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Copper, a crucial strategic mineral, is extensively utilized across various sectorsglobally. However, the drivers of copper resource consumption (CRC) vary by country, influenced by their developmental stages, population sizes, and industrial levels. This study employs the Logarithmic Mean Divisia Index (LMDI) model to analyze the CRC of eight representative countries from 1997 to 2022, revealing distinct trends between developed and developing nations. The result shows, developed countries exhibited a decreasing CRC trend, attributable primarily to the intensity effect, whereas developing countries experienced an increase, predominantly driven by economic growth. Additionally, the structural effect in developed countries acted as a constraint on CRC growth, contrasting with its initial promotional role in developing countries before it became a restraining factor. This study is essential for crafting effective strategic policies for copper resources and ensuring their sustainable global development.
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1 INTRODUCTION
Copper is an important strategic mineral resource known for its good ductility, thermal conductivity, and electrical conductivity (Chodankar et al., 2020). As a crucial material foundation for socio-economic development, copper is widely used in various fields such as electronic information, new energy, national defense, and technological advancement (Sverdrup et al., 2014; Ouyang et al., 2021). The global distribution of copper resources is uneven. According to data from the United States Geological Survey, the global copper reserves will be 1 billion tons in 2023. Countries with abundant copper resources mainly include Chile (190 million tons), Peru (120 million tons), Australia (100 million tons), Russia (80 million tons), Mexico (53 million tons), and the United States (50 million tons). At present, copper has become the third most consumed industrial metal globally, following iron and aluminum (Zhang et al., 2024). As one of the important material foundations for economic development, there is a strong global demand for copper resources. However, as a non-renewable resource, how to achieve efficient use and sustainable development of global copper resources is a matter of concern. If the driving factors of CRC (copper resource consumption) in different countries can be identified, policy adjustments can be made to improve the efficiency of copper resource utilization. However, due to the differences in economic levels, population size, policy environment, and industrialization levels among different countries (Song et al., 2021), there are also differences in the amount of CRC and its driving factors. Even within the same country, the amount of CRC and the main driving factors may vary at different times. Therefore, it is extremely necessary to clarify the differences in the driving factors of CRC in countries at different stages of development. This study provides references for countries to formulate their own copper resource strategic policies to improve the global efficiency of copper resource utilization, which is of great significance for the sustainable development of global copper resources (Agnolucci et al., 2017).
Previous studies have focused their research on the driving factors of fossil fuel consumption (Kurniawan et al., 2020; Bu et al., 2020; Wang X. et al., 2022; Li et al., 2024) and the field of carbon emissions (Liao et al., 2019; Yang et al., 2020; Wang Y. et al., 2022; Zhao et al., 2023). Some studies have also addressed the driving factors of water resource consumption (Fan et al., 2019; Cai et al., 2022). However, there are relatively fewer studies focusing on the driving factors related to mineral resources. Some scholars have studied the driving forces of metal consumption globally or in a specific country, and found that economic effects, consumption intensity, scale effects, etc. are the main driving forces for promoting metal consumption (Song et al., 2019; Liu et al., 2020; Karakaya et al., 2021; Islam et al., 2024), while technological progress can inhibit metal consumption (Huang et al., 2020). However, this type of research has strong geographical limitations, mainly focusing on one country or the world, and using multiple metals as research objects, lacking comparative research on the consumption driving forces of a single metal mineral in different countries. Scholars have also conducted research on the relationship between mineral resource consumption in different regions and their respective economic development and environmental sustainability, their findings underscore the dual-edged sword of mineral-based industrialization, which, while spurring economic growth in these regions, also carries substantial environmental repercussions (Zhou et al., 2024). There are also some studies on the consumption factors of a specific mineral, but the relevant research focuses on predicting future demand based on historical trend research (Elshkaki et al., 2016; Guo and Cao, 2024). Overall, previous studies on the driving factors of mineral resource consumption covers a wide range of mineral resources, but lack research on the driving factors of specific mineral species.
In terms of research methods, the decomposition method is commonly used for studying driving factors, including the Index Decomposition Analysis (IDA) and Structural Decomposition Analysis (SDA), with the SDA using input-output tables as the data source (Wang et al., 2019; Wu et al., 2022). In comparison, the IDA method requires less data, as time series data can meet its requirements (Shao et al., 2016; Liu et al., 2022). The Logarithmic Mean Divisia Index (LMDI) model is a factor decomposition method developed from the Index Decomposition Analysis (IDA), which has the advantages of completely decomposable factors and no residual terms (Ma and Stern, 2008). It is currently widely used in the study on driving factors of fossil fuel consumption (Achour and Belloumi, 2016; Hasan and Liu, 2022; Chong et al., 2023), carbon emissions (Cansino et al., 2015; Yang et al., 2020; Zhang et al., 2022; Jain and Rankavat, 2023), and water resource consumption (Li et al., 2019; Ling et al., 2023), but less utilized on mineral resource consumption.
Review of previous studies suggests, that there is currently very little research on the differences in consumption driving factors of mineral resources, especially for a single mineral species. And the application of the LMDI model in driving factor-related research has been widely recognized. Although the LMDI model has a certain degree of simplification when dealing with the decomposition of complex multi-factor driving forces, the driving factors of CRC in this study are relatively specific, which can avoid the inherent limitations of the model. Therefore, This study selects the United States, France, Germany, Australia, Japan, Russia, India, and China, a total of eight countries, as the research subjects for CRC. The eight countries are the major copper resource-consuming countries in the world, and distributed in several economically developed continents around the world, and their CRC accounted for nearly 80% of the global total consumption in 2022. Moreover, these countries include both developed and developing countries, which aligns with the analytical dimensions of this study, which provides an important guarantee for comparing the driving factors of CRC between countries at different stages of development in this study. This study takes the CRC in eight typical countries worldwide as the research object, statistically analyzes the historical consumption characteristics of copper resources in each country from 1997 to 2022, and applies the LMDI model to analyze and study the differences in the driving factors of CRC in each country. Subsequently, it puts forward countermeasures and suggestions for the sustainable development of global copper resources.
The main innovations of this study is the use of the simplification advantage of the LMDI model in the decomposition of multiple driving forces to analyze the driving factors of CRC in typical countries, and to compare and analyze the decomposition results from the perspectives of developed and developing countries. This study aims to achieve two important purposes: (1) to clarify the historical trend of CRC in typical countries and the differences in the driving factors of CRC between developed and developing countries, and (2) to identify the core driving factors and propose targeted recommendations to provide a reference for the sustainable development of global copper resources.
The remainder of this study is organized as follows. Section 2 specifies the methodology model and the data sources used in the study. Section 3 discusses the empirical results. Finally, section 4 provides the summary conclusions and targeted policy recommendations.
2 METHODOLOGY AND DATA SOURCES
This study begins with a statistical analysis of the historical characteristics of CRC in eight typical global copper-consuming countries from 1997 to 2022. It then employs the LMDI model to analyze and study the differences in the driving factors of CRC for each country. Finally, it puts forward strategic recommendations for the sustainable development of global copper resources. The technical route is depicted in Figure 1.
[image: Figure 1]FIGURE 1 | The flowchart of the methodology.
2.1 Methodology
The LMDI model is a factor decomposition method developed from the IDA, which analyzes driving factors using the logarithmic mean method (Yamaji et al., 1993; Zhang and Ang, 2001; Jiang et al., 2020). Based on the literature review, this study adopts the research path proposed by (Ang, 2005) and applies the LMDI model to decompose the driving factors of CRC in eight countries into four aspects: population effect, economic effect, structural effect, and intensity effect for study.
The general IDA characteristic equation is expressed as:
[image: image]
In the equation, the variable of interest X is decomposed into n factors ([image: image], [image: image]…[image: image]), each of which contributes to the change in X.
The LMDI model comes in two forms: additive decomposition and multiplicative decomposition, with the additive form being more user-friendly and interpretable (Zhao et al., 2016). Therefore, this study employs the additive decomposition form, which leads to the following formula:
[image: image]
where [image: image] represents the total change between the initial period, denoted as [image: image], and the period t, denoted as [image: image]. The formula for the impact of the k-th factor on the change in X, which is on the right side of the equation, is as follows:
[image: image]
According to formula 1, copper resource consumption (CRC) can be broken down as follows:
[image: image]
where [image: image] is the population effect(P); [image: image] is the economic effect(E), which is calculated using Gross National Product (GDP)/country population (POP); [image: image] is the structure effect(S), which is Calculated using Industrial value added (IND)/Gross National Product (GDP); [image: image] is the intensity effect(I), which is calculated using copper resource consumption (CRC)/Industrial value added (IND). In contrast to previous studies that used the ratio of consumption to GDP as the intensity effects, this study takes into account that copper resources are mainly consumed in the industrial sector. By using IND instead of GDP, it can better reflect the differences in the driving factors of CRC in countries at different stages of development.
According to the additive decomposition form of formula 2, CRC can be expressed as follows:
[image: image]
According to formula 3, each driving factor formula based on LMDI decomposition can be expressed as follows:
[image: image]
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According to formulas 4–9, the contribution rate of each driving factor to the change of CRC in each country during 1997–2022 is [image: image], [image: image], [image: image] 和[image: image].
2.2 Data sources
The CRC data for the eight countries from 1997 to 2022 comes from the World Bureau of Metal Statistics. The CRC data involved in this study are all refined copper consumption data. Refined copper, as the largest consumer category of copper resources, has a clear correlation between its consumption and economic growth (Crowson, 2007), which ensures the credibility of the research results.
As a bulk metal, copper consumption is closely related to the country’s population, industrial development, and economic development. Therefore, based on the literature review and the availability of data, this study has selected four driving factors for CRC: population effect, economic effect, structural effect, and intensity effect. Table 1 provides a description of the four driving factors. The required population data, GDP data, and industrial value-added data for the research all come from the World Bank Open Data. Table A1 lists all the abbreviations used in this study.
TABLE 1 | Description of driving factors of the CRC.
[image: Table 1]3 RESULTS AND DISCUSSION
3.1 Copper resource consumption
From a global perspective of CRC, the total consumption of copper resources worldwide has generally shown a continuous increasing trend from 1997 to 2022. Similarly, the total consumption of copper resources by eight countries, which account for nearly 80% of the global total consumption, has also shown a trend of year-on-year growth (Figure 2). Among these, the total consumption of the eight countries showed a decline followed by a rapid increase in the years 2001, 2015, and 2021, while the global consumption of copper resources only experienced a slight decline in 2001 and 2019, with an upward trend in all other years (Figure 3). It is noteworthy that the decline in CRC by the eight countries and the global consumption in 2001 was significantly higher than in other years of decline, which may be a result of the economic downturn caused by the global financial crisis in 2000 (Yuan et al., 2010; Bekhet et al., 2016).
[image: Figure 2]FIGURE 2 | The CRC of global and 8 countries during 1997-2022.
[image: Figure 3]FIGURE 3 | The growth rate of CRC of global and 8 countries during 1997-2022.
Table 2 and Figure 4 present the trends in CRC by the eight countries from 1997 to 2022. The overall trend of CRC in developed countries is gradually decreasing, but the extent of change is generally small. There are certain differences in CRC among different developed countries at various stages. The CRC of the United States, France, and Australia all reached their peaks around the year 2000, after which the CRC began to decline, stabilizing at a lower level around 2010. Although the overall consumption of copper resources in Germany and Japan from 1997 to 2022 showed a downward trend, the overall decline was not significant. The CRC in Russia also declined rapidly after reaching peak in 2008. Both China and India showed continuous upward trends in CRC from 1997 to 2022, with China’s increase (1,068.6%) being much higher than that of India (306.6%). The differences in the historical trends of CRC between developed and developing countries are mainly due to the fact that developed countries, after completing their own industrialization, have seen the demand for bulk metals reach a peak and then begin to decline, while developing countries, due to their incomplete industrialization, are still in a phase of continuous growth in demand for bulk metals such as copper (Dong et al., 2019). This study will provide further analysis and discussion on these consumption patterns in the following sections.
TABLE 2 | The CRC of global and 8 countries during 1997–2022 (Unit: Thousand tonnes).
[image: Table 2][image: Figure 4]FIGURE 4 | The trends of CRC in different countries during 1997-2022(unit: Thousand tonnes).
3.2 Driving factor analysis
According to the decomposition results of CRC drivers in 8 countries by LMDI model, there are obvious differences in CRC drivers in different countries at different stages. This study makes a comparative analysis of the driving factors of CRC in developed and developing countries.
3.2.1 Developed country
The intensity effect (I) has the largest contribution rate to the change in CRC in developed countries and is the main factor promoting the decline in CRC. As shown in Figure 5, in the years when CRC in developed countries decreased, the contribution rate of the intensity effect was generally the highest, which was most evident in France and Australia. For instance, during the three consecutive phases of declining CRC in France from 2003–2007, 2009–2012, and 2018–2022, the contribution rate of the intensity effect was basically maintained at around 65%, peaking at 91% in 2007. During the continuous decline in CRC in Australia from 2004–2006 and 2011–2014, the contribution rate of the intensity effect was maintained at around 75%, reaching a high of 92% in 2014. Similarly, during the continuous decline in CRC in the United States from 2001–2003, the contribution rate of the intensity effect was between 66% and 75%. The main reason the intensity effect promotes the decline in CRC in developed countries is due to the advanced copper production technology in developed countries, which reduces the amount of metal required per unit of output (Guzmán et al., 2005), while advanced manufacturing technology extends the service life of copper-related products (Despeisse and Ford, 2015). Additionally, the recycling of scrap copper further improves the efficiency of copper resource utilization (Wang et al., 2018; He and Small, 2022), leading to a decrease in demand for CRC (Bonnin et al., 2013). Unlike other developed countries, Russia’s intensity effect has facilitated an increase in CRC in most years. This is because Russia’s economic development, unlike that of other developed countries, mainly relies on heavy industry, and the output per unit of industrial added value has a higher demand for bulk metal resources such as copper (Plotnikov and Vertakova, 2014).
[image: Figure 5]FIGURE 5 | Decomposition of driving factors of the CRC in different countries during 1997-2022. Note: Red on the top indicates increased consumption and vice versa.
The economic effect (E) has a certain pulling effect on CRC in some developed countries. Among them, the economic effect on the CRC of the United States is the most evident. In the years when the United States’ CRC increased, the contribution rate of the economic effect was generally around 40%, peaking at 60% in 2010 (Figure 5). In addition to the United States, the economic effect also has a certain pulling effect on the CRC of Germany and Japan, but the pulling effect is not strong. The economic effect has no obvious pulling effect on the CRC of other developed countries. This is mainly because the economic development models of different developed countries vary, and the degree of dependence on industry in economic development is different (Koch and Schwarzbauer, 2021; Sokol et al., 2023). For example, industrial powerhouses such as the United States, Germany and Japan have relatively high demands for copper resources per capita economic growth, while the European developed countries with smaller populations and relatively lower dependence on industry in economic development have relatively lower demands for copper resources per capita economic growth. Therefore, the economic effect has a certain pulling effect on the CRC of developed countries with stronger industries.
The structural effect (S) has an inhibitory effect on the growth of CRC in developed countries. As shown in Figure 5, the structural effect is basically characterized by a positive contribution rate in years when CRC decreases and a negative contribution rate in years when it increases. Among them, the United States during the three phases of continuous increase in CRC from 1997–1998, 2015–2016, and 2021–2022, the structural effect was a negative contribution rate, being the main factor inhibiting the increase in CRC. During the phases of continuous decline in CRC from 2001–2002 and 2008–2009, the structural effect was a positive contribution rate, being the main factor in the decline of CRC. This phenomenon is also quite typical in countries such as Germany, Japan, France and Australia. This is mainly because, with the continuous improvement and development of industry and economy in developed countries, the demand for CRC per unit of industrial added value required by GDP is decreasing, due to the continuous advancement of technology and the diversification of economic development in developed countries (Simaee et al., 2024), which is an aspect that developing countries should pay attention to and strengthen.
The population effect (P) is not significant in developed countries’ CRC. The population generally has a promoting effect on the growth of CRC and an inhibitory effect on the reduction of consumption, but the contribution rate is not high. The impact of the population effect on the CRC of developed countries is significantly lower than that of the other three influencing factors.
3.2.2 Developing country
The economic effect (E) has a significant pulling effect on the CRC of developing countries. For both China and India, the economic effect has a positive contribution rate in the years when the CRC increased from 1997 to 2022, and a negative contribution rate in the years when it decreased, except for India in 2020, which was positive. The economic effect has a more pronounced pulling effect on China’s CRC growth than on India’s. The contribution rate of the economic effect to China’s CRC growth is generally around 50%, peaking at 81% in 2018, while for India, it is basically around 30%, peaking at 69% in 2018 (Figure 5). Due to the rapid economic development of developing countries, especially after entering the 21st century, the rapid increase in urbanization has led to a large number of infrastructure construction projects, and the improvement of per capita GDP has a high dependency on the demand for basic materials (Wang et al., 2021; Meka’a et al., 2024), especially for the demand for bulk metal mineral resources such as copper. Therefore, the economic effect has become the main driving force for the growth of CRC in developing countries during the research period.
The structural effect (S) has shifted from promoting to inhibiting the growth of CRC in developing countries. Although the structural effect has a limited contribution rate to the CRC of China and India, both around 15%, overall, during the research period, the structural effect has shifted from promoting to inhibiting the growth of CRC in both China and India. The turning point for China occurred in 2015, and for India in 2012. This is because, as typical developing countries, during the early stages of rapid economic development, the level of industrialization was relatively low, and there was still a significant gap in related technological levels compared to developed countries, belonging to an extensive development model (Zhou et al., 2024). Therefore, the demand for copper resources required for each unit of GDP corresponding to industrial added value was large, promoting the consumption of copper resources. With the continuous development of the industrialization process in developing countries, their technology and industrial technology have also been innovated and improved. As major manufacturing countries, China and India (Lautier, 2024) have also seen a corresponding increase in the utilization rate of copper resources. Therefore, the intensity effect has shifted from promoting to inhibiting the growth of CRC in developing countries.
The population effect (P) has a weak pulling effect on the growth of CRC in developing countries. The population effect has a pulling effect on the growth of CRC in both China and India, but the contribution rate is not high. For China, it is around 5%, peaking at 10% in 1998, and for India the pulling effect is slightly higher than that of China, with a contribution rate around 10%, peaking at 18% in 2004 (Figure 5). Although China and India are typical populous countries in the world, during the research period, the population structure of the two countries was still dominated by the agricultural population, which does not have a high demand for the consumption of mineral resources such as copper. Therefore, the large population has not become the main factor driving the consumption of copper resources (Irandoust, 2022). With the rapid economic development of the two countries and the gradual increase in the urbanization rate, more people will migrate to urban life (Gu et al., 2024), which will drive the increase in demand for the consumption of metal mineral resources (Christmann, 2018), and the contribution rate of the population effect to the growth of CRC will increase accordingly in the future.
The intensity effect (I) shows an alternating pattern of pulling and inhibiting effects on the growth of CRC in developing countries. The intensity effect has an alternating pattern of pulling and inhibiting effects on the growth of CRC in both China and India, but overall, the pulling effect is stronger than the inhibiting effect (Figure 5). For example, in the years when India’s CRC increased, the pulling contribution rate of the intensity effect is mostly around 60%, and for China mostly around 50%. The inhibiting contribution rate of the intensity effect on the growth of CRC in both China and India is around 30%, which is because that the two countries have not yet completed the industrialization process, and the current completion of each unit of industrial added value still heavily relies on the consumption of bulk metal mineral resources such as copper (Yang et al., 2023). However, the industrial technology of the two countries is also seeking continuous breakthroughs and technological progress (Yang et al., 2017), and technological progress is often a fluctuating process. With the phased progress of industrial technology, the amount of copper resources required to create each unit of industrial added value in China and India has also decreased. Therefore, in some years, the intensity effect has also appeared to inhibit the growth of CRC.
3.3 Discussion
The second industrial revolution in developed countries such as the United States began as early as the beginning of the 19th century and generally ended by the end of the 20th century (Wang et al., 2014). Therefore, the industrialization of developed countries has essentially been completed, coupled with advanced industrial technology and a sound secondary resource recycling and utilization system (Li et al., 2022), which has led to an increase in the utilization rate of copper resources in developed countries while the demand is also decreasing. This is also the reason why the intensity effect is the main driving force behind the decline in CRC in developed countries. Additionally, the diversification of economic development drivers in some developed countries has also reduced the proportion of the industrial economy (Mora and Olabisi, 2023; Simaee et al., 2024), which in turn has reduced the demand for copper resources in economic development. This is also the reason why the economic effect has a pulling effect on the CRC of some developed countries. Developing countries, on the other hand, are still in the late stages of industrialization during this phase, and their economic development still heavily relies on the consumption of raw materials (Lautier, 2024). Concurrently, these countries, exemplified by China, have achieved significant milestones in the realm of energy transformation. The swift expansion of clean energy sources, including new energy vehicles, photovoltaic systems, and wind power, has led to an increased demand for copper resources. This surge in demand has set the CRC on a steady incline in developing countries, underscoring the pivotal role of copper in fueling their sustainable energy ambitions and industrial growth. This leads to the result that the economic effect is the main driving factor for the growth of CRC in developing countries. At the same time, due to the lagging industrial technology and secondary recycling behind developed countries (Carcamo and Niebles, 2022; Shovon et al., 2024), the structural effect has an early promotional role on the growth of CRC in developing countries, and the intensity effect also has a promotional role in some years of CRC growth. However, as the industrialization process in developing countries continues to improve, with breakthroughs in related technologies and continuous optimization of the industrial structure (Haraguchi et al., 2019; Wang et al., 2023), the structural effect has shifted from promoting to inhibiting the growth of CRC in developing countries, and the intensity effect has also inhibited the growth of CRC in some years. Although the population of China and India far exceeds that of developed countries, the large proportion of agricultural population in developing countries means that the population effect is not an absolute factor in the growth of CRC in developing countries.
There are notable disparities in the driving factors of CRC among nations at varying stages of development. Copper is one of the essential raw materials for a country to complete industrialization. During the research period of this study, developed countries have generally completed industrialization, and their demand for copper resources is lower than that of developing countries that have not yet completed industrialization. However, due to differences in national conditions, there are also certain differences in the driving factors of CRC in different countries. As is well known, among developed countries, the United States has the largest manufacturing industry and a higher demand for copper resources than other developed countries. Due to its advanced technological level, the continuous improvement of copper resource utilization has led to a continuous decline in the copper resources required per unit of industrial added value. Therefore, the intensity effect is the main driving factor for the decline in CRC in the United States. European countries such as France and Germany place greater emphasis on efficiency and environmental protection in resource utilization. At the same time, their economic development is relatively less dependent on industry, and their per capita economic growth also has a relatively low demand for copper resources. Therefore, the intensity effect and economic effect are the main driving factors for the decline in their CRC. As an island nation with scarce resources, Japan heavily relies on imports for the utilization of copper resources. Therefore, frugality and high efficiency are its main pursuits, leading to a continuous decline in the demand for copper resources in its industrial added value. The main driving factors for the slight decrease in CRC are intensity effects and structural effects. As a major military and industrial power in the world, Russia has a huge consumption of copper resources. Coupled with the stimulation of military conflicts on its military production, the current and future intensity and structural effects will be the main driving factors for the increase in its CRC. Although China is a developing country, it is an important industrial power in the world. Its economic development requires a huge demand for various resources, and CRC plays an important role in the industrialization process. Therefore, economic and intensity effects are the main driving factors driving China’s CRC. Although India is a populous country, it is currently in the early stages of industrialization with low levels of relevant technology and belongs to an extensive development model. Therefore, economic effects are the main driving factor for the growth of CRC, and the intensity effect alternates between driving and restraining CRC with the phased improvement of its technological level. Clarifying the driving factors of CRC in countries at different stages of development is of great significance for relevant countries to reduce resource consumption, formulate copper resource policies, and achieve sustainable development of the industry.
3.4 Limitations
This study conducts an overall comparative analysis from the perspectives of developed and developing countries. Therefore, in the selection of driving factors, we have taken into account the commonalities among countries with different levels of development. As a result, some factors were not included in the discussion. For example, the environmental impact of copper mining was not considered. In China, copper resources are mainly concentrated in the Qinghai-Tibet Plateau region. However, the ecological environment of this area is extremely fragile, and national environmental protection policies impose strong constraints on mineral resource development. Overall, however, as an important bulk mineral, the environmental constraints on copper mining have relatively minor impacts on the consumption volume of copper resources.
Additionally, this study employs the LMDI model to conduct a decomposition analysis of CRC factors. The advantage of this model is its ability to handle complex multi-factor influences. However, the model also has its own limitations, namely, that it to some extent ignores the interactions between different factors, which is inevitable.
Furthermore, this study primarily focuses on the analysis of driving factors based on historical consumption data and does not involve quantitative predictions of future consumption trends. It can only qualitatively predict that developing countries, mainly China and India, will be the main growth points for global CRC in the future.
4 CONCLUSIONS AND IMPLICATIONS
4.1 Conclusions
This study presents an in-depth analysis of CRC across eight diverse countries from 1997 to 2022, using the LMDI model to evaluate the driving forces behind CRC from the vantage points of both developed and developing nations. The historical consumption trends reveal a noteworthy pattern: developed countries have experienced a declining trend in CRC over the past two and a half decades, whereas developing countries have experienced a contrasting upward trend. The intensity effect stands out as the predominant factor behind the reduced CRC in developed countries, whereas in developing countries, it waxes and wanes, sometimes fostering and at other times curbing CRC. The economic effect is identified as the key impetus behind the escalating CRC in developing countries, contrasted with a less pronounced influence in developed countries. The structural effect is observed to have played a role in containing the rise of CRC in developed countries, and it appears to be undergoing a transition from an accelerant to a decelerant in the context of developing countries. The population effect is noted to have a modest influence on pulling CRC upward in developing countries, whereas its role in developed countries is considered to be of little consequence.
4.2 Policy implications
For any country, maintaining economic growth while reducing resource consumption is an eternal pursuit and also a necessary condition for the sustainable development of global resources. Based on the research of the driving factors of CRC in global typical countries, this study puts forward the following suggestions for relevant countries to refer to when formulating their own policies related to the sustainable development of copper resources.
1) In the process of industrialization, developing countries should strive to improve the utilization rate of copper resources from the perspectives of policy guidance, corporate financial support, and the establishment of technology exchange platforms at the government level. At the same time, as the high-end technology industry and new energy markets in developing countries develop rapidly, especially the rapid development of China’s new energy vehicles, photovoltaic, and wind power industries, their demands for copper resources are bound to increase. Developing countries can take this opportunity to carry out technical breakthroughs in related fields, thereby improving the utilization rate of copper in high-end industries and new energy markets to reduce the use of copper resources. Moreover, they can learn from the secondary recycling technology of developed countries to enhance their own secondary resource recycling capabilities.
2) Developed countries also need to increase financial support to promote further technological innovation, which is very important for slowing down resource depletion and improving resource efficiency, Russia should pay special attention to this. Relevant studies have shown that improving resource efficiency not only helps economic growth but also can create job opportunities and is beneficial to the sustainable development of the national ecological environment (Chen et al., 2023; Xiong et al., 2023). In addition, developed countries should provide more help to developing countries, just like India, in terms of technology and capital to help them quickly reach the peak of CRC and provide technical and experiential assistance in the field of secondary recycling.
3) Both developed and developing countries can seek new green economic growth points to achieve a diversified economic development model for the country, thereby reducing the dependence on the consumption of copper resources and other non-renewable resources. In addition, a CRC tax can be introduced at the national level, and the utilization rate of copper resources by enterprises can be monitored. Enterprises that fall below a certain threshold need to pay corresponding taxes, which will be contributed to constrain some enterprises from wasting or over-consuming copper resources.
4) In addition to the above suggestions, specific recommendations for the eight countries selected in this study are as follows: The United States, France, and Germany should increase their science and technology investments, improve resource efficiency and recycling, and share their expertise with other countries. Australia, being rich in copper, should reduce mining and smelting losses, use copper more efficiently, and diversify its economy. Japan, with limited copper resources, should improve copper utilization and recycling and support its mining companies in global resource development. Russia should boost funding for tech innovation, especially for renewable energy, and enhance copper use efficiency in the new energy sector. India and China, as developing nations, should learn from developed countries to improve copper efficiency and recycling and innovate in tech to strengthen copper’s role in clean energy and sustainable development.
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