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Abstract

Rajasthan stands among India's leading regions which produce both metallic and non-metallic minerals while
its economic framework depends on mineral-based industrial activities. The study presents an extensive
overview of the industry's value chain by analyzing each stage from extraction through processing and
marketing to export operations. The study uncovers significant structural deficiencies that impede value
addition in the state, utilizing secondary data and qualitative analytical methods. The findings indicate that
Rajasthan excels in resource extraction; however, its post-extraction operations lack standardization,
particularly in the processing of marble and sandstone. The study suggests three main steps to improve the value
chain: developing new technologies, improving the transportation system, and changing policies. The study
finds that Rajasthan's economic growth relies on two key factors: effective value addition techniques and
environmentally sustainable practices.
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I.  Introduction

1.1 Background

Mineral-based businesses constitute a vital foundation for industrial and economic advancement in
resource-abundant areas, with Rajasthan being a prominent contributor to India's mineral economy. The state
possesses an extensive mineral resource base which includes limestone, marble, gypsum, zinc, and copper. This
resource base supports a number of industries, including cement making, ceramics making, metallurgy, and
building materials [1]. These industries create a lot of jobs and bring in a lot of money for the state and its export
business. Rajasthan is the top exporter of marble and dimensional stone, which helps it stay at the top of the
international mineral market.

1.2 Rationale of the Study

Rajasthan has not reached full economic development through its mineral resources because the state
has failed to develop its mineral-based industries. The state exports most of its minerals without processing them
into finished products which creates the main problem that needs resolution [2]. The existing situation causes
two issues which lead to decreased economic benefits and the loss of opportunities to grow industrial sectors.
Supply chain management difficulties processing plant deficiencies environmental obstacles and compliance
requirements create disruptions to the value chain system. The value chain analysis requires execution to
discover both production limitations and areas where improvements can be made.

1.3 Obijectives of the Study

The research in this nature is directed by the primary objectives:

1. To analyse the structural composition of the mineral value chain in Rajasthan, encompassing extraction
through to export.

2. To assess the expected degree of value upgradations at various phases of the mineral-based industries.

3. To ascertain and assured the principal obstacles and inefficiencies impacting the efficacy of the value chain.

4. To present and actual strategic ideas for further improving value addition, sustainability as well as global
competitiveness.
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Il.  Literature Review
2.1 Global Perspective on Mining Value Chains

Upstream Choke point Downstream

Large Scale .

et e ) — b

Sa o0
x Trader Exporter Smelter or Component Product

/ Refiner Manufacturer Manufacturer
Artisanal & ' I
Small Scale lh

. >

Recycler

Figure 1: The European Partnership for Responsible Minerals, Source: https://www.europeanpartnership-
responsibleminerals.eu/page/view/5a5784ac-d006-42db-8017-7e01c46c2c5a/eprm-due-diligence-hub?

The academic field of international mining studies shows strong interest in value chain analysis since
Gary Gereffi established the Global Value Chain framework. Value chain analysis demonstrates how production
activities connect from resource extraction through to final product delivery while showing how value creation
occurs throughout these production activities [3].

The mining sector carries out its operations through five main activities which include exploration and
extraction as well as processing and transportation and final market delivery. Research conducted by entities like
the OECD demonstrates that mining plays a substantial role in global exports and GDP although it frequently
results in minimal direct employment opportunities [4].

Global study shows that the mining value chain is shifting towards a service-based model which
requires engineering and logistics and technology as vital components for creating value. Companies need to
manage their "mine-to-market" value chain well because any problems in this process will lower both output
and profits. Recent studies show that mining activities cause problems with sustainability because they raise
emissions around the world and force companies to use environmental, social, and governance (ESG) policies
throughout their value chain operations.

2.2 Indian Context of Mineal Value Chains
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Figure 2: Mined Based Industries in India, Source: https://www.marutimarble.com/machinery.html?
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The mineral-based industries which operate in Rajasthan, Odisha and Jharkhand serve as critical
drivers for economic development in India. The research findings demonstrate that India's mineral production
capacity remains high but the industry continues to focus mainly on extraction work while failing to develop
new methods of processing and distribution [5].

The research conducted in Rajasthan demonstrates that the state serves as the largest producer of
marble and limestone and zinc. The operations of the value chain divide into multiple sections while workers
complete most tasks through manual labor and limited machine assistance [6]. The combination of logistics
issues and transportation expenses and regulatory frameworks creates obstacles that prevent achievement of
success.

The existing literature on Indian policy demonstrates that Special Economic Zones (SEZs) and
manufacturing clusters and infrastructure development work together to boost mineral value chain operations.
The current practices face multiple challenges which particularly affect the integration of small-scale mining
operations into established value chains.

2.3 Research Gaps

The researchers conducted multiple worldwide and state-level studies but found remaining research
gaps. First, most global studies only look at big picture issues and don't go into detail about states like
Rajasthan. Second, Indian writing usually only talks about the production side of mining, not the whole value
chain from mining to export. Third, Rajasthan has not received adequate research attention about its export
value addition activities and export competitiveness improvement efforts.

This study provides research results which establish complete mineral-based business operations in
Rajasthan through their value chain analysis which connects international practices with regional specificities.

I1l.  Methodology
3.1 Research Design
The research studies mineral-based industries in Rajasthan through a qualitative-analytical research
method which relies on value chain analysis. The research employs descriptive analysis and comparative review
to examine structural changes that occur from extraction to export. The state mining industry assessment uses a
sectoral strategy that focuses on essential minerals which include copper, zinc, limestone, and marble.

3.2 Data Sources and Collection

The study used secondary data which included government reports from the Indian Bureau of Mines
and the Ministry of Mines and the state mining records in Rajasthan and export data and trade magazines [7].
The researchers established contextual understanding of their findings through academic magazines and policy
papers and institutional reports. The data collection includes mineral production quantities export value details
employment statistics and infrastructure development information.

3.3 Analytical Framework (Value Chain Approach)
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Figure 3Maximizing Mining Operations, Source: https://doi.org/10.3390/mining4010002:
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The value chain mapping method divides the industry into four main stages which include mining work
and industrial benefits and changes and distribution through relocation and organization and global trade and
market integration exports [8]. The evaluation of each stage uses value addition and cost efficiency and
technological adoption and market linkage as measurement criteria. The comparison shows the difference
between high value parts which include zinc and cement and low value parts which include marble blocks and
raw minerals.

Stage Key Indicators Data Type Purpose

Extraction Production volume, cost per tonne Quantitative Assess efficiency

Processing Value addition %, technology use Mixed Measure industrial
upgrading

Distribution Transport cost, time efficiency Quantitative Evaluate logistics

Export Export value, global demand Quantitative Analyze competitiveness

Table 1: Analytical Indicators Used in Value Chain Evaluation, Source: Author Generated

IV.  Overview of Mineral-Based Industries in Rajasthan (Resource Base & Economic
Contribution)
4.1 Resource Base
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Figure 4: Rajasthan: Minerals, Source: https://kerala.pscnotes.com/rajasthan-geography/rajasthan-minerals/?

Rajasthan possesses more than 80 mineral varieties while it contains one of India's most extensive
mineral reserves. The state produces substantial amounts of marble and sandstone. The state also produces
significant quantities of limestone and zinc and gypsum and copper [9]. The districts of Udaipur Nagaur Jodhpur
and Makrana operate as the main mining regions for their respective minerals which include zinc and gypsum
and limestone and marble.

4.2 Economic Contribution

The mineral industry serves as a major contributor to Rajasthan's economic development through its
capacity to provide jobs and generate industrial production and increase Gross State Domestic Product (GSDP)
values. The Rampura Agucha mine operates as one of the world's largest mining sites which produces
significant quantities of zinc and lead for Indian markets [10]. The field is an important source of building
materials, cement, and ceramics for many important industries. Rajasthan has a lot of limestone, which makes it
a major center for cement production and has drawn a lot of private investment to the industry.

Mineral Share in India (%) Key Use Economic Role
Limestone ~15-20% Cement industry Industrial backbone
Marble ~90% Construction/export Export earnings

Zinc ~100% (major share) Metallurgy High-value industry
Gypsum ~95% Fertilizer/cement Agro-industrial support
Copper Significant Electrical/industrial Strategic mineral

Table 2: Major Minerals and Economic Significance in Rajasthan, Source: Author Generated
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4.3 Industrial Linkages

The mineral-based businesses in Rajasthan possess strong connections which link their mining
operations to both the export market and the manufacturing industry [11]. The industry remains focused on
fundamental extraction operations because it has not yet achieved significant downstream industrial
development. The sector's complete value remains unreachable because of this situation.

V.  Value Chain Analysis

5.1 Extraction Stage

The extraction stage is the first step in the value chain. The process involves mining operations which
include drilling and blasting and digging and material transportation. Heavy-duty mines operate in Rajasthan to
extract zinc and limestone while small-scale operations extract marble and sandstone [12]. This stage creates a
lot of jobs and brings in a lot of money for the state through taxes and fees. The production process suffers from
multiple efficiency problems which include illegal mining operations and insufficient equipment at small mines
and environmental destruction caused by land disturbance and dust pollution. The popularity of primary
extraction demonstrates that downstream operations lack complete integration.

MINING VALUE CHAIN

Mining Processing

Subs segmient

Figure 5: Mining Digital Transformation, Source: https://metallurgicalsystems.com/mining-digital-
transformation/?

5.2 Processing Stage

The processing stage of operations transforms raw minerals through a sequence of activities which
include their breakdown and screening and beneficiation and smelting and refining until they become usable
products. The Rajasthan stage contains two distinct processing structures which include advanced zinc and
cement manufacturing operations and zinc and cement manufacturing processes which use basic machine
operations to produce marble and sandstone [13]. Value addition is limited by a lack of current technology,
skilled workers, and standard ways to make things. The majority of minerals get sold in their raw state because
of this practice which results in decreased export value and diminished economic benefits.

5.3 Distribution and Logistics

The distribution stage uses road and train systems to transport minerals from their extraction points to
their processing facilities and their distribution centers. The state of Rajasthan possesses decent transport
infrastructure, but its operational activities continue to face major challenges [14]. The supply chain shows
reduced efficiency because of expensive transportation expenses and insufficient transportation methods in
mining regions and the absence of complete logistics centers and the interruptions that occur during product
handling and storage procedures. The problems that already exist make it more expensive for mineral-based
industries to do business and make it harder for them to compete in regional and international markets.

5.4 Export Stage

The process of international export begins when minerals and completed products leave the value
chain. Rajasthan exports numerous rock and sandstone and processed metal products to international markets.
The export market faces obstacles because of three main factors which include changing international demand
and variable product quality and absence of brand awareness and trade restrictions [15]. Rajasthan needs to
develop its mineral processing facilities and develop better transportation systems and implement international
quality control standards to enhance its international mineral market presence and maximize mineral resource
value.
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Figure 6: Transport an Export, S

V1.  Problems along the value chain

Rajasthan's mining value chain needs to solve multiple problems which include structural issues and
environmental challenges and government factors because these issues decrease operational efficiency and
overall asset value. The sector exists because its current structure enables companies to extract resources
without conducting any further operations and lacking connections to other industrial activities. The marble and
sandstone industries in developed areas operate through multiple small-scale mining groups which maintain low
machine usage and produce minimal output.

The environment faces major challenges which include land degradation and freshwater loss and dust
pollution and ineffective mine reclamation methods. The environmental problems create long-term damage to
ecosystems while making regulators impose stricter regulations which result in operation delays.

The sector faces multiple challenges because of its complicated regulatory framework and slow
environmental and mining approval process and illegal mining operations. The mining industry faces additional
socioeconomic challenges because private operations fail to comply with labor standards and safety regulations.

VII.  Chances and suggestions for policy

Rajasthan needs to support mineral-based organizations and processing centers because this will help
the state achieve its objectives to create mineral value chains and establish industrial operations. New
manufacturing methods will be developed through advanced robotics and other upcoming technologies which
will enable production capacity increases without causing environmental harm. Business operations need a new
policy framework that delivers efficiency benefits for organizations while enabling government processes to
operate at higher speeds. Sustainable mining operations require scientific extraction methods and land
restoration efforts to achieve their goals. A country can enhance its competitive position through two methods
which involve creating export-oriented zones and developing transportation infrastructure. Institutions support
small-scale miners by helping them access official value chains which results in equitable development.

VIIl.  Conclusion

The mineral-based companies which operate in Rajasthan present significant opportunities to develop
the economy and boost export activities of the state. The current situation of the value chain remains limited
because the existing system provides minimal advantages and the necessary infrastructure is missing and the
implemented regulations operate inefficiently.

The complete value chain needs assessment because it includes essential elements such as processing
and shipping and sustainability verification. The improvement of these locations will create major benefits for
international business competition together with economic expansion.

The mineral sector in Rajasthan requires development into a high-value international trade industry
according to the assessment results. The implementation of this plan requires establishment of intelligent
policies and advancement of technological innovations and implementation of environmentally sustainable
practices.
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