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Air pollution in Delhi remains a persistent challenge, with the transport
sector contributing approximately 18-24% of PM2.5 concentrations.’
Within this, freight vehicles—particularly heavy-duty vehicles (HDVs)—
account for a disproportionate share due to their diesel use, age profile,
and high utilisation.

This challenge is further amplified by Delhi's role as a major logistics
hub, with significant volumes of interstate truck traffic moving through
the city daily. While multiple policy measures have been introduced to
regulate truck emissions—including vehicle bans, environmental
charges, and bypass infrastructure—limited attention has been paid to
the temporal aspect of emissions, particularly at night. At the same
time, the absence of reliable, granular data on interstate truck activity
and real-world emissions continues to constrain effective, targeted
interventions.

To address this gap, a detailed study of interstate HDVs operating in
Delhi was undertaken by the Air Pollution Action Group (A-PAG),
Indian Institute of Technology Delhi (IIT Delhi), and The Energy and
Resources Institute (TERI). The study aims to build a comprehensive,
evidence-based understanding of:

1. The scale and characteristics of interstate truck movement,

2. Their real-world emissions profile, and

3. The most effective and implementable mitigation strategies.

The study integrates official toll data, on-ground traffic counts, driver
surveys, and real-world emissions testing to build a comprehensive and
validated understanding of interstate truck activity and emissions.
These include measured data (RFID entries, surveys, and real-world V53
emissions testing), modelled estimates (daily emissions derived from
measured factors and vehicle kilometres travelled) and scenario-based
projections (potential emission reductions if adoption targets are met).
The analysis highlights several key insights on interstate freight
operations—such as trip patterns, empty backhauls, and fleet
characteristics—that are critical to understanding how emissions from
this segment are generated.

Characterising Truck Profile

1. Approximately 16,900 HDVs enter Delhi each day, based on
independent verification. This is around 20% higher than the
approximately 13,400 daily entries captured in RFID (radio frequency
identification) data, likely due to monthly-pass trucks entering without
digital logging.

2. Higher presence of HDVs on the road at night, relative to
passenger vehicles: Approximately 75% of interstate HDVs operate in
Delhi during nighttime and early morning hours (10 pm to 7 am),
whereas cars and other passenger vehicles account for only 18% of their
daily volumes during this period.

3. A small set of trucks drives a disproportionate share of total
traffic. Nearly 76% of recorded entries over a month are repeat entries
by the same trucks, with each truck entering Delhi about 4 times per
month on average. This indicates that managing trip frequency may be
more effective than fleet phase-out.

' CAQM (2026, January). Identification of the causes for worsening AQ! in Delhi-NCR
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4. Diesel dominates fleet composition, but not trip frequency: While 80% of unique trucks are diesel,
overall truck entries into Delhi are split nearly evenly between diesel and CNG. A similar pattern is
observed across vehicle types—2-axle trucks, while accounting for only 45% of the fleet, contribute 60% of
total entries. It appears that smaller, CNG-operated trucks undertake more frequent, short-haul trips,
while larger diesel trucks are associated with less frequent, long-haul movements.

5. Pre-BS-VI trucks constitute a significant share of the fleet, despite norms conversion:
Approximately 62% of trucks comply with BS-VI norms, followed by 28% BS-IV and 10% BS-IIl or older.

6. Truck entries are predominantly NCR-linked: 63% of trucks entering Delhi originate from states in the
National Capital Region (NCR), and 77% of trucks are registered in NCR states. Effective policy
interventions must operate at the NCR level, rather than being limited to Delhi alone.

7. Geographical concentration of truck entries is highly skewed: Strategic, targeted enforcement of
mitigation strategies at 20 plazas has the potential to influence ~90% of truck entries, while interventions
at just 4 plazas (Kundi, Rajokri, Badarpur, and Tikri) could impact over 50% of entries.

8. 92% of trucks report Delhi as their destination; only 8% report bypassing the city. Within ‘bypassing’
trucks, 86% originate fram and 95% are destined for NCR states, suggesting that bypass traffic is not
predominantly long-distance but largely consists of short, intra-NCR trips.

9. Around 51% of trucks report exiting Delhi empty, either due to Delhi being a ‘consumption hub’ or
due to operational inefficiencies. In the case of the latter, there could be a clear cpportunity for measures
focused on backhaul optimisation and improved load matching.

Quantifying Emission Contribution

1. Interstate trucks emit roughly 52 kg of PM2.5, 3 tonnes of NOx, and 2.5 tonnes of CO as primary
pollutants each day: This is approximately 18.9 tonnes of PM2.5, 1,095 tonnes of NOx, and 912.5 tonnes of
CO annually.

2. Pre-BS-VI and diesel trucks remain the usual suspects: Pre-BS-VI trucks account for 62% of PM2.5
emissions. Diesel trucks, which represent 51% of trips, contribute 56% of PM2.5 emissions.

Total emissions from truck segments (in kilograms per day)

PM2.5 (kg/day) NOx (kg/day) CO (kg/day)
Truck Fuel
T T
S e I CO e )
3.88 316 1.96 4 70.8 a98.5 4431 39 8 17.4 39.4

Diesel ; : : : P
2 Axle
Trucks
CNG 6.96 292 6.55 16.43 1439 3025 384.4 830.8 789 184.5 6346 898.1
Diesel 239 219 2.04 6.62 43 2342 N33 39205 3.8 238 313 59
3 Axle
Trucks
CNG 0.36 1.02 2.01 339 6.8 130.6 131.8 2693 58 124.3 3399 470
Diesel 595 4.4 LRl 157 124 529 2083 861.5 239 1069 1098 2408
4+Axle

Trucks®  cnG 0.27 3.04 6.3 104.4 1428 2535 10 1914 6459 8473

0.78 1z )]

?Emissions calculated as the sum of all emissions from 4-axle trucks and emissions from 5+ axle trucks, assuming that all 5+ axle trucks have
the same emission factor as for 5-axle trucks.
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3. While HDVs account for 23%> of total daily transport PM2.5 emissions, their share increases to 61%
during early morning and nighttime hours: Since 75% of interstate HDVs operate in Delhi during early

morning and nighttime hours, it results in a much higher share of HDVs, in terms of fleet and emissions, at
night, compared to cars and passenger vehicles

Proportion of nighttime PM2.5 emissions by vehicle type (all values in percentages)

Vehicle Type Proportlon of overall Proportion of vehicles Proportion of emissions
emissions* 10 pm -7 am 10 pm -7 am

Motorcycle + Cars

Bus 7.8 19 51
Autorickshaw + Light Duty

Vehicle (LDV) 339 14 16.2

Heavy Duty Vehicle (HDV) 23.4 75 60.5

Light Commercial Vehicle (LCV)

__

*TERI (2021). Cost effectiveness of interventions for control of air pollution in Delhi.
*TERI 2021
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Strategies to Mitigate Emissions from Interstate

HDVs

Based on the findings, a set of targeted interventions has been identified to reduce emissions from

interstate trucks:

Strategy

I. Reduction in freight
trips due to UCC (CNG &
EV Trucking)

Il. Shift to electric trucks

Ill. Stricter enforcement
via payload sensors &
ANPR

IV. Ban on entry of pre-
BS-VI trucks

V. Reduction in no. of trips
by optimising empty
backhauls

VI. Phase-out based on
fitness criteria

VII. Retrofitment of BS-1,
BS-1ll & BS-1V vehicles
with PM & NOx control

Brief Overview

UCCs consolidate freight at the city periphery and
shift to cleaner last-mile vehicles (CNG/LEV), reducing
trips, congestion, and emissions; implementation
reqguires viable PPP models and integrated logistics
systems.

Electrification of freight starts with high-utilisation
2-3 axle urban fleets and scales to larger trucks over
time; implementation requires development of
charging infrastructure, grid readiness, and
financing.

Deployment of ANPR cameras and payload sensors
at toll points detects overloading and delivers
system-wide compliance gains. Implementation
requires scaling WIM-integrated ANPR systems,
enabling automated penalties, and ensuring
calibration and data integration.

Restricting entry to BS-VI, CNG, and EV trucks
through a LEZ to eliminate high-emitting vehicles;
implementation requires strong enforcement and
NCR-wide alignment.

Reduction of empty truck trips cuts vehicle
kilometres travelled, emissions and operating costs;
implementation requires enabling digital freight
platforms, mandating telematics integration, and
developing corridor-level freight data systems.

Phase out high-emitting trucks using PM/NOx-based
fitness testing and OBD diagnostics to target the
worst polluters in a scientifically robust, scalable way.
For effective implermentation, Delhi should expand
ATS capacity, include PM/NOXx in testing, and enable
remote OBD-based compliance and enforcement.

Retrofitting older trucks with emission control
devices is not recommended due to unresolved cost
barriers, regulatory and standardisation gaps that
limit reliability and scalability.

PM2.5
Emission
Reduction
Potential

Target
Timeline

By 2032

By 2035

Not

Ongoing quantified

By 2027

By 2027-35

11-17%
inagiven
vear

Not
recommended




Detailed implementation pathways—including timelines, cost estimates, and potential emission
reduction impacts for each intervention—are provided in the full report.

Conclusion

Truck movement patterns and operational realities cut across NCR boundaries. Freight emissions in Delhi
cannot be addressed through fragmented action, but need a coordinated, data-driven policy approach
that aligns regulations, enforcement and incentives across jurisdictions. The evidence here offers a clear
starting point. It can inform targeted interventions in Delhi, be adapted for other cities facing similar
freight challenges, and be extended to under-examined segments like LCVs that play a significant role in
urban emissions.
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Foreword

Air pollution remains one of the most pressing
public health challenges facing the National
Capital Region (NCR). Over the past decade,
governments at the central, state, and regional
levels have undertaken significant efforts to
address emissions across sectors. Within this
broader landscape, the transport sector -
particularly freight movement through heavy-duty
vehicles (HDVs) - has emerged as a critical area
requiring focused and data-driven intervention.

Delhi's unigue geographic and economic position as a major logistics hub results in substantial volumes
of interstate freight traffic crossing its borders each day. While several policy measures, such as the
Environmental Compensation Charge (ECC), the Eastern and Western Peripheral Expressways, and the
Graded Response Action Plan (GRAP), have been introduced to manage emissions from this segment, the
absence of granular, real-world data on interstate truck activity has historically constrained the precision
and effectiveness of these interventions.

In this context, the present study makes a significant and timely contribution. By combining large-scale
toll data analysis, on-ground traffic assessments, driver surveys, and real-world emissions measurement
using Portable Emissions Monitoring Systems (PEMS), it offers one of the most comprehensive
assessments to date of interstate HDV movement and its emissions profile in Delhi.

Importantly, the study goes beyond diagnostics. It presents a structured pricritisation of mitigation
strategies, evaluating each intervention against parameters such as feasibility, cost, scalability, and
stakeholder acceptance. The inclusion of implementation timelines, cost estimates, and potential
emissions reductions further enhances the report’s value for policymakers and implementing agencies.

The findings and recommendations outlined in this report are expected to play an important role in
shaping ongoing and future policy actions by the Delhi government and other stakeholders across the
NCR. As we move towards more targeted and high-impact interventions, such analytical and evidence-
led approaches will be essential to ensuring that regulatory efforts translate into measurable
improvements in air quality.

| commend the Air Pollution Action Group (A-PAG), Indian Institute of Technology Delhi, and The Energy
and Resources Institute for undertaking this rigorous and policy-relevant study. | am confident that this
report will serve as an important reference for strengthening freight-related emission control strategies in
Delhi and beyond.

| . =
o i

Dr. Virinder Sharma

Member (Technical)

Commission for Air Quality Management

National Capital Region (NCR) and Adjoining Areas
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Dr. Anju Goel
Associate Director,
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Dr. Gazala Habib
Professor,
T Delhi

Delhi's air quality challenge demands coordinated action across jurisdictions — and that
requires a shared, credible evidence base. This study helps build that foundation.

Interstate trucks are among the most consequential and least studied contributors to
Delhi's transport emissions. They cross NCR boundaries, operate largely at night, and
span multiple administrative areas. Getting a credible picture required going to the
roads — combining toll data, field surveys, and real-world tailpipe measurements —
rather than relying on generalised estimates.

The report goes beyond diagnosis. It lays out a prioritised implementation roadmap —
weighing mitigation options by feasibility, scalability, and impact — so that agencies
across the NCR have something they can act on together. At A-PAG, anchoring evidence
in implementable action is our reason for being. | hope this report serves that purpose.

Improving Delhi's air quality requires integrated strategies — grounded in science,
tested against real-world conditions, and designed for how a city actually functions.

Heawvy-duty trucks represent exactly the kind of challenge this demands. Their emissions
profile is shaped by fuel, load, routing, and timing — factors that interact across
administrative boundaries and resist simple fixes. This report brings together scientific
measurements, field evidence, and stakeholder consultations to build a picture of
interstate truck emissions that is both rigorous and actionable.

TERI's contribution reflects our long-standing commitment to evidence-based
environmental policy, particularly in urban air quality, where the margin for imprecision
is low. We hope this work strengthens the foundation available to policymakers,
researchers, and implementing agencies working toward cleaner freight and healthier
cities.

A reliable emissions policy must rest on reliable measurement.
Assessments of heavy-duty vehicle emissions have largely drawn
on laboratory test cycles or factors developed in other contexts —
this study adds real-world, India-specific evidence to that picture.
Using the indigenously developed VS3 system, the team
conducted on-reoad tailpipe measurements across the largest
’\ sample of trucks studied in any Indian research to date.

' Combining those real-world emission factors with actual truck
activity data produced an inventory grounded in how this sector

Dr. Rahul Goel operates on Indian roads. We hope this work encourages more
Associate Professor, 3 i i e . 5
\IT Delhi investment in real-world emissions monitoring, and these

methods are extended to other vehicle categories and cities.



Problem Statement

The transport sector is a key driver of air pollution in Delhi, contributing between 18% and 24% to the city's
PM2.5 concentrations®. In a densely populated city, this translates into widespread and continuous
exposure to harmful emissions.

Within the transport sector, emissions are not evenly distributed across vehicle categories. Freight vehicles
—particularly heavy-duty vehicles (HDVs)—account for a disproportionate share of pollution due to their
diesel fuel usage, older vehicle technology, and high-mileage operations. Note that this study classifies
trucks with two or more axles as HDVs. This trend is reflected at the India level—while medium-duty
vehicles (MDVs) and HDVs account for only 3% of the total vehicle stock, they can contribute up to 53% of
PM from transport nationwide®.

Within Delhi, HDVs contribute a moderate share to overall transport-related PM2.5 emissions at an
aggregate level; however, this share rises sharply at night. PM2.5 concentrations are approximately
16%-29% higher during early morning (5 AM to 7 AM) and nighttime hours (10 PM to 5 AM), compared to
daytime levels’. Freight movement in the city is commonly understood to be concentrated during the
same hours due to regulatory restrictions, whereas passenger vehicle activity is relatively lower. The
pollution impact of HDVs is further amplified at night due to atmospheric conditions: the mixing layer
height is 3 to 10 times lower than during the day?, reducing dispersion and increasing ambient pollutant
concentrations.

This challenge is further exacerbated by Delhi's porous borders and its role as a major logistics hub,
resulting in substantial volumes of interstate HDVs passing through the capital each day. The Government
of the National Capital Territory of Delhi (GNCTD) has implemented several interstate truck emission
mitigation measures. These include banning old vehicles, imposing an environmental compensation cess
(ECC) on HDVs and other goods vehicles, building the Western and Eastern Peripheral Expressways (WPE
and EPE), and introducing the seasonal Craded Response Action Plans (GRAPs).

While these interventions were intended to reduce interstate truck traffic, reliable data on the volume and
emission impact of this vehicle category remain limited®. Addressing this evidence gap requires a
comprehensive understanding of the operational characteristics, traffic patterns, and emission profiles of
interstate trucks operating in and around the capital.

To generate this evidence, a detailed study of interstate HDVs and their emissions in Delhi was
undertaken. The study was jointly conducted by the Air Pollution Action Group (A-PAG), Indian Institute of
Technology Delhi (IIT-Delhi), and The Energy and Resources Institute (TERI).

Study Objectives

The objectives of this study are threefold:

1. Ascertain the quantum of interstate trucks entering and exiting Delhi through comprehensive
analysis of RFID-linked toll plaza data, on-ground traffic volume counts, and truck driver surveys at
strategically selected toll points.

2. Quantify their real-world emissions impact using an indigenously designed Portable Emissions
Monitoring System (PEMS) to capture tailpipe emissions profiles in real-world driving conditions.

3. Identify and prioritise targeted emission mitigation strategies via an evidence-driven matrix that
balances technical feasibility, cost-effectiveness, stakeholder acceptance, and scalability, among other
parameters.

* ARAI & TERI (2018). Source Apportionment of PM2.5 & PM10 of Delhi NCR for Identification of Major Sources.

“NITI Aayog & RMI (2022, September). Transforming Trucking In india: Pathways to Zero Emission Truck Deployment

7 CPCB (2025). Continuous Ambient Air Quality Monitoring Station (CAAQMS) Data for Delhi.

# Tiwari et al (2013). Diurnal and seasonal variations of black carbon and PM2.5 over New Delhi, India: Influence of meteorology
* Unless mentioned otherwise, ‘trucks’ and ‘heavy duty vehicles (HDVs) will be used interchangeably.
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