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Chapter 2 

 

Modeling copper demand in China up to 2050: a business-as-

usual scenario based on dynamic stock and flow analysis2 

 

Abstract 

A dynamic stock model and scenario analysis involving a bottom-up approach 

to analyze copper demand in China from 2005 to 2050 was developed based 

on government and related sectoral policies. In the short-term China’s copper 

industry cannot achieve a completely circular economy without additional 

measures. Aggregate and per capita copper demand are both set to increase 

substantially, especially in infrastructure, transportation and buildings. 

Between 2016 and 2050 total copper demand will increase almost threefold. 

Copper use in buildings will stabilize before 2050, but the copper stock in 

infrastructure and transportation will not yet have reached saturation in 2050. 

The continuous growth of copper stock implies that secondary copper will be 

able to cover just over 50% of demand in 2050, at best, even with an assumed 

recycling rate of 90%. Finally, future copper demand depends largely on the 

lifetime of applications. There is therefore an urgent need to prolong the 

service life of end-use products to reduce the amount of materials used, 

especially in large-scale applications in buildings and infrastructure. 

 

 

 

 
2 Published as: Dong, D., Tukker, A., & van der Voet, E. (2019). Modeling copper 

demand in China up to 2050: A business‐as‐usual scenario based on dynamic stock 

and flow analysis. Journal of Industrial Ecology, 23(6), 1363-1380. 

https://doi.org/10.1111/jiec.12926. 
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2.1 Introduction 

In today’s world, copper is an essential resource that is used in a wide range 

of applications. Because of its unique conductive properties, it is difficult to 

replace. With its rapid economic development in recent decades, China has 

experienced pronounced growth in copper production and consumption, 

becoming the world’s largest copper consumer in 2002. Its share in global 

copper demand increased from 20% in 2006 to 46% in 2016, growing year 

on year during that period (Schipper et al., 2018; Yang et al., 2017).  

This rapidly rising demand is not expected to slow down in the coming 

decades. This may cause future supply problems and contribute to 

environmental issues. The systemic solution to these issues is to use copper 

more efficiently and keep copper in closed loops wherever possible. Thus, an 

essential first step in this direction is to understand the country’s copper flows 

and stocks.  

There has been significant research into metals flows and stocks at both the 

global and national level using MFA. MFA studies in the past have focused 

mostly on flows, ignoring stocks. More recent approaches acknowledge the 

importance of the material stocks as a driver for flows. The inflow arises when 

applications discarded from the use phase must be replaced by new ones. 

Especially for long lifetime applications, the stocks as a driver are found to 

be very important (Chen et al., 2016; Guo and Song, 2008; Soulier et al., 

2018b; Spatari et al., 2005; Zhang, L. et al., 2015a). In general, two different 

types of methods have been used to quantify flows and stocks of the major 

engineering metals, such as steel, copper, lead, zinc and aluminum (Chen et 

al., 2010; Davis et al., 2007; Graedel et al., 2004b; Igarashi et al., 2008; Liu 

et al., 2013; Yan et al., 2013). The first is the top-down approach. In studies 

using the top-down approach, the material cycle is assumed to be the driven 

by external drivers such as GDP, population and per capita income projections 

(Kapur, 2006; Soulier et al., 2018b). The approach starts from the material 

itself: amounts mined, and distributed over various categories of uses. Stocks 

in such an approach are often not included. If they are, they are mostly 

estimated as the difference between inflows and outflows accumulated over 

time. The other is the bottom-up approach, which quantifies both flows and 

stocks directly by identifying all the products that contain the material within 
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the system boundary at a given time, quantifying the number of products in 

use, and arriving at material flows using data on the material content of these 

products (Müller et al., 2014). To date, most studies adopted the top-down 

approach (Ayres et al., 2003; Daigo et al., 2009; Glöser et al., 2013; Hedbrant, 

2001; Ruhrberg, 2006; Zeltner et al., 1999). Due to the data intensity and the 

limited availability of the data required, only a few studies adopted the 

bottom-up approach to examine specific end-use sectors like buildings, 

transportation and infrastructure (Bader et al., 2011; Gerst, 2009; Ling et al., 

2012; Zhang, L. et al., 2014). To compensate this part of research, it is 

essential to perform a more accurate estimation of copper stock by the 

bottom-up method. Meanwhile, several scholars have studied future 

generation of copper scrap and concluded that at some time in the next 30 

years, China will face an explosion of copper-containing waste generated by 

the socio-economic system (Wang et al., 2017). This scrap can be used to 

meet rising copper demand, at least in part, which is an issue not covered by 

simple scenario studies of future demand.  

Against this background, this paper therefore explores copper stock, demand 

and the potential of scrap copper for closing cycles in China, investigating 

whether China may be able to improve copper industry by combining 

increased copper demand with scrap recycling and a reduction of primary 

production. In this study, we address three questions: 

1)  How great will future copper demand be in different end-use categories 

in China? 

2)  How large is the in-use stock and how much copper waste will be 

generated in different end-use categories in China? 

3)  What is the potential to close cycles, or more specifically: to what extent 

can copper demand be met by scrap recycling? 

To address these questions, we use dynamic stock modelling to estimate the 

in-use stock of copper-containing products through to 2050 based on a 

bottom-up approach. This is translated into copper demand under a baseline 

scenario representing developments as indicated by either extrapolating 

driving forces or applying assumptions based on Chinese government policy. 

In this paper, we thus work with a scenario that can be characterized as 
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business-as-usual. With this scenario it can be assessed how the policies set 

by the Chinese government will affect the country’s copper demand. In this 

scenario, no specifically copper-related policies are assumed. In the follow-

up research, this scenario can be used as a baseline for comparing other 

scenarios that do contain specific resource-related policies such as circular 

economy policies. 

2.2 Methodology and data 

2.2.1 Dynamic stock analysis 

The core aim of this paper is to predict copper demand in mainland China 

through to 2050. To this end, we distinguish six main categories of copper 

end-use: infrastructure, transportation, buildings, consumer durables, 

commercial durables and agricultural and industrial durables. These were 

further sub-divided into 29 product categories that include novel applications 

such as battery charging stations and “new energy vehicles”(see Table 2.1). 

In our bottom-up approach, these 29 product categories are used to estimate 

future copper demand. This detailed subdivision of products and inclusion of 

new applications differentiates our work from earlier studies by e.g. (Zhang, 

L. et al., 2015b).  

In principle, calculating copper demand using the bottom-up method needs to 

factor in two important issues. The first is the change in in-use stock caused 

by changes in demographics, economic welfare and government policies. The 

second is EoL replacement of products. Taking into account these two factors, 

we use the following formulae to estimate the quantities of interest: 

𝐶𝑆𝐼,𝑡 = ∑ (𝑃𝑖,𝑡 × 𝑚𝑖,𝑡)𝐼
𝑖=1                                                             (2.1)                                                                             

𝐶𝐹𝑖,𝑡−𝑙
𝑖𝑛 = 𝐹𝑖,𝑡−𝑙

𝑖𝑛 × 𝑚𝑖,𝑡−𝑙                                                              (2.2)                            

𝐶𝐹𝐼,𝑡
𝑜𝑢𝑡 = ∑ 𝐶𝐹𝑖,𝑡−𝑙

𝑖𝑛𝐼
𝑖=1    

                                                                  (2.3)                                

𝐶𝐷𝐼,𝑡 = (𝐶𝑆𝐼,𝑡 − 𝐶𝑆𝐼,𝑡−1) + C𝐹𝐼,𝑡
𝑜𝑢𝑡                                      (2.4)                            

Here, i  represents the product of each sub-category, such as residential 

buildings, household appliances or vehicles. 𝐼 is the total number of product 

categories. 𝑡  is the model year. C𝑆𝑡  is the total copper stock in all 

products.  𝑃𝑖,𝑡  is the physical quantity of each product used, such as the 
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number of cars or mileage of railway. 𝑚𝑖,𝑡  is the copper intensity of each 

product. 𝐶𝐹𝑖,𝑡
𝑜𝑢𝑡 is the outflow of discarded or obsolete products i in year t, 

which equals to the sum of 𝐶𝐹𝑖,𝑡−𝑙
𝑖𝑛 , the inflow of products use i in the year t −

l, l is the average lifetime of each product i. 𝐶𝑆𝐼,𝑡 and 𝐶𝑆𝐼,𝑡−1 are the total in-

use stock of copper in year t and year t–1, respectively. 𝐶𝐷𝐼,𝑡  is the total 

copper demand of all products I. An example was given in the Appendix 3. 

Owing to a paucity of data, however, for certain product categories such as 

power generation and transmission and agricultural and industrial durables, 

equations (1, 2, 3, 4) were not used to calculate copper demand, this being 

estimated directly based on demand for copper products, as formulated in 

equation (5). In essence, future copper demand was estimated by taking future 

activity levels in a specific sector (e.g. electricity generation) from Chinese 

policy plans and multiplying this by figure for copper intensity. We use the 

method of (Schipper et al., 2018) to calculate the copper outflow.  

𝐶𝐷𝑡 = 𝐷𝑡 × 𝑚𝑡                                                                    (2.5)                                

where 𝐶𝐷𝑡  is the copper demand for power generation. 𝐷𝑡  is the installed 

capacity of power. The detailed calculation methods applied for the each of 

the 29 products can be found in Appendix 3. 

2.2.2 Scenario analysis 

In this article only a business-as-usual scenario is developed. Future demand 

is modelled based on one or more of the following six drivers: GDP, 

population, urbanization rate, copper intensity, product lifespan and future 

activity levels under Chinese government policy, briefly discussed in a 

generic sense below. The method used to calculate future copper demand in 

each of the 29 categories is described in detail in the SI and summarized in 

Table 2.1 below. 

Population. Population is a key driver of consumption. Because of slow 

population growth, in 2014 the Chinese government cancelled its “One Child 

Policy” and implemented a “separate two-child” and “two-child policy” to 

prevent populous decline. China is still the most populous country in the 

world, and will continue to maintain steady growth in the coming years. 

Researchers have undertaken projections of China’s future population and 
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explained related changes in the number of households (Han et al., 2011; 

Zalmon et al., 1998). Here we use the population figures projected by the 

United Nations Population Division, which indicates that the population of 

China will start decreasing from around 2030 onwards, as shown in Table 

S2.1 (Appendix 1).  

GDP. In recent years, China’s economic growth has slowed. Moreover, the 

Chinese government is shifting its sights from high economic growth to more 

sustainable economic development. China’s future GDP has been enumerated 

in the study (Li and Qi, 2011), which cited from IEA (International Energy 

Agency, 2010) and UNDP (United Nations Development Program, 2009). 

The Chinese government aims to achieve a growth rate of 6.56% during the 

13th Five Year Plan. In this study, figures for future GDP have also been taken 

from the United Nations Development Program. Past and future trends in per 

capita GDP are shown in Figure S2.1 and Table S2.1 (Appendix 1).  

Urbanization rate. The urbanization rate is a crucial variable for the 

estimated in-use stock of products, as per capita product ownership is quite 

different in urban and rural areas of China. Under the 13th Five Year Plan, the 

Chinese government seeks to achieve an urbanization rate of 60%. For the 

long term  we compared the urbanization rate cited in previous research (Li 

and Qi, 2011) with the Chinese government’s goal and worked with figures 

of 60% (2016 to 2020), 65% (2021-2030), 70% (2031-2040) and 75% (2041-

2050). Past and future trends are shown in Figure S2.1 and Table S2.1 (SI 

Appendix 1).  

Copper intensity. Copper intensity affects the copper demand of all end-use 

products. Although copper products have already been studied by many 

scholars, because of the huge variety of products and different manufacturing 

standards in various countries, very few data are in fact available on the exact 

copper intensity of each product. At the same time, owing to technological 

improvement, lifestyle changes and policy requirements, copper intensity is 

also changing. It is difficult to forecast how the copper intensity of individual 

products will change in the future. With the exception of buildings, copper 

intensity has therefore been assumed to remain unchanged. Detailed data on 

the copper intensity of each end-use product are reported in Table 2.1 and in 

the SI. 
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Lifespan. Product lifespan has a direct impact on outflows. Extending 

product lifespan can reduce waste generation and demand for primary copper. 

In China, many products have a very short average lifespan. Some scholars 

have estimated that urban buildings in this country have a life expectancy of 

approximately 30-40 years (Song, 2005). One study (Hu et al., 2010a) of 

housing stock assumed that its service life follows a normal distribution, 

while other scholars, focusing on vehicles, took their service life to be 

consistent with the Weibull distribution. Normal or Weibull distributions are 

often assumed for product lifespans. Which of these is adopted will affect the 

copper outflow projected for a particular time. However, compared with using 

the average lifespans of all copper-containing products, assuming a 

distributed lifespan serves mainly to make the calculation results smoother 

and has no great impact on values when long time series are involved. A 

reflection on the differences can be found from Figure S2.2 in the SI. This is 

also reflected in other studies (Maung et al., 2017; Spatari et al., 2005). While 

acknowledging that life span distributions are often used, it is our conviction 

that no major errors are introduced by merely using averages, as shown in 

Table 2.1.  

Policy plans. The data used for forecasting future use of copper-containing 

products originate from the 13th Five-Year Plan, statistical data and the mid- 

and long-term plans for each sector of industry (Made in China 2025), reports 

by consultancy organizations and several other publications (Elshkaki and 

Graedel, 2013; Krausmann et al., 2017; Wiedenhofer et al., 2015). These 

policies and data serve as the basis for our business-as-usual scenario 

projection. We refer to Table 2.1, with detailed assumptions provided in the 

SI (Appendix 2). 

Data source and detailed assumptions used for analysis can be found, in the 

online version, at https://doi.org/10.1111/jiec.12926. 
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2.3 Results and discussion  

2.3.1 Past trend of copper demand 

Chinese copper demand has grown rapidly since 2004 as shown in Figure 2.1. 

Estimates based on dynamic material flow analysis show that it was almost 4 

million tonnes (Mt) in 2005, almost 20% of global copper demand in that year, 

rising very significantly to more than 8 Mt in 2015, which is nearly 45% of 

global copper demand. In addition, the per capita copper demand stood at 6 

kg in that year. Prior to the 1980s, China focused mainly on industrial and 

agricultural development. With the urbanization drive initiated in 2004, 

however, the consumption of copper in infrastructure and buildings increased 

rapidly, gradually becoming a major source of copper consumption. We 

compared our results on copper demand with the figures published by the 

China Non-Ferrous Metals Industry Association. For 2005 and 2015 these 

were approximately 4 million tons and 10 million tons, respectively (Bo Zhao, 

2011; Non-ferrous metal industry operation report, 2015), slightly higher than 

our estimates in 2015. As explained in the Appendix 1, the estimation in this 

paper do not encompass all copper products, whereas it already contains most 

of the copper products, which determines the future development trend of 

copper demand. 

 
Figure 2.1 Chinese copper demand from 2005-2015 
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2.3.2 Future trend of copper demand 

Figure 2.2(a) reports total demand for copper, demand per main category and 

per capita demand from 2005 to 2050. Total copper demand is expected to 

increase significantly over time, becoming about 6 times higher in 2050 than 

in 2005. The main end-use sector is infrastructure, accounting for around 50% 

of total copper demand by 2050, followed by transportation (25-30%), 

buildings (5–10%), consumer durables (5–10%), agricultural and industrial 

durables and commercial durables (both less than 1%). 

This means the amount of copper used in infrastructure, transportation and 

buildings is expected to increase most. Given economic growth, national 

investment in infrastructure will continue to grow rapidly, especially in power 

facilities, railway construction (high-speed rail), and urban rail transit. The 

consumption intensity of copper in these applications is significantly higher 

than in other uses. In particular, the copper content of new power-sector 

equipment, including solar and wind, is very high. In addition, there is will 

be a pronounced surge in copper demand from the use of new charging piles 

and charging stations as use of new energy vehicles grows (Figure 2.2(b)).  

In contrast to the substantial increase in copper use in infrastructure, demand 

for copper in the building sector is expected to maintain a steady but slow 

increase up to 2030, subsequently decreasing somewhat before slowly rising 

again from 2045 to 2050. This increased demand might be the results of four 

different developments: 

• Rapid urbanization, requiring construction of large numbers of city 

dwellings. 

• Increased per capita living space as a result of rising prosperity. 

• Increased copper intensity of buildings due to safety measures, quality 

assurance and flexibility measures.  

• Shantytown renovation: the Chinese government has adopted a three-year 

renovation programme for 2018-2020 to reconstruct 15 million sets of 

shantytown buildings.  
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Figure 2.2 Copper demand of China from 2005 to 2050. (a) aggregate and per 

capita copper demand by end-use category; (b) detailed copper demand by 

product group within each end-use category  
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In other sectors, growth of copper demand is also evident in transportation, 

due to a projected rapid increase in use of new energy vehicles (NEV) with 

their relatively high copper content. While China has not implemented a ban 

on the sale of traditional-fuel vehicles, it has formulated a series of credit and 

subsidy policies to actively and systematically promote development of NEV. 

Besides total copper demand, due consideration also needs to be given to per 

capita demand (Figure 2.2(a)). At present, this is less than 10 kg in China. As 

discussed in more detail in Section 4, this is about half that of other 

industrialized countries like Japan and South Korea, which indicates there is 

still substantial scope for growth in Chinese copper consumption. Our 

projections in Figure 2.2 indeed suggest that Chinese copper consumption 

will rise to about 18 kg per capita by 2050. 

2.3.3 In-use stock and copper waste 

From approximately 26 Mt in 2005, China’s copper stocks are increasing very 

rapidly and are projected to reach more than 400 Mt in 2050. As shown in 

Figure 2.3(a), this increase is due mainly to the long-term growth of copper 

use in infrastructure, followed by buildings and transportation. In most of the 

sub-categories, such as electricity generation, cars and air conditioners, the 

copper stock is likewise set to increase until 2050 (Figure 2.3(b)). In that year 

buildings will still have the second largest copper stocks; while the number 

of service buildings will continue to increase until 2050, the residential 

building stock will likely stabilize from 2045 onwards. Infrastructure will 

hold the greatest copper stocks in 2050, with power generation and 

transmission the largest contributor. Our assessment suggests that the amount 

of copper used in this area will not yet have reached saturation in 2050.  

There will also be major changes in per capita copper stocks. The total copper 

stock of 30.5 Mt in 2005 translates to about 23.3 kg per capita, but this will 

increase to 290 kg per capita by 2050. Literature studies on Chinese copper 

stocks show a similar trend (Qiang et al., 2012; Terakado et al., 2009b; Zhang, 

L. et al., 2015b). As discussed in more detail in Section 4 (see Table 2.3), all 

studies show that this value for China is much lower than in other developed 

countries.  
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Figure 2.3 Copper stock of China from 2005 to 2050. (a) aggregate and per 

capita copper stock by end-use category; (b) detailed copper stock by product 

group  
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Figure 2.4 Waste copper of China from 2005 to 2050 (a) aggregate copper 

waste by end-use category; (b) detailed copper waste by product group 
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The period prior to 2030 is one of material accumulation, with relatively little 

generation of waste. Subsequently, an increasing amount of scrap will be 

generated from long-lived applications in buildings, infrastructure and 

durable products. This means the outflow will increase from 0.5 Mt in 2005 

to about 15 Mt in 2050. At the same time, though, certain new applications, 

such as charging stations and NEV, will not yet have begun moving in to the 

waste phase.  

Six types of copper scrap from end-use sectors are generally distinguished: 

construction and demolition waste (C&DW), MSW, ELV, WEEE, industrial 

electrical waste (IEW) and industrial non-electrical waste (INEW) (Soulier et 

al., 2018b). Much of this scrap is collected and separated for recovery, which 

is of relevance for development of the circular economy. Not all EoL products 

are indeed reprocessed, though, with some fraction being landfilled or left in 

the environment as “hibernating” stocks: the underground cables used for 

power transmission, for example.  

2.3.4 Potential for circularity: fraction of new demand covered by 

outflow/waste 

China is undergoing a period of rapid development and consuming huge 

amounts of copper as a key material for its infrastructure. At the same time, 

though, the country lacks sufficient copper resources, which means copper 

recycling is very important. As is well-known, there is no difference in the 

quality of copper from secondary and primary production and although 

certain applications involve irrecoverable losses, such as buried cables and 

copper compounds used as animal food supplements, for most copper 

applications a significant degree of recycling is possible. At the same time, 

the environmental pollution associated with the mining of copper ores 

required to meet the country’s huge copper demand can also promote 

development of a circular economy. Compared with mined copper 

concentrates, reuse of scrap copper has the advantages of high recovery rates, 

low energy consumption and reduced pollution. Not only does copper 

recycling require up to 85% less energy than primary production (ICA, 2013); 

it is also a highly eco-efficient way of reintroducing a valuable material into 

the economy. In assessing the potential for a circular economy with respect to 

copper scrap, recycling the first question that needs to be answered is how 
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much recyclable scrap is produced relative to overall demand. Detailed 

information on estimating the amount of recyclable copper is provided in the 

Appendix 4. 

Figure 2.5 shows China’s copper recycling potential for various end-use 

applications from 2005 to 2050. Over this period the amount of recoverable 

copper increases from 0.25 Mt to 11 Mt, driven by the increasing copper 

outflow from stock-in-use. This increase holds across all copper applications, 

but to varying degrees. In particular, copper recovered from applications in 

the transportation sector will increase very significantly, from about 37 

thousand tonnes in 2005 to over 5 Mt in 2050. After 2030, the amount of 

copper recovered from the infrastructure sector will also increase rapidly.  

In our analysis, we used waste copper recovery rates varying from 25% to 89% 

for the various waste categories in different years (see Table S2.22 in the SI). 

Under these assumptions, copper recovery will be able to meet only about 40% 

of Chinese copper demand by 2050. The question, therefore, is whether this 

percentage can be boosted, and to what extent. The scrap recovery rates 

assumed here are based on average European data and are higher than those 

currently seen in China are. While scientific and technological progress will 

mean China’s copper recovery rate will in all likelihood continue to rise in 

the future it is still an open question whether even with an enhanced recovery 

rate recycling can meet the country’s enormous demand for this metal. To 

explore whether enhanced levels of copper recovery can indeed cover 

aggregate demand  we therefore assumed a recovery rate of 90% for every 

product and industry, a similar figure to that presently achieved in Western 

Europe (Ruhrberg, 2006), Under this assumption copper recovery in China 

rises to approximately 13 Mt in 2050. Compared with the total copper demand 

of around 24 Mt projected for that year, recycled copper will still not even 

come close to meeting demand (Figure 2.5). The main reason for this is that 

in 2050 China’s economy will not yet have attained a steady state, but will 

still be increasing the copper stocks bound up in infrastructure and other 

sectors. Primary copper will therefore still be a crucial source of copper in 

China for decades to come. 
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Figure 2.5 Estimated copper recovery in China from 2005 to 2050 based on 

current European recycling rates as shown in Table S2.22; Note: the point 

“recovered copper (with RR 90%)” indicates copper recovery based on an 

assumption of 90% of EoL recycling rate for each product. 

2.3.5 Sensitivity analysis 

We now assess the influence of variations in product lifetime on the results 

obtained in this study. The shorter the lifetime, the more waste copper will be 

generated and the greater demand for copper will be. When it comes to the 

largest copper applications, in buildings and infrastructure, long and varying 

lifetimes are reported (Buchner et al., 2015; Huang et al., 2013). For China in 

particular, however, the literature suggests that building lifetime of is between 

20 and 40 years (residential and non-residential building). We found no 

quantitative evidence for longer building lifetimes over the past few decades. 

Owing to changes in building materials and maintenance, the lifetime of 

buildings constructed in recent years and in the future will be longer. To 

compare with the business-as-usual scenario, we performed a sensitivity 

analysis, increasing residential building lifetime to varying degrees, as shown 

in Figure S2.4 in the SI. This indicates that the longer the lifetime of 

residential buildings is, the less waste copper is generated. Over the next 10 

years, the change is not large, but on the longer term, the reduction in copper 

waste generation is considerable. 

A second sensitivity analysis was carried out for the transportation sector, 
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varying the assumed lifetime of conventional cars, conventional buses and 

new energy vehicles between 8 and 18 years to assess the impact on copper 

waste generation; for further details see the Appendix 3. When the lifetime of 

these three types of vehicle is boosted to 18 years, copper waste is reduced by 

over half after only 8 years (see Figure S2.5). As the sensitivity analysis 

shows, future copper waste is very sensitive to product lifetime. In order to 

reduce copper demand, one key option is therefore to extend the service life 

of end-use products, especially the applications with long lifetime. This is 

anticipated to have a considerable impact on both demand and waste streams, 

and is an issue we may want to take up in our future research on circular 

economy scenarios for China.  

2.4 Reflection and discussion 

2.4.1 Comparison of global and Chinese copper demand and stocks 

To put our results into a broader perspective, we now compare them with the 

results of earlier studies on copper flows and in-use stocks, as summarized in 

Table 2.2. For China, the most detailed databases of copper stocks and flows 

have been compiled by Zhang et al. (Zhang, L. et al., 2015a; Zhang, L. et al., 

2014, 2015b) and Yang et al. (2017). These studies had a very similar aim to 

our own: to provide estimates of present and future copper stocks as well as 

future demand in China. Zhang, L. et al. (2015b), Zhang, L. et al. (2015a), 

Maung et al. (2017) and Soulier et al. (2018b) concluded that China’s copper 

stocks were around 50-70 Mt in 2010, Zhang, L. et al. (2015a) also estimated 

that the copper stocks may gradually increase to a peak of 163-171 Mt by 

2050 based on a stock-driven model. Another study cited in Zhang’s research 

estimates that in-use stock will peak at 190-220 Mt in 2060 (Zongguo and 

Xiaoli, 2013). In addition, Terakado et al. (2009a) used a dynamic MFA 

approach to estimate in-use stocks for copper in China and reported a value 

of 25 Mt in 2005. 

As Table 2.2 shows, the results of our study are similar to those of other 

studies for 2010 and 2015, but differ for future years. In the present study, 

both demand and in-use stock are estimated higher in 2050. We attribute this 

difference to two factors. First, we used a slightly different categorization of 

copper applications, distinguishing 29 sub-categories and including new 

energy applications such as new energy vehicles and charging infrastructure, 
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both of which will require huge amounts of copper. We also modelled demand 

at a more detailed level than most other studies, leading to slightly different 

outcomes overall. Second, we worked with different assumptions regarding 

future developments. In particular, our simulation is based on current 

government policies rather than assuming that the level of development in 

2050 will mirror that of last year, which makes a great deal of difference. For 

example, the addition of new energy applications according to already 

existing government policy leads to quite different results for infrastructure 

compared with the other studies. While for some categories, such as the built 

environment, copper stocks are expected to stabilize in our study as well (see 

Figure 2.3), we find that in 2050 China’s total copper stocks and demand will 

still not yet have peaked. 

Table 2.2 Studies on Chinese copper demand and in-use stock, 2005, 2010, 

2030 and 2050  

Source 
Copper demand (Mt/year) In-use stock (Mt) 

2005 2010 2030 2050 2005 2010 2030 2050 

Zhang, L. et al. 

(2014) 
5.3 7.9 - - - - - - 

Zhang, L. et al. 

(2015a) 
- - 10.1 10.9 - - 140 

163-

171 

Zhang, L. et al. 

(2015b) 
- - - - 30 48 - - 

Soulier et al. 

(2018b) 
- 8.6 - - - 50 - - 

Yang et al. 

(2017) 
3.6 7.6 15.4 - - - - - 

OECD (2019) - - ~18 ~24 - - ~200 ~450 

Terakado et al. 

(2009a) 
- - - - 25 - - - 

Maung et al. 

(2017) 
- - - - 35-40 60-70 - - 

This paper 4.1 5.5 13.2 23.9 30.5 51.9 215 404 

Note: The “-” in this table means that there is no available data from the 

corresponding reference for this year. 
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Table 2.3 compares the results of our study with those of studies on other 

countries and regions as well as the world as a whole. Copper stocks in China 

will increase from 23-30 kg per capita in 2005 to around 300 kg per capita in 

2050. This is faster growth than the average for industrialized countries as 

well as the average for developing countries. By 2050, Chinese copper stocks 

are expected to be close to the present level of the developed world. China is 

presently at the stage of rapidly increasing its in-use stocks, a stage that has 

already occurred in the developed countries and is expected to occur in certain 

developing countries later, or at a slower pace than in China. The very high 

per capita demand, associated with the build-up of China’s stock could 

decline after 2050 to the level needed to maintain the stock.  

When it comes to per capita copper demand, China’s was similar to the global 

average in 2010, but lower than that of the OECD countries. For the future, 

our calculations suggest that by 2050 China’s per capita copper demand will 

be significantly higher than the world average, OECD countries and certain 

developed countries, such as Switzerland. This is probably due mainly to the 

fact that in 2050 China will still be catching up with reaching the stock levels 

of OECD countries, as explained further below. In that year China’s per capita 

copper demand will be more than 4 times higher than in 2010 and about 15 

times higher that of India in 2010. In 2050, aggregate copper stocks in 

developing countries are expected to be more than three times what they were 

in 2010 and more than twice as in-use stock per capita in 2010 (Gerst, 2009). 

This indicates that India will undoubtedly become a major player in terms of 

copper demand. While there is extensive informal recycling in developing 

countries, appropriate recycling infrastructure for end-of-life management of 

complex products is presently lacking. As waste streams will undoubtedly 

increase, greater efforts to recover and manage scrap copper in these countries 

would be very beneficial. 

2.4.2 Limitations 

There are several issues of relevance for forecasting copper demand that were 

not taken into account in this study. Below we discuss three of them. 

1) Copper intensity 

While copper intensity is a key factor determining both copper stocks and 
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future copper demand, there are very few accurate data available on many 

products, especially when it comes to possible changes in the years ahead. In 

this study, the copper intensity of most products except buildings was taken 

to remain fixed. However, previous studies have shown that the amount of 

copper used in products has changed over time. For some products, such as 

buildings, cars and electrical and electronic equipment, the amount of copper 

is increasing (Charles et al., 2017). In some cases, it seems likely that copper 

use will decline as it is replaced by other materials. For lack of quantitative 

information, however, in this study we made no allowance for possible future 

changes in copper intensity. 

2) Copper substitution 

Copper demand may be reduced as a result of substitution, at either the 

material or product level. Graedel et al. (2015) have shown it is quite difficult 

to find suitable alternatives for copper quickly, though, one reason being that 

such alternatives will have to be produced in large quantities. Nevertheless, 

in some of its applications copper has already been replaced or is expected to 

be so by aluminum, titanium or optical fiber. This could reduce copper 

demand to some extent. At the same time, though, novel technologies 

requiring copper are also being developed at present, leading to a potential 

increase in copper demand. For example, recent studies have pointed to the 

possibility of replacing silver by copper in silicon-based photovoltaic solar 

technology (García-Olivares, 2015). Given the rather speculative nature of 

this broad topic is, we have not attempted to modify our demand projections 

by introducing assumptions on substitution. 

3) Other applications of copper in China 

With all its appealing properties, copper it gradually being applied in new 

applications in addition to those considered in this paper. Since these new 

applications are only just on the market, we considered their development too 

speculative and so ignored them in our study. However, some of them may be 

relevant for future copper demand in China.  

One example is the use of copper in non-polluting heating equipment. Copper 

is used in the heat exchangers for air-source heat pumps, for example, 

requiring an average of over ten kilograms per unit. To address the problem 



Chapter 2 

 

42 

 

of smog the Chinese government has decreed that 28 cities must substantially 

reduce the burning of bulk coal. In these cities scattered coal burning is an 

important winter heating source. Using electrical heating or air-source heat 

pumps instead of coal would improve local air quality substantially. Use of 

air-source heat pumps in fact increased about 28 times in just a single year, 

from 2015 to 2016. If the heat pump market continues to develop according 

to the current trend, this would increase copper demand significantly.  

A second example is provided by the copper cages used in mariculture (a new 

type of aquaculture). One of the tasks set out in the Chinese government’s 

13th Five Year Plan, is to build 10,000 deep-sea cages for mariculture. Each 

cage uses 20 kg of copper with even more required for the associated fencing. 

While this is still relatively little compared to total Chinese copper demand, 

this sector may expand further, becoming relevant in the future. 

2.5 Conclusions and outlook 

In this study we adopted a dynamic stock model and scenario analysis 

involving a bottom-up approach to analyze copper demand in China from 

2005 to 2050, based on a series of drivers including GDP, population growth, 

urbanization level and government policy plans. In the business-as-usual 

scenario, both aggregate and per capita copper demand are set to increase 

significantly over time, especially in infrastructure, transportation and 

buildings. Between now and 2050 total demand for copper will rise by a factor 

of almost 3. It should be noted, though, that our estimates make no allowance 

for a possible increase in copper content in certain applications nor for any 

new applications, which means the copper demand in the baseline scenario 

for 2050 may be in fact be an underestimate. 

The copper stock in infrastructure and transportation will not yet have reached 

saturation by 2050 but will then still be growing. Stock in buildings will have 

virtually stabilized, though, which means per capita demand in this segment 

will no longer be significantly rising. Our calculations show that aggregate 

demand in 2050 cannot be met through use of secondary copper, even if a 

recycling rate of 90% is assumed In the baseline scenario, then, there would 

appear to be no way China’s copper industry can achieve a completely 

circular economy in the short term. 
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Given the projected increase in Chinese copper demand through to 2050, we 

can only conclude that a major quantity of raw materials will need to be mined 

and processed, which will have a pronounced environmental impact, 

particularly in light of the challenges involved in improving the 

environmental footprint of copper production and processing. As demand 

continues to rise, copper will become even more important as a source of 

greenhouse gas emissions than it is at present (Van der Voet et al., 2018). 

One development not explicitly addressed in this study is the coming energy 

transition. While renewable energy technologies will reduce GHG emissions, 

they will also mean increased demand for copper, leading to increased GHG 

emissions from this industry (Deetman et al., 2018). In this respect the 

balance between reducing the environmental impact of new energy 

technologies and increased copper use in new energy devices is an issue 

requiring due attention.  

Copper recovery is another aspect of major relevance for environmental 

impacts, given that secondary production via recycling requires up to 85% 

less energy than primary copper production. Based on the present research, 

we can only conclude that under baseline assumptions a very large inflow of 

primary copper will still be needed up until 2050. For China at least, 

increasing the scrap recovery rate will not be sufficient to meet copper 

demand in 2050, when aggregate new demand will be almost twice as high 

as the total copper outflow from all sectors combined.  

Our results show that China’s economy will be reliant on an increasingly large 

supply of primary copper. It is therefore important to develop alternative 

development scenarios in which copper demand is sustainably fulfilled. A 

circular economy scenario could be an effective way to reduce primary 

production and therefore also reduce the environmental impacts associated 

with copper production. In future research, we intend to focus on developing 

alternative scenarios, exploring different options for improving the 

sustainability of China’s copper supply. 
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