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Fertilizers and crop nutrition play a key role in fulfilling the United Nations Sustainable Development 
Agenda. Brazil is the world’s fourth largest consumer of fertilizers. Between 1998 and 2018, the apparent 
consumption of potash fertilizers (in terms of K2O content) almost tripled, while the production of 
potassium chloride decreased in Brazil. Two important projects (Carnalita and Autazes) are still in the 
design phase, and there is considerable uncertainty surrounding them. Potassium producers located 
in Canada, Russia and Belarus have competitive advantages when compared to Brazil. The aim of 
this paper is to make a strategic diagnosis of the potassium fertilizer industry. The major variables that 
characterize the status of the Brazilian fertilizer industry could be identified, on the basis of data collected 
from annual business reports, reports from consulting firms, government websites, books, newspaper 
articles, sectoral studies and scientific articles. This paper concluded that, after detection of the current 
fragility of this sector, which is essential to the agribusiness production chain, public policies have to be 
formulated with a view to boosting this industry, based on the competitive advantages related to proximity 
to the Brazilian consumer market. However, there are disadvantages, namely, access to raw material, 
the need for infrastructure development and entry barriers caused by factors of scale and idle installed 
capacity in the major global players.

The strategic diagnosis of the potassium fertilizer industry in Brazil

1. Introduction

Fertilizers are essential chemical compounds for 
agricultural activity (IFDC and UNIDO 1998; Lapido-Loureiro 
et al. 2008; IFA 2020a). Fertilizers and crop nutrition play a 
key role in achieving Goal 2 of the United Nations Sustainable 
Development Agenda (Zero Hunger and Sustainable 
Agriculture), as they contribute 50% of the world’s food 
production (IFA 2020a; United Nations 2020). Furthermore, 
fertilizers can increase CO2 sequestration in the soil - 
increasing biomass yield (Hijbeek et al. 2019) and avoiding the 
expansion of the planted area (Burney et al. 2010; IFA 2020a).

Brazil is the world’s fourth largest consumer of fertilizers, 
but its imports - as a percentage of its total consumption of 
NPK - have increased from 32% in 1988 to over 80% in 2019 
(Farias et al. 2020). Between 1998 and 2018, the apparent 
consumption of potassium fertilizers increased (in terms of 
K2O content) by more than 250% in Brazil. However, in the 
same period, the production of potassium chloride (the main 
potash fertilizer in Brazil) remained stable, with a downward 

trend over the last 10 years (CETEM 2020). In 2019, NPK 
imports exceeded 9 billion dollars. Out of these 9 billion, 
approximately 3.5 billion referred to imports of potassium 
fertilizers (COMEXTAT 2020).

Potassium is involved in several metabolic processes. 
In plants, it is involved in enzymatic activation, osmotic 
control of water balance, and production and breakdown of 
carbohydrates (Nascimento and Lapido-Loureiro 2004). 
Potassium-deficient plants have reduced ability to use soil 
water, which decreases their ability to absorb other nutrients. 
Potassium is known as a quality nutrient, owing to its influence 
on macroscopic aspects of plants, such as size, shape, color 
and flavor. (Gomes et al. 2008).

This paper aims to make a strategic diagnosis of the 
Brazilian potash industry to check for possible threats and 
opportunities regarding the production chain of this essential 
input to the Brazilian agricultural activity, in order to provide 
public policy makers with valuable information. The points 
discussed in this diagnosis will serve as a source of information 
for the construction of prospective scenarios for this industry 
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in further research. Prospective scenarios are combinations 
of discrete variables, called events, which describe several 
possible futures. Each event transforms a strategic issue into 
a discrete variable as a function of the organization’s strategic 
decision-making values (Grumbach et al. 2020). In this 
context, to explore and characterize the major variables that 
compose the Brazilian potash fertilizer industry, a strategic 
diagnosis needs to be made of the system in question. 

2. Method

Underpinned in the specific literature on the construction 
of strategic diagnoses (Porter 1998; Bain and Company 2014; 
Bain and Company and Gas Energy 2015; Grumbach et al. 
2020; Marcial and Grumbach 2008), this analysis deals with 
issues regarding: companies that make up the sector - market 
structure; in-depth description of production at the location/
company/factory level; profile of organizations; economic 
situation of organizations; scale of plants and investments 
required for expansion of production; domestic market and 
foreign trade; access to raw materials; level of technology 
mastery. For comparative purposes, this diagnosis also 
addresses some topics relative to this industrial sector in a global 
context. Such information was collected from annual business 
reports, reports from consulting firms, government websites, 
books, newspaper articles, sectoral studies, scientific articles, 
etc. Variables were explored if their respective future behavior 
was likely to favorably or unfavorably affect the Brazilian 
industry of potassium fertilizers somehow. Moreover, this 
diagnosis prioritized variables internal to the Brazilian potash 
fertilizer industry, preferably the ones related to production 
factors and the strategy/structure/rivalry of companies.

3. Results and Discussion 

3.1. Companies that make up the sector: 
market structure

Between 1998 and 2018, the apparent consumption of 
potassium fertilizers (in terms of K2O content) almost tripled. 
However, in the same period, the production of potassium 
chloride (the main potash fertilizer in Brazil) remained stable, 
with incremental decreases (ANDA 2019; CETEM 2020).

The main indicator to evaluate the production of potash 
fertilizers in Brazil is the production of KCl (potassium chloride). 
In 2018, 343,996 tons of KCl were produced in Brazil, an 
amount equivalent to 199,521 tons in terms of K2O (Figure 
1). All this production is destined for the fertilizer industry. 
Furthermore, in recent years, the production of KCl in Brazil 
has remained below installed capacity and far below apparent 
consumption (deliveries made to the agricultural market). 
Figure 1 shows the decrease in KCl production by about 30%, 
when comparing the results of 2018 to those of 2017.

A comparison of the production capacity of potassium 
chloride in Brazil with the quantity delivered in Brazil (apparent 
consumption), it can be seen that the Brazilian production 
barely meets the demand for potash fertilizers, which creates 
a demand for imported potassium fertilizers. If it operated at 
full productive capacity, the Brazilian industry would have been 
able to meet only 6.3% of the national demand in 2018 (ANDA 
2019). Imported potassium fertilizers occupy an important 
portion of the Brazilian market share; they account for almost 
all apparent consumption in Brazil (Table 1). In view of the 
small amount of players (only one: Mosaic Fertilizantes P&K) 
and the high share of demand met by imports (as with nitrogen 

FIGURE 1. Production (for fertilizers), installed capacity and apparent consumption of potassium chloride. Source: ANDA (2019).
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fertilizers), there was no need to characterize the structure of 
the industry according to the market shares dominated by the 
four major companies (the CR4 Index) or according to the HHI 
Index (the Herfindal-Hirschman Index). 

3.2. In-depth description of production at the location/
company/factory level

In 2018 (Table 2), 343,996 tons of potassium chloride 
were produced in Brazil, an amount equivalent to 199,521 
tons of potassium chloride (in terms of K2O content). Over the 
past few years, the North/Northeast region was responsible 
for 100% of the Brazilian production of potassium chloride. 
The Taquari-Vassouras (Sergipe) mine, the only producer 
of potassium chloride in Brazil, was acquired on January 
18, 2018 by Mosaic P&K. Previously, it was an asset of Vale 
Fertilizantes S.A. (Mosaic 2016; Vale 2019).

3.3. Profile (history, business, mission, vision, values, 
critical success factors, policies) and Economic 
Situation of Organizations

3.3.1 Mosaic 

Mosaic Company maintains its potash production 
distributed into two segments of the company - in the 
Potassium business segment and in the “Mosaic Fertilizantes 
P&K” business segment. Mosaic, in the Potassium business 
segment, operates three mines in Canada (two shaft mines 
and one dissolution mine) and a shaft mine in the US. Each 
of these mines has the facilities required to process the 
mined potash ore. The company also has an ongoing project 
in Kronau (Saskatchewan, Canada), acquired from Vale 
Fertilizantes. Currently, Mosaic (in the US and Canada) has 
an installed capacity of 10.5 million tons per year for potash. 
This value is equivalent to 12% of the installed capacity in the 
world (Mosaic 2019c).

The Mosaic Fertilizantes P&K business segment operates 
mines, chemical plants, formulation and distribution facilities 
for formulated NPK fertilizers, ports and warehouses in 
Brazil and Paraguay. Potash production occurs exclusively 
at the Taquari-Vassouras mine, located in Rosário do 
Catete (State of Sergipe). Production and sales of potash 

are targeted at the Brazilian domestic market. Underground 
mining takes place in an area that crosses the boundary 
of three municipalities: Rosário do Catete, Carmópolis and 
Capela, all in Sergipe. The mined ore, sylvinite (combination 
of halite and sylvite, or sodium chloride and potassium 
chloride), is mined at a depth of 500 to 740 meters. Mining 
in these locations uses the method of chambers and pillars. 
Processing, which also takes place at the unit, consists of 
the phases of crushing, concentration, dissolution, drying, 
compaction and distribution storage. The unit’s reported 
operational capacity is the production of 520,000 tons of 
product per year and, in 2018, 345,000 tons of potassium 
chloride (with K2O content of 58%) were produced. This 
amount represents 100% of Brazilian production. In such 
unit, the company uses Petrobras’s mining rights and pays 
royalties to them on an annual basis. Mosaic argues that one 
the main risks associated with its businesses, as mentioned 
above (that is, conditions that indirectly delimit its critical 
success factors), is the occurrence of brine inflow at the 
Esterhazy mine in Canada, which has been in operation 
since 1985. It also highlights that such an effect can occur in 
other mines. This effect, mitigated by artificially pumping out 
such brine (which penetrates the mining area), can affect the 
mine's production and even bring it to a halt (Mosaic 2019c).

Mosaic sold about $9.6 billion worth in products and 
services in 2018. The company's net income in 2018 was 
$470.0 million (or $1.22 per diluted share), compared to a loss 
of $107 million in 2017 and a profit of $297.8 million in 2016. 
In 2018, the Potassium business segment was responsible 
for 32 % of sales (in tons), 23 % of revenue and 49 % of 
operating profits. The Mosaic Fertilizantes P&K segment 
(which covers operations in South America, not only for 
potash) was responsible for 33% of sales (in tons), 39% of 
revenue and 24% of operating profits (Mosaic 2019c). In the 
Potassium segment (Mosaic 2019c), sales increased from 8.6 
million tons (in 2017) to 8.8 million tons (in 2018), boosted by 
strong demand. The gross margin of the Potassium segment 
was US$ 597.2 million in 2018, an amount 260.2 million 
dollars higher than in 2017, especially because of an increase 
in potassium chloride prices in the foreign market (in 2018, 
the company’s selling price was $248 dollars per ton, a value 
higher than that of the previous year by 33 dollars per ton). 
In the Mosaic Fertilizantes P&K segment (which includes 

TABLE 1. Fertilizer balance (in terms of K2O content) in Brazil - Source: ANDA (2019).

Balanço
Contained K2O (1000 Tons)

2012 2013 2014 2015 2016 2017 2018
Production 318 285 286 279 289 281 199
Imports 4525 4692 5568 5103 5407 5704 6220
Exports -62 -85 -87 -70 -69 -40 -37
delivery (aparent consumption) 4844 5094 5395 5162 5728 5853 6064

TABLE 2. Potassium production in Brazil - Source: ANDA (2013, 2014, 2015, 2016, 2017, 2018, 2019).

 KCl Production (Tons) 

2012 2013 2014 2015 2016 2017 2018
548,533 492,152 492,355 481,269 499,082 484,877 343,996

KCl Production (Tons of K20) 

2012 2013 2014 2015 2016 2017 2018
318,150 285,445 285,556 279,139 289,468 281,229 199,521
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operations in South America - not only for potash), gross sales 
were US$ 3.7 billion in 2018, compared to US$ 2.2 billion in 
2017 and US$ 2.1 billion in 2016. The evolution of this revenue 
was caused by the increase in sales of conventional and 
premium fertilizers (also driven by the market share acquired by 
Mosaic) and by the price increase in the international market. 
While 6 million tons of fertilizers were sold in 2017, 9.1 million 
tons were sold in 2018. The gross profit margin achieved in 
2018 was US$382.9 million. Particularly regarding potash, in 
the Mosaic Fertilizantes P&K segment, the sale of products 
from the Taquari-Vassouras mine was 323,000 tons in 2018 (a 
value below that of 2017, owing to operational failures). Mosaic 
has not informed the financial value of this transaction, as the 
company is vertically integrated and formulates this nutrient 
(along with phosphate and nitrogen fertilizers) for distribution 
and sale. However, Mosaic has reported the sale of 323.00 
tons of potash produced in Brazil, 2,847,000 tons of phosphate 
produced in Brazil and 5,964,000 tons of imported nutrients 
(i.e., a total of 9,134,000 tons) was carried out at US$410 by 
ton (Mosaic 2019c).

3.3.2 Potássio do Brasil (Brazil Potash)

Potássio do Brasil is a fertilizer company whose goal is to 
extract potassium salts in Autazes, in the state of Amazonas. 
Founded in 2009, it is a Brazilian, privately held company, 
controlled by Brazilian and foreign investors. In 2010, it 
received authorization to start drilling in Amazonas (Potássio 
do Brasil 2015b). In 2013, it began environmental studies for 
further implementation of the project; in 2014, it submitted the 
final mineral research report to the National Department of 
Mineral Production - DNPM (currently known as the National 
Mining Agency - ANM). In 2015, it received the approval of 
DNPM and the preliminary license from the Environmental 
Protection Agency of Amazonas (IPAAM) (Potássio do Brasil 
2016). In 2016, the technical and economic feasibility study 
of the project was completed. By 2017, more than 180 million 
dollars had been invested in the development of the project 
and, an investment of another 2 billion dollars is expected by 
the end of construction (Potássio do Brasil 2018).

The company highlights the following success factors of the 
project: (1) Brazil is the world's largest exporter of agricultural 
products, that is, one of the most important markets for 
fertilizers in the world, and it currently imports around 94% 
of the potash required for this sector; (2) the main potash 
suppliers to Brazil are currently at a distance that ranges 

between 14,000 and 20,000 kilometers; (3) the Autazes project 
is located just eight kilometers from a very navigable system, 
a river with access to areas of agricultural activity, especially 
MATOPIBA (Maranhão, Tocantins, Piauí and Bahia) and the 
Cerrado; (4) there is no prospect of creating a replacement 
for potassium as a nutrient in agricultural crops; (5) potassium 
chloride, among basic agricultural fertilizers, often has the 
highest price on the international market; (6) Brazil will have 
potash available at a lower cost, as the cost of transportation 
associated with importing potash from abroad often amounts 
to US$133 per ton, while the average domestic transportation 
is estimated at US$53 per ton (Potássio do Brasil 2018).

3.4. Domestic Market and Foreign Trade

Based on data from the Brazilian National Fertilizer 
Association (ANDA) (2019), of all fertilizers delivered to the 
final consumer in Brazil (apparent consumption) in 2018 
(35.506 million tons), approximately 17.1% (6,064 tons) refers 
to potassium content (K2O).

From the perspective of access to the final consumer 
(Figures 2 and 3), and more particularly for potassium 
chloride (KCl), the only producing region (North/Northeast 
Region) was responsible for the production of 343,996 tons of 
sodium chloride (a value equivalent to 199,521 tons of K2O). 
In the same region, 854,428 tons of potassium fertilizers were 
delivered in terms of K2O content, Thus, it can be concluded 
that, even though it is the only region in Brazil that produces 
potassium chloride, the North/Northeast Region showed a 
deficit of 654,907 tons of K2O in 2018. Of the quantity delivered 
in the North/Northeast Region (apparent consumption), 95.4% 
is formulated in the region itself (ANDA 2019). Therefore, it 
can be inferred that, if potash production were expanded in the 
North/Northeast Region, it could be absorbed in the regional 
agricultural market itself (considering the year 2018).

In the Southeast Region, apparent consumption was 
1,187,756 tons of K2O, and 1,139,690 (96.0%) comes from 
formulators / distributors in the region. Therefore, it can be 
inferred that, if production of potassium were expanded in the 
Southeast Region (reaching the maximum value of 1,139,690 
tons of K2O), it could be absorbed in the regional agricultural 
market itself (considering the year 2018). In the South Region, 
apparent consumption was 1,728,794 tons of K2O, and 
1,705,544 (98.7%) comes from formulators / distributors in 
the region. Thus, it can also be inferred that if production of 
potassium were expanded in the Southeast Region (reaching 

FIGURE 2. Fertilizer delivery (overall total and total in K2O) by region (ANDA 2019).
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the maximum value of 1,705,544 tons of K2O), it could be 
absorbed in the regional agricultural market itself (considering 
the year 2018). In the Midwest Region, apparent consumption 
was 2,292,850 tons of K2O, and 1,797,204 (78.4%) comes from 
formulators / distributors in the region. This way, it can also be 
inferred that if production of potassium were expanded in the 
Midwest (reaching the maximum value of 1,705,204 tons of 
K2O), it could be absorbed in the regional agricultural market 
itself (considering the year 2018).

As with global consumption of nitrogen and phosphate by 
region, East Asia is the world's largest consumer of potassium 
fertilizers. Consumption is driven by the Chinese market. 
South Asia is the second largest consumer market, mostly 
driven by India. The North American consumption is mainly 
driven by the USA. Latin American consumption is mainly 
driven by the Brazilian market (ANDA 2019; IFA 2020b). 

Brazil is currently the largest potash importer in the world, 
followed by the US and China. The main countries that supply 
the market are Canada, Belarus and Russia. Canada, the 
world's largest potash exporter, supplies markets in Brazil, 
China, South Korea, the USA (the main destination for 
Canadian potash), India, Indonesia, Japan and Malaysia (ICIS 
2018; ANDA 2019; IFA 2020b).

Potassium chloride is the fertilizer that faces the largest 
gap in the Brazilian fertilizer industry. Brazil imported around 
10.7 million tons in 2019 (a value equivalent to US$ 3.5 billion). 
Imports of “Other Potassium Chloride - NCM 31042090” were 
predominant (96.4% of the total value) (COMEXTAT 2020). 
Major exporters (Figure 4) to Brazil in the year 2019 were 
Canada (33%, in tons), Russia (28%), Belarus (16%), Germany 
(10%) and Israel (9%). Such imports occurred mainly (Figure 
5) through the Ports of Paranaguá (26%), Santos (22%), Rio 
Grande (15%), Vitória (7%) and São Luís (7 %).

KCl (other potassium chloride, NCM 31042090) from 
Canada was purchased at an average price of US$ FOB 
331.48/ton in 2019. In the same year, Russia exported at a 
price of US$ FOB 322.54/ton, Belarus exported at US$ FOB 
324.44/ton and Germany at US$ FOB 333.48/ton (Figure 6).

3.5. Scale of Plants, Investments Required for Produc-
tion Expansion, Access to Raw Materials

In 2018, 42 million tons of potassium chloride were 
produced in the world (K2O content). Potassium chloride 
production increased at an average annual rate of 3.61% per 
year between 1998 and 2007 and at an average annual rate 

of 2.08% per year between 2008 and 2017 (Figure 7). Canada 
is the world leader in potash production, followed by Russia, 
Belarus, China and Germany (Figure 8).

The world’s main potash producers (Canada, Russia, 
Belarus, China, Germany and Israel) stand out in terms of 
mineral reserves. Canada, which produced 12 million tons of 
K2O in 2018, has 20.69% of the world's recoverable reserves. 
Russia (production of 7.5 million tons of K2O in 2018) and 
Belarus hold, respectively, 34.48% and 12.93% of the world's 
recoverable reserves. Brazil has only 0.41% of the world’s 
reserves - 24 million tons (USGS 2019). 

FIGURE 3. Fertilizer delivery (overall total and total in K2O) by state (ANDA 2019).

FIGURE 4. Imports of phosphate fertilizers (SH4-3104) in Brazil in 
2019, by country and in Kg (COMEXTAT 2020).

FIGURE 5. Imports of potassium fertilizers (SH4-3104) in Brazil in 2019, by 
accountable URF (Federal Revenue Unit) and in Kg (COMEXTAT 2020).
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FIGURE 6. KCl import price, by country, from 2012 to 2019 (COMEXTAT 2020).

FIGURE 7. World production of phosphate rock between 1993 and 2018 (USGS 2019).

FIGURE 8. KCl production (in 1000 t of K2O) in 2018, by country and 
respective percentage of global production (USGS 2019)

3.5.1 Brazil

In Brazil, the only active producer of potassium chloride (the 
Taquari-Vassouras mine, belonging to Mosaic Fertilizantes 
P&K) has an installed capacity of 379,900 tons of K2O (ANDA 
2019). Also in Brazil, there are two large investments that have 
been announced a few years ago: the Carnalita Project and 
the Autazes Project.

The Carnalita Project, conceived at the time by Vale 
Fertilizantes, aims to explore carnallite in the city of Capela 
(Sergipe). The mining process is planned to use the dissolution 
method, and production was expected to start in 2016, but it 
has not occurred so far. Production is estimated at 1.2 million 
tons of KCl/year, equivalent to 700,000 tons of K2O. Useful 
life of production assets is estimated at 40 years (DNPM 
2015). Vale, in a presentation to the Brazilian Federal Senate, 
reported that the CAPEX investment in the project is R$4 
billion. There have been studies on the possibility of expanding 
investment and production. During the operation phase, 1000 
direct jobs and 2750 indirect jobs are expected to be created. 
A total of 44 kilometers of brine pipelines and water mains will 
be built, 604 wells will be drilled and 330 tons of steam per 
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hour will be generated. With the start of the Carnalita project, 
Sergipe’s industrial production is expected to increase by a 
third, thereby increasing tax collection. In addition, Sergipe 
is already a traditional fertilizer producer, through FAFEN-SE 
and Taquari-Vassouras; for this reason, it has the logistical 
structure required. The facility is close to highway BR-101 and 
to the Inácio Barbosa Maritime Terminal. There is guaranteed 
availability of natural gas in the region (Sergipe 2014). The 
project was sold, along with other assets, to Mosaic in 2018. 

Doubts remain about the reassessment of the Carnalita 
Project by Mosaic Fertilizantes P&K (In The Mine 2018). In 
the global context, the potash industry has recently shown 
overcapacity and depressed sales value. Still, potassium 
from Sergipe (carnallite) requires a technological route that 
increases the production cost when compared to potassium 
from sylvinite.

Another promising project involving the mining and 
processing of potash in Brazil is the Autazes Project. 
According to Potássio do Brasil (2015b), the ore will be 
extracted through mechanized underground mining. Installed 
processing will probably use the solution/crystallization 
process. A production capacity of 2.2 million tons of KCl per 
year is estimated, equivalent to 1.3 million tons of K2O. As a 
by-product, 1.1 million tons of NaCl shall be produced. Initial 
CAPEX is estimated at US$1.8 billion. In February 2015, the 
company announced plans to start operating the plant in 2019.

Data on potash reserves in Brazil come from different 
sources. It is estimated that Brazil has 310 million tons in 
recoverable sodium chloride deposits, with 24 million tons of 
K2O content (USGS 2019). Brazilian potash reserves (USGS 
2020) are located in the states of Sergipe, Bahia, Amazonas 
and Pará. However, measured reserves are only found in 
Taquari-Vassouras (Sergipe), Santa Rosa de Lima (Sergipe), 
Fazendinha - Nova Olinda (Amazonas), Arari - Nova Olinda 
(Amazonas) and Autazes (Autazes).

The reserves in Taquari-Vassouras, in the state of Sergipe, 
were discovered in 1963 by Petrobras, while prospecting for 
oil in the region. They are composed of sylvite and carnallite. 
The project for the mine was implemented in 1979, and the 
operations started in 1985 by Petrobras Mineração S.A. It 
belonged to Petrobras until 1991, when it was acquired by 
Vale (Farias 2015).

Currently owned by Mosaic Fertilizantes P&K, the Taquari-
Vassouras industrial complex, in Rosário do Catete (SE), has a 
railway (9 km away from the complex) and a port (40 km away 
from the complex). The underground operation takes place 
over a space that comprises three municipalities: Rosário 
do Catete, Capela and Carmópolis. On December 31, 2018, 
recoverable reserves were estimated at 11.4 million tons, with 
K2O content of 23.55%. Also, the reserves are expected to be 
depleted in 2023. The reserve still belongs to Petrobras, and 
Mosaic Fertilizantes P&K paid around US$5 million in 2008 
(Mosaic 2019c).

The Carnalita Project was conceived by Vale and is now 
under the control of Mosaic Fertilizantes P&K. According 
to DNPM (2015), Sergipe's total carnallite reserves 
(measured, indicated and inferred reserves) amount to 14.4 
billion tons, with 10.40% of potassium chloride. IBRAM 
(2015) has published data compatible with such an order 
of magnitude: The measured reserves of potash (sylvinite 
and carnallite) amount to 9,446,315 tons (with 935,466 
tons of K2O) while the indicated potash reserves (sylvinite 

and carnallite) amount to 3,592,920 tons (with 308,138 
tons of K2O). However, the carnallite reserves, in the order 
of billions, were evaluated in the 1960s and, therefore, 
a reassessment should be made. Vale (Vale 2017), who 
prepared the project at the time, stated that the proven 
reserves are estimated at 247.1 million tons and that the 
probable reserves are estimated at 54.5 million tons (both 
with an estimated content of 12.2% KCl). Thus, the total 
reserves of the Carnalita Project amount to a total of 301.6 
million tons of potassium chloride, which corresponds to 
36.79 million tons of KCl or 23.25 million tons of K2O. Such 
reserves would take more than 20 years to be exhausted.

In the North Region of the country, the most important 
potash reserves are those of Autazes and Nova Olinda. 
According to the company Brazil Potash (Potássio do Brasil 
2015a), in a public hearing at the Brazilian Federal Senate, 
research around the deposit began in 2009, with 60 drill holes 
and more than 50,000 meters of drilling. The final report was 
presented to DNPM (currently, ANM) in 2014 and more than 
100 million dollars were invested to carry out this research. 
The project, which involves investments in the order of 
magnitude of 2 billion dollars, aims to produce 8 million tons 
of ore per year, resulting in 2.16 million tons of KCl and 1.1 
million tons of NaCl per year. Such annual production capacity 
is equivalent to 1.36 million tons of K2O In a presentation to 
investors (Potássio do Brasil 2015b), the company stated 
that the “Potassium Basin from Amazonas” is among the 
three most important in the world, compared to the basins in 
Saskatchewan (Canada) and Urals (Russia). Furthermore, it is 
assumed to have similar scale, geological characteristics and 
age to that of Saskatchewan. 

These deposits are located in areas adjacent to Fazendinha 
and Arari, which are potash deposits discovered by Petrobras in 
the late 1970s and estimated, at the time, to contain more than 1 
billion tons of potassium mineral reserves. The most prominent 
discovery, the Autazes deposit (Table 3) has measured/
indicated reserves of 425 million tons (with 32.0% KCl, or 85.97 
million tons of K2O) and inferred reserves of 301 million tons 
(with 30.6% KCl, or 58.23 million tons of K2O). These estimates 
were based on 39,540 meters of drilling (34 holes) and cutting 
points with 10% KCl at 1 meter depth. The deposit is up to 
4.0 meters thick, with average thickness of 2.3 meters, with 
depth ranging between 685 meters and 863 meters, smoothly 
extending towards the southeast. The estimates were made 
by the company Ercosplan (Ercosplan Ingenieurgesellschaft 
Geotechnik und Bergbau), which prepared the technical report 
NI-43101 (Potássio do Brasil 2015b).

Despite the favorable characteristics of the main raw 
material (that is, the mineral with considerable potassium 
contents), the fact that such deposits are in the Amazon region 

TABLE 3. Potash reserves in Autazes (Potássio do Brasil 2015b).

Autazes 
Deposit Total (MT) % de KCl KCl (MT) K2O (MT)

Measured 
Reserves 127.9 32.5 41.6 26.3

Indicated 
Reserves 297.5 31.8 94.6 59.8

Measured+ 
Indicated  
Reserves

425.4        32 136.2 86.1

Inferred 
Reserves 300.6 30.6 92.0 58.1
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is an unfavorable factor. Owing to impasses with the local 
indigenous community, the Federal Public Ministry issued a 
recommendation arguing that the Environmental Protection 
Agency of Amazonas (IPAAM) should cancel the previously 
issued license and that Potássio do Brasil should suspend 
research activities in the region until consultations had been 
performed, as provided for by law (MPF 2019).

In February 2018, Brazil Potash highlighted, once again, 
the importance of access to raw materials as decisive factor 
for the project to be successful: The reserves (proven and 
probable) are capable of maintaining a production of 2.4 million 
tons of KCl (a value equivalent to 1.52 million tons of K2O) for 
a period of 34 years, using only 10% of the area required for 
mineral activities (Potássio do Brasil 2018).

According to Golder Associates (2015), water availability 
is not a problem in the project’s region: “The high flow rates of 
the water courses crossing it ensure the possibility of capturing 
these surface waters without causing any conflict in the use of 
water resources”. The water to be used in the project would be 
collected from the Madeirinha River. Electricity is widespread 
in the region, especially in urban centers. Along the banks 
of the various rivers, the energy of the local population is 
supplied by generators.

Of recognized importance a few decades ago, the 
deposits discovered by Petrobras in the Nova Olinda (AM) 
region were discovered in 1955. The rock salt layers in the 
region are associated with the sequence of Upper Paleozoic 
evaporites. After that year, new reserves were discovered in 
the Tapajós, Nhamundá-Trombetas and Nova Olinda-Maués 
regions. The Nova Olinda deposit is formed by evaporite 
chemical sediments located in the upper Carboniferous part 
of the Amazon Basin. In this region, there are horizons of 
rock salt, potassium salts, gypsum, anhydrite and limestone 
(Lapido-Loureiro et al. 2008). Official reserves (measured) 
in Nova Olinda (deposit in Fazendinha and deposit in Arari) 

are estimated at a total 493 million tons, equivalent to 99.09 
million tons of K2O (DNPM 2015). There is a great dela 
of news but little certainty about the exploration of such 
deposits in Nova Olinda. In the year 2006 (Nakamura 2006), 
Petrobras has shown an interest in selling its mineral rights 
concerning the exploration of potash in Amazonas. Inherited 
from Petromisa in 1991 (a state-owned mining company that 
was dissolved under former Brazilian President Fernando 
Collor’s government), such mining rights were going be 
offered in a single installment; at the time, companies such 
as Bunge, Votorantim and Vale were interested in acquiring 
these assets. In the year 2008 (Agência Estado 2009), there 
were negotiations with the company Falcon Metais to sell 
a mine in Fazendinha; however this transaction was not 
concluded. In the same year, the DNPM granted Falcon 
Metais three exploration permits in the Madeira River region 
(which were transferred, a posteriori, to the company Brazil 
Potash). Recently, Petrobras (through its annual reports, 
financial reports and/or sustainability reports) has not 
made any public statements about such potash resources 
(Petrobras 2020).

3.5.2 World (Canada)

Canada, the world’s largest producer and exporter of 
potash, has large companies that carry out potash mining and 
processing activities: Mosaic Company, Nutrien, K+S, among 
others. Mosaic, previously discussed, operates three mining 
complexes in Canada: Colonsay (shaft mining), Belle Plaine 
(solution mining) and Esterhazy (shaft mining). All of them are 
located in the Saskatchewan Province, and they have been 
carrying out projects for expansion (brownfield projects, that 
is, expansion of existing ventures) of production capacity in 
recent years (Figure 9).

The Esterhazy complex (Mosaic Company) has a 

FIGURE 9. Mosaic’s installed and production capacity from 2013 to 2018 (Mosaic 2014, 2019c).
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production capacity of 5.3 million tons of potassium chloride 
per year (finished product). In 2018, to produce 4.6 million tons 
of potassium chloride, 13.9 million tons of ore were extracted 
(with an average K2O content of 23.7%). The mine's reserves 
are estimated at 879 million recoverable tons, with an average 
K2O content of 24.7% (Mosaic 2019c).

In 2008, Mosaic announced an expansion program for 
potash production to increase total production capacity by 3 
million tons per year. Project K3 foresees an additional mine 
(compared to the two preexisting mines, Esterhazy K1 and 
Esterhazy K2), with the addition of a production capacity 
of 900,000 tons per year between 2017 and 2018 (Mosaic 
2014). There are plans for investment of 1.7 billion dollars in 
the project (Giles, 2015). According to the company (Mosaic 
2015), a total amount of 1.5 billion is to be invested in the 
period between 2014 and 2024. Transportation infrastructure 
needs to be developed to enable the processing of the mineral 
in the preexisting structure (in Esterhazy K1 and Esterhazy 
K2). Furthermore, such an increase in production capacity 
would create operational flexibility capable of mitigating risks 
concerning brine inflow, a recurring problem in Esterhazy.

The Belle Plaine complex (Mosaic Company) has a 
production capacity of 3.0 million tons of potassium chloride 
per year (finished product). In 2018, to produce 2.8 million tons 
of potassium chloride, 10.6 million tons of ore were extracted 
(with an average K2O content of 18.0 %). The mine’s reserves 
are estimated at 819 million recoverable tons, with an average 
K2O content of 18%. In the years 2018 and 2017, production 
capacity in Belle Plaine was 600,000 tons higher than in 2016 
(Mosaic 2019c).

Mosaic planned to expand its potash production in Belle 
Plaine by 2.8 million tons, with a total investment of 2.3 billion 
dollars. The project would include increasing the processing 
capacity of the potash refinery, as well as new facilities 
and utilities. Driven by the growing demand at the time for 
potassium fertilizers, the project would provide the existing 
facility with an installed capacity of up to 5.3 million tons in 
2020 (Canadá 2009a). However, expansion projects in Belle 
Plaine were postponed indefinitely in 2013 (Argus 2013). The 
increase in production capacity to 600,000 tons between 2016 
and 2017 corresponds to stage one of this project, which was 
not postponed. The amount invested exclusively in this project 
was not informed (Mosaic 2018).

The Colonsay complex (Mosaic Company) has an annual 
production capacity of 1.5 million tons of potassium chloride 
per year (finished product). In 2018, to produce 1.2 million tons 
of potassium chloride, 3.4 million tons of ore were extracted 
(with an average K2O content of 26.8 %). The mine’s reserves 

are estimated at 295 million recoverable tons, with an average 
K2O content of 26.3 %. Inaugurated in 1969, the production 
capacity of the mine has been recently expanded, in a process 
that was completed in 2014. In 2014, Mosaic claimed to have 
expanded the mine's annual production capacity by 600,000 
tons, reaching a total value of 2.1 million tons per year. 
However, in July 2016, Mosaic (Mosaic 2017) opted to reduce 
part of the mine's productive capacity in Colonsay - owing to 
low price conditions in the potash market - and supply such 
market in order to reduce its inventory. This mine had a higher 
operating cost than the others. 

Nutrien is a company arising from the merger of Agrium 
and PotashCorp in 2017 and has a production capacity of 20.6 
million tons of potassium chloride (Table 4). In 2018, it produced 
12.84 million tons of potassium chloride, with all production 
located in Saskatchewan Province - Canada (Nutrien 2019b). 
Of the potassium chloride production assets belonging to 
Nutrien, Vanscoy Potash comes from Agrium, and the others 
come from PotashCorp (Agrium 2018; PotashCorp 2018).

The installed capacity of the Rocanville Potash unit (6.5 
million tons per year) is the result of a project that has virtually 
doubled its capacity. With an investment of 3 billion dollars, a 
new mill, a new deposit for 500,000 tons, and a new transport 
system for the ore were built. Still, the shaft that was used for 
services was converted into a production shaft (Lazenby 2017).

Currently with an operating capacity of 2.8 million tons per 
year, the Allan Potash unit underwent an expansion process 
that increased its annual production capacity by about one 
million tons. The planned investment was 550 million dollars 
in 2011(Mining 2011). 

The Vanscoy Potash unit, which previously belonged to 
Agrium, went through an expansion process (completed in 
2015) that increased its installed capacity by 1 million tons 
per year (Agrium 2016). According to The Canadian Press 
(2014), the company’s executives estimated the project at 2.3 
billion dollars at the end of 2014, an amount 53% higher than 
estimated at the beginning of the project.

In 2009, a project to expand production capacity at the Cory 
Potash unit was started, increasing production capacity from 2 
million tons per year to three million tons. This project included 
expansion of the flotation and compaction unit, improvements 
to allow for additional lifting/mining/storage capacity, a new 
water reservoir and a new brine disposal system (Canadá 
2009b). Canadian Mining (2009) announced that the planned 
investments were 220 million dollars. 

The company K+S Potash Canada, part of the K+S group 
(a German company that has been mining and processing 
potash and salt since the 19th century), has recently opened 

TABLE 4. Nutrien’s production and production capacity in MT (Nutrien 2019b).

Unit

" Nominal 
Capacity 

 
(MT)"

"Operational 
Capacity 

2019 
(MT)"

"Operational 
Capacity 

2018 
(MT)"

"Production 
2018 

 
(MT)"

Production 
2017 

 
(MT)"

Rocanville 6.5 5.4 5.2 5.22 4.86
Allan 4.0 2.8 2.6 2.41 1.83
Vanscoy 3.0 2.2 2.7 2.24 2.42
Lanigan 3.8 2.1 2 1.96 1.82
Cory 3.0 1.0 0.8 0.81 0.99
Patience lake 0.3 0.3 0.3 0.2 0.3
Total 20.6 13.8 13.6 12.8 12.2
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the Bethune mine (in Saskatchewan, Canada). In 2018, 1.4 
million tons were produced at this unit (K+S 2019). Opened 
in May 2017, the mine uses solution mining technology, has 
reserves of 214 million tons of potassic rocks, and 885 million 
tons of resources. Announced in 2010, the greenfield project 
in Saskatchewan was expected to receive investments in the 
order of 4 billion dollars (K+S 2020) and expects to reach 
potash production capacity of 2.86 million tons per year in the 
long term. (K+S 2018).

Canada is the ‘epicenter’ of world potash production. Most 
of the country’s potash mines are located in the province of 
Saskatchewan. With exploration potential known since 1946 
(after prospecting for oil and natural gas in the region), it has 
deposits in the order of five billion mineable tons. Potassium 
salts probably formed as a secondary precipitate just below the 
surface and were modified to different degrees by the passage 
of fluids in the deposition environment. The continuous 
deposition cycle was possible owing to the combination of 
nearby sources of salts and strong winds. (Warren 2006). 
Currently, most potash produced in Saskatchewan is in the 
hands of two companies: Mosaic Company and Nutrien. 

Mosaic’s potash mines have a considerable number of 
recoverable reserves: Belle Plaine has 819 million tons (18.0 
% of K2O), Colonsay has 295 million tons (26.3% of K2O) 
and Esterhazy has 879 million tons (24.7% of K2O). Also, in 
terms of existing mineralization that extends beyond the areas 
of these mines (within an additional 16-mile radius), Mosaic 
claims that there are potentially recoverable deposits: Belle 
Plaine, with 2.363 billion tons; Colonsay, with 441 million tons; 
and Esterhazy, with 674 million tons. In this case, K2O contents 
have not been disclosed. Furthermore, Mosaic believes that 
the available amount of these reserves is sufficient to maintain 
production (considering the current level) for more than a 
century (Mosaic 2019c).

The Belle Plaine unit, which is the world’s largest mine 
exploited by the solution mining method, needs large amounts 
of natural gas to produce steam and dry the product. At the 
company’s other units, natural gas input is used to heat the 
air inside the mines and to dry the products (Mosaic 2019a). 
The Belle Plaine unit alone consumed 78% of the natural gas 
acquired by Mosaic (when considering only the Potassium 
business segment) in 2018 (17 million mmBtu). In 2018, the 
average price paid by the company was US$ 3.16 / mmBtu 
(Mosaic 2019c).

Mosaic (Mosaic 2019b) has informed that, in 2018, it used 
4.52 m3 of water to produce 1 ton of fertilizer, considering all 
business segments. The total volume of consumption was 
403,010,000 m3, 283,603,000 of which (70.4%) came from 
surface water, 45,264,000 m3 (11.2%) from reconditioned 
water, 1,296,000 m3 (0.4%) from the municipal supply system 
and 72,847,000 (18.1%) from groundwater. However, Mosaic 
has not disclosed, in its annual reports (annual report, 10-k 
report or sustainability report), the amount of water consumed 
exclusively by the Potassium business segment. 

In 2018, Mosaic consumed 119.34 million gigajoules, 
(considering all its business units); 61.07% of this amount came 
from reused steam (mostly used in the phosphate segment, 
originating in excess steam during production of sulfuric acid), 
24.47% from natural gas, 5.69% from cogeneration of electricity 
and 8.77% from petroleum products. Such consumption is 
reported by the company as “total direct energy consumption 
by source”. Of this total amount (119.34 million gigajoules), only 

16 % is consumed by the potash business segment. Mosaic 
has stressed the importance of the cost of these inputs for the 
company’s results, and highlighted the role of natural gas prices 
for the potash segment (Mosaic 2019c).

According to MDS (2020), Nutrien has reserves (proved 
and probable) in: Rocanville, with 543 million tons (23.4% of 
K2O); Allan, with 349 million tons (25.9% of K2O, particularly in 
the year 2018); Vanscoy, with 232.1 million tons (approximately 
25% of K2O); Lanigan, with 540 million tons (% of K2O not 
disclosed); Cory, with 248 million tons (22.5% of K2O); and 
Patience Lake (reserves not disclosed; K2O content not 
disclosed). Based on data disclosed by the company, shaft 
mining is carried out in all these six mines (Nutrien 2019b).

In 2018, Nutrien produced 12.84 million tons of potassium 
chloride, 6.37 million tons of ammonia and 1.85 million tons 
of phosphates (in terms of P2O5 content). To do so, the 
company had to explore 39.6 million tons of potassium ore, 
acquire 146 billion cubic feet of natural gas (or 4.13 billion m3), 
explore 5.9 million phosphate rocks, use 289,500 terajoules of 
energy, use 208 million m3 of water. In its sustainability report, 
Nutrien does not disclose such amounts of inputs consumed 
separately by business segment (Nutrien 2019c).

All the water used in the production of potassium comes 
from local underground reservoirs close to the mines. These 
reservoirs offer a sustainable supply of water, as needed 
for milling operations. In Allan, water is provided by a local 
reservoir called the Bradwell Reservoir, operated by the 
SaskWater company. Lanigan also uses water from this 
reservoir, as well as water from the Hatfield Valley aquifer. In 
Cory, the water in use comes from the South Saskatchewan 
River along a 10-kilometer line. In Rocanvile, water is collected 
from two aquifers (Welby Plains Surficial Aquifer and Welby 
Plains Middle Aquifer). In Vanscoy, water comes from the 
South Saskatchewan River (Nutrien 2019b).

The energy used by Nutrien (289,500 terajoules in 
2018) comes from natural gas (54.1%), fossil fuels (39.0%), 
purchased electricity (15.3%), and imported steam (1.5%). For 
all its products, the company uses 12.04 gigajoules of energy 
per ton of product. Thus, little can be concluded regarding the 
use of energy and water for the production of potash fertilizers 
by the Nutrien company (Nutrien 2019c). As reported by 
Mosaic, Nutrien’s financial results are also heavily affected 
by natural gas prices. Nutrien purchased, on average, natural 
gas at a price of $2.83 per mmBtu in 2018. Nutrien recently 
entered into a long-term contract aimed at acquiring natural 
gas in Trinidad and Tobago. However, such supply is likely to 
supply US operations, which do not include potash production 
(Nutrien 2019a).

3.5.3 World (Russia)

Russia, which produced 7.5 million tons of potash fertilizers 
in 2018 (in terms of K2O content), concentrates its potash 
production in the Uralkali company. With 5 mines (Solikamsk-I, 
Solikamsk-II, Solikamsk-III, Berezniki-II and Berezniki-IV), 
6 processing units (Solikamsk-I, Solikamsk-II, Solikamsk-
III, Berezniki-II, Berezniki-III and Berezniki-IV), 3 licenses to 
explore new blocks (Romanovski Block, Ust-Yayvinsky Block 
and Izversky Block), a license to conduct geological studies 
and a carnallite processing plant (Solikamsk-I), the company 
produced 11.5 million tons of potassium chloride in the year 
2018 (which corresponds to about 6.7 million tons of K2O) and 
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12.7 million tons of potassium chloride in the year 2018 (which 
corresponds to about 7.3 million tons of K2O). These quantities 
correspond to the total potash production in Russia. Uralkali 
reports that it is currently allocating its resources for the 
expansion of potash production in Solikamsk-II (construction of 
a new mine), Solikamsk-III (expansion of production capacity), 
Solikamsk-I (expansion of production capacity of carnallite), 
development of the Ust-Yayvinsky Block (Uralkali 2019).

Started in 2011(Uralkali 2011), the mine construction 
project in Ust-Yayvinsky foresees an investment of 1.9 billion 
dollars and an annual production capacity of 2.5 million tons 
of potash (Vorotnikov 2015).

The project for the construction of a new mine in 
Solikamsk-II (which also includes the construction of a 
transport system that takes ore from the new mine to the 
existing potash processing facilities) foresees an increase 
in production capacity to 2.2 tons of million tons potassium 
chloride per year, thus requiring an investment of 723 million 
dollars (Uralkali 2016). Importantly, in November 2014, the 
existing mine at Solikamsk-2 collapsed (owing to a high level 
of brine inflow), which resulted in a huge crater (Globo 2014). 
The production of Uralkali (Uralkali 2017) was decreased as a 
consequence (12.1 million tons of potassium chloride in 2014, 
11.4 million in 2015 and 10.8 million in 2016).

The project for expansion of Solikamsk-3 foresees an 
increase of 0.6 million tons of potassium chloride per year, 
with an estimated investment of 135 million dollars (Vorotnikov 
2015) The initial project, which foresaw an expansion of 2 
million tons per year and an investment of 1 billion dollars, was 
postponed in 2013 owing to the market situation for potassium 
fertilizers (Nickel 2013).

Russia produced 7.5 million tons of potassium chloride in 
2018 and has the largest reserve of this mineral: 2,000,000 
tons of recoverable potassium chloride, both in terms of K2O 
content) (USGS 2019). Potash production in Russia, exclusive 
by the Uralkali company, is concentrated in the Perm Region 
(about 1500 km east of the Russian capital, Moscow), with 5 
mines (Solikamsk-I, Solikamsk-II, Solikamsk-III, Berezniki-II 
and Berezniki-IV ), 6 processing units (Solikamsk-I, Solikamsk-
II, Solikamsk-III, Berezniki-II, Berezniki-III and Berezniki-IV), 
3 licenses for exploration of new blocks (Romanovski Block, 
Ust-Yayvinsky Block and Polovodovski Block), a license to 
conduct geological studies and a carnallite processing plant 
(Solikamsk-I). All of them are located in the Upper Kama (or 
Verkhnekamskoye) deposit, which is the second largest deposit 
in the world. The reserves (most indicated measures) under the 
company's mining rights amount to a total of 7 billion tons of ore, 
with an average K2O content of 18.9% (Uralkali 2019).

in 2018 (Uralkali 2019), 11.1 million tons of potash sold 
were sold at an average of $212.00 per ton, generating a net 
income of $2.281 billion. Such revenue also includes services 
such as freight, wagon leasing, etc. Costs to achieve results 
this year (total of 702.9 million dollars) include the cost of 
depreciation (25.1%), cost of labor (23.9%), material inputs 
(16, 4%), fuels (14.5%), maintenance (9.2%) and amortization 
of mining licenses (7.7%). The COGS indicator (Cash Cost of 
Goods Sold), which disregards amortization and depreciation 
costs, shows that the company spent US$ 42.50 to produce a 
ton of product in 2018.

Gazprom is an important Russian company, operating in 
more than 20 countries and present in the market of more than 
130 countries. In 2018, Gazprom produced 498.7 billion cubic 

meters of natural gas, or around 75% of Russia’s natural gas 
production. For the domestic market, Gazprom claims to have 
sold it (taxes not included) at prices of RUB 3815 / Mm3 (in 
2016), RUB 3808 / Mm3 (in 2017) and RUB 3981 / Mm3, in 
2018 (Gazprom 2018). Converted, these data are equivalent 
to values between US$ 2 / mmBtu and US$ 3 / mmBtu for the 
domestic market - taxes not included.

3.5.4 World (Belarus)

In Belarus, which produced 7.1 million tons of potassium 
fertilizers in 2018 (in terms of K2O content), the Belaruskali 
company was accountable for most potash production. 
Belaruskali’s assets includes 6 mines (operative), authorization 
to explore 4 additional mines, 4 processing plants, mixing and 
formulation units, and distribution and sales structure. It also 
produces potassium hydroxide, sodium hypochlorite, and 
hydrochloric acid (Argus 2019). The company produced 12 
million tons of KCl in 2018 (equivalent to 6.96 million tons of 
K2O, a value compatible with the total national production of 
Belarus) (Woodroof, 2019).  

According to Belarus (2014), Belaruskali started, in 2014, 
the construction of the Petrikov Project, which comprises a 
mine and a potassium chloride processing unit with initial 
capacity of at least 1.5 million tons per year (which can be 
expanded to 3 million tons per year). The Petrikov deposit 
has reserves of up to 2.2 billion tons of potassium ore 
(expectation), which would ensure 90 years of production 
autonomy. On September 7, 2018, the first ore extraction took 
place in Petrikov (Belta, 2019) . As reported by Micetimes 
(2019), the project is expected to be completed in December 
2019 and will reach full capacity (3 million tons per year) in 
2021. Belaruskali’s president stated that an investment of 1 
billion dollars is required to create an installed capacity of 1 
million tons (Loiko, 2019). This way, the order of magnitude of 
the Petrikov Project can be inferred: around 3 billion dollars.

Belaruskali does not directly market its products: the 
company BPC (Belarusian Potash Company) was established 
in 2013 with the aim of structuring Belaruskali's potassium 
export and marketing operations, supplying the worldwide 
demand for this nutrient and maintaining market stability for 
this product (Argus 2019). 

In the year 2018, Belarus produced 7.1 million tons of 
potassium chloride (in terms of K2O content). Furthermore, 
the country has the world’s third largest reserve of potassium 
chloride: 750 million recoverable tons (USGS 2019). 

The structure of the production of potassium chloride in 
Belarus focuses on the assets of the Belaruskali company: 6 
operating mines, authorization to explore 4 additional mines, 
4 processing plants, nutrient formulation/distribution facilities 
and potassium hydroxide production assets (which add value 
to the production chain). On its website, the company does 
not disclose reports (annual, financial, sustainability or others). 
Such lack of information hinders the collection of information 
about access to raw materials in Belarus. The company's 
website shows the fact that it is a JSC (Joint Stock Company), 
that is, the company belongs to investors who own shares, but 
there is no information about its relationship with such investors. 
It is predominantly state-owned company (Reuters, 2020).

The main potash deposits in Belarus are found in the 
Pripyat Basin (Cocker et al., 2017). Exploration started in 
1963 at the Starobin-I mine. It is currently one of the main 
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producing countries of this commodity, and the Pripyat Basin 
is consolidated as the world’s third largest reserve (behind 
Saskatchewan, Canada, and Upper Kama, Russia). Total 
reserves are estimated at 7.3 billion ore, which means 1.3 
billion tons of K2O. Most of these reserves are located in the 
regions close to the Starobin and Petrikov mines.

The deposits at Berezovsky (active mine) have 240 million 
tons to be extracted (data from 2012, K2O content not disclosed) 
(USGS, 2020). The deposits in Krasnoslobodsky (active mine) 
have 345 million tons, with 14.9% of K2O (data from 2006). 
Darasinsky's reserves were not disclosed, and the mine was 
planned to open in 2020. Starobin I, II and III (Production Unit 
1, 2 and 3) have reserves of 4,420/7,200/3,370 million tons, 
with 670/1,130/800 million tons of K2O, respectively. However, 
such data on Starobin date back to the 1980s. Petrikov, where 
Belaruskali is setting up its new mining unit, has 1.989 billion 
tons to be mined, with 415 million tons of K2O (data from 2011).

According to BP (2019), the country consumed 19.3 billion 
cubic meters of natural gas in 2018. In the same year, it was 
reported that the country purchased 19.0 billion cubic meters 
from Russia. As published by the Russian News Agency 
(2018), the price of Russian natural gas paid by Belarus was 
$129 per 1,000 m3 in the year 2018 (converted, such amount 
is approximately US$ 3.65 / mmBtu). This estimated value 
reflects the price paid by the country to import natural gas; 
consequently, prices will be higher for end consumers. For 
comparison purposes, resuming data from BP (2019), such 
price charged by Gazprom (Russian gas company) and paid 
by Belarus is lower than the indexes “Average German Import 
Price” (US$ 6.62 / mmBtu in 2018), “Heren NBP Index” (US$ 
8.06 / mmBtu in 2018) and "Netherlands TTF" (US$7.90 / 
mmBtu in 2018). However, it is higher than the one charged 
by the Henry Hub (US$ 3.13/mmBtu in 2018) and Alberta-
Canada (US$1.12 / mmBtu) indices.

3.6. Level of technology mastery  

The potash fertilizer industry has reported greater 
challenges and difficulties in the stage of potassic rock mining, 
and this is the aspect that will be addressed. Mosaic (Mosaic 
2019c) reported recurring risks posed by brine inflow in its 
mines using the traditional mining process in Saskatchewan 
(especially the Esterhazy mine). The Brazilian Taquari-
Vassouras mine (Baltar et al. 2001) faced risks of flooding 
because there are several subterranean rivers in that mining 
region. Furthermore, it poses challenges to the geotechnical 
stability of the mine, as a result of the presence of a highly 
hygroscopic mineral (tachyhydrite). In Russia (Globo 2014; 
Uralkali 2017), a mine belonging to the Solikamsk-II complex 
collapsed, creating a huge crater in the region. This event 
interrupted the operations and has deeply impacted the 
potash sector.

In Brazil, the production of potassium chloride (in Taquari-
Vassouras) was started in 1986 by the company Petromisa. 
Petromisa was originally founded, back in 1978, with the 
purpose of exploring potassium in Sergipe (which had been 
discovered in 1963). At the time, poor assessments of the 
complexity of the works and the cost of the project delayed 
the start of operations in Sergipe for several years (CPDOC 
2020). The construction of the mine in Taquari-Vassouras 
has unique exploration difficulties: the presence of explosive 
gases in the mine (nearby oil fields), location at great depth 

(450 meters) and likelihood of flooding by aquifer formations. 
Furthermore, tachydrite can be found in the vicinity (just 
below the mineral layer); it is highly hygroscopic and has 
low mechanical resistance, which makes geomechanical 
exploration more difficult to perform. The deposit is located 
in the Ibura member of the Muribeca formation. The formation 
of this deposit is attributed to a series of evaporites linked 
to the event of separation from the Afro-Brazilian continent, 
during the Early Cretaceous. There has been mineralization of 
halite, sylvinite and leached carnallite and tachydrite. Mining 
is underground and uses the method of chambers and pillars. 
The mineral is mined, and is then sent to a crushing plant, 
as well as concentration, drying and compaction units. The 
flotation method is used (Baltar et al. 2001).

There was a clear need to import technology to build the 
mine (Brasil, 1983). Two years later, Petromisa’s president at 
the time explained the origin of the imported technology used 
by the company: France (Brasil 1985). In the same year of 
1985, France mined 12.2 million tons of potassic rock, which 
were processed and corresponded to 1.75 million marketable 
tons of K2O (Craynon 1985). Potassium deposits in the Alsace 
Region (border region between Germany and France) have 
been exploited on an industrial scale since 1858 (Rice and 
Davis 1927). During the 20th century, the French state-owned 
company Mines de Potasse d'Alsace (or MDPA) and the French 
privately-owned company Kali Sainte-Thérèse (KST) were 
accountable for phosphate exploration in the country. (Craynon 
1985). MDPA provided Petromisa with technological expertise 
for the construction of Taquari-Vassouras (Martino, 1981).

Also, in the state of Sergipe, the most recent project (Projeto 
Carnalita) did not come off the ground. The use of this mining 
technology (solution mining) would have been unprecedented 
in the country. However, in 2008, Vale started a pilot mine with 
an estimated duration of 2 years. Two studies were started in 
2004, and two wells were drilled in 2006 in the municipality of 
Maruim (Ambietec 2009). The company Vale itself developed 
the main technology for carnallite mining (Exame, 2011). 
Furthermore, the development of such technology was also 
going to be used in the international projects Rio Colorado, 
Neuquén and Kronau.  

In the Autazes Project, mining will be underground and 
the extraction of ores will take place through two wells with 
elevators (shafts), one intended for the body of work and one 
for production and equipment. The difference is that sodium 
chloride tailings will be returned to the cellars (backfill), while 
in Taquari-Vassouras, such tailings are sent to the sea through 
brine pipelines. According to Golder-Associates (2015), during 
the first years of operation, it would not be possible to return 
the tailings to the underground mine, so they must be piled and 
stored. This pile of tailings, in turn, must prevent the rainwater 
that falls on it from flowing into rivers and streams in the region.

4. Conclusions

The analysis of the Strategic Diagnosis of the Potash 
Fertilizer Industry, showed the fragility of Brazilian production in 
comparison to the demand created by national agriculture. With 
only one productive unit in operation located in the Northeast 
Region, Brazil imports more than 96% of the consumed 
potassium inputs. The only active company in the national 
KCl exploration market is an important player in the global 
market; in recent years, it has showed its intention to increase 
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its market share in the Brazilian fertilizer market. The company 
has idle installed capacity (potassium chloride) in Canada. 
Potássio do Brasil aims to start potash production in Brazil, and 
the company claims that its possible venture in Autazes has 
competitive advantages in terms of mineral reserves, proximity 
to the consumer market in MATOPIBA, lower transportation 
costs when compared to the main suppliers of KCl to Brazil and 
the availability of waterways. Brazil has disadvantages in terms 
of expanding access to the raw material of KCl: deposits in the 
Amazon are located in sensitive areas and deposits related 
to the carnallite project are apparently not as competitive (in 
terms of CAPEX) when compared to projects in Canada, 
Russia and Belarus. New projects in Brazil require larger 
investments in infrastructure than the ones in Canada, Russia 
and Belarus (because in these countries, most of the new 
projects are located in areas with ongoing mineral activity). 
Access to mining and processing technology does not indicate 
that it is, by itself, a relevant threat when economic, social and 
environmental aspects are disregarded. The proximity to the 
consumer market is an aspect to be explored: Brazil is one of 
the largest potash consumers in the world and this seems to be 
a consolidated growing trend. Once the fragility of this sector 
has been detected, prospective scenarios for this industry 
should be developed. As an instrument, it can support the 
formulation of public policies for this sector, which is essential 
to the agribusiness chain.
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