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Abstract 

The global zinc supply chain plays a critical role in numerous industries, from pharmaceuticals to 

construction, by ensuring the availability of a key raw material essential for various applications. This 

paper explores the intricate dynamics of the zinc supply chain, analyzing the challenges and 

opportunities it presents for businesses. It begins by outlining the key stages of the zinc supply chain, 

from extraction and processing to distribution and final product manufacturing, and highlights the role 

of key players and global market trends. The paper then delves into the challenges faced within the 

supply chain, including geopolitical instability, environmental concerns, and market volatility, which 

can disrupt zinc availability and pricing. In addition to these challenges, the paper identifies strategic 

opportunities for businesses to enhance the resilience and sustainability of their zinc supply chains. It 

examines strategies such as diversification of sourcing, technological innovations, and the integration of 

sustainable practices that can mitigate risks and improve operational efficiency. Through case studies, 

the paper highlights real-world examples of successful zinc supply chain management, offering practical 

insights for companies navigating this complex landscape. Finally, the paper discusses the importance 

of risk management strategies in ensuring supply chain continuity, including effective contract 

management, price hedging, and inventory strategies. The paper concludes by providing strategic 

recommendations for companies involved in the zinc industry and offers a forward-looking perspective 

on how technological advancements, sustainability initiatives, and global economic shifts will shape the 

future of zinc supply chains. 

Keywords: Zinc Supply Chain, Sustainability Practices, Resource Management, Supply Chain 

Resilience, Market Dynamics, Strategic Optimization. 

 

I. Introduction 

A. Overview of Zinc as a Global Resource 

Zinc is one of the most important metals in the world, primarily known for its applications in industries 

such as construction, automotive, pharmaceuticals, and manufacturing. Chemically, zinc is a transition 

metal that exhibits a wide array of beneficial properties, including its corrosion resistance, which is why 

it is heavily used in galvanization. Zinc is also a vital trace element in the human body, playing an 

essential role in immune function, protein synthesis, and wound healing (Prasad, 2013). The demand for 

zinc has been steadily increasing due to its widespread industrial applications, such as in the production 
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of alloys, batteries, and in coatings to protect against corrosion. Globally, zinc is primarily sourced 

through mining operations, with the largest producers being countries like China, Australia, and Peru. 

The global zinc market is influenced by various factors such as geopolitical events, economic shifts, and 

fluctuations in demand from key sectors like construction and automotive (The International Zinc 

Association, 2021). 

B. Purpose of the Paper 

This paper seeks to explore the complexities of the zinc supply chain by examining its challenges, 

opportunities, and strategic management practices. Zinc's significance as a critical resource makes 

understanding its supply chain essential for both businesses and policymakers. Through this 

examination, the paper aims to provide insight into the core stages of the zinc supply chain and highlight 

the key players involved. Additionally, the paper will analyze the obstacles within the supply chain, such 

as geopolitical tensions and environmental concerns, and explore strategies to overcome these issues. 

C. Relevance to Business and Industry: - 

Managing the zinc supply chain effectively is critical to the smooth operation of industries reliant on this 

resource. Zinc’s unique properties, such as its ability to resist corrosion and its use in a variety of 

industrial processes, make it a key raw material. For industries like construction, automotive, and 

pharmaceuticals, ensuring a consistent, cost-effective supply of zinc is crucial. A disruption in the supply 

chain can lead to significant delays, increased costs, and diminished product quality, which in turn affects 

the profitability of businesses (Frost & Sullivan, 2019). From a business perspective, efficient supply 

chain management is a strategic tool for gaining a competitive advantage. Companies that manage their 

zinc supply chain well can reduce operational costs, minimize risks, and capitalize on opportunities 

presented by market fluctuations. Furthermore, in today’s environment, sustainability has become a 

significant business driver. Companies involved in the zinc industry are increasingly focusing on 

sustainable practices, such as zinc recycling and ethical sourcing, to meet regulatory standards and 

appeal to environmentally conscious consumers (Brown, 2018). 

 

II. The Zinc Supply Chain: An Overview 

A. Key Stages in the Zinc Supply Chain 

The zinc supply chain can be broken down into several distinct stages that span from raw material 

extraction to the final distribution of zinc-based products. Understanding each stage is crucial for 

identifying potential bottlenecks, risks, and opportunities for improvement. 
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Figure 1: Zinc Supply Chain Flow Diagram. This flowchart represents the key stages involved in the 

zinc supply chain, from extraction and refining to distribution and manufacturing of zinc-based products. 

 

1. Mining and Extraction of Zinc Ore: Zinc is primarily extracted from ores such as sphalerite 

(zinc sulfide), which is the most common zinc-bearing mineral. Zinc mining occurs in both open-

pit and underground mining operations. The extraction process typically involves removing the 

ore from the earth and transporting it to a processing plant. Large mining operations are 

concentrated in countries like China, Australia, Peru, and Canada, which are the world’s largest 

producers of zinc (World Bureau of Metal Statistics, 2020). The extraction process is energy-

intensive and has environmental impacts, including land degradation and water contamination. 

2. Processing and Refining of Zinc: Once the zinc ore is extracted, it undergoes a series of 

processing steps to produce refined zinc metal. This involves several stages, such as crushing 

and grinding, flotation to separate zinc from other minerals, and smelting to produce zinc 

concentrate. The concentrate is then subjected to a refining process that includes roasting and 

electrolytic refining to obtain pure zinc metal (Liu et al., 2020). The refined zinc can be in the 

form of ingots, sheets, or powders, depending on the intended use. 

3. Distribution and Manufacturing of Zinc-based Products: After zinc has been refined, it is 

distributed to various industries where it is used in products like galvanized steel, batteries, and 

zinc-based chemicals. In the manufacturing sector, zinc is mainly used for galvanizing steel and 

other metals to prevent corrosion, as well as in the production of alloys such as brass and bronze. 

The transportation of refined zinc to these manufacturers is another crucial stage, with logistics 

playing a key role in ensuring timely and cost-effective delivery. 
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B. Key Players in the Zinc Supply Chain 

The zinc supply chain is composed of a variety of players, each contributing to the flow of zinc from 

raw material extraction to final product manufacturing. 

1. Mining Companies: The largest players in the zinc mining industry are companies such as 

Glencore, Teck Resources, and Vedanta Resources, which own and operate mines worldwide. 

These companies control large mining operations, often located in resource-rich countries such 

as Peru, Australia, and Canada. These mining companies are responsible for extracting and 

processing zinc ore, ensuring a steady supply of raw material for downstream industries 

(Hutchison et al., 2021). 

2. Smelters and Refineries: Zinc smelters and refineries are responsible for converting zinc 

concentrate into pure zinc metal. Some major companies in this segment include Nyrstar, Korea 

Zinc, and Yunnan Tin Company. These companies invest in advanced refining technologies to 

produce high-purity zinc, which is essential for applications requiring stringent quality standards, 

such as pharmaceuticals and electronics (Zhang et al., 2019). 

3. Manufacturers and End Users: Manufacturers, such as those producing galvanized steel and 

zinc alloys, are vital players in the supply chain. Companies like ArcelorMittal and Tata Steel 

use large quantities of zinc for galvanizing steel used in construction and automotive industries. 

Additionally, the pharmaceutical industry uses zinc in the form of supplements, topical creams, 

and other medical applications (Tan, 2018). 

4. Logistics Providers: The transportation of zinc and zinc products is an important link in the 

supply chain. Logistics companies handle the movement of zinc from mines to smelters, and then 

from smelters to end-user manufacturers. Given the global nature of zinc production and 

consumption, the role of shipping, warehousing, and customs clearance is crucial in maintaining 

supply chain fluidity. 

C. The Global Zinc Market 

The global zinc market is a dynamic and evolving landscape shaped by several influencing factors, 

such as global demand, geopolitical events, and economic trends. The supply of zinc is heavily 

influenced by mining operations, and the demand is driven by its use in various industries, with the 

construction and automotive sectors being some of the largest consumers. 

1. Key Zinc Producing Countries: Zinc production is concentrated in a few key countries, with 

China being the largest producer of both refined zinc and zinc concentrate. Other major producers 

include Australia, Peru, and Canada. These countries account for a significant share of the global 

zinc supply, and any disruption in their production (due to natural disasters, strikes, or regulatory 

changes) can significantly affect global zinc prices and availability (The International Zinc 

Association, 2020). 
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Figure 2: Global Zinc Production Distribution by Country (2020). This chart illustrates the dominant 

role of China in global zinc production, followed by other key producers like Australia and Peru. Such 

concentration in production highlights the importance of managing supply chain risks in these regions. 

2. Zinc Demand and Applications: Zinc is predominantly used in galvanizing steel, which 

accounts for nearly half of the global zinc consumption. Other significant uses include zinc 

alloys, brass production, and batteries. Furthermore, zinc plays a crucial role in the 

pharmaceutical sector as a dietary supplement and in wound care products (Zinc Report, 2021). 

As the global construction industry grows, particularly in emerging markets like India and China, 

demand for zinc for galvanizing purposes is expected to rise. 

3. Price Volatility and Market Trends: Zinc prices are notoriously volatile, driven by changes in 

supply-demand dynamics, geopolitical events, and economic shifts. For instance, disruptions in 

major zinc-producing countries, such as strikes at mines or changes in government regulations, 

can cause zinc prices to spike. Conversely, economic slowdowns or global recessions can lead to 

decreased demand, driving prices down. This volatility poses challenges for businesses relying 

on a steady zinc supply, as fluctuations can significantly impact production costs (Baker & 

Brooker, 2021). 

 

III. Challenges in the Zinc Supply Chain 

The zinc supply chain faces several significant challenges that can disrupt the flow of zinc from 

extraction to end-use manufacturing. These challenges range from geopolitical issues and economic 

factors to environmental concerns and natural disasters. Understanding these challenges is crucial for 

businesses involved in the zinc industry, as well as for policymakers seeking to ensure the resilience and 

sustainability of the global supply chain. 
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Figure 3: Zinc Price Volatility (2015 - 2020). This chart illustrates the significant price fluctuations in 

the zinc market over the past few years, showcasing the impact of global economic shifts, supply 

disruptions, and other external factors. 

 

A. Geopolitical and Economic Factors 

1. Geopolitical Instability in Key Zinc-Producing Regions: Zinc production is concentrated in a 

few countries, notably China, Peru, and Australia. These regions are susceptible to geopolitical 

instability, which can result in disruptions to zinc mining and refining operations. Political 

instability, labor strikes, and changes in trade policies (e.g., tariffs, export restrictions) can lead 

to production halts or delays in supply delivery, ultimately affecting global zinc availability. For 

example, any trade disputes between major zinc producers and consuming countries could 

disrupt the global supply of zinc and lead to price fluctuations (World Bureau of Metal Statistics, 

2020). The unpredictability of such events adds considerable risk to the zinc supply chain, 

necessitating proactive risk management and diversified sourcing strategies. 

2. Economic Fluctuations and Global Demand Shifts: The demand for zinc is highly correlated 

with the performance of key industries like construction, automotive, and electronics. Economic 

recessions or downturns in these industries can cause a reduction in zinc consumption, leading 

to an oversupply of the metal in the market and falling prices. Conversely, rapid growth in 

infrastructure development or increased manufacturing activities in emerging economies can lead 

to higher demand, putting pressure on supply and driving up prices. Economic shifts in large 

economies such as China and India, which are major consumers of zinc, can therefore have a 

ripple effect across the global supply chain (Baker & Brooker, 2021). The volatile nature of the 

global economy makes it difficult for businesses to forecast zinc prices and manage supply chain 

costs effectively. 
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B. Environmental and Sustainability Challenges 

1. Environmental Impact of Zinc Mining and Processing: Zinc mining, like many other forms 

of mining, can have a significant environmental footprint. Mining operations require the 

extraction of large quantities of ore, which can result in deforestation, habitat destruction, and 

water pollution from the discharge of harmful chemicals. Additionally, the energy-intensive 

process of smelting and refining zinc contributes to high carbon emissions. Given the increasing 

pressure on industries to adopt sustainable practices, zinc mining and refining companies face 

mounting scrutiny from environmental groups, regulators, and consumers who demand cleaner 

production processes. This has led to an increased focus on reducing the environmental impact 

of zinc extraction and processing through innovations like more energy-efficient smelting 

technologies and improved waste management systems (Liu et al., 2020). 

2. Sustainable Sourcing and Recycling: As concerns over resource depletion and environmental 

degradation grow, the importance of recycling zinc from scrap materials has increased. Zinc 

recycling not only reduces the demand for new mining but also minimizes the environmental 

impact associated with zinc production. The secondary zinc production (recycling) process is far 

less energy-intensive than primary zinc production, making it an environmentally preferable 

alternative. However, zinc recycling remains a challenge due to the limited availability of scrap 

zinc, as well as the complex logistics of collecting, sorting, and processing scrap materials. The 

global zinc supply chain must focus on improving the efficiency and effectiveness of zinc 

recycling programs to meet growing demand and environmental sustainability goals (Brown, 

2018). 

C. Supply Chain Disruptions and Volatility 

1. Natural Disasters and Supply Chain Interruptions: The zinc supply chain is vulnerable to 

disruptions caused by natural disasters, such as earthquakes, floods, and extreme weather events. 

For example, floods in major zinc-producing regions, such as those in Peru or Australia, have 

previously interrupted mining operations and slowed the delivery of zinc to global markets. 

These disruptions can lead to shortages and significant price hikes. Additionally, the logistical 

challenges posed by such disasters—damaged infrastructure, blocked transportation routes, and 

delayed shipments—can exacerbate supply chain issues. With climate change increasing the 

frequency and severity of extreme weather events, the zinc industry faces an evolving risk 

landscape that necessitates the development of resilient supply chain strategies (Hutchison et al., 

2021). 

2. Logistics and Transportation Bottlenecks: Zinc is a globally traded commodity, and its 

movement across regions relies on a complex transportation network involving rail, sea, and road 

transport. Any bottlenecks in transportation, whether due to strikes, port congestion, or 

infrastructure failures, can cause delays in the delivery of zinc and zinc products. Additionally, 

transportation disruptions can lead to increased shipping costs, which can further inflate the cost 

of zinc for end-users. For example, the COVID-19 pandemic caused significant disruptions in 

https://samagracs.com/samagracs-publication/


                                            Innovation and Integrative Research Center Journal 
                                     ISSN: 2584-1491 | www.iircj.org 

                         Volume-3 | Issue-7 | July - 2025 | Page 01-20 

 

SamagraCS Publication House                                                                                            8 

global shipping and logistics, resulting in delays and increased costs for companies in the zinc 

supply chain. Managing these logistical risks and ensuring the timely delivery of zinc is a critical 

challenge for the industry (Zhang et al., 2019). 

IV. Strategic Opportunities in Zinc Supply Chain Management 

Despite the numerous challenges faced by the zinc supply chain, there are significant strategic 

opportunities for businesses to optimize operations, mitigate risks, and capitalize on growing market 

demand. By implementing advanced technologies, diversifying sourcing strategies, and embracing 

sustainability, businesses involved in the zinc industry can enhance their resilience and create 

competitive advantages. This section explores key opportunities for improving the zinc supply chain, 

including sourcing diversification, technological innovations, collaboration, and sustainable practices. 

A. Diversification of Zinc Sources 

1. Geographic Diversification: One of the most effective strategies to mitigate the risks associated 

with geopolitical instability and supply disruptions is the diversification of zinc sourcing. 

Companies that rely on a single geographic region for zinc supply are vulnerable to disruptions 

caused by political instability, labor strikes, or changes in local regulations. By sourcing zinc 

from multiple countries and regions, businesses can reduce their exposure to these risks and 

ensure a more stable supply. For example, expanding zinc sourcing to countries like Canada, 

Peru, and Australia, in addition to China, provides a buffer against potential supply disruptions 

in any single country (Zinc Report, 2021). 

2. Alternative Mining and Recycling Sources: In addition to geographic diversification, 

companies can also explore alternative sources of zinc, such as recycled zinc. The secondary zinc 

production process (recycling) involves reclaiming zinc from scrap materials such as old 

galvanized steel, batteries, and electrical components. As recycling technologies improve and the 

availability of zinc scrap increases, the reliance on primary zinc sources can decrease, reducing 

the overall environmental impact of zinc production (Brown, 2018). Moreover, secondary zinc 

production is more energy-efficient and environmentally friendly compared to primary zinc 

extraction, making it an attractive option for companies aiming to adopt sustainable practices. 

B. Technological Innovation 

1. Automation and Data Analytics in Supply Chain Management: The use of automation and 

data analytics offers significant opportunities to optimize the zinc supply chain. Advanced 

technologies such as artificial intelligence (AI), machine learning, and blockchain can help 

improve supply chain visibility, enhance decision-making, and reduce operational costs. For 

example, AI-powered predictive analytics can forecast demand for zinc in different industries, 

allowing businesses to adjust production and distribution strategies accordingly. Blockchain 

technology can provide end-to-end transparency in the zinc supply chain, enabling stakeholders 

to track the movement of zinc from the mining site to the final product, ensuring accountability 

and reducing the risk of fraud or theft (Liu et al., 2020). 
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2. Process Innovation in Zinc Refining: Technological advancements in zinc refining processes 

are also creating new opportunities for the industry. The development of more energy-efficient 

smelting technologies, such as the use of low-emission furnaces and renewable energy sources, 

can significantly reduce the environmental impact of zinc production. Moreover, advancements 

in hydrometallurgical processes—where zinc is extracted using aqueous solutions—offer a more 

environmentally friendly alternative to traditional pyrometallurgical processes (Zhang et al., 

2019). By adopting these innovative technologies, companies can lower their operational costs, 

reduce their carbon footprint, and improve their sustainability credentials. 

C. Collaborative Partnerships 

1. Building Stronger Supplier Relationships: Strategic partnerships with key suppliers and 

manufacturers are critical for ensuring a steady and reliable supply of zinc. By working closely 

with suppliers, businesses can negotiate favorable pricing, share risks, and secure long-term 

supply contracts. Collaboration with upstream players, such as mining companies and smelters, 

can also enable businesses to gain early access to new technologies, innovations, and market 

trends, providing a competitive advantage in the marketplace (Hutchison et al., 2021). 

2. Industry Alliances for Sustainable Practices: Collaboration is also vital for advancing 

sustainability in the zinc supply chain. Companies can form industry alliances to share best 

practices, develop standards for sustainable sourcing, and invest in joint initiatives to promote 

zinc recycling and reduce the environmental impact of mining. For example, the International 

Zinc Association (IZA) has launched initiatives to improve zinc recycling rates globally and 

promote sustainable mining practices. Such collaborative efforts can help zinc companies meet 

growing consumer demand for environmentally responsible products and comply with stricter 

regulatory standards (The International Zinc Association, 2021). 

D. Sustainable Supply Chain Practices 

1. Reducing the Environmental Impact of Zinc Production: As sustainability becomes an 

increasing priority for both consumers and regulators, businesses in the zinc supply chain must 

focus on reducing the environmental impact of their operations. This includes adopting cleaner 

production technologies, minimizing waste, and reducing water and energy consumption in 

mining and refining processes. For instance, the use of electric vehicles (EVs) in mining 

operations can help reduce carbon emissions, while the implementation of circular economy 

principles can promote the reuse and recycling of zinc products (Liu et al., 2020). 
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Figure 4: Comparison of Primary and Secondary Zinc Production. This chart compares the energy 

consumption and environmental impact of primary zinc production (from mining) and secondary zinc 

production (from recycling). The data highlights the significant sustainability benefits of secondary zinc 

production, which uses less energy and results in fewer CO2 emissions. 

2. Adopting Circular Economy Models: The circular economy model, which focuses on 

maximizing the lifespan of products through recycling and reuse, presents significant 

opportunities for the zinc industry. By designing products that can be easily disassembled and 

recycled at the end of their life cycle, companies can reduce the need for primary zinc extraction 

and conserve natural resources. Moreover, by incorporating recycled zinc into new products, 

companies can lower production costs and reduce environmental impacts, contributing to a more 

sustainable supply chain. Increasing the efficiency of zinc recycling and boosting the availability 

of scrap zinc will be critical to achieving these sustainability goals (Brown, 2018). 

 

V. Case Studies: Successful Zinc Supply Chain Strategies 

A. Case Study 1: Glencore – Diversifying Zinc Mining Operations 

1. Background: Glencore is one of the world's largest producers of zinc, operating mines across 

various countries, including Canada, Australia, and Peru. The company’s diversification strategy 

is particularly noteworthy as it minimizes its reliance on any single zinc-producing region, 

making its supply chain more resilient to geopolitical and environmental risks. 

2. Strategy: Glencore uses a diversification approach in sourcing zinc. By having mining 

operations in multiple countries, the company reduces the risk of supply chain disruptions that 

might occur in one region due to political instability, labor disputes, or natural disasters. For 
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example, if a mining operation in Peru faces a strike or political unrest, the company can continue 

to supply zinc from other regions, such as Australia or Canada. This geographical diversification 

ensures stability in zinc production and supply to meet global demand. 

3. Real-life Example: Glencore’s Antamina mine in Peru and Mount Isa in Australia represent two 

of its largest zinc-producing assets. The company’s success in these diverse locations allows it 

to continue operations even when one of its operations is affected by local issues. This multi-

source strategy has proven effective in mitigating risks such as the 2019 Peruvian mining 

disruptions caused by political factors. Glencore’s ability to maintain a steady supply of zinc 

from other regions helped stabilize the global market. 

4. Results: The strategy of diversification has significantly contributed to Glencore’s ability to 

maintain a consistent and reliable zinc supply. By spreading its operations across various 

geographies, Glencore is able to navigate the volatility of the global zinc market and sustain long-

term profitability (Hutchison et al., 2021). 

 

B. Case Study 2: Korea Zinc – Implementing Zinc Recycling 

1. Background: Korea Zinc, a leading smelter based in South Korea, has adopted zinc recycling 

as a key part of its supply chain strategy to meet both economic and environmental goals. The 

company has implemented one of the world’s most advanced zinc recycling operations, helping 

to reduce its reliance on newly mined zinc. 

2. Strategy: Korea Zinc has established extensive recycling capabilities at its Onsan smelter, where 

it recycles zinc from a variety of sources, including galvanized steel, scrap batteries, and 

discarded electronic components. Recycling zinc not only helps meet the growing demand for 

this metal but also reduces the environmental impact associated with mining and refining new 

zinc. The company employs advanced smelting and hydrometallurgical technologies that extract 

zinc from waste materials in a more environmentally friendly and energy-efficient way compared 

to traditional mining methods (Brown, 2018). 

3. Real-life Example: In 2018, Korea Zinc set a recycling target to increase the proportion of 

secondary zinc (recycled zinc) in its production process to 30% by 2025. This initiative is part 

of a broader commitment to sustainability and reducing greenhouse gas emissions. By adopting 

more sustainable practices, Korea Zinc has reduced its reliance on virgin zinc ore, mitigating 

some of the environmental impacts of primary production. 

4. Results: Korea Zinc's recycling efforts have helped lower its production costs and improve its 

environmental footprint. The company’s success in zinc recycling also gives it a competitive 

advantage, as customers increasingly seek environmentally responsible suppliers. This strategy 

allows Korea Zinc to secure a consistent supply of zinc while reducing the environmental impact 

of its operations (Liu et al., 2020). 
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C. Case Study 3: Nyrstar – Leveraging Blockchain for Supply Chain Transparency 

1. Background: Nyrstar, a global leader in zinc smelting, has embraced blockchain technology to 

improve supply chain transparency. Nyrstar operates a number of smelters across Europe, North 

America, and Australia, and like many other companies in the zinc industry, it faces challenges 

related to logistics, fraud prevention, and supply chain visibility. 

2. Strategy: Nyrstar has adopted blockchain technology to track zinc shipments from the mine 

through the refining process and onto the final consumer. By utilizing blockchain, the company 

is able to ensure that all transactions in the zinc supply chain are transparent, verifiable, and 

tamper-proof. This improves trust among stakeholders, reduces the likelihood of fraud, and 

increases operational efficiency by minimizing human errors in tracking zinc. 

3. Real-life Example: In 2018, Nyrstar partnered with a technology firm to develop a blockchain-

based platform that tracks the movement of zinc from extraction to end-use. The platform allows 

every stakeholder, including suppliers, smelters, logistics providers, and buyers, to view and 

verify the status of zinc shipments in real-time. By creating a more efficient and transparent 

system, Nyrstar has streamlined its logistics processes and improved its relationships with 

partners (Zhang et al., 2019). 

4. Results: The adoption of blockchain has enhanced Nyrstar’s ability to reduce fraud, optimize 

inventory, and streamline shipping processes. The increased transparency has fostered stronger 

relationships with suppliers and customers, as everyone involved in the supply chain can trust 

the data being shared. Additionally, real-time tracking has helped Nyrstar to more accurately 

predict supply and demand fluctuations, leading to better inventory management and reduced 

operational costs. 

 

D. Case Study 4: Teck Resources – Sustainable Mining and Community Engagement 

1. Background: Teck Resources, a Canadian natural resources company, is a major producer of 

zinc and has long been committed to implementing sustainable mining practices. Teck's zinc 

mining operations in Canada (e.g., the Red Dog mine in Alaska) focus on minimizing 

environmental impact while engaging with local communities to promote sustainable 

development. 

2. Strategy: Teck Resources has implemented several sustainability initiatives, including investing 

in low-emission mining technologies, reducing water usage, and improving waste management 

practices. In addition, Teck engages with local communities to ensure that mining activities 

benefit the surrounding areas and are aligned with social and environmental goals. One of the 

key strategies includes creating opportunities for local workers and supporting community-led 

development initiatives (Brown, 2018). 
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3. Real-life Example: Teck's Red Dog mine in Alaska has been recognized for its efforts in 

reducing the environmental impact of zinc production. The company’s focus on minimizing 

energy use, water consumption, and waste generation through improved mining technologies and 

operational practices has set a high standard for sustainable mining in the zinc industry. 

Furthermore, Teck collaborates with local communities to ensure that economic benefits from 

zinc mining are shared with nearby populations. 

4. Results: Teck’s commitment to sustainability has not only improved its environmental 

performance but has also strengthened its relationships with local communities and regulators. 

By aligning its mining operations with sustainable development goals, Teck has built a strong 

reputation as a responsible miner, which has helped secure long-term permits and maintain a 

competitive position in the global zinc market (Hutchison et al., 2021). 

 

VI. Risk Management in Zinc Supply Chain 

The zinc supply chain is fraught with various risks that can significantly disrupt operations, increase 

costs, and compromise product quality. These risks arise from a variety of factors, including market 

volatility, geopolitical instability, environmental challenges, and logistical disruptions. Effective risk 

management strategies are essential for businesses to mitigate these risks, ensure the continuity of 

operations, and maintain competitiveness in the global market. This section explores key risks in the 

zinc supply chain and provides strategies for managing these risks effectively. 

 

ZINC SUPPLY CHAIN RISK MANAGEMENT STRATEGIES 

Risk Potential Impact Mitigation Strategies 

Price 

Volatility 

Increased costs and 

unpredictable pricing for zinc. 

Can affect production budgets 

and margins. 

Hedging through financial 

instruments, diversification of 

supply sources, and locking in long-

term contracts with suppliers. 

Geopolitical 

Risks 

Disruption of supply, production 

delays, and sudden changes in 

zinc pricing due to policy 

changes or strikes. 

Diversifying sourcing countries, 

developing relationships with stable 

regions, and building contingency 

plans for supply interruptions. 

Environmental 

Risks 

Mining operations causing 

environmental damage; stricter 

regulations can lead to higher 

compliance costs. 

Adopting cleaner production 

technologies, investing in more 

energy-efficient smelting processes, 

and increasing zinc recycling. 

Logistical 

Risks 

Delays in delivery due to 

transportation strikes, natural 

disasters, or shipping 

bottlenecks. Increased shipping 

costs. 

Collaborating with logistics partners 

for alternative routes, maintaining 

adequate inventory buffer stocks, 

and using real-time tracking 

technologies. 
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A. Identifying Key Risks in Zinc Sourcing and Distribution 

1. Price Volatility: Zinc prices are highly volatile, driven by fluctuations in supply and demand 

dynamics. This volatility is often exacerbated by external factors such as geopolitical tensions, 

trade policies, and changes in global economic conditions. For instance, a downturn in the global 

economy or a slowdown in the construction and automotive sectors can reduce demand for zinc, 

causing prices to drop. Conversely, supply disruptions, such as labor strikes or natural disasters 

in major zinc-producing regions, can lead to a sharp increase in prices. Businesses in the zinc 

supply chain must be prepared for these price fluctuations and have strategies in place to manage 

cost risks effectively (Baker & Brooker, 2021). 

2. Geopolitical Risks: Geopolitical instability in key zinc-producing countries can pose significant 

risks to the supply chain. Zinc is primarily sourced from countries like China, Peru, Australia, 

and Canada, and any political instability in these regions—such as changes in trade policies, 

nationalization of mining assets, or labor strikes—can disrupt the flow of zinc to global markets. 

For example, tensions between China and other major economies, or mining strikes in Peru, can 

lead to delays in zinc production and shipment, causing supply chain bottlenecks and price 

volatility (World Bureau of Metal Statistics, 2020). 

3. Environmental and Regulatory Risks: Zinc mining and refining operations face increasing 

scrutiny due to their environmental impact. Regulations on mining practices, waste disposal, and 

emissions are becoming stricter, especially in developed economies. For example, stricter 

environmental regulations in the European Union and the U.S. require companies to adopt 

cleaner production technologies or face penalties. Furthermore, environmental risks such as 

floods, earthquakes, or climate change-related disasters can damage mining operations or disrupt 

transportation routes, leading to significant delays in zinc supply (Liu et al., 2020). 

4. Logistical Risks: Zinc is a globally traded commodity, and its transportation across regions 

involves a complex network of logistics providers, including rail, sea, and road transportation. 

Any disruption in transportation networks—such as port congestion, strikes, or natural 

disasters—can cause delays and increase transportation costs. For example, the COVID-19 

pandemic caused widespread disruptions to global shipping, which led to delays in the delivery 

of zinc and zinc-based products, driving up costs and straining supply chains (Zhang et al., 2019). 

 

 

https://samagracs.com/samagracs-publication/


                                            Innovation and Integrative Research Center Journal 
                                     ISSN: 2584-1491 | www.iircj.org 

                         Volume-3 | Issue-7 | July - 2025 | Page 01-20 

 

SamagraCS Publication House                                                                                            15 

 

Figure 5: Zinc Supply Chain Risk Matrix. This matrix illustrates the various risks in the zinc supply 

chain, highlighting their potential impact and likelihood. For instance, logistical risks and price 

volatility are highly likely and have significant impacts, while geopolitical risks, although impactful, are 

less frequent. 

 

B. Developing Mitigation Strategies 

1. Hedging Against Price Volatility: One of the most common strategies for managing price 

volatility in the zinc market is through price hedging. Businesses can use financial instruments 

such as futures contracts and options to lock in zinc prices for a set period, thus reducing the risk 

of price fluctuations. By entering into hedging agreements with financial institutions or 

commodity exchanges, companies can protect themselves from adverse price movements and 

better manage their production costs (Baker & Brooker, 2021). Hedging is particularly valuable 

for businesses with long-term contracts or large zinc procurement needs, as it ensures more 

predictable pricing. 

2. Diversification of Supply Sources: Geographic diversification of zinc supply sources is a 

critical risk management strategy to reduce dependency on a single supplier or region. By 

sourcing zinc from multiple countries or mining operations, companies can mitigate the impact 

of geopolitical risks or disruptions in any one region. For example, a company sourcing zinc 

from both China and Peru can continue to receive supply if one region faces a production halt or 

political instability. Additionally, companies can increase their reliance on secondary zinc 

sources (i.e., recycling), which provides an alternative to primary zinc extraction and lessens 

exposure to the risks associated with mining (Liu et al., 2020). 
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3. Building Strong Supplier Relationships and Long-term Contracts: Establishing long-term 

contracts with suppliers is another effective strategy for managing risks. By locking in supply 

agreements over several years, businesses can secure stable zinc prices and a guaranteed supply 

of zinc, reducing their vulnerability to short-term disruptions. Furthermore, strong relationships 

with suppliers can help businesses access priority allocations of zinc during times of shortage. 

These contracts often come with clauses that allow for adjustments in case of significant price 

changes or supply disruptions, offering flexibility to manage unforeseen events (Hutchison et al., 

2021). 

4. Investment in Technology for Supply Chain Monitoring: Adopting advanced supply chain 

monitoring technologies can help companies better predict risks and manage supply chain 

disruptions. Technologies such as blockchain and real-time data analytics can improve 

transparency and visibility, allowing stakeholders to track the movement of zinc from mining to 

final delivery. By utilizing these technologies, companies can quickly identify potential delays 

or disruptions, enabling them to take proactive measures to address issues before they escalate 

(Zhang et al., 2019). For example, real-time tracking can provide insights into transportation 

delays, allowing businesses to adjust production schedules or make alternative transportation 

arrangements. 

 

C. Building a Resilient Supply Chain 

1. Agility and Flexibility in Operations: Building resilience in the zinc supply chain requires 

companies to be agile and flexible in their operations. This means having contingency plans in 

place for various types of disruptions, such as natural disasters, geopolitical instability, or supply 

shortages. A resilient supply chain is one that can quickly adapt to changes and minimize 

downtime. For example, a company that sources zinc from multiple countries and has established 

alternative supply routes can quickly shift its procurement focus if one region experiences a 

disruption. Flexibility in production processes and inventory management is also key to 

maintaining smooth operations when faced with unexpected challenges (Brown, 2018). 

2. Collaboration with Stakeholders: A collaborative approach with stakeholders, including 

suppliers, logistics providers, and even customers, can help enhance the resilience of the zinc 

supply chain. Regular communication and collaboration ensure that all parties are aligned on 

goals and expectations, enabling them to work together when disruptions occur. By establishing 

mutual trust and shared objectives, companies can develop more robust contingency plans and 

quickly respond to changing circumstances. For example, suppliers might agree to expedite 

shipments during peak demand periods, or logistics partners might offer alternative routes in case 

of transport delays (Hutchison et al., 2021). 
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VII. Conclusion 

The zinc supply chain is integral to various industries, ranging from construction and automotive to 

pharmaceuticals and electronics. As a critical raw material, zinc plays an essential role in the production 

of galvanized steel, alloys, and a wide array of other products. However, the global zinc supply chain 

faces numerous challenges, including price volatility, geopolitical risks, environmental concerns, and 

logistical disruptions. These challenges require businesses to adopt effective risk management strategies 

and identify opportunities for innovation and sustainability. 

A. Summary of Key Insights 

The zinc supply chain is complex, with multiple stages from mining and refining to distribution and 

manufacturing, each presenting its own set of risks. Environmental degradation from mining, price 

volatility driven by supply and demand, and disruptions caused by geopolitical instability in regions like 

China, Peru, and Australia all contribute to these challenges. Natural disasters such as floods or 

earthquakes further exacerbate these vulnerabilities, disrupting transportation and processing. However, 

despite these challenges, significant opportunities exist for businesses to enhance supply chain 

efficiency, sustainability, and resilience. Geographic diversification, technological advancements like 

hydrometallurgical refining, and the increased use of zinc recycling can improve operations while 

reducing environmental impacts. Innovations such as blockchain technology also offer opportunities to 

enhance transparency and reduce fraud. Effective risk management strategies, including hedging against 

price volatility, diversifying supply sources, building long-term supplier relationships, and adopting real-

time supply chain monitoring, are essential for ensuring continuity and profitability. Companies like 

Glencore and Nyrstar have successfully implemented such strategies, demonstrating that proactive risk 

management can mitigate disruptions while maintaining stable zinc supply and production. By adopting 

these strategies, businesses can better navigate risks and leverage opportunities to create a more efficient, 

sustainable, and resilient zinc supply chain. 

B. Strategic Recommendations for Companies 

Based on the insights gained from this paper, several key recommendations can be made for businesses 

in the zinc industry to enhance their resilience, sustainability, and operational efficiency. First, it is 

essential for companies to invest in sustainable practices. As demand for environmentally responsible 

products increases, businesses in the zinc supply chain should prioritize sustainability by adopting 

cleaner production technologies, reducing energy consumption, and increasing the use of recycled zinc. 

Furthermore, aligning operations with circular economy principles, designing products that are easier to 

recycle, and implementing efficient recycling processes will help mitigate environmental impacts. 

Second, companies should embrace technological innovations. Investing in digital technologies such as 

artificial intelligence (AI), blockchain, and real-time data analytics will improve transparency, reduce 

operational costs, and enhance supply chain visibility. These technologies can help businesses predict 

demand, monitor supply chain disruptions in real time, and streamline logistics operations, ultimately 

improving efficiency. Third, businesses should develop strategic partnerships with suppliers, logistics 

providers, and even competitors. Strong partnerships can help zinc companies navigate supply chain 
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challenges, share risks, reduce costs, and gain access to new markets or technologies. Building reliable 

relationships with suppliers will also ensure a consistent supply of high-quality zinc, even during periods 

of market fluctuations or production disruptions. Lastly, enhancing geographic diversification in 

sourcing is crucial. Given the geopolitical risks, environmental challenges, and regional market 

fluctuations, companies should expand their mining operations in stable regions and explore alternative 

supply sources, including secondary zinc from recycling. Spreading sourcing risk across different 

geographies reduces exposure to potential disruptions and ensures a more stable supply of zinc in an 

increasingly volatile global market. By adopting these strategies, businesses in the zinc industry can 

strengthen their position in the market while contributing to a more sustainable and resilient global 

supply chain. 

C. Future Outlook for Zinc Supply Chains 

Looking ahead, the zinc supply chain is expected to evolve significantly due to several key trends. As 

global infrastructure development accelerates, particularly in emerging economies, the demand for zinc 

is poised to remain strong. This is driven by zinc’s crucial role in galvanization for construction, as well 

as its growing use in batteries, renewable energy technologies, and electric vehicles. At the same time, 

there is increasing pressure on companies to prioritize sustainability. Consumers, investors, and 

regulators are demanding that businesses adopt more environmentally responsible practices, which in 

the zinc industry means investing in cleaner production methods, boosting zinc recycling rates, and 

minimizing the environmental footprint of mining and refining activities. Moreover, technological 

advancements, such as hydrometallurgical extraction processes, low-carbon smelting technologies, and 

automation, are set to revolutionize the zinc supply chain by improving efficiency, reducing costs, and 

mitigating the environmental impacts associated with zinc production. Finally, the integration of 

technologies like blockchain and AI-powered analytics will enhance supply chain resilience, 

transparency, and efficiency, enabling businesses to predict disruptions more accurately and ensure a 

smoother flow of zinc from extraction to end-use applications. Together, these trends highlight a future 

where the zinc supply chain is more sustainable, efficient, and capable of meeting the increasing demand 

driven by global industrial growth. 
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