Pak. j. life soc. Sci. (2024), 22(2): 11600-11607 E-ISSN: 2221-7630;P-ISSN: 1727-4915

Pakistan Journal of Life and Social Sciences

2 Clarivate ~
Web of Science

Zoological Record

www.pjlss.edu.pk

https://doi.org/10.57239/PJLSS-2024-22.2.00876

RESEARCH ARTICLE

Estimating Annual

per Capita Mineral and Hydrocarbon

Consumption in Ecuador Using U.S. Data as a Baseline

Christian Adridn OrdéfiezGuaycha'®, Josué David Gonzalez Coronel?, Julio Cesar Lépez Ayala3, Ernesto Reyes

Cespedes*

1234Escuela Superior Politécnica de Chimborazo (ESPOCH), Sede Morona Santiago, Macas EC140101, Ecuador

ARTICLE INFO

ABSTRACT

Received: Aug 11, 2024
Accepted: Oct 27, 2024

Keywords

Ecuador

Extractive industry
Hydrocarbons
Mineral consumption
Resource dependency

Sustainability

*Corresponding Author:

cordoniez@espoch.edu.ec

In 2008, Ecuador became the first country to legally recognize the rights
of nature, a significant step in environmental protection. This principle has
been reinforced through referenda opposing resource extraction,
particularly oil and mining. Despite these environmental concerns, the
contribution of the extractive industry to Ecuador’s economy is
substantial, representing 4.4% of the national GDP and 41.73% of foreign
investment in 2020. This study estimates the annual per capita
consumption of minerals and hydrocarbons in Ecuador, providing an
objective view of the population's reliance on these resources. Using U.S.
per capita mineral consumption data from 2023 as a baseline, this study
employs proportional scaling based on Ecuador’s employment rate and
GDP per capita. Results show that, in 2023, an average Ecuadorian
consumed approximately 2,993.1 kg of minerals and metals and 2,766.55
kg of hydrocarbons. These findings highlight the essential role of these
resources in Ecuador’s economy and daily life, contributing valuable data
for discussions on sustainable resource management.

INTRODUCTION

In 2008, Ecuador became the first country to officially recognize the rights of nature (15 aios de los
Derechos de la Naturaleza en Ecuador - GARN Latinoamérica, 2023; Base legal para DDN en Ecuador -
Observatorio Juridico de Derechos de la Naturaleza, 2019; Derechos de la Naturaleza en Ecuador,
2018), reflecting the country's deep commitment to environmental protection. This commitment has
been reaffirmed through a series of popular referenda, in which Ecuadorians have consistently voted
against the extraction of natural resources such as crude oil and minerals (AFP, 1 C.E.; Press, 2023).
Many of these referenda have been supported by politicians, which has helped them gain popularity.
These campaigns, often aimed at opposing oil and mining projects, have persuaded people that such
activities indiscriminately pollute the environment, leading to biased voting outcomes.

However, there has been little to no campaigning in support of the extractive sector, highlighting its
benefits. For example, the mining industry has become crucial to Ecuador's economy (Torres, 2020).
Projects like Lundin Gold and ECSA have significantly contributed to the country's development,
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accounting for 4.40% of the national GDP. In 2020, the mining sector represented 41.73% of foreign
investment (EN 2020, LA MINERIA DEJO RESULTADOS ECONOMICOS POSITIVOS PARA EL ECUADOR -
Ministerio de Energia y Minas, n.d.). Additionally, there is little emphasis on how everyday products,
derived from minerals and oil, are essential to modern life, making it difficult to imagine our lives
without them.

The present research aims to estimate the annual per capita consumption of minerals and
hydrocarbons by Ecuadorians, providing an objective perspective on the population's reliance on
these resources. The study does not advocate for any specific mining or crude oil company but rather
emphasizes Ecuadorians’ dependence on minerals and crude oil. Quantifying the precise
consumption of these resources per individual is a challenging task due to the complexity of supply
chains and the diverse applications of these materials. To tackle this, a methodological approach was
used, where data from the United States' per capita mineral consumption in 2023 served as a baseline
for estimating Ecuador’s consumption. Two key economic indicators—employment rate and GDP per
capita—were employed to scale the U.S. data to the Ecuadorian context. The findings suggest that, on
average, an Ecuadorian in 2023 consumed approximately 2,993.1 kg of minerals and metals, and
2,766.55 kg of hydrocarbons.

MATERIALS AND METHODS

As global societies advance and technologies evolve, the demand for a variety of mineral commodities
has significantly increased (Morgan, 1976; Qadri et al., 2024). However, precise annual mineral and
hydrocarbons consumption per individual remains a critical, yet under-examined, statistic. This
study follows a structured, three-step methodological approach to estimate individual mineral and
hydrocarbons consumption, with a comparative focus on the United States and Ecuador.

Step 1: Selection of Relevant Studies on Mineral and Hydrocarbons Consumption

To address the diverse array of minerals in existence (Rao, 2022; Al-Khresheh., 2024), we first select
the minerals most relevant to daily life. Using the Google search engine, keywords such as "mineral
consumption” and "minerals human needs" were used to identify studies on daily mineral
requirements. The publication "How many pounds of minerals are required by the average person in
a year?" by the Minerals Education Coalition and cited by the United States Geological Survey (How
Many Pounds of Minerals Are Required by the Average Person in a Year? [ U.S. Geological Survey, n.d.;
USGS Open-File Report 01-360: Mineral Resources; out of the Ground...into Our Daily Lives, n.d.) was
chosen as the primary guide, listing critical minerals relevant to individual consumption. Table 1
displays the selected minerals and hydrocarbons, which serve as the baseline for scaling Ecuadorian
mineral and hydrocarbons consumption.

Step 2: Data Proportion Factors and Estimation

Given the absence of direct studies on per capita mineral and hydrocarbons consumption in Ecuador,
this study uses proportional factors to estimate these values. The key indicators analyzed include
employment rate and Gross Domestic Product (GDP) per capita.

Employment Rate: Employment rate, an essential economic indicator, is known to influence
consumption patterns within a country. Numerous studies demonstrate the complex, interdependent
relationship between employment levels and consumption trends (Adekoya & Faraz, 2021; Clements
etal, 2020; Jam etal,, 2016; Xu etal., 2021; Yoo, 2005).

GDP per Capita: GDP per capita is frequently used as a proxy for living standards and the general
level of consumption in a country (Ha et al., 2020; Kakkad & Ray, 2022; Al-Khresheh., 2023).

Due to the complexity of gathering demand elasticity data for each mineral in Ecuador, only
employment rate and GDP per capita from the USA and Ecuador, spanning from 2018 to 2023, were
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selected as proportion factors for this estimation. The proportional calculation involves dividing the
average employment rate of Ecuador by that of the USA and similarly for GDP per capita, as outlined
in Tables 2 and 3. Each proportion factor is then multiplied by U.S. mineral and hydrocarbons
consumption data to derive an estimated consumption rate for Ecuadorians in 2023.

RESULTS
Step 1: U.S. Minerals and Fuel Consumption 2023

The baseline mineral and fuel consumption per capita for the USA in 2023, as shown in Table 1, forms
the foundation for estimating Ecuadorian mineral consumption.

Table 1: Estimated annual consumption of various minerals and fuels per person in the USA (2023)

Material Amount (SI Units) Material Amount (SI Units)
Stone 4,783 kg |Zinc 12.72 kg |
‘Sand and gravel||3,105 kg HSoda ash H12.25 kg ‘
‘Cement H358 kg HManganese H2.27 kg ‘
‘Iron ore H107.5 kg HOther non—metalsH302 kg ‘
‘Salt H164 kg HOther metals H9.07 kg ‘
‘Phosphate rock H71.7 kg HSilver H18.14 g ‘
‘Clays H68.5 kg HPetroleum 4,175 liters ‘
‘Aluminum H5.44 kg HCoal 1,155 kg ‘
[Lithium 9.07 g [Natural gas 2,724 m3 |
‘Copper H5.44 kg HUranium H54.43 g ‘
Lead 499 ke H | |

Source: (“Mining & Mineral Usage Statistics,” n.d.)
Step 2: Calculation of Proportion Factors

The average U.S. employment rate from 2018 to 2023 was 59.67%, while Ecuador’s was 35.77%, as
shown in Tables 2. This results in Ecuador’s employment rate being 59.95% of that of the USA.
Similarly, the average U.S. GDP per capita was $70,510.67, compared to Ecuador’s $6,169.33, making
Ecuador's GDP per capita 8.75% of that of the USA.

These proportions were applied to the U.S. mineral and hydrocarbons consumption data to estimate
Ecuadorian consumption, with results shown in Tables 4 and 5.

Tables and Data Sources

Table 2: Employment Rate Data

Year USA Employment Rate | Ecuador Employment Rate
(%) (%)

2023 60.8 359

2022 59.9 33.2

2021 58.6 34

2020 56.8 325
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2019 61.2 379
2018 60.7 41.1
Average | 59.67 35.77

Sources: (Annual Employment Rate U.S. 2023, n.d.; United States Employment Rate, n.d.) (Empleo-Ene-2021 |,
n.d.; Tres de Cada 10 Trabajadores Tienen Un Empleo Adecuado En Ecuador, 2022; Tasa de empleo adecuado en
Ecuador subio 2,6% entre 2017 y 2018, n.d.; E1 2023 Cerré Con Mds Desempleo En Ecuador, n.d.)

Table 3: GDP per Capita Data

Year USA GDP per Capita (USD) | Ecuador GDP per Capita (USD)
2023 81,695 6,533

2022 77,247 6,477

2021 71,056 6,036

2020 64,317 5,450

2019 65,548 6,204

2018 63,201 6,316

Average | 70,510.67 6,169.33

Sources: (U.S. GDP Per Capita 1960-2024, n.d.) (Ecuador GDP Per Capita 1960-2024, n.d.).

Estimation Results

The estimated annual mineral and hydrocarbons consumption per capita in Ecuador for 2023 is
presented in Tables 4-5, based on different proportion factors (employment rate and GDP per
capita).

According of the average of these tables, each person uses approximately 1,642.96 kg of stone and
1,066.57 kg of sand and gravel, which are essential materials in construction and infrastructure (de
Morais et al,, 2013; Novelo et al., 2021; Oladinrin et al., 2012). Cement consumption reaches 122.97
kg per person, while iron ore amounts to 36.93 kg and salt 56.33 kg, all crucial for industrial and
domestic applications. Phosphate rock and clays contribute 24.62 kg and 23.53 kg respectively to
agricultural (Hellal et al., 2019; [hbach et al,, 2020)and industrial uses while . Among trace minerals,
zinc reaches 0.94 kg, manganese 0.78 kg, and other metals 3.12 kg. Precious minerals like silver are
consumed at 6.23 grams per capita, and lithium at 3.12 grams, reflecting their significance in
electronics and battery production (Xiao et al., 2020). Petroleum and coal, key energy sources
(Bellussi et al,, 2014), are consumed at 1,434.11 liters and 396.74 kg per person, respectively, with
natural gas consumption at 935.7 m>. Finally, uranium consumption, at 18.7 grams per capita,
supports energy needs (Bellussi et al.,, 2014). This diverse mineral profile underscores the broad
range of mineral resources essential to Ecuador's economy and daily life.

Table 4: Estimated Annual Mineral and Hydrocarbons Consumption in Ecuador (Employment Rate

Proportion)
|Material ||Am0unt (SI Units)||Material ||Amount (sI Units)|
IStone 2,867.41kg |[Zinc |[1.63 kg |
|Sand and gravel||1,861.45 kg ||Soda ash ||7.34 kg |
|Cement ||2 14.62 kg ||Manganese ||1.36 kg |
|Iron ore ||64.45 kg ||Other non-metals||181.05 kg |
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IMaterial ||Am0unt (SI Units)||Material ||Amount (SI Units)l
|Salt ||98.32 kg ||Other metals ||5.44 kg |
|Phosphate rock ||42.98 kg ||Silver ||10.87 g |
|bes H4LO7kg HPeHokunl |p502911um3 |
[Aluminum  [[3.26 kg [Coal 692.42 kg |
Lithium 544 g |Natural gas 1,633.04 m® |
ICopper H&26kg HUrmﬁunl H3Z63g |
[Lead 299 ke | | |
Table 5: Estimated Annual Mineral and Hydrocarbons Consumption in Ecuador (GDP Proportion)
|Material HAmount (SI Units)“Material HAmount (SI Units)l
|Stone 1418.51 kg |Zinc 10.24 kg |
‘Sand and gravelH271.69 kg HSoda ash H1.07 kg ‘
‘Cement H31.32 kg HManganese HO.Z kg ‘
‘Iron ore H9.41 kg HOther non-metalsH26.42 kg ‘
‘Salt H14.35 kg HOther metals H0.79 kg ‘
‘Phosphate rock H6.27 kg HSilver H1.59 g ‘
‘Clays H5.99 kg HPetroleum H365.31 liters ‘
Aluminum  [0.48 kg |Coal 1101.06 kg |
[Lithium l0.79 g [Natural gas 238.35 m? |
‘Copper H0.48 kg HUranium H4.76 g ‘
Lead 044 kg H | |
DISCUSSION

There is no research about the consume per capita of mineral and hydrocarbons in Ecuador, but also
itis difficult to find one around the world. Most of the investigation claims that the global demand for
mineral commodities has been steadily increasing due to population growth, urbanization, and
technological advancements. (Critical Mineral Resources of the United States—Economic and
Environmental Geology and Prospects for Future Supply, 2017; Pomykata & Tora, 2017) Owing to
the continuing increase in global population and the efforts to improve living standards worldwide,
the use of mineral resources will persist to grow in the foreseeable future (Schulz & Briskey, 2003).

In this research, the estimated per capita consumption for Ecuador was derived using data from a
previous study conducted in the United States. The results highlight the annual demand for key
resources in Ecuador: approximately 2,945.72 kg of minerals, 47.38 kg of metals, and 2,766.55 kg of
hydrocarbons. To estimate these figures, employment rate and GDP per capita were used as
proportional conversion factors, as these indicators reflect broader consumption patterns within a
population.

AUTHORS’ CONTRIBUTIONS

Christian Ordéfiez led the research, conducted the analysis, and wrote the initial draft of the article.
Josue Gonzalez, Julio Lépez, and Ernesto Reyes contributed to reviewing the manuscript and
provided critical feedback, making adjustments to improve the overall quality and clarity of the work.
All authors have read and approved the final version of the manuscript.

11604



OrddniezGuaycha et al. Estimating Annual per Capita Mineral and Hydrocarbon Consumption in Ecuador

ACKNOWLEDGMENTS

This article is part of the research project titled "Evaluacién de Procesos de Beneficio Mineral para la
Aplicaciéon de Métodos Alternativos en la Recuperacién de Oro en la Pequeiia Mineria en el Ecuador
(PBMINE)", funded by the Decanato de Investigaciones of the Escuela Superior Politécnica de
Chimborazo and COMINCOBOS S.A. We express our sincere gratitude to both institutions for their
invaluable support.

REFERENCES

15 arios de los Derechos de la Naturaleza en Ecuador—GARN Latinoamérica. (2023, September 29).
https://www.garnlatinamerica.org/15-anos-de-los-derechos-de-la-naturaleza-en-ecuador/

Adekoya, 0. B., & Faraz, M. (2021). Employment generation in net oil-importing and net oil-exporting
countries: The role of energy consumption. OPEC Energy Review, 45(1), 109-134.
https://doi.org/10.1111/opec.12200

AFP, S. Q., Agencia. (1 C.E., November 30). El no se impuso con el 86, 79% en la consulta popular minera
del cantén Giron, en Azuay. El Comercio.
https://www.elcomercio.com/actualidad/politica/consulta-popular-mineria-giron.html

Annual employment rate U.S. 2023. (n.d.). Statista. Retrieved October 24, 2024, from
https://www.statista.com/statistics /192398 /employment-rate-in-the-us-since-1990/

Base legal para DDN en Ecuador—Observatorio Juridico de Derechos de la Naturaleza. (2019, May 20).
https://www.derechosdelanaturaleza.org.ec/base-legal-para-ddn-en-ecuador/

Bellussi, G., Rispoli, G., Millini, R., & Pollesel, P. (2014). The Turning Point of the Refining Industry in
Europe. Chemie Ingenieur Technik, 86(12), 2150-2159.
https://doi.org/10.1002 /cite.201400084

Clements, K. W,, Si, ]., Selvanathan, E. A., & Selvanathan, S. (2020). Demand elasticities for 9 goods in
37 countries. Applied Economics, 52(24), 2636-2655.
https://doi.org/10.1080/00036846.2019.1693698

Critical mineral resources of the United States—Economic and environmental geology and prospects
for future supply. (2017). In Professional Paper (No. 1802). U.S. Geological Survey.
https://doi.org/10.3133 /pp1802

de Morais, ]. F., Haddad, A. N., & Haurie, L. (2013). Analysis of the Behavior of Carbon Nanotubes on
Cementitious Composites. International Scholarly Research Notices, 2013(1), 415403.
https://doi.org/10.1155/2013 /415403

Derechos de la Naturaleza en Ecuador: Balance de una década | Nature Rights Watch. (2018, June 7).
https://naturerightswatch.com/derechos-de-la-naturaleza-en-ecuador-balance-de-una-
decada/

Ecuador GDP Per Capita 1960-2024. (n.d.). Retrieved October 24, 2024, from
https://www.macrotrends.net/global-metrics/countries/ECU/ecuador/gdp-per-capita

El 2023 cerré con mds desempleo en Ecuador. (n.d.). Retrieved October 24, 2024, from
https://www.primicias.ec/noticias/economia/desempleo-subempleo-empleo-ecuador/

Empleo-Ene-2021 /. (n.d.). Retrieved October 24, 2024, from
https://www.ecuadorencifras.gob.ec/empleo-ene-2021/

EN 2020, LA MINERIA DEJO RESULTADOS ECONOMICOS POSITIVOS PARA EL ECUADOR - Ministerio de
Energia y Minas. (n.d.). Retrieved October 21, 2024, from
https://www.recursosyenergia.gob.ec/en-2020-la-mineria-dejo-resultados-economicos-
positivos-para-el-ecuador/

Ha, N. T. T,, Johari, S. M., Thuong, T. T. H., Phuong, N. T. M., & Anh, L. T. H. (2020). THE IMPACT OF
INNOVATION ON ECONOMIC GROWTH: THE SPILLOVER EFFECT OF FOREIGN DIRECT
INVESTMENT. Humanities & Social Sciences Reviews, 8(2), 708-714.
https://doi.org/10.18510/hssr.2020.8279

11605



OrddniezGuaycha et al. Estimating Annual per Capita Mineral and Hydrocarbon Consumption in Ecuador

Hellal, F., ElI-Sayed, S., Zewainy, R., & Amer, A. (2019). Importance of phosphate pock application for
sustaining agricultural production in Egypt. Bulletin of the National Research Centre, 43(1),
11. https://doi.org/10.1186/s42269-019-0050-9

How many pounds of minerals are required by the average person in a year? [ U.S. Geological Survey.
(n.d.). Retrieved October 22, 2024, from https://www.usgs.gov/faqs/how-many-pounds-
minerals-are-required-average-person-a-year

Ihbach, F.-Z., Kchikach, A, Jaffal, M., El Azzab, D., Khadiri Yazami, O., Jourani, E.-S., Pefia Ruano, |. A,,
Olaiz, O. A,, & Davila, L. V. (2020). Geophysical Prospecting for Groundwater Resources in
Phosphate Deposits (Morocco). Minerals, 10(10), Article 10.
https://doi.org/10.3390/min10100842

Kakkad, A, & Ray, A. K. (2022). Global dynamics of GDP and trade (No. arXiv:2109.05262). arXiv.
https://doi.org/10.48550/arXiv.2109.05262

Mining & Mineral Usage Statistics. (n.d.). Minerals Education Coalition. Retrieved October 22, 2024,
from https://mineralseducationcoalition.org/mining-mineral-statistics/

Morgan, ]. D., Jr. (1976). The world supply/demand outlook for minerals. AIP Conference Proceedings,
32(1), 15-33. https://doi.org/10.1063/1.30801

Novelo, R. A. A, Romero, S. 0. A, Suarez, G. A. C., & Ramirez, J. D. M. (2021). Social Sustainability in the
Planning, Design, and Construction in Developing Countries: Guidelines and Feasibility for
México. Civil Engineering and Architecture, 9(4), 1075-1083.
https://doi.org/10.13189/cea.2021.090410

Oladinrin, T. 0., Ogunsemi, D. R., & Aje, I. 0. (2012). Role of Construction Sector in Economic Growth:
Empirical Evidence from Nigeria. FUTY Journal of the Environment, 7(1), Article 1.
https://doi.org/10.4314 /fje.v7il.4

Pomykata, R, & Tora, B. (2017). Circular Economy in Mineral Processing. E3S Web of Conferences, 18,
01024. https://doi.org/10.1051/e3sconf/20171801024

Press, A. (2023, August 22). Decision histérica de Ecuador de dejar petréleo bajo tierra y cerrar campo
explotacion en Amazonia. Los Angeles Times en Espafiol.
https://www.latimes.com/espanol/internacional /articulo/2023-08-21/decision-historica-
de-ecuador-de-dejar-petroleo-bajo-tierra-y-cerrar-campo-explotacion-en-amazonia

Rao, R. (2022, July 1). Earth has more than 10,000 kinds of minerals. This massive new catalog describes
them all. Popular Science. https://www.popsci.com/science/earth-minerals-catalog/

Schulz, K. ]., & Briskey, J. A. (2003). The Global Mineral Resource Assessment Project. Fact Sheet,
Article 053-03. https://doi.org/10.3133/fs05303

Tasa de empleo adecuado en Ecuador subié 2,6% entre 2017 y 2018. (n.d.). AméricaEconomia.
Retrieved October 24, 2024, from http://www.americaeconomia.com/economia-
mercados/finanzas/tasa-de-empleo-adecuado-en-ecuador-subio-26-entre-2017-y-2018

Torres, W. (2020, September 28). Avance de tres proyectos mineros, en riesgo por consulta popular en
Azuay.  Primicias.  https://www.primicias.ec/noticias/economia/consulta-minera-rio-
blanco-loma-larga-ruta-cobre/

Tres de cada 10 trabajadores tienen un empleo adecuado en Ecuador. (2022, February 22). Primicias.
https://www.primicias.ec/noticias/economia/trabajadores-empleo-adecuado-inec-
ecuador/

United  States  Employment  Rate. (n.d.). Retrieved October 24, 2024, from
https://tradingeconomics.com/united-states/employment-rate

US. GDP Per Capita 1960-2024. (n.d.). Retrieved October 24, 2024, from
https://www.macrotrends.net/global-metrics/countries /USA/united-states/gdp-per-
capita

USGS Open-File Report 01-360: Mineral resources; out of the ground..into our daily lives. (n.d.).
Retrieved October 22, 2024, from https://pubs.usgs.gov/of/2001/0360/

11606



OrddniezGuaycha et al. Estimating Annual per Capita Mineral and Hydrocarbon Consumption in Ecuador

Xiao, J., Niu, B, & Xu, Z. (2020). Novel approach for metal separation from spent lithium ion batteries
based on dry-phase conversion. Journal of Cleaner Production, 277, 122718.
https://doi.org/10.1016/j.jclepro.2020.122718

Xu, ], Gao, M., & Zhang, Y. (2021). The variations in individual consumption change and the
substitution effect under the shock of COVID-19: Evidence from payment system data in
China. Growth and Change, 52(2), 990-1010. https://doi.org/10.1111/grow.12477

Yoo, S.-H. (2005). Electricity consumption and economic growth: Evidence from Korea. Energy Policy,
33(12), 1627-1632. https://doi.org/10.1016/j.enpol.2004.02.002

Al-Khresheh, M. H. (2024). The role of presentation-based activities in enhancing speaking
proficiency among Saudi EFL students: A quasi-experimental study. Acta Psychologica, 243,
104159.https://doi.org/10.1016/j.actpsy.2024.104159

Al-Khresheh, M. (2023). Virtual classrooms engagement among Jordanian EFL students during the
pandemic of COVID-19 period. Cogent Education, 10(1),
2188989.https://doi.org/10.1080/2331186X.2023.2188989

Jam, F. A, Singh, S. K. G,, Ng, B, & Aziz, N. (2016). Effects of Uncertainty Avoidance on Leadership
Styles in Malaysian Culture, International Journal of Advance Business and Economics
Research, 14(8), 7029-7045.

Qadri, U. A,, Abd Ghani, M. B., & Abbas, U. (2024). When CSR gives positive signals to stakeholders:
The mediated-moderation model of CSR communication. Pakistan Journal of Life and Social
Sciences, 22(1).

11607


https://doi.org/10.1016/j.actpsy.2024.104159
https://doi.org/10.1080/2331186X.2023.2188989

