the 

result of said exercise having all the data in natural logarithm. 

The previous figure shows a very close behavior between 

the export values in natural logarithm, real with estimates using 

the equation. El 2007 has a high error compared to other years 

due to the influence of values 0 (zero) as mentioned by Santos 

and Tenreyro (2006). An exports for 2005 and 2006 cases arise 

where there is no documented export which means the delay 

effect strongly affect the year 2007. By excluding said year and 

calculating the average error, 0.84% is obtained. However, if 

this exercise is replicated to tons values and not in logarithms, 

a significant increase in the estimation error is observed, as can 

be seen in Figure 12. When calculating the average estimation 

error, excluding the year 2007, a significant increase is observed, 

reaching a percentage of error of 34%. This is due to the fact 

that, as expressed by Santos and Tenreyro (2006), the data 

considered as 0 in the study, cause a decrease in the coefficients 

of the equation generating an estimate with a similar behavior, 

but with much smaller values. 
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Table 1. Observations lithium in nuclear fusion reactors 

 

AUTHOR (ES) YEAR OBSERVATIONS 

World Nuclear Association 2017 “Lithium-7 has two important uses in nuclear energy today and 
tomorrow due to its transparency relative to neutrons. As hydrox- 
ide it is necessary in small quantities for safe operation in the 
pressurized water reactor (PWR) cooling systems as a pH stabi- 
lizer, to reduce corrosion in the primary circuit. As fluoride, it is 
also expected to have a much higher demand in molten salt reac- 
tors (MSR).” 

National Lithium Commission (Chile) 2014 “The CChEN watches over the nuclear interest of lithium in a 
long-term perspective, authorizing each producer in a restricted 
way the amount of lithium equivalent to commercialize and con- 
trolling that the destinations are not producers of the isotope, of 
main interest in the generation of tritium.” 

Chilean Copper Commission (COCHIL- 
CO) 

2013 “Regarding the nuclear interest, lithium has been considered as 
a fundamental material for the development of nuclear fusion re- 
actors, whose future is still uncertain and in full stage of research 
and development. There is still no certainty if it really is a viable 
source of energy for mass consumption and when it might be ex- 
pected to be commercially used. However, it is estimated that only 
in the second half of this century would the construction of the 
first commercial reactors begin, which could eventually cause a 
temporary narrowing of the lithium supply.” 

Table 2. World lithium reserves. 

 

Market Stall Country Reservations (ton) Percentage (%) Total 

1. Chile 7,500.000 48.18 

2. China 3,200.000 20.56 

3. Argentina 2,000.000 12.85 

4. Australia 2,700.000 17.35 

5. Portugal 60.000 0.39 

6. Brasil 48.000 0.31 

7. US 35.000 0.22 

8. Zimbabwe 23.000 0.15 

 Total 15,566.000 100.00 

Table 3. Key factors in the viability of a salary. 

 

Variable Effect 

Lithium concentration Decide on the amount of lithium recoverable salts. 

Salt area The extent of a salt determines the amount of brines available. 

Potassium concentration Potassium is a co-product of lithium extraction and increases 
the profit margin, lowering operational costs. 

R elation between magnesium and lithium A higher concentration of magnesium increases the consumption 
of lime to precipitate Mg and / or when a greater surface area 
of solar evaporation is required to concentrate the magnesium 
salts and separate them by crystallization, making the recovery 
of lithium more expensive. 

Weather An arid climate is required for the use of solar evaporation as an 
extractive method; that is, the precipitation rate must be much 
lower and the evaporation rate higher. 
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Fig. 1 Distribution of world lithium reserves 

Table 4. Comparison of major salt factors in the world. 

to Salt country Li (ppm) K (ppm) Mg / Li Evaporation 
(mm / y) 

Surface 
(km2) 

Height 
(masl) 

Atacama Chile 1,500 18,500 6.4 3,700 3,000 2. 300 

Large Grasses Bolivia 1,033 7,766 2.2 1,500 100 4,200 

The island Chile 860 3,170 5.1 1,000 152 3,950 

Maricunga Chile 800 7,480 6.6 1,200 145 3,760 

Salinas 
Grandes 

Argentina 795 9,547 2.7 2,600 212 3,450 

Olaroz Argentina 690 5,730 2.4 2,600 120 3,900 

Dead man Argentina 690 6,100 1.4 2,775 600 4,300 

Zhabuye China 680 s / a 0.001 2,300 243 4,420 

Flint Chile 400 4,200 8.7 1,200 335 3,370 

Caucharí Argentina 380 3,700 2.8 2,600 350 3,950 

Uyuni Bolivia 350 7,200 19 1,500 12,000 3,650 

Corner Argentina 330 6,200 8.5 2,600 260 3,700 

Silverpeak USA 230 5,300 1.5 900 80 1,300 
 

Fig. 2 Lithium triangle 
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Table 5. World production of lithium (tons) 

 
 2016 2017 

AUSTRALIA 14000 18700 

CHILE 14300 14100 

ARGENTINA 5800 5500 

CHINA 2300 3000 

ZIMBABWE 1000 1000 

PORTUGAL 400 400 

BRAZIL 200 200 
 

Fig. 3 Distribution of world lithium production in 2017 

 

 

 
Fig. 4 Chilean production by compound 2012-2016 

Table 6. Percentage of lithium carbonate in the global production of Chile. 

Year Lithium products (tons.) Lithium carbonate (tons.) % of lithium carbonate in total 

2009 30,538 25,154 82.4% 

2010 52,851 44,025 83.3% 

2011 69,597 59,933 86.1% 

2012 71,594 62.002 86.6% 

2013 60,646 52,358 86.3% 

2014 62,253 55,074 88.5% 

2015 56,375 50,418 89.4% 

2016 78,182 70,831 90.6% 
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Fig. 5 Exports of Chilean lithium carbonate according to destination country (2016) 

 

Fig. 6 Exports to South Korea, China and Japan 

 

Fig. 7 Exports in thousands of USD according to lithium products (2012-2016) 

Table 7. Evolution of FOB value lithium carbonate (2005-2016). 

Year Exports (ton) Exports (thousands of usd) Fob value (usd/ton) 

2005 41831.54 90371.2 2160.4 

2006 38680.50 120975.8 3127.6 

2007 41125.26 187399.5 4556.8 

2008 42585.72 223364.1 5245.0 

2009 22443.20 114801.5 5115.2 

2010 40895.76 174315.5 4262.4 

2011 48247.84 204160.6 4231.5 

2012 55899.29 247019.6 4419.0 

2013 47593.94 225917.1 4746.8 

2014 49467.30 228634.1 4621.9 

2015 49611.18 245128.8 4941.0 

2016 65163.17 457223.9 7016.6 
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Fig. 8 Exports of lithium carbonate v/s FOB value 

 

 
Fig. 9 Distribution by total amount of lithium carbonate exported by country of destination (2016) 

Table 8. Estimated sales price per ton exported of lithium carbonate to each country in 2016. 

 Tons of lithium carbonate Usd millions Fob lithium carbonate price (usd / ton) 

SOUTH KOREA 17,476.2 119.6 6844.3 

CHINA 13,610.4 113.8 8359.2 

JAPAN 13,303.4 87.2 6552.5 

BELGIUM 10,192.4 78.2 7676.5 

U.S 3,916.3 22.0 5629.1 

GERMANY 3,381.5 14.9 4421.0 

 

 

 
Fig. 10 Participation of lithium in exports from Chile 2017 
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These variables are as follows: 

language Common language between countries i, j; 

EU Countries that make up the European Union. Those present in this work are: Germany, Belgium, 
Spain and Italy. 

naphtha Countries belonging to the North American free trade agreement: USA, Canada and Mexico. 

Argentina Commercial exchange between Argentina and Chile. 

free_com Countries with which Chile has free trade agreements and that do not belong to any of the above 
categories: China, South Korea and Thailand. 

t1 Temporal variable that represents the years 2005-2006. 

t2 Temporal variable that represents the years 2007-2008. 

t3 Temporal variable that represents the year 2009 (economic crisis). 

t4 Temporal variable that represents the year 2010. 

t5 Temporal variable that represents the years 2011-2012. 

t6 Temporal variable that represents the years 2013-2014. 

t7 Temporal variable that represents the years 2015-2016. 

Table 9. Dynamic panel data results. 

 

Variable Dynamic panel data 

Ln (Exp-1) 0.42 *** (0.08) 

Ln (Exp-2) 0.22 ** (0.07) 

Ln (export GDP) -1.56 ** (0.59) 

Ln (distance) 2.02 *** (0.56) 

Ln (import container price) 0.69 ** (0.21) 

Ln (importer change) 0.57 * (0.28) 

Ln (high technology export) 1.27 *** (0.27) 

2011-2012 0.61 *** (0.10) 

2015-2016 0.49 *** (0.12) 

Constant -39.64 *** (6.82) 

Number of observations 138 

 

 
Fig. 11 Real exports, under natural logarithm v/s model and stimulated, under natural logarithm. 
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4. Conclusions 

Fig. 12 Real exports v/s model exports 

goods with high technology, the greater the exports of lithium 
To model the exporter behavior, conform to a database 

with variables that could be significant in trade between the 
two countries; the correlation between variables is checked; 
multicollinearity and heterodasticity. After checking the 
database was carried out to estimate data by static panel fixed 
effect and random, then by test Hausman check which one is 
the most suitable. Then it was carried out to estimate dynamic 
panel data with two delays. Finally, the efficiency of the model 
is verified, comparing the real behavior with that estimated by 
the equation. As for the empirical results, it can be concluded: 
• Variables not significant: GDP importer selling price of 

one ton of lithium carbonate price per container exported 
from SDE Chile, the actual change in the exporting country, 
the index of perception of corruption in both countries 
(exporter, importer), the Democracy index of the countries 
under study. 

• Significant variables: Export of the previous year, export 
of two years ago, GDP of the exporter, distance between 
countries, price for importing container according to the 
country, the real exchange rate of the importer and the 
export of high technologies. 

The GDP of the exporter has a negative coefficient, which, 
together with the positive coefficient of the distance between 
countries, makes that theoretically proposed by the gravitational 
model is not fulfilled because the higher the Chilean GDP, the 
less lithium carbonate it is exported and the greater the distance 
the importing country is, the more lithium carbonate exports 
are made . It is not the first time that this behavior has been 
observed in Latin America, for example, in the study carried out 
by Ovando, Canales and Munguía (2017), Colombia and exhibits 
similar behavior, importing more from countries with greater 
geographical distance. 

Being the distance and cost coefficient for importing 
positive and significant containers , it is appreciated that buyers 
of lithium carbonate are willing to pay for the transportation 
and logistics needed to obtain this good. This is due to the fact 
that lithium carbonate is a manufacturing input and the costs 
of transport and import of lithium carbonate do not influence 
the volume that is imported proving that, in their formulation 
and evaluation of projects, importers consider a lot it is more 
profitable to acquire this good, assuming all transportation costs, 
rather than looking for a substitute with lower transportation 
costs. It should be remembered that the main lithium exporters 
are countries that generate manufacturing with high volumes 
and / or technology such as South Korea, Japan and China. 

The coefficient of high-tech exports is presented as 
positive, so it is concluded that, the greater the export of 

carbonate. Theoretically it is correct, since the exports of 
industrial products are fundamental for the economic growth of 
the countries (Herzer and Nowak-Lehmann, 2006). In addition, 
the positive nature of this coefficient makes it interesting to 
study the possibility of adding value to lithium carbonate. 

The fact that the corruption index variables, together with 
the democracy index do not present significance in the model, 

should not be a reason to infer that Chile’s political stability 
does not affect exports since, these variables do not measure 

stability The country’s economic stability and its logistic stability, 
only measures aspects of institutional quality. For example, 
China has a precept of medium-high corruption, however, since 
2014 it has been leading the Lloyd’s List ranking of the 100 
ports that mobilize more containers worldwide. Given this, it is 
recommended for future research to include a logistics indicator 
within the estimation variables, although for Latin American 
studies this indicator is scarce and is presented discontinuously. 

Finally, the significance of the export years shows the 
recovery effect of lithium carbonate after a crisis. Presenting a 
recovery of the economic crisis of 2009 during the years 2010, 

2011 and 2012, to repeat the effect in the years 2015 and 2016, 

after the global recession of the year 2014. 
The time taken to carry out this investigation has not made it 
possible to carry out a method to handle the zero observations 
within the sample. It is recommended that another study be 
carried out where some of the strategies mentioned during this 
work are applied in order to mitigate their impact and obtain 
more precise estimates. 
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