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Abstract

The core of India's economic growth is its logistics industry, which makes a substantial contribution to
GDP expansion. The cold chain logistics sector, which serves the food, pharmaceutical, and
agricultural sectors of this ecosystem, is essential to maintaining food security and product quality,
However, performance and competitiveness are hampered by enduring issues such high energy prices,
ineffective refrigeration systems, and temperature variations. In order to foster overall economic
growth, this article addresses how artificial intelligence (Al) can enhance operational sustainability
and efficiency in India's cold chain logistics. This study analyzes the revolutionary effects of Al-driven
predictive maintenance, smart route planning, and loT-based real-time monitoring using a mixed-
method research approach based on secondary data, industry analysis, and conceptual modeling.
According to the results, AI can improve supply chain efficiency by 15%, eradicate loss of merchandise
by 30%, and cut energy consumption by 20-25%.

In alignment with India's National Logistics Policy and Sustainable Development Goals (SDGs), the
study presents an Al-Enabled Cold Chain Optimization Framework. India can create a robust,
affordable, and internationally competitive cold chain logistics network that fortifies its economic base
by combining Al with digital infrastructure and laws and regulations.
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Introduction:

India's GDP is expected to rise by 6.4% in 2025-2026, making it the fastest-growing major economy
in the world (IMF, 2025). By 2033, the logistics industry, which was estimated to be worth USD 2284
billion in 2024, is anticipated to almost quadruple (IMARC Group, 2024). In this context, cold chain

logistics is essential to maintaining the integrity of perishable products including dairy, food, and
pharmaceuticals.

India's cold chain industry confronts significant obstacles despite its importance.
e High logistics cost-to-GDP ratio of 13—14%, significantly higher than the 8-9% global standard.
e Unstable temperatures and inadequate storage management result in product losses.

e Refrigeration systems' high energy demand, which raises carbon emissions and operational
inefficiencies.

The application of Al integration offers a way to solve these issues and create smarter and more
sustainable logistics systems. Data-driven decision-making is made feasible by Al-powered prcdictive
analytics, Internet of Things (IoT) devices, and automated monitoring systems, which lower supply
chain inefficiencies. This study looks into how integrating Al into cold logistics could boost India's

sustainability, economic performance, and policy alignment with PM Gati Shakti and the National
Logistics Policy (NLP).
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2. Methodologies:

[n order to investigate Al applications in cold chain logistics, a qualitative and analytical research
methodology was used, relying on secondary data and industry reports.

2.1 Information Sources

The World Bank, IMARC Group, IMF, and peer-reviewed research on Al and logistics innovation
were the sources of the data.

For identifying best practices in Al integration, case studies from Indian cold chain leaders, among
whom Snowman Logistics and ColdEX India, were investigated.

2.2 Analytical Framework
An Al-Enabled Cold Chain Optimization Framework was developed with three functional layers:

I. Predictive Maintenance Layer: Uses machine learning algorithms to forecast equipment failures in
refrigeration units and vehicles, reducing downtime.

2. Smart Routing and Planning Layer: Employs Al algorithms for fuel-efficient delivery scheduling,
route selection, and temperature control.

3, IoT and Data Intelligence Layer: Integrates IoT sensors for real-time temperature and humidity
tracking, ensuring compliance and minimizing spoilage.

3. Results and Discussions

ncy Energy reductions of 20-25% were attained by Al-assisted

through dynamic temperature regulation and fewer compressor
tenance schedules, predictive analytics averted 18% of mechanical

3.1 Energy and Operational Efficie
refrigeration systems, pa.rticularl)f
cycles. By enabling preventive main
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impact of Al Integration on Energy and Cost Reduction (2022-2026)
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3.2 Decline in Cost and Product Loss
Food safety and pharmaceutical dependability were enhanced when IoT sensors and Al-based

monitoring were combined to reduce spoiling rates in cold storage by 30%. The entire logistics
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expense ratio was lowered by a 15% reduction in fuel expenditures due to transportation
optimization.

Figure 2a. Energy Cost Reduction Trend (2022-2026)
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3.3 Impact on the Economy and Policy

India's GDP growth and competitiveness for export are directly influenced by these efficiency gains.
The findings are consistent with the government's National Logistics Policy (2022), which prioritizes
lower logistics costs, digital transformation, and multimodal connectivity.
Al's contribution to fulfilling SDGs 9 (Industry, Innovation, and Infrastructure), 12 (Responsible

Consumption and Production), and 13 (Climate Action) further underscores India's dedication to
sustainable economic development.

Growth of India's Cold Chain Logistics Market (2020-2033)
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3.4 Innovative Input
The novelty of this study is its proposal of a unified Al framework that links policy direction,

sustainability results, and operational intelligence—a viewpoint that is infrequently included in the
body of literature presently accessible on cold chain logistics in India.

668



The Indian Economic Journal The Role of Artificial Intelligence in Strengthening India s Cold ® R. Sai Prasanna, A. Meenakshi

f Energy Cost (¥/unit) Al Adoption (%) | Logistics Cost (% of GDP)
.

2022 100 10 13.8

2023 |95 20 13.4 |
2024 | 88 35 13
205 |82 50 12.5

2026 78 65 12

Figure 2c. Al Adoption Growth in Cold Chain Logistics (2022-2026)

Graph interpretation:

A steady increase in Al adoption correlates with a visible decline in logistics costs and energy use. By
2026, Al-enabled logistics are projected to save up to 22% in energy and reduce cost-to-GDP ratio by
1.5 percentage points, directly strengthening India’s economic performance.

4. Conclusion :

For India's cold chain logistics, artificial intelligence provides an innovative rem?dy b)-' enabling data-
driven operations that lower expenses, usage of energy, and Prf’d"c.t }oss_. Astrategic basis for enhancing
logistics performance and advancing envimnmeptal sustainability is provided by the suggested
artificial intelligence-driven Cold Chain Optimization F ramework.

By balancing technological innovation with sustainable growth, this integ_mtion helps India achieve its
long-term economic goal of becoming a $5 trillion economy. Future studle_s can concentrate on digital
twin modelling and Al-driven carbon monitoring for better supply chain forecasting and climate

adaption,

In conclusion, this study underscores that Al is not merc_ly a t?chnological adi:l-on but a strategic enabler
of India’s long-term economic vision. A digitally mtelhgcr:t cold chain ecosystem can reduce
Operational losses, improve sustainability, and strengthqn India’s global trade competitiveness. Future
research should focus on developing Al-driven predictive models for energy management, real-time
carbon accounting, and regional logistics simulation models to guide investment and policy decisions.
If systematically implemented, Al can transform India’s t_:old logistics from a cost burden into a growth
Catalyst, advancing the nation’s journey toward a $5 trillion sustainable economy. -
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