
The Intelligent Warehouse:
The Convergence of AI, Energy, and Transportation



1

Foreword

It gives us great pleasure to present ‘The Intelligent Warehouse: The Convergence of AI, Energy, and Transportation’, 
a collaborative effort between the CII Institute of Logistics, a center of excellence in logistics and supply chain 
management, and Alvarez & Marsal, a global professional services firm providing solutions across industries. This 
report is a product of the dedicated efforts of the CII Warehouse National Network (WNN), which is committed to 
making the warehousing sector ready for future growth.

As India moves towards becoming a global logistics powerhouse, warehousing will be at the center of this 
transformation. The next phase of growth will be driven by intelligent, sustainable, and connected warehouses that 
enhance supply chain performance while supporting the nation's economic aspirations.

This report explores how rail-linked warehousing, renewable energy and storage systems, and AI-enabled 
automation can together redefine the future of warehousing in India. It highlights the need for an integrated approach 
to infrastructure development that aligns economic competitiveness with sustainability and technological 
advancement.

We hope that this joint effort between the CII Institute of Logistics and Alvarez & Marsal will spark discussions and 
inspire innovation to advance the logistics and warehousing sector, supporting our country’s journey towards 
economic prominence.



Executive Summary
The next generation of Grade A warehouses will be defined by lower logistics costs, energy independence, and AI-driven 
operations. A modern warehouse must deliver cost leadership, speed, and scalability. Achieving the next phase of profitability 
requires addressing four structural challenges:

Rising Energy Costs: 
India's mandated 
Time-of-Day (ToD) tariffs 
charge industrial and 
commercial users a 
premium for peak-hour 
electricity consumption, 
increasing operating 
costs for energy-intensive 
warehouses1.

Increasing Logistics 
Costs: Overreliance on 
road transport for 
long-haul movement 
increases freight costs, 
transit time and 
congestion risk2.

Rising Land Costs Near 
Demand Hubs: Limited 
land availability and rising 
prices near consumption 
centers make horizontal 
warehouse expansion 
increasingly 
uneconomical3.

Fulfillment inefficiency 
in a Fast-Delivery 
Market: Despite initial 
mechanization, many 
warehouses continue to 
rely on fragmented 
manual processes that 
constrain throughput and 
efficiency.

Addressing these challenges requires a three-pillar architecture built around transportation, energy, and artificial 
intelligence and robotics:

The Strategy 

Integrating the above three levers elevates modernization from a standard environmental, social, and governance (ESG) 
initiative to a core driver of value creation. Leading developers are already adopting this integrated approach to build 
future-ready logistics assets. Ultimately, the seamless convergence of rail connectivity, on-site energy, and warehouse 
automation will differentiate the next generation of Grade A warehouses, unlocking higher profitability, resilience, and 
long-term competitiveness. 

Transport Economics: Rail transport delivers transportation cost savings of 30-40% per tonne-km 
and can be 7-10 times more carbon-efficient than road transport4. The upcoming Gati Shakti Cargo 
Terminal (GCT) network, integrated with Dedicated Freight Corridors (DFCs), is transforming 
rail-connected long-haul logistics especially on high-density routes5.

Energy Autonomy: Battery energy storage systems (BESS) are becoming both policy-driven and 
economically viable. Storing surplus daytime solar generation helps offset ToD tariffs, which are 
currently around 40% higher during peak periods than off-peak rates¹, while providing instant 
backup power. 

Volumetric Efficiency: AI-enabled warehouse software and robotics improve throughput, storage 
density, and fulfillment efficiency by optimizing inventory decisions and automating material 
movement. Together, they enable warehouses to process higher volumes within the same footprint 
while improving speed and accuracy.
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Sustained government investment in rail freight infrastructure is fundamentally reshaping the economics of long-haul freight. 
An electrified, high-capacity freight rail network is emerging as a credible alternative to the traditional road-dominated logistics 
model, with significant implications for warehouse location and network design.

For the long-haul leg of freight movement, rail offers a 30-40% reduction in cost per tonne-km compared to road, journeys 
that are roughly two times faster with up to 90% lower carbon footprint4. These advantages strengthen the commercial case 
for shifting long-haul freight to rail.

Consecutively, these factors support the case for rail-linked large scale warehousing infrastructure. This model is emerging as 
the economically attractive choice for developers seeking to solve for the long-haul freight capacity by optimizing cost, transit 
time, and carbon emissions.

RAIL-LINKED
WAREHOUSING:
Direct Rail Integration

SECTION 1
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Fig 1: Illustrative concept: A rail-served warehousing park with rail-to-warehouse-to-truck parcel flow.

Rail-linked warehousing reduces dependence on long-haul road transport by shifting trunk movements to electrified rail and 
using trucks for first- and last-mile distribution. 

Strategically, such facilities can be developed through:

1. Private, direct-access rail sidings,

2. 306 approved Gati Shakti Cargo Terminals (118 commissioned)5,

3. 35 approved Multi-Modal Logistics Parks (5 under development)6.

Defining Rail-Linked Warehousing

WAREHOUSE TRUCKRAIL

• Parcel train arrival
• Containers offloaded
• Direct transfer to warehouse

• Sortation & value-add
• Storage & order fulfillment
• Staging for dispatch

• Consolidation & loading 
• Last-mile delivery

Lower Logistics Cost Sustainable Operations Scalable InfrastructureFaster Turnaround
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Parcels are unloaded, sorted, stored and 
processed for outbound distribution.

WAREHOUSE OPERATIONS
2

Parcels are loaded onto trucks for 
regional and last-mile delivery.

LAST-MILE DISPATCH
3

Parcels arrive by rail at the 
rail-linked warehousing terminal.

PARCEL ARRIVAL
1



Historically, Indian freight distribution has remained heavily skewed toward road transport (65%) versus rail (27%)², despite rail 
offering 30–40% lower transportation costs and up to 90% lower carbon emissions4. 

This imbalance stemmed from three structural constraints:

Historical Constraints on Rail Freight Adoption

These constraints are now being addressed.

• Infrastructure Integration: Physical alignment with rail infrastructure enables direct wagon-to-conveyor or 
Automated Storage and Retrieval System (ASRS) material flow, while End-of-Line (EOL) frameworks permit 
continuous loading and unloading without locomotive detachment; together, these eliminate intermediate 
trucking and redundant double-handling. 

• Volume Consolidation: Developers should utilize these hubs to aggregate fragmented cargo, achieving the 
scale necessary for rail integration while minimizing terminal dwell times and maximizing throughput. 

Developers can maximize value by co-locating warehouses within these government-backed logistics nodes, 
creating integrated rail-road freight hubs. This would enable:

Network congestion and priority2: Shared railway infrastructure prioritized passenger services, resulting in 
unpredictable transit times that made rail unsuitable for time-sensitive supply chains.

Volume aggregation constraints2: Rail economics required full-trainload (rake) utilization, limiting adoption for 
fragmented commercial and industrial cargo.

Capital investment barriers: Developers were required to invest heavily in private rail sidings and terminal 
connectivity, creating a significant upfront capital burden.

1

2

3

The commissioning of the Eastern and Western Dedicated 
Freight Corridors addresses two of rail's historical 
disadvantages:

◦ Exclusive freight tracks eliminate passenger-train 
interference and improve schedule reliability,

◦ Government investment in trunk infrastructure removes 
the need for developers to fund long-haul 
rail connectivity.

Government initiatives are also reducing aggregation and 
access barriers through two complementary platforms:

◦ Gati Shakti Cargo Terminals (GCTs)8: Railway land 
adjoining DFCs and Indian Railways stations is being 
made available for private terminal development, 
enabling rail-linked warehousing at strategically important 
logistics nodes.

◦ Multi-Modal Logistics Parks (MMLPs)6: MMLPs are 
larger-scale versions of GCTs. Developed under a 
public-private partnership (PPP)7 model, MMLPs provide 
government land with dedicated warehousing 
allocations, significantly reducing development costs for 
integrated logistics parks.

Dedicated Freight Corridors (DFCs)9 

PM Gati Shakti National Master Plan
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Commercial Viability of Rail-Linked Warehousing
High-volume Origin–Destination (OD) pairs have been analyzed for this structural transition and are mapped below: 

Cost optimization: Benchmarking road transport against Indian Railways' Parcel Rake tariffs for co-located 
warehousing facilities, indicates a 30–40% reduction in line-haul costs. This calculation accounts for the 'Scale P' 
tariff structure, which charges round-trip journeys at 1.25x the one-way rate10.

2x faster transit: Real-world tracking shows that Parcel Express trains are roughly twice as fast as Full Truckload 
(FTL) road transport, assuming a single driver operating 12 hours a day. For example, transit between Delhi and 
Andhra Pradesh (approximately 2,200 km) takes about 48.5 hours by rail compared to 72–96 hours by FTL. Similar 
transit times were noted for ~2,000 km route between Kolkata and Ahmedabad.

Carbon advantage: According to NITI Aayog's 2021 assessment, electrified rail offers up to 90% lower carbon 
emissions than road freight4.

Rail offers a significant line-haul cost advantage across India's major freight corridors

Source: A&M Analysis

Strategic Imperative: Resolving the Frequency Constraint

The principal remaining bottleneck is service frequency rather than infrastructure.

Volume commitments to rail remain constrained by the sub-daily frequency of parcel express services across major 
corridors. Treating daily scheduled parcel express services as baseline public infrastructure would eliminate scheduling 
uncertainty, improve reliability, and accelerate rail's transition into a primary long-haul logistics channel. 

1

2

3
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ON-SITE CLEAN 
ENERGY:
Generation and Storage

SECTION 2

Three structural shifts are making solar paired with Battery energy storage systems (BESS) a commercially compelling 
addition to warehouse infrastructure. First, regulation increasingly mandates storage alongside new solar capacity. Second, 
Time-of-Day (ToD) tariffs increasingly reward energy storage, while the phase-down of net metering makes surplus solar 
more valuable when consumed on-site than exported to the grid. Third, falling battery costs keep improving the underlying 
economics.

For developers, solar combined with BESS creates an additional value-added service that can be monetized alongside 
core warehousing. For operators, the benefit is twofold: lower electricity costs by storing low-cost daytime solar energy and 
discharging during premium evening tariff periods; and metered on-site renewable generation that reduces grid electricity 
usage and can feed into sustainability reporting and compliance.

Together, these shifts make solar and BESS a practical addition to warehouse infrastructure, turning on-site energy into a 
source of value for developers and operators alike.
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Declining battery costs: BESS per-kWh prices are falling roughly 8-12% a year, amidst the ongoing global decline 
in lithium-ion pack costs. India's BESS market is projected to grow at a ~22–26% compound annual growth rate 
(CAGR) through 203513,14.

Declining net-metering benefits: States are progressively shifting toward net/gross billing and ToD-linked 
settlement mechanisms, reducing the value of exporting surplus solar and strengthening the case for on-site 
storage. For example, Maharashtra and Rajasthan.

Midday surplus: Peak solar generation typically occurs when warehouse electricity demand is lowest, resulting in 
surplus power being exported under increasingly less attractive net billing arrangements17.

Evening peak exposure: Solar generation falls to zero during evening peak tariff periods, leaving warehouses fully 
exposed to ToD electricity pricing, which is usually around 40% above off-peak tariffs18.

Time-of-day tariffs11: ToD frameworks raise the price of grid power drawn during peak evening hours (10 to 20% 
above normal) and discount it during solar hours (10 to 20% below), creating an intraday price gap of up to 40%1.

Tightening storage mandates: State renewable energy policies increasingly require storage alongside new solar 
installations. For example, Maharashtra's Renewable Energy and Storage Policy (2025–36) mandates storage for 
rooftop and open-access projects above 100 kW from April 2026, requiring storage equivalent to 50% of 
installed solar capacity with a minimum two-hour duration. A one MW array therefore needs roughly a 500 kW/1 
MWh battery12.

Commercial and Resilience Advantages:

• Energy Cost Optimization: BESS stores surplus daytime solar generation and discharges it 
during expensive evening periods, reducing electricity costs.

• Demand Charge Reduction: Commercial electricity bills also include a separate charge based 
on the facility's single highest power draw each month. Discharging stored energy during 
periods of maximum demand lowers monthly peak demand charges.

• Operational Resilience: BESS provides instantaneous backup during outages or voltage 
fluctuations, particularly valuable for cold-chain and pharmaceutical warehouses.

Historical Constraints on BESS Adoption

• High BESS prices stretched paybacks beyond justifiable warehouse ROI thresholds.

• Flat electricity tariffs provided little incentive for load shifting.

• Favorable net-metering policies allowed surplus solar to be exported at near-retail value. 

Pillar 1 - BESS: An on-site battery system that stores electricity for release later

Solar-only systems have two structural limitations:

These constraints are now easing.

Key Regulatory and Market Drivers Catalyzing BESS Adoption
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Micro-wind turbines (0.5-15 kW) provide building-scale renewable generation that complements solar generation. Rooftop 
variants (typically 0.5-2 kW) integrate into existing solar-BESS infrastructure, capturing ambient wind currents without 
requiring additional land15.

Its benefits can include:

• Zero-land footprint: Utilizes existing roof space for localized generation, with no additional land costs or special 
constraints.

• Modular scalability: Compact form factors allow for phased, incremental Capital expenditure (CapEx) deployment as 
facility energy demands grow. 

• Infrastructure synergies: Shares the existing energy-management system, inverters, and battery storage alongside 
the primary solar array.

Their principal advantage is a complementary generation profile to solar. Wind generation typically increases during 
monsoon periods and overnight, when solar generation is limited, creating a more stable year-round renewable energy 
supply. A hybrid solar-wind-BESS architecture guarantees a stabilized, year-round baseline power supply. This opportunity 
is particularly attractive in India's high-wind coastal regions, especially Gujarat and Tamil Nadu.

Pillar 2 - Mini-Wind Turbines: An emerging complement 

1

1

Product: Commercial Micro-Turbine (Compact Rooftop Series)

Designed for commercial rooftops, this shrouded omnidirectional turbine captures turbulent urban wind while integrating 
seamlessly with existing solar-BESS systems.

• Power Output: ~185–190 W at 6 m/s, scaling to ~1,450–1,500 W at 13 m/s.

• Noise Level: 38-42 dB.

• Low Maintenance: Few moving parts and minimal mechanical wear reduce O&M costs. 

• Hybrid Ready: Integrates with solar-BESS setups for round-the-clock, on-site generation.

Case Study: A Norwegian micro-turbine manufacturer16
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AI AND ROBOTICS
IN INDIAN 
WAREHOUSING

SECTION 3

Falling hardware costs and the volume demands of quick commerce are improving the economics of warehouse automation in 
favor of adoption. Automation was long viable only for a handful of large players: equipment costs were high, and the throughput 
needed to justify them higher still. Domestic manufacture has brought those costs down, while quick commerce has pushed 
volumes up across many more sites, changing the calculation for mid-sized occupiers.

Software plans and directs the work, deciding what to store, pick, and ship; physical systems carry it out. In India, this is driven 
by quick-commerce volume, high return rates, and expansion into Tier 2 and Tier 3 markets.

Our Perspective 
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Why Now: The Indian Demand Trigger
The case for AI and robotics in India rests less on the technology maturing and more on the operating conditions that now make 
manual fulfillment untenable:

• Quick commerce has changed day-to-day demand. Far more orders, each smaller, flowing continuously through the 
day: structural, not seasonal. Manual fulfillment cannot keep pace. 

• A domestic supply base. Stacker cranes, shuttles, sorting robots, and AMRs are now built in India, removing duty and 
currency exposure and keeping spares close to site24.

• Lower entry capital. Modular deployment places robotics where throughput is highest first and scales once the case holds, 
so occupiers need not commit upfront19.

The pattern is consistent: software decides, physical systems execute. Picking, sortation, and returns carry the highest labor and 
error cost, and are where both matter most.

The Value Chain: Where AI and Robotics Meet
Mapping the fulfillment value chain illustrates where software, AI, and physical systems are deployed.

Software and 
AI: Decision 

Systems

Receiving 
(Inbound)

Storage 
and 

Putaway
Picking Packing

Shipping 
and 

Dispatch

Returns 
(Reverse 
Logistics)

Verifies counts 
and flags 
anomalies 
against the 

order.

Dynamic 
slotting: Places 
stock by stock 
keeping unit 

(SKU) velocity.

Optimizes pick 
paths; selects 

wave, batch, or 
zone strategy.

Applies 
channel-specific 

packing and 
labeling rules.

ML carrier 
selection by 
cost, service 

level agreement 
(SLA), and 

success rate.

Predicts return 
to origin (RTO); 

sets 
disposition: 

restock, 
refurbish, 
liquidate.

Robotics: 
Physical 
Systems

Receiving 
(Inbound)

Storage 
and 

Putaway
Picking Packing

Shipping 
and 

Dispatch

Returns 
(Reverse 
Logistics)

Barcode/radio 
frequency 

identification 
(RFID) scan at 

dock; 
automated 

goods-received 
note (GRN).

ASRS store 
and retrieve; 

mobile robots 
move loads to 

location.

Goods-to-pers
on systems, 
autonomous 
mobile robots 

(AMRs), guided 
handheld 
devices.

Scan, Label, 
Apply, and 
Manifest 

(SLAM) label 
stations, 

packaging 
robots, scan 
verification.

Sortation and 
cross-belt 
sorters; 

conveyors 
route by PIN 

code.

Serialized 
scan-and-grade 

at item level.
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Four additional applications sit outside the core goods flow, though Indian adoption is still in early stages. These include 
computer vision for goods-in/goods-out verification and damage detection; AI-driven shift scheduling based on forecast volume; 
dock-appointment optimization, digital twins, and optical character recognition (OCR) extraction from GRNs and invoices; and 
energy optimization.

The payoff is measurable: slotting-driven workflows lift picker productivity, cut fulfilment cost per order, and raise throughput, 
with cloud deployments recovering costs faster than on-premises systems21.

This layer is largely homegrown. Domestic platforms offer multi-channel inventory sync, automated order allocation, and native 
integration with Indian marketplaces and quick-commerce channels.

Software and AI: Decision Systems
Warehouse software is the decision-making part of the operation. It has moved from rigid, on-premises systems to cloud-based 
platforms where machine learning drives choices that used to depend on a manager’s judgment. These choices now run across 
the whole operation:

Demand forecasting 
and inventory 
optimization

Dynamic slotting & 
putaway

Picking, packing 
and sorting

What the AI Does Typical Outcome for the OccupierApplication Area

What the AI Does Typical Outcome for the OccupierApplication Area

ML blends internal signals (stock, order, and sales 
history) with external ones such as seasonality and 
promotions, to anticipate demand and replenishment.

Algorithms reposition SKUs by velocity and affinity, 
placing fast movers near dispatch and sequencing 
putaway operations.

Orchestration software directs goods-to-person 
systems, AMRs, robotic arms, and put walls, and 
sequences work across them.

Fewer stockouts and lower carrying 
cost; steadier labor and space 
planning around festive peaks22.

Shorter pick travel and higher picks 
per hour, without new hardware21.

Higher throughput and better space 
density; less exposure to labor 
shortages at peak26.

Carrier selection 
and dispatch

Returns 
processing and 
grading

Predictive 
maintenance

ML scores carriers on cost, service level, 
and delivery success rate, and routes 
each order accordingly.

Models predict RTO and set disposition 
(restock, refurbish, or liquidate) against 
item-level serialization.

Sensor and IoT data from material-handling 
equipment and building systems flag likely 
failures before they occur.

Lower freight cost per order; fewer 
SLA breaches on quick-commerce 
and marketplace channels22.

Returned stock re-enters sellable 
inventory in hours rather than 
days; material at India’s 25–30% 
fashion return rates25.

Less unplanned downtime and 
longer asset life; fewer stoppages 
during peak.

Outcomes are indicative and vary by site scale, SKU profile, and maturity of deployment.
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Warehouse robotics, built in India: An India-based 
firm manufacturing automation hardware domestically, 
integrated with its own software:

• Stacker robots: Automated storage and retrieval 
in high-density racking for FMCG and food 
warehouses.

• Cross-belt sorter: Routes parcels by PIN code at 
high speed across multi-kilometer conveyor 
networks.

• End-of-line robotic palletizing, sortation, and 
conveyors, on a single hardware-plus-software 
stack.

Reported at an FMCG snacks manufacturer: Five 
stacker robots delivered 280 pallets an hour, a 70% 
reduction in manpower, and dense-storage space 
optimization. In courier sortation, the cross-belt sorter 
reported four times the throughput at a third of the 
manpower28.

Inventory intelligence- An Indian WMS for high-SKU 
fashion, where software drives stock placement and 
picking:

• Dynamic slotting: Continuously moves fast-selling 
items closer to packing stations based on live 
selling speed.

• Pick-path optimization: Calculates the shortest 
route for each picker.

• Full item-level scanning at every step, for over 
99.9% inventory accuracy, with stock synced 
across channels every 30 seconds.

Reported at a global sportswear brand's India 
operation: Order processing reduced from three days 
to one, worker productivity up 150%, and no 
additional safety stock required during peak sales. At 
a large fashion marketplace, pick-to-pack time 
decreased by 75% while absorbing 10x order spikes 
during sale events27.

Robotics: Physical Systems
Robotics handles the most labor-intensive stages: movement, storage, retrieval, and sortation. Indian manufacturers now build 
the full range, so occupiers can source domestically. How the main types compare26:

In Practice: Indian Deployments
The examples below illustrate solutions already deployed by Indian providers. Two examples, one software-led and one 
robotics-led:

ASRS and 
stacker cranes

What it is Upfront
Cost

Efficiency 
Gain

Implementati
on Effort

Robot Type

Computer-controlled storage and retrieval from 
high-density racking; warehouse management 
system (WMS)-linked to identify what to pull.

High Very high High

Autonomous 
mobile robots 
(AMRs)

What it is Upfront
Cost

Efficiency 
Gain

Implementati
on Effort

Robot Type

Self-navigating robots using AI and 
sensors to plan and re-route in real time, 
with no fixed tracks.

Medium High Low

Goods-to-person 
(GTP)

Cranes and conveyors that bring the item 
to a stationary picker, removing aisle 
travel.

High Very high High

Sorting robots 
and cross-belt 
sorters

Computer vision and ML to identify, 
categorize and route items 
automatically.

Medium–
High

High Medium

Picking 
systems

Guide and mechanize item picking, 
the most labor-intensive stage. Low Medium Low

Ratings are indicative; actual cost and effort depend on scale and site.

Case Study 1 Case Study 2

3
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• Data and integration, not the model, are the constraint: Most stalled pilots fail on messy data and siloed systems, not 
the model. Clean master data comes first, and the AI must sit inside the workflow, not beside it as a dashboard.

• CapEx intensity and ROI: Fully integrated large-format automation can exceed ₹50 crore for a single fulfilment center. 
Phased, modular semi-automation usually delivers better risk-adjusted returns than a big-bang build.

• Power and infrastructure variance: Voltage fluctuation and grid variability can force electrical redesign for imported 
robotics, so power quality belongs in the leasing decision alongside floor loading and clear height20.

• Talent: WMS-robotics integration engineers are scarce, and multi-vendor stacks lengthen deployment. Vendors with local 
service depth are worth a premium.

• Labor and change management: Adoption holds where AI is positioned as augmentation, with workers redeployed to 
higher-value roles and trained early rather than after go-live.

• Vendor ecosystem: Moderately fragmented, with the orchestration layer growing fastest.

Adoption Realities and India-Specific Considerations
Adoption is not frictionless. Six constraints shape how far and how fast Indian occupiers can move, and most of them are 
operational rather than technical:

Implications for Occupiers
The practical path is modular: begin where throughput and error costs are highest, prove the case, then scale software and 
physical automation together. Track the metrics these systems directly influence: picker productivity, order accuracy, mis-ship 
rate, pick-to-ship time, fulfillment cost per order, and return-to-restock time.

Where the Demand Sits: By Occupier Segment4
The applications that matter differ by what each segment stores and how fast it moves:

E-commerce and 
quick commerce

FMCG

Retail

High-Value AI Applications What Drives the NeedOccupier Segment

Automated fulfillment; inventory optimization

Demand forecasting; replenishment planning

Omnichannel inventory management

Order volumes, small basket sizes, 
same-day and slotted delivery 
commitments.

Festive demand spikes and a wide 
distribution footprint.

Stock visibility across stores, 
marketplaces, and own channels.

Manufacturing Predictive maintenance; inventory synchronization
Line-side availability and multi-plant 
coordination.

Pharmaceuticals

Cold chain 
logistics

Cold-chain monitoring; expiry prediction; batch 
traceability

Temperature monitoring; predictive maintenance 
on refrigeration

Shelf-life control and regulatory 
traceability obligations.

Uptime and excursion risk on 
temperature-controlled assets.

Agriculture and 
agri-processing

Warehouse utilization; crop storage optimization Seasonal intake peaks and spoilage 
control.



Glossary

AMR
Autonomous Mobile Robot

ASRS
Automated Storage and Retrieval System

BESS
Battery Energy Storage System

C&I
Commercial & Industrial

CFT
Cubic Feet

Dark warehousing

Demand charge

DFC
Dedicated Freight Corridor

ECBC
Energy Conservation Building Code

EOL
End-on-Line (siding)

FEFO
First-Expiry-First-Out

FTL
Full Truckload

GCT
Gati Shakti Cargo Terminal

Grade A warehouse

HHT
Hand-Held Terminal

MMLP
Multi-Modal Logistics Park

Net metering

Rake

SLAM
Scan, Label, Apply, Manifest

ToD tariff
Time-of-Day tariff

VLM
Vertical Lift Module

WMS
Warehouse Management System

DefinitionTerm

A self-navigating robot that moves goods or shelving within a 
warehouse without fixed tracks.

A computer-controlled system that stores and retrieves pallets, 
totes, or cartons without manual handling.

An on-site battery installation that stores electricity, typically from 
solar, for release later.

The category of consumers is made up of businesses and 
industrial units, as distinct from residential.

A volumetric unit used to price freight, based on the space a 
shipment occupies rather than its weight.

Warehouse operation without ambient lighting, enabled by 
automated systems that navigate using sensors rather than sight.

A utility charge based on a facility's single highest power draw in 
a billing period, separate from total energy consumed.

Rail tracks built exclusively for freight, separate from passenger 
lines, enabling faster and more reliable transit.

India's national code setting minimum energy-efficiency 
standards for buildings.

A rail siding configuration that permits continuous loading and 
unloading without detaching the locomotive.

An inventory rule that dispatches stock nearing expiry before 
newer stock, minimizing wastage.

A freight movement that fills an entire truck for a single shipment 
or consignee.

A freight terminal built on railway land under the government's 
PM Gati Shakti program.

An institutional-grade facility built to high specifications for floor 
load, height, and infrastructure.

A portable scanning device used by warehouse staff to record 
inventory movements in real time.

A government-supported hub integrating road, rail, and 
warehousing infrastructure at a single location.

A billing arrangement that credits a solar system owner for 
surplus electricity exported to the grid.

A full trainload of wagons; the standard unit of rail freight capacity 
commitment.

An automated system that scans, labels, and processes 
packages within milliseconds during dispatch.

Electricity pricing that varies throughout the day, charging a 
premium at peak hours and a discount off-peak.

ASRS technology that delivers a tray of stored product down to 
an operator at a fixed access point.

Software that manages and optimizes the flow of goods through 
a warehouse, from receiving to shipping.
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Disclaimer: This report is based on publicly available information, insights from the authors’ professional experience, and market analysis. For 
questions regarding the underlying sources or analytical methodologies, please reach out to the author directly. The analysis reflects market 
trends and observations and is intended for general informational purposes only. It does not constitute investment, legal, or financial advice. 
All images included in this report are for illustrative and informational purposes only.
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