
Vol.:(0123456789)1 3

Mineral Economics (2023) 36:719–731 
https://doi.org/10.1007/s13563-023-00387-x

ORIGINAL PAPER

Assessing economic sustainability of mining in Kazakhstan

Zauresh Atakhanova1  · Seribolat Azhibay1

Received: 21 November 2022 / Accepted: 9 June 2023 / Published online: 10 July 2023 
© The Author(s) 2023

Abstract
Kazakhstan is a leading producer of uranium and chromium and has significant reserves of critical raw materials. We assess 
economic sustainability of Kazakhstan’s mining, focusing on its labor productivity, a key factor in counteracting the effects 
of resource depletion and increasing costs. We find that during 2000–2021, labor productivity continued improving in min-
ing of non-ferrous metals and industrial minerals. Our firm-level analysis demonstrates that domestic non-ferrous mining 
firms were able to achieve productivity level comparable to that of modern mining industries. They reduced energy intensity, 
increased efficiency of processing plants, and accessed higher-quality reserves. In addition, managerial innovations, engag-
ing with the workforce, and introduction of advanced technologies were prominent in analyzed firms. However, following 
a period of rapid growth during the early 2000s, productivity stagnated in Kazakhstan’s coal mining while it decreased in 
iron ore mining. We relate such performance to iron ore depletion from underinvestment in exploration. In coal mining, 
stagnating productivity reflects this sector’s protected status and substantial fossil fuel subsidies.

Keywords Energy intensity · Depletion · Copper mining · Panel data analysis
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Introduction

Kazakhstan ranks among top ten countries globally accord-
ing to its tungsten, chromium, uranium, manganese, zinc, 
lead, copper, coal, and silver reserves (Kazakhstan Gov-
ernment 2012). Many of these minerals are critical raw 
materials: they are relatively scarce and are important for 
deployment of renewable energy technologies and transport 
electrification (Vakulchuk and Overland 2021). In 2021, 
Kazakhstan mined 21,800 tons of uranium (45% of world 
supply; Nuclear Power Association 2022), 7 million tons of 
chromite (17% of world supply), and 16,000 tons of titanium 
sponge (7% of world supply) (USGS 2022). In addition, 
Kazakhstan produced 116 million tons of coal, 64 million 
tons of iron ore, and 520,000 tons of copper (Kazakhstan 
government 2022).

Due to the rich mineral endowment, a share of natural 
resource sector in the overall economic activity in Kazakh-
stan is substantial: natural resource rent represents 21% of 
its gross domestic product. Specifically, 15% and 4% of 
GDP are attributed, respectively, to the petroleum sector 
and mining. During 2001–2010, physical volumes of crude 
oil production in Kazakhstan grew at an average of 8.6% per 
year. At the peak of the boom, the oil sector accounted for 
more than 60% of Kazakhstan’s export value and more than 
50% of total government revenues (Atakhanova 2021). To 
reduce the destabilizing effect of oil dependence and pro-
mote economic diversification, the government of Kazakh-
stan designed a number of programs aimed at development 
of non-oil sectors, including mining (Howie 2018).

However, our research finds that one of the key con-
straints to sustainable development of mining industry in 
Kazakhstan is its low productivity. Specifically, in iron ore 
and coal mining, output per worker in Kazakhstan repre-
sents only 10–40% of the level observed in the USA. In 
fact, low and decreasing productivity is observed in many 
sectors of Kazakhstan’s economy. After a period of rapid 
growth at 6% per year during the first decade of the 2000s, 
Kazakhstan’s economy-wide total factor productivity 
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growth decreased to 2% per year during 2010–2019 (World 
Bank 2019). Deceleration of economy-wide productiv-
ity growth in Kazakhstan was due to falling commodity 
prices, declining productivity levels in individual indus-
tries, institutional factors (a large presence of the state in 
the economy, low levels of competition, and deficiencies in 
the rule of law), as well as economic factors (diminishing 
returns to capital given the high levels of public invest-
ment during the boom) (World Bank 2019).

As for mining, the non-renewable nature of resources and 
the resulting depletion represent an ongoing concern for min-
eral producers. Exploration and improving labor productivity 
are of crucial importance for mining as they offset the effects 
of depletion caused by resource extraction. Determinants of 
mining productivity include increasing availability of capital 
and other inputs per worker, relocating to low-cost mines, clos-
ing unprofitable mines, obtaining access to high-grade ores, 
exploiting economies of scale by building larger mines, and 
using larger equipment (Humphreys 2020; Topp 2008). Fac-
tors that provide lasting effects on mining productivity include 
new technologies (in-pit crushers, mine automation), manage-
rial innovations, and raising skills of mining labor force (Aydin 
and Tilton 2000; Jara et al. 2010). Finally, commodity price 
cycles and government regulations produce additional impacts 
on mine productivity (Aydin 2020; Tilton 2014).

Sustaining productivity growth is important for interna-
tional competitiveness of domestic producers and increasing 
standards of living. Kazakhstan has a long history of min-
ing which played a key role in its industrial development 
(Peck 2003). The breakdown of the Soviet Union in 1991 
and severing of the sector’s forward and backward linkages 
put a large strain on Kazakhstan’s mining: during the 1990s, 
iron ore and coal output decreased by an average of 1.5% 
and 4.7% per year, respectively. General economic recovery 
and the rise of mineral prices during the 2000s allowed the 
sector to revert its output decline. Nevertheless, the legacy of 
central planning continues, presenting challenges in Kazakh-
stan and other mineral-producing countries in the Eurasian 
region (Azhibay 2022). This legacy includes years of under-
investment, wide use of manual labor, and poor environmen-
tal and health-and-safety record, as well as deficiencies in 
mineral policy and its implementation (Kundakova 2016; 
Rastiannikova 2018; OECD 2018). Yet, research on min-
ing in Kazakhstan and the wider Eurasian region remains 
limited. As a result, our study intends to reduce this gap in 
the literature on economic sustainability of mining Kazakh-
stan and the Eurasian region. Analysis of environmental and 
social aspects of sustainable mining is beyond the scope 
of our study. However, we do find important connections 
between the economic and environmental aspects of sustain-
able mining that require further investigation.

Materials and methods

A common presentation of the aggregate production func-
tion is

where Q is output, K is capital, and L is labor, while α and β 
are respective output elasticities of capital and labor, respec-
tively. A is total factor productivity (TFP). It represents the 
residual effect of changes in output that cannot be attrib-
uted to changes in quantities of capital or labor. TFP growth 
depends on within-firm productivity growth and resource 
allocation across firms. The within-firm productivity is 
determined by innovation and technology adoption, both of 
which require investments in physical, human, and intangi-
ble (R&D) capital. A key consequence of the 2008–2009 
international financial crisis was a drastic reduction in global 
productivity growth due to the following factors (World 
Bank 2019):

1. Secular drivers, which include population aging, waning 
effects of the ICT revolution, and fading effects of mar-
ket liberalization in emerging and developing economies

2. Cyclical factors due to tight credit conditions and weak-
ened balance sheets of private firms, reduced capital 
accumulation and innovation, and risk aversion as a 
consequence of the 2008–2009 global financial crisis 
(Adler et al. 2017)

3. Structural factors due to gradual decrease in the contri-
bution of agriculture and manufacturing to aggregate 
output and increasing role of services. The labor-inten-
sive nature of services and generally lower level of labor 
productivity in this sector affect economy-wide produc-
tivity (Howie and Atakhanova 2020).

A measure of productivity of all inputs, TFP is related 
to labor productivity. The latter is determined as a ratio 
of output per unit of labor (a worker or an hour worked). 
Labor productivity responds to changes in capital (physical, 
natural, or human capital) and changes in TFP (related to 
technology, management, policy, institutions, and competi-
tion). The slowdown in TFP growth was especially abrupt 
in mineral-exporting countries. In such countries, there are 
additional factors that contribute to the structural and cycli-
cal drivers (Tilton 2014):

4. Structural drivers in the mining sector imply declining 
productivity due to the exhaustive nature of mineral 
resources. Higher-quality and more readily accessible 
resources are extracted first. Further production requires 

(1)Q = AKaL�
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increased intensity of the use of inputs because of the 
lower grade and accessibility of deposits.

5. Cyclical drivers may affect mining productivity in two 
ways. On the one hand, falling commodity prices tighten 
budget and capital constraint and reduce investment in 
all types of capital. On the other hand, low commodity 
prices force high-cost producers that became operational 
during the booming period to leave, increasing the over-
all productivity.

Based on the understanding of these labor productivity 
drivers, our goal is to analyze the performance of the entire 
mining industry in Kazakhstan and its subsectors. The analy-
sis will consider two periods: 2000–2010, i.e., the period 
of generally rising mineral prices, and 2011–2019, i.e., the 
post-financial crisis period of the generally falling mineral 
prices, which took place before the COVID-19 pandemic. 
For this purpose, we will use official statistics information 
of the Ministry of Economy of the Republic of Kazakhstan.

In addition, we will conduct empirical analysis of labor 
productivity at a firm level. A commonly used Cobb–Doug-
las production function may be applied to modeling mine 
output as follows (Aguirregabiria and Luengo 2016):

where i is the indicator for the mine and t is the time indica-
tor. Q is mining output, L is labor, K is capital, E is energy, G 
is ore grade, and R is recovery rate at the mineral processing 
facility. All variables are in the natural logarithm form. As 
we make a step from the production function to modeling 
labor productivity, we should discuss two main approaches 
to its measurement: output per worker versus output per 
hour worked. Although the second measure is more precise 
as it directly controls for variations in time worked due to 
weather, unplanned stoppages, or contract arrangements, 
we use the first measure due to data availability. Modifying 
Aydin (1998), we define output per worker as given by the 
following expression:

where i is the indicator for the mine and t is the time indi-
cator. All variables are in the natural logarithm form. q 
is mining output per worker, k is capital expenditures per 
worker in the previous period, energy is energy per ton of 
ore extracted, G is ore grade, and R is recovery rate at the 
mineral processing facility; waste is a ratio of waste rock 
weight to the weight of extracted ore, and share is the share 
of copper in total revenue. Log–log specification removes 
complications in interpreting estimation results due to dif-
ferent units of measurement of explanatory variables. Such 
a specification allows us to interpret a given β coefficient as 

(2)Qit = �
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(3)
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percent change in per worker output due to a 1% change in 
a corresponding explanatory variable. This model will be 
estimated using the fixed-effects panel data methodology 
(Arellano and Bond 1991). Empirical analysis of labor pro-
ductivity at the firm level will be carried out using publicly 
available reports of domestic mining companies.

Results

Industry‑level analysis

Let us first consider the most recent indicators for the four 
types of mining in Kazakhstan: coal, iron ore, non-ferrous 
metals (copper, lead, zinc, chromium), and industrial min-
erals (stone, asbestos, gypsum, phosphate rock, clay, salt, 
barite). Like in many other countries, during the COVID-
19 pandemic, Kazakhstan’s mining companies had to deal 
with disruptions in supply chains, while they invested in 
occupational safety, and increased use of remote work (Kab-
dygalieva 2022). During this period, mining jobs and the 
number of producers fell in Kazakhstan’s coal and industrial 
mineral mining (see Table 1). Investment decreased in most 
sectors, except for industrial minerals. The latter may be 
related to public spending on domestic construction industry. 
Output grew in iron ore and non-ferrous metal mining. As 
for coal and industrial mineral mining, their production first 
contracted, but then rebound to the pre-pandemic level or 
higher. Judging by the number of firms, industrial mineral 
mining industry of Kazakhstan has a high level of domestic 
competition. Foreign competition may be relevant for non-
ferrous and iron ore mining industries as significant shares of 
their output are exported, mostly to China and Russia. Expo-
sure to competition appears to be the lowest in Kazakhstan’s 
coal mining as its key consumers are domestic power and 
steelmaking industries and households (Howie and Atakh-
anova 2017).

Next, we analyze Kazakhstan’s mining industry before the 
COVID-19 pandemic. During 2000–2010, domestic min-
ing operated in an expansionary phase of the commodity 
boom when international copper, coal, and iron ore prices 
grew on average at 16%, 17%, and 20% per year, respectively 
(after adjustment for inflation). During 2011–2019, respec-
tive growth rates of these mineral prices were 2%, 2.5%, and 
5.5%. To study the use of key resources in the mining indus-
try, we use Kazakhstan’s input–output tables, which report 
all information as expenditures measured in monetary units. 
Table 2 contains expenditures on key resources as a percent 
of mining output value. To account for varying degrees of 
changes in prices, we deflate labor expenditures using the 
consumer price index. Other expenditures and output val-
ues are deflated using respective producer price indices. As 
we compare average values of the later period with the first 
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decade of the 2000s, we observe an increasing intensity of 
the use of fuel by metal mining and increasing water use 
in industrial mineral mining. Coal mining increased its use 
of all resources. Across all mining subsectors, capital con-
tribution to output remained unchanged while the share of 
labor expenditures in output value increased. This resulted 
in falling capital-labor ratio across all sectors, especially in 
coal mining.

We proceed to analyzing data from a specialized official 
statistical publication, Industry of Kazakhstan. These data 
are reported in domestic currency units, KZT or Kazakhstan 
Tenge. Based on Figs. 1, 2, 3, and 4 and Table 3, non-ferrous 
metal mining was the most dynamic sector in Kazakhstan’s 
mining. It achieved the highest rates of growth of output, 
investment, and labor earnings during the entire 20-year 
period that we analyze. Most importantly, this sector exhib-
ited persistent improvement in labor productivity (measured 
as output value per person employed). Even higher rates 
of labor productivity growth were observed in the indus-
trial mineral sector. It is noteworthy that labor productivity 
in this sector demonstrated high growth rates despite con-
traction of earnings after the real estate bust in 2007. This 
outcome may be related to the large number of small firms 
in industrial mineral sector and its falling employment (see 

Fig. 3 and Table 1). Next, iron ore mining was the least per-
forming mining sector in Kazakhstan. After a brief period 
of rapid growth of investment and output in the early 2000s, 
iron ore mining entered a period of contraction of invest-
ment and labor productivity. With its work force unchanged 
and falling output levels, contribution of iron ore mining 
to Kazakhstan’s economic development is the lowest one 
among the four mining sectors. These developments resulted 
in large changes in sector shares in total mining industry 
value: between 2001 and 2019, output shares of coal and 
iron ore mining decreased from 30 to 14% and from 22 to 
16.5%, respectively, while the share of non-ferrous mining 
increased from 37 to 59%. As far as coal mining, despite 
continuous high levels of investment, its labor productivity 
stagnated since 2010 (see Table 3 and Fig. 4). Coupled with 
rising earnings and rapidly increasing employment, stagnat-
ing labor productivity raises concerns about sustainability 
of coal mining. Such outcomes in coal mining industry may 
be related to its protected status and subsidies that fossil fuel 
producers in Kazakhstan receive from the government on 
the account of energy affordability (Howie and Atakhanova 
2022). Specifically, Organization for Economic Coopera-
tion and Development (2014) estimated the level of subsi-
dization of coal consumption in Kazakhstan to be around 

Table 1  Kazakhstan’s mining industry during the COVID-19 pandemic

Indicator Year Production value Number of 
firms

Employment Salary Producer price index Investment
USD mln 1000 people USD per month % of previous year USD mln

Coal 2019 935 36 27.8 709 113.7 267
2020 814 33 26.9 729 102.2 217
2021 929 33 26.3 841 104.8 202

Iron ore 2019 1087 15 19.3 618 130.4 151.7
2020 1155 15 18.9 631 116.8 86.4
2021 2294 15 18.9 708 170.8 151.2

Non-ferrous metals 2019 3898 66 62.0 751 98.4 1476
2020 4309 62 62.6 781 111.1 1374
2021 5619 65 63.2 881 122.5 1373

Industrial minerals 2019 650 569 11.1 441 109.1 69.1
2020 561 540 9.9 431 91.5 86.9
2021 801 553 9.2 470 132.3 233.6

Table 2  Expenditures on key 
resources, in percent of mining 
output value (2001–2010 vs. 
2011–2019 averages)

Coal Metals Industrial minerals

2001–2010 2011–2019 2001–2010 2011–2019 2001–2010 2011–2019

Fuel, % 0.69 1.14 0.48 1.37 2.23 1.43
Power, % 1.35 3.23 1.21 0.86 1.74 1.59
Water, % 0.06 0.51 2.63 0.32 0.02 0.09
Labor, % 16.71 25.37 15.62 23.09 17.33 21.70
Capital, % 11.54 11.49 6.48 7.26 10.03 10.38
Capital-labor ratio 85.39 45.24 48.15 35.44 41.50 34.69
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10% while that of oil and petroleum products was 55%. In 
addition, as coal mining was part of vertically integrated 
power and smelting conglomerates, coal mining indirectly 
benefited from the 30% electricity subsidy (Organization for 
Economic Cooperation and Development 2014). Let us con-
sider the effect of subsidies on fossil fuel producers in other 
countries. Research by Erickson et al. (2017) shows that 
at an oil price of $50 per barrel, 40–70% of oil production 
in key producing regions in the USA is subsidy-dependent. 
However, at a price of $100 per barrel, none of US produc-
tion is subsidy-dependent and all subsidies go to support 
higher firm profits. Furthermore, research by Monasterolo 
and Raberto (2019) demonstrates that removal of subsidies 

to extractive energy producers significantly improves tax 
collection, reduces GHG emissions, and permits financ-
ing of broad-based renewable energy consumer subsidies. 
In other words, findings by other authors imply that fossil 
fuel subsidies keep producers’ profits at unsustainably high 
levels and remove incentives for productivity and efficiency 
improvement. In addition, subsidies to fossil fuel producers 
promote investment in long-lasting extraction projects. Thus, 
they hinder low-carbon transition in both the short and long 
terms (Erickson et al. 2020).

Considering data from Tables 2 and 3 allows us to offer 
an interpretation of changes in capital-labor ratio and pro-
ductivity. Capital compensation in input–output tables is 

Fig. 1  Mining output value 
(adjusted for inflation using 
producer price indices)

Fig. 2  Mining investment 
(adjusted for inflation using 
producer price indices)
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Fig. 3  Monthly earnings in min-
ing (adjusted for inflation using 
consumer price index)

Fig. 4  Mining output per 
worker (adjusted for inflation 
using producer price indices)

Table 3  Growth rates of key mining industry performance indicators, in percent per year

Coal Iron ore Non-ferrous metals Industrial minerals

2001–2010 2011–2019 2001–2010 2011–2019 2001–2010 2011–2019 2001–2010 2011–2019

Production 6.9 3.9 17.7  − 0.9 9.2 8.1 9.4 4.8
Employment 4.9 9.1 0.6 0.1 1.3 3.1  − 0.9  − 3.9
Investment 16.0 11.5 15.8  − 0.8 16.2 13.7 23.2 9.0
Labor productivity 8.5 0.2 20.6  − 1.0 7.2 6.0 9.3 9.3
Earnings 6.5 6.5 6.9 3.2 8.6 4.4 6.6 4.4
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determined as a residual. In the case of extractive indus-
tries, it measures the contribution of not only man-made 
physical capital but also natural capital. Natural capital 
refers to the value of natural resources in the ground, which 
changes as prices of commodities fluctuate, resources are 
discovered and depleted, or technology of their production 
improves (Ericsson and Lof 2019). From Table 2, overall 
investment in physical capital in Kazakhstan’s mining grew 
and it grew at rates higher than that of the output (except 
iron ore mining). This means that a decrease in capital-labor 
ratio may be due to declining natural capital from depletion 
and falling mineral prices. To verify our proposition, we 
obtain estimates of reserves presented in Table 4 (based on 
USGS 2022). We find that reserves did fall in the case of 
iron ore, i.e., reduction in natural capital may explain fall-
ing productivity of iron ore mining. However, in the case of 
coal mining reserves, investment and employment increased. 
As a result, given increasing physical and natural capital, 
falling productivity may be indicative of declining skills of 
the workforce. This may be a plausible explanation because 
by increasing employment by 9% per year (see Table 2), 
Kazakhstan’s coal mining companies likely accepted lower 
skills to hire more workers, as skilled mining labor is scarce. 
In addition, Kazakhstan’s coal mining labor force became 
less diverse in terms of gender: the share of female manag-
ers decreased during 2010–2020, and there were signs of 
persistent vertical gender discrimination in labor compensa-
tion. These findings are important because gender diversity 
is associated with greater firm efficiency and better ESG 
outcomes (Atakhanova and Howie 2022).

To evaluate the availability of skills in mining, we rely 
on the results of the Annual Survey of Mining Compa-
nies (Yunis and Aliakbari 2022). This international survey 

evaluates investment attractiveness of mining jurisdic-
tions based on responses of mining companies’ execu-
tives. Table 5 presents shares of respondents that consider 
the availability of labor and skills as conducive to mining 
investment in a given jurisdiction. These data suggest that 
after 2007, most respondents perceived Kazakhstan’s mining 
labor availability and skills as not a deterrent to investment. 
However, by 2021 50% of respondents considered this fac-
tor as a mild deterrent to investment. (Perception of avail-
ability of mining labor and its skills in Russia was similar 
to that of Kazakhstan, with some signs of improvements 
in the later period. Russia is an acceptable comparator due 
to the common past and similarities in education systems 
of the two countries.) These findings suggest that mining 
labor in Kazakhstan, including skilled labor, has become 
more scarce, especially in comparison to neighboring coun-
ties. This may explain why mining salaries in Kazakhstan 
grew without matching increases in labor productivity (see 
Table 3).

To conclude industry-level analysis, we may compare 
Kazakhstan’s mining labor productivity indicators to the 
USA, where the average annual coal output per worker dur-
ing 2001–2011 was around 9400 tons (US EIA 2012). Fur-
thermore, in the USA, the average iron output per worker 
in 2003 was around 10,000 tons (USGS 2003). In contrast, 
coal production per worker in Kazakhstan was on average at 
3766–3850 tons per year in 2001–2019. As for iron ore min-
ing, labor productivity in Kazakhstan was 904–978 tons dur-
ing 2001–2019. These results suggest that labor productivity 
in Kazakhstan coal and iron ore-metal mining represents 
10–40% of its level in countries with modern mining indus-
tries. This is consistent with the finding by Rastiannikova 
(2018) that labor productivity in gold mining in Russia is 
7–8 times lower than that in the USA and Australia.

Firm‑level analysis

Next, we analyze individual companies to gain an under-
standing of firm-level productivity drivers. First, we con-
sider the Eurasian Resources Group (ERG). It is the largest 
integrated mining and metallurgy company in Kazakhstan. 
Established in 1994, the ERG inherited large Soviet-time 

Table 4  Kazakhstan’s reserve estimates for selected minerals

Mineral Units 2000 2010 2021

Chromium 106 metric tons 320 180 230
Copper 106 metric tons 14 18 20
Iron ore 109 metric tons 8.3 8.3 2.5
Coal 106 short tons NA 20.67 28.22

Table 5  Availability of mining 
labor and skills in Kazakhstan 
and Russia, percent of 
respondents choosing answers 
1–5

1, encourages investment; 2, not a deterrent to investment; 3, mild deterrent to investment; 4, strong deter-
rent to investment; 5, would not pursue investment due to this factor

Year Kazakhstan Russia

1 2 3 4 5 1 2 3 4 5

2007 8 31 31 23 8 12 48 36 4 0
2012 5 50 40 5 0 15 56 26 4 0
2017 13 63 13 0 13 22 33 44 0 0
2021 17 33 50 0 0 57 43 0 0 0
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mining assets such as Aluminium of Kazakhstan (estab-
lished in 1964; 8000 people employed) and SSGPO iron-
ore mining subsidiary (established in 1954; 12,000 people 
employed). The largest asset of the ERG is KazChrome, 
established in 1938 and employing 19,000 workers. 
KazChrome is a world leader in high-quality chrome ore and 
top global producer of high-carbon ferrochrome. In addition, 
the ERG produces coal in Kazakhstan, and, starting from 
the mid-2010s, copper and cobalt in Africa and iron ore in 
Brazil. Table 6 presents key data for Kazakhstan operations 
of the ERG.

The ERG provides output and employment information 
by asset only for recent years. If we assume stable shares 
of employment across operations, then on average during 
2014–2021, output per worker is estimated around 200 
tons for chrome and alumina mining, while in iron ore and 
coal mining, output was around 900–1000 tons per worker. 
Based on our imputed values, these productivity levels did 
not change in chrome ore mining during 2014–2021. How-
ever, productivity grew on average at 4% per year in coal 
mining and 5.8% per year in iron ore and alumina mining. In 

general, between 1994 and 2018, the ERG invested around 
$14 billion in construction and renovation of plants and 
mines in Kazakhstan. An example of productivity-enhanc-
ing measure by the ERG was launching of USD 10 mil-
lion “Smart Mine” project at Kacharsky iron-ore mine in 
Kazakhstan, intended to expand it to the rest of the company 
assets (ERG 2017). The project employed AI and real-time 
monitoring of the mine’s performance and production cycle. 
This enabled operators to prepare optimal production sce-
narios and schedule equipment dispatch and product deliv-
ery. This technology was connected to the firm’s systems 
of asset planning and geo-data. Implementation of Smart 
Mine enhanced productivity growth through minimization of 
failures, elimination of unscheduled downtime, optimization 
of equipment allocation, and reduction of expenses. Overall, 
the ERG planned to spend a total of $1.8 billion between 
2018 and 2025 to enhance efficiency by 10% per year by 
implementing innovative technologies in its Kazakhstan 
operations (ERG 2017). Major investment expenditures of 
the ERG are summarized in Table 7. In addition, the com-
pany spent KZT39.2 billion over 5 years on social welfare, 

Table 6  Key performance 
indicators of ERG operations in 
Kazakhstan

www. erg. kz

Indicator Unit 2014 2015 2016 2017 2018 2019 2020 2021

Ferroalloy output 1000 t 1552 1600 1361 1496 1613 1639 1653 1540
Iron ore output 1000 t 10,800 9809 10,585 12,292 13,159 13,114 14,714
Alumina output 1000 t 1000 1500 1509 1481 1393 1383 1315
Aluminum output 1000 t 213 240 257 258 263 264.6 262.4
Coal output 1000 t 14,500 24,679 27,472 28,724 27,503 28,871 29,891
Revenue (group total) mln $ 3840 5048 5353 4872 5356 8530
Employees in Kazakhstan 69,466 64,406 64,147 62,100 62,422 63,194 62,892 63,899
Employees in Kazakhstan, share 

of total
0.92 0.92 0.92 0.90 0.90 0.94 0.94 0.94

Table 7  Key investment 
projects of the ERG

www. erg. kz

Cluster Project Expenditure

Ferroalloy production Construction of ferroalloy plant in Aktobe $843 million
Sinter plant (Aksu Ferroalloys Plant) $63 million

Iron production and metal rolling Construction of process area #17 $50 million
SSGPO metal rolling plant $36 million
Construction of lime kilns in Kyzyl-Zhar $4.4 million
High-quality crushing and preparation plant at DOF-4 

and MMC-4
$454 million

Coal industry Dragline stripping complex $85 million
Power generation Renovation of unit #2 at Aksu Power Plant $251 million

Overhaul of power unit #6 $276 million
Industrial engineering of the electrical complex $6.3 million

Aluminum production Construction of aluminum smelter, phase 2 $243 million
Based anode production at Aluminium of Kazakhstan $307 million

http://www.erg.kz
http://www.erg.kz
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health care, benefits, and catering. Furthermore, the com-
pany supports continuous education, leadership programs, 
safety culture, and professional development.

In order to obtain a better understanding of firm-level 
productivity drivers, we use publicly available informa-
tion on one more domestic mining company. We choose 
KAZ Minerals because this relatively young company 
disclosed detailed production and financial information 
to raise funds from the UK stock market. This company 
positions itself as a high-growth low-cost large-scale pro-
ducer focused on open-pit copper mining in the Eurasian 
region, employing around 16,000 people. In 2020, the 
company produced 306,000 tons of copper, 5.6 tons of 
gold, 96 tons of silver, and 50,000 tons of zinc in con-
centrate (see Fig. 5). In 2014, this company branched out 
from Kazakhmys, the largest and the oldest copper-pro-
ducing company in Kazakhstan. KAZ Minerals inherited 

from Kazakhmys three underground copper-zinc mines 
in Eastern Kazakhstan (47,000 tons of copper output per 
year) and a copper-silver-gold open-pit Bozymchak mine 
in Kyrgyzstan (5000 tons of copper output per year). Upon 
acquisition, the company modernized a concentrator and 
upgraded IT systems and electrical equipment at the older 
mines in Eastern Kazakhstan. At the same time, the com-
pany acquired two greenfield open-pit copper mines in 
Kazakhstan, Aktogay, and Bozshakol (see Table 8). Akto-
gay mine has an annual processing capacity of 50 million 
tons (an average copper grade is 0.25% for oxide ore and 
0.33% for sulfide ore) at the net cash cost of 2.56 USD 
per kg with the remaining life of 25 years. The second 
new mine, Bozshakol, has an annual processing capacity 
of 30 million tons (an average copper grade is 0.35% for 
sulfide ore) at the net cash cost of 0.26 USD per kg, with 
the remaining life of 40 years. Both mines were within 

Fig. 5  Copper output at KAZ 
Minerals mines

Table 8  Performance indicators 
of KAZ Minerals mines, 
2015–2020 average annual 
percent change

Aktogay Bozshakol East region Bozym-
chak

Ore extracted 53 27  − 3 3
Ore processed 52 39 0 0
Copper output 36 51 1 9
Ore grade 3  − 1 0  − 1
Recovery rate 3 1 0 0
Employment 16 5 0 0
Electricity consumption 53 49 2 2
Diesel consumption 23 8  − 2 1
Total energy consumption 43 23 0 0
Capital investment 6 2  − 1 23
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short distance to existing rail transportation and power 
infrastructure, which allowed KAZ Minerals to develop 
both sites within short time. At these greenfield open-pit 
mines, the company constructed large-scale processing 
plants that use modern grinding and floatation technolo-
gies. Automated remote dispatch systems were introduced 
to optimize truck dispatching and minimize consumption 
of diesel. In 2022–2023, the company introduced the use 
of artificial intelligence at Aktogay concentrator plant. 
This technology allowed the plant to increase the amount 
of ore processed by 7–8% while increasing the output by 
2–3% and reducing costs. Currently, each new mine pro-
duces around 120,000–130,000 tons of copper per year 
(see Fig. 5). Finally, in 2019, KAZ Minerals acquired the 
Baimskaya copper project in Russia’s Chukotka region. 
Beginning of production from Baimskaya is anticipated in 
2027 with an annual output of 300,000 tons of low-carbon 
copper, based on nuclear power generation.

Let us compare labor productivity at KAZ Minerals 
with international levels. According to Aydin (2020), US 
annual production during 2005–2015 was around 1.2 mil-
lion tons with an annual employment of 13,000 people. 
In the case of KAZ Minerals, the company’s employment 
is 15,000–16,000 and copper output was 0.12–0.13 mil-
lion tons in 2019–2020. Furthermore, according to Aydin 
(2020), US annual productivity in copper mining was 
around 120 tons/worker during 1995–2010, thereafter 
declining to around 90 tons/worker. During 2017–2020, 
KAZ Minerals productivity at its new mines was 46–65 
tons/worker per year, which represents 50–75% of the 
US copper mining productivity. At its older mines, labor 
productivity was 6.5 tons/worker per year. Our empirical 
analysis would allow us to determine factors that explain 

such a large variation between labor productivities at dif-
ferent mines of the same company.

We use the company’s public reports to obtain quarterly 
data during Q1.2016–Q4.2020 for the four mine sites: Akto-
gay, Bozshakol, Bozymchak, and East Region. This allows 
us to evaluate our labor productivity model (3) described in 
the section “Materials and methods.” Fixed effects panel-
data modeling estimation results are presented in Table 9.

First, we check for correlations between the explana-
tory variables, which are found to be at acceptable levels. 
Next, estimation results indicate that variations in explana-
tory variables jointly account for 70–90% of variation in 
labor productivity across time and mine sites. Variations 
in ore grades are significant in explaining the variability in 
labor productivity: a 10% higher grade is associated with 
8% higher labor productivity. Whether or not by-products 
represent a sizable share of a company’s revenue does not 
influence labor productivity as evident from lack of statis-
tical significance of the “copper share” variable. In addi-
tion, waste ratio does not produce a significant impact on 
labor productivity. However, as expected, the amount of 
capital per worker is important: a 10% increase in capital 
per worker is associated with a 2.5–5.6% increase in labor 
productivity. Efficiency of the processing plant is even more 
important: a 10% increase in recovery rate is associated 
with a 9–12% increase in labor productivity. Next, reduc-
tion in energy intensity of mining matters for productivity: 
a 10% decrease in energy intensity is associated with an 
11% increase in labor productivity (this result is consistent 
with Ram et al. 2015 and Yepez-Garcia et al. 2021). Note 
that the model with the highest predictive power (based 
on within, between, and overall R2) is the one that uses 
consumption of diesel per ton of ore extracted as a proxy 

Table 9  Estimation results of the firm-level labor productivity model

Significance level: *** − 1%, ** − 5%, and * − 10%

Model 1 Model 2 Model 3 Model 4

Capital per worker 0.332 (0.211) 0.322*** (0.136) 0.244** (0.143) 0.566*** (0.132)
Energy intensity  − 1.108*** (0.095)  − 1.106*** (0.091) NA NA
Power intensity NA NA  − 1.101*** (0.098) NA
Diesel intensity NA NA NA  − 1.024*** (0.079)
Recovery rate 1.156*** (0.149) 1.158*** (0.144) 1.233*** (0.154) 0.888*** (0.135)
Grade 0.824** (0.400) 0.826*** (0.396) 0.845*** (0.417) 0.547 (0.378)
Waste ratio  − 0.44 (0.049)  − 0.045 (0.047)  − 0.079* (0.049) 0.064 (0.047)
Copper share  − 0.003 (0.051) NA NA NA
Constant  − 18.307*** (1.035) 18.317*** (1.017)  − 19.434*** (1.168)  − 17.102*** (0.889)
No. of observations 80 80 80 80
No. of mines 4 4 4 4
R2 within 0.7737 0.7737 0.7489 0.7937
R2 between 0.8717 0.8690 0.7716 0.9318
R2 overall 0.8485 0.8459 0.6974 0.8933
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for energy intensity. Overall, our estimation results imply 
that increasing recovery rates at processing facilities and 
controlling the use of diesel fuel were the most important 
factors that are associated with output expansion and pro-
ductivity growth at this company. We admit that our quan-
titative model overlooks qualitative productivity drivers at 
KAZ Minerals. These include technological innovations 
used by this company (e.g., automated dispatch, AI use 
previously discussed), as well as its managerial innovations 
(annual “Direct Line” live video feed with the company 
CEO, quarterly “town halls” with General Directors, “Speak 
Up” confidential telephone reporting of ethical concerns). 
In addition, an important factor is company strategy aimed 
at employee engagement, retention, and empowerment. For 
instance, KAZ Minerals provides annual HSE training and 
medical checkups for all employees, promotes team safety 
culture, conducts exit surveys, cooperates with labor unions, 
and conducts annual reviews of employee performance. The 
company has instituted Leadership Development Program 
that identifies potential future leaders and their individual 
development plans. Expatriate employees are explicitly 
required to mentor, coach, and train their local successors.

Conclusion

This study has analyzed economic sustainability of Kazakh-
stan’s mining industry with an emphasis on labor produc-
tivity. In early 2000 Kazakhstan’s mining output grew in 
response to positive price dynamics in the international 
commodity markets and rising level of investment. How-
ever, since 2010, economic growth decelerated worldwide 
and Kazakhstan’s mining output growth slowed down. 
Labor productivity decreased in iron ore mining and stag-
nated in coal mining. In these two sectors, labor productiv-
ity was around only 10–40% of mining output per worker in 
the USA. Declining productivity in Kazakhstan’s iron ore 
mining may be related to depletion: low levels of explora-
tion activity in the non-fuel mineral sector did not match 
the high rates of mineral extraction (Brekeshev 2021). In 
addition, we believe that fossil fuel subsidies and declining 
mining labor force skills are important for understanding 
the lack of growth of productivity in coal mining.

Nevertheless, throughout our study period, labor pro-
ductivity continued to improve in Kazakhstan’s mining of 
non-ferrous metals and industrial minerals. To understand 
factors that influenced labor productivity of non-ferrous 
metal mining industry, we analyze two most prominent 
mining companies in Kazakhstan. The ERG, the oldest and 
the largest integrated multi-product mining and metallurgy 
company, improved its productivity while it modernized 
older assets, digitized operations, and invested in workforce. 
KAZ Minerals, a copper mining company, achieved high 

growth and low production cost at open-pit mines in Eastern 
Kazakhstan. Access to high-grade reserves, proximity to 
existing infrastructure, automation of new mines, moderni-
zation of older mines, and managerial innovations aimed 
at empowering its employees allowed the firm to produce 
consistent performance. We demonstrate that, for such a 
dynamic Kazakhstani mining company, it was possible to 
achieve 75% of the level of labor productivity in US cop-
per mining.

Our findings suggest that energy intensity may be one of 
the key factors of mine productivity. On the one hand, KAZ 
Minerals, an export-oriented copper-mining company, 
actively worked on addressing their energy use which, 
together with other factors, positively influenced their 
labor productivity. On the other hand, Kazakhstan’s coal 
mining with its close ties to domestic power and steelmak-
ing industries faced limited competition and experienced 
no productivity growth during the last decade. Moreover, 
coal mining was the only sector that increased the intensity 
of use of all resources: power, fuel, and water. In addi-
tion, our results imply that limited competition and market 
distortions such as fossil fuel subsidies reduce incentives 
for energy intensity improvement and may indirectly affect 
labor productivity. Studies by other researchers find that 
fossil fuel subsidies not only delay low-carbon transition, 
but increase fossil fuel producer profits and investment in 
energy extraction. We believe that, although such subsidies 
benefited Kazakhstan’s coal mining output and employ-
ment expansion, they removed incentives for improving 
efficiency and productivity. More analysis is required to 
confirm spillovers and reinforcing effects of activities that 
improve both economic and environmental impacts of 
mining.

In addition, managerial interventions that reduce ineffi-
ciencies in resource use may have multiple benefits: firm-
level analysis suggested that reduced energy intensity is 
associated with increasing labor productivity. This result 
differs from earlier studies of mining productivity. Specifi-
cally, Aydin (1998) finds that energy/labor ratio has a posi-
tive impact on labor productivity in the US copper mining 
while De Solminihac et al. (2018) find that higher energy 
prices (i.e., lower energy consumption) reduce labor pro-
ductivity in Chilean copper mining. Aydin (1998) explains 
their result by the substitutability of energy and labor due to 
the substitution between labor and capital. Our results imply 
that, in our case study, labor and energy are complementary. 
More research is required in this direction, specifically the 
one that distinguishes between skill levels of mining labor 
force.

To conclude, our research contributes to learning about 
the economic sustainability of mining in the Eurasian 
region, as reflected in developments in labor productivity 
of Kazakhstan’s mining. Our study has limitations due to 
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data availability. Further research is necessary to assess the 
importance of efficient resource pricing and mining work-
force skills for mining productivity. In addition, analysis of 
mining policy and the overall business environment would 
allow mining industry stakeholders to identify and address 
additional constraints to economic sustainability of mining.
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