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The induction of simulators into the Indian Armed Forces represents a transformative shift in military
training, aligning with objectives of modernization, cost-efficiency, and sustainability. By replicating
realistic combat scenarios, simulators enhance combat readiness, decision-making, and operational
proficiency while significantly reducing the logistical, financial, and environmental burdens of live
exercises.

This assessment highlights the environmental and economic benefits of enhancing induction of 13 critical
simulators across the Indian Armed Forces. These simulators—spanning Infantry, Artillery, Armoured
Corps, Mechanised Infantry, and Air Defence—offer substantial savings in carbon emissions and
operational costs, supporting the dual objectives of military efficiency and environmental sustainability.

Key simulators evaluated include the Infantry Weapon Training Simulator (IWTS), Driving Training Simulator
(DTS), Medium Machine Gun (MMG) Simulator, Rocket Launcher (RL) Simulator, 81-mm Mortar Simulator,
Anti-Tank Guided Missile (ATGM) Simulator, Forward Observer Simulator (FOS), Pinaka Simulator, 3ADS
Simulator, Integrated Air Defence Command and Control Simulator (IADCS), Tank Crew Gunnery
Simulator (CGS/GS), Infantry Combat Vehicle Integrated Missile Simulator (ICV IMS), and Carrier Mortar
Tracked (CMT) Simulator.

At the assumed current 15% induction level of simulators in the Armed Forces, total annual environmental
savings from all simulators amount to tens of thousands of tonnes of CO, equivalent, with IWTS (12,957
tonnes), ICV IMS (4,278.6 tonnes), FOS (1,969.8 tonnes), and CGS/GS (1,075.5 tonnes) among the top
contributors. These savings significantly increase under higher induction scenarios (additional 25%).

Economically, simulator use leads to major reductions in fuel consumption, ammunition use, equipment
wear, and logistics. At the present induction level of 15%, the annual Net Present Value (NPV) savings
amount to 2,289.13 crore for 3ADS, 2,005.49 crore for FOS, %1,123.04 crore for CGS/GS, and ¥698.51
crore for Pinaka. In addition, several other systems also reflect savings exceeding 3100 crore. The daily
cost of non-induction ranges up to %11.11 crore for 3ADS, reflecting the lost opportunity from delayed
induction and scaling.

The rising geopolitical volatility in the Middle East in the past two months has severely strained global oil
markets, raising fuel costs and disrupting supply chains for military organizations around the world, and
we in India have been tremendously affected by the war. In this high-stakes environment, incorporating
advanced military simulators has evolved from a forward-thinking strategy to an operational necessity.
Moving live-fire drills to simulated environments, therefore, enables the Indian armed forces to protect
their readiness levels against fossil fuel shocks. This strategic shift actively decreases operational fuel
demand, protects crucial energy reserves, and provides continuous, high-fidelity combat readiness
despite uncertain energy markets

Another key contribution of this study lies in the extensive compilation and calculation of a detailed
data inventory for both energetic and non-energetic materials used in various types of ammunition
across multiple combat arms. This includes comprehensive life cycle inventory (LCI) data on propellants,
explosives, casings, primers, and associated emissions for widely used ammunition such as 5.56x45-mm
rifles, 81-mm mortars, 84-mm rocket launchers, 125-mm tank rounds, 155-mm Artillery shells, 214-mm
Pinaka ammunition, TO1S missiles, etc., which is provided in the appendix. In many cases, where literature
or public data were unavailable, the Project authors have developed estimations through stakeholder
consultations and process modelling using SimaPro, making the dataset particularly robust to the extent
possible. This level of granularity provides a valuable reference for future research, life cycle assessments,
and sustainability planning in the defence sector.
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Chapter

Introduction




The increasing focus on environmental sustainability and resource efficiency has led to the need for
innovative approaches in various sectors, including national defence. Considering this necessity, the study
on Indian Armed Forces and Environmental Sustainability: A Comprehensive Assessment of Simulators
in ‘Green Training’ aims to assess the feasibility of simulator-based training as a sustainable and eco-
friendly substitute for traditional live-fire exercises. The extensive scale and intensity of training operations
within the Indian Armed Forces necessitate the use of live ammunition and related logistics, which not
only incur substantial financial costs but also lead to considerable environmental consequences. These
encompass carbon emissions, resource consumption, pollution, and the degradation of ecosystems. This
report conducts a thorough evaluation of specific ammunition types to measure the environmental and
economic advantages that can be realized by incorporating simulators into training programmes. The
aim is to deliver evidence-based insights that facilitate informed decision-making to improve operational
efficiency while also aligning with India’s wider sustainability and climate goals.

11 Advanced Tech-Simulators and their Role in Modern Warfare

The urgency of addressing climate change has surged to the forefront of global discourse, driven by
the alarming crisis the world faces today. UN Secretary-General Anténio Guterres stated during the
Stockholm+50 International Environment Conference (2023) that “Climate change is the existential
threat of our time. We are at the crossroads. The next few years will determine the fate of our planet.”
The possible repercussions of exceeding the 2-degree Celsius barrier require prompt action across all
sectors, including the armed forces, where simulators are being developed to reduce training-related
environmental effects. Modern warfare has seen a paradigm shift, with technology redefining battle
techniques and optimizing resource utilization. In November 1992, soldiers using a tank simulator in
Florida trained alongside a real tank crew in California, marking a milestone in military training. The
simulator team navigated a digital battlefield while the actual crew observed virtual counterparts through
their equipment, in an early example of seamless simulation using Defence Advanced Research Projects
Agency (DARPA) Distributed Interactive Simulation (DIS).

Operational readiness necessitates rigorous training; however, it incurs substantial economic and
environmental costs. By conserving resources, mitigating hazards, and reducing expenses associated
with time, materials, infrastructure, and equipment wear, simulator-based training is aligned with
sustainability principles. Simulators also reduce fuel consumption and logistical complexities by reducing
the number of live field exercises. Simulators are currently being employed by advanced military forces
to gain a strategic advantage. The US Air Force employs flight simulators for the training of Unmanned
Aerial Vehicle (UAV) pilots, while the US Army’s Synthetic Training Environment (STE) incorporates Live,
Virtual, and Constructive (LVC) simulations for large-scale exercises. Israel implements sophisticated
drone simulations to combat terrorism, while China integrates Al-powered simulators for autonomous
drone operations. The North Atlantic Treaty Organization (NATO) nations enhance interoperability by
employing joint simulation platforms for cross-border training without physical deployments.

Despite its benefits, simulation-based training has several challenges, including expensive initial hardware
and infrastructure costs, the need for refresher training for experienced soldiers, and cybersecurity
issues as military training becomes more digitized. Recent geopolitical crises, such as Ukraine-Russia
and Israel-Gaza, emphasize the critical integration of technology and military strategy. Ukraine’s use of
advanced technology emphasizes the importance of soldiers learning traditional combat skills as well as
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modern equipment. In contrast, Israel’s overreliance on technology for border protection exposed its
shortcomings, emphasizing the importance of comprehensive troop training. Advancements in machine
learning, cloud-based simulations, and real-time data analytics are projected to improve training efficacy
and ensure readiness for modern warfare challenges.

1.2 General Understanding of Various Types of Simulator
Technologies in the Armed Forces

Military simulation technologies have evolved rapidly from basic training aids to sophisticated Al-driven
systems for troops and commanders, driven by advancements in Virtual Reality (VR) and DIS. VR and
Augmented Reality (AR) now play a crucial role in visualization and strategic planning across all domains,
offering an innovative and sustainable approach to military training.

Modern simulation training employs mathematical, semi-physical, or physical models to improve
accuracy by integrating qualitative and quantitative analysis. In contrast to manual systems, these models
reduce subjective influence, thereby enhancing the objectivity of training outcomes (Yao & Huang,
2021). Simulators are broadly classified into three categories based on their operational domains: Live,
Virtual, and Constructive (LVC) (Dutta, 2013). Live simulations necessitate substantial resources, but
they offer hands-on experience by utilizing actual equipment in realistic settings with real personnel.
Virtual simulations enable learners to interact with simulated systems through VR, thereby facilitating the
development of skills and the repetition of safe scenarios. Virtual entities are employed in constructive
simulations to facilitate strategic planning and decision-making exercises with human inputs.

Simulation platforms emulate diverse operational components, encompassing enemy forces, joint
operations, electromagnetic environments, and geographical and meteorological conditions. Extensive
interactive platforms are commonly utilized, facilitating real-time oversight of trainees and equipment.
Advanced systems restore training settings by video and data surveillance, delivering immersive and
authentic experiences. The integration of LVC simulations establishes a cohesive, multi-tiered training
platform for the armed forces (Thapliyal & Chouhan, 2024).

1.3 India’s Rising Military Capabilities and the Role of
Defence Simulators

The military of a nation serves as its primary bastion, protecting political sovereignty and ensuring national
security. To maintain military efficacy, it is imperative for governments to provide their forces with the
ability to respond swiftly, all the while upholding the principles of international humanitarian law. India
occupies the 4th position in the Global Firepower Index 2025, boasting a Pwrindx score of 0.1184, where a
score of 0.0000 signifies perfection. This ranking underlines the nation’s robust defence capabilities and
its dedication to modernization efforts. In September 2021, the Ministry of Defence (MoD) unveiled the
“Framework for Simulators in Armed Forces,” with the objective of transforming military training across
various domains.

This policy underscores the importance of economic efficiency, systematic capability development, and
reduction of degradation on operational equipment. It fosters collaboration among various agencies
to enhance the efficiency of procurement processes and emphasizes the importance of indigenous
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development, thereby aiding Indian enterprises in the manufacturing, operation, and maintenance of
simulators, whichin turn advances self-reliance and strengthens the domestic defence sector. The research
into simulation training focuses on classification, development, and integration, thereby establishing a
robust technical foundation for futuristic weapon and equipment simulators (Dutta, 2013). Virtual reality
is anticipated to assume a pivotal function in augmenting the dependability of training methodologies.

The framework of India’s Ministry of Defence embodies the principle of “Fight as you train - Train as you
fight”; however, the comprehensive integration of simulators into wargaming exercises is still constrained.
To address this issue, the Indian military should:

» Integrate simulators comprehensively into joint training exercises across all service branches,
including Agniveers.

»  Enhance data-driven performance analysis to evaluate trainee progress in real time.

» Invest in advanced virtual reality and artificial intelligence-driven simulators to improve training
realism.

The Indian Armed Forces have implemented virtual reality-based tactical training, missile simulation
systems, and joint force simulation exercises to improve strategic capabilities. However, a deeper
integration of advanced simulation technologies is necessary to address training limitations and enhance
effectiveness (Thapliyal & Chouhan, 2024).

1.4 About the Study

This research, undertaken by The Energy and Resources Institute (TERI), aligns with its overarching
dedication to advancing sustainable practices. It assesses the capacity of simulator-based training to
provide substantial environmental and economic benefits for the Indian Armed Forces, focusing on
reducing resource consumption, minimizing carbon footprints, and enhancing energy efficiency. Through
this assessment, TERI seeks to assist the armed forces in spearheading India’s sustainability initiatives
while ensuring combat readiness and operational effectiveness.

TERI's previous research, “Supporting Armed Forces Efforts Towards Sustainability: Application of
Simulators in Military Training,” emphasized the benefits of integrating simulators. For example:

»  The T-90 Driving and Crew Gunnery Simulators can decrease carbon emissions by 1,919 and 3,676
tonnes over a 30-year period, respectively, while also providing significant cost reductions at both
regiment and squadron levels.

»  Automated Driving Simulators (ADS) and Advanced Weapons Simulators (AWS) enhance
environmental sustainability and economic efficiency, demonstrating their significance in the
modernization of military training.

The present study broadens its focus to evaluate a diverse array of ammunition types, examining their
composition, manufacturing methods, and emissions during the usage phase across different combat
arms and services. Furthermore, it assesses the gross environmental and net economic benefits derived
from the integration of simulators into military training programmes. This study offers actionable insights
by thoroughly evaluating the environmental and economic costs of ammunition usage for training
compared to military simulators, thereby enhancing military readiness and significantly contributing to
India’s sustainability goals.

Indian Armed Forces and Environmental Sustainability:

A Comprehensive Assessment of Simulators in ‘Green Training’




Chapter 2

Approach and Research
Methodology




2.1 Overall Approach and Assessment Framework

Environmental Impact Assessment Framework

The environmental impact of ammunition originates from various phases, commencing with the extraction
and processing of raw materials, including lead, aluminium, and steel, as well as critical minerals such
as tungsten, antimony, copper, nickel, and zinc. Furthermore, the synthesis of crucial chemicals such as
nitrates, sulphur, nitro-glycerine, trinitrotoluene (TNT), perchlorates, and Research Department Explosive
(RDX) is essential for the manufacturing of explosives and propellants. The activities in question lead
to significant habitat destruction, soil erosion, and water pollution as a result of mining and chemical
processing (Kumar et al., 2020). The manufacturing phase of ammunition production is characterized by
its considerable energy demands and the resultant greenhouse gas emissions, especially when dependent
on fossil fuels. Moreover, improper management of chemical waste, such as solvents, acids, and heavy
metals, presents significant threats to the quality of soil and water (Singh & Agrawal, 2018).

The use phase, encompassing training exercises and combat operations, presents more environmental
issues, including lead and heavy metal contamination in firing ranges and combat zones. Expended
munitions can emit hazardous materials into the soil and groundwater, while unexploded ordnance
(UXO) and explosive remnants persist in the environment, presenting enduring threats to ecosystems
and human health (Datta et al., 2021). Noise pollution resulting from ammunition usage further disturbs
wildlife and impacts communities. The disposal and decommissioning of obsolete or damaged munitions
may entail incineration or open burning, resulting in the emission of hazardous substances such as
dioxins and furans. Improper landfill disposal can lead to soil and groundwater contamination, whereas
demilitarization operations produce hazardous waste necessitating rigorous management protocols
(Chauhan & Singh, 2019). Recycling ammunition components at the end-of-life stage poses a problem
due to toxic elements that, if improperly managed, may lead to secondary pollution.

Considering the extensive environmental repercussions of munitions utilized by the military, it is necessary
to adopt a Life Cycle Assessment (LCA) methodology to evaluate the issue. LCA is a comprehensive
tool employed to measure the carbon footprint of specific products. The International Organization for
Standardization (ISO) 2006a and 2006b defines LCA as the aggregation and assessment of a product
system’s inputs, outputs, and possible environmental effects over its entire life cycle. The extraction and
utilization of resources, including energy, together with emissions to air, water, and soil, are quantified at
all stages.

Economic Benefit Assessment Framework

In-depth analyses have emerged concerning the economic implications of significant defence spending
by both advanced and emerging economies. A key issue is that increased military expenditure constrains
government investment in essential social sectors such as healthcare and education while also diminishing
funding for other social welfare programmes (Harris, Kelly, & Pranowo, 1988). The relationship between
defence spending and income distribution became a significant issue in the aftermath of the Vietnam
War and received substantial focus throughout the 1980s (Abell, 1994).

The MoD received %6.81 lakh crore for the Financial Year 2025-26, an increase of 9.53% from the previous
year, according to India’s Union Budget. Capital expenditure was %1.80 lakh crore, with 1.48 lakh crore
designated for the purchase of modern military systems to improve combat readiness (PIB, 2025). In

Indian Armed Forces and Environmental Sustainability:

A Comprehensive Assessment of Simulators in ‘Green Training’




order to confront its geopolitical challenges, India, which ranks among the top five defence spenders
globally, must sustain a robust military posture.

A significant portion of this budget is designated for personnel training, imposing a severe budgetary
strain on munitions acquisition and military deployment to specialized training facilities. In this context,
using simulation-based training offers a cost-effective alternative by reducing reliance on live exercises
while maintaining combat preparedness. Furthermore, it facilitates the more strategic allocation of
costly ammunition, generally distributed on an annual or biannual schedule, by enhancing competence,
using simulators. The economic analysis highlights cost savings achieved through reduced ammunition
consumption and decreased logistical expenses associated with troop movement.

2.2 Objectives and Methodology of Assessment

Military operations produce significant environmental and economic impacts that extend well beyond
active combat zones. The amount of ammunition utilized in live firing ranges frequently surpasses the
quantity employed in real combat situations. Ammunition utilized for training plays a substantial role
in contributing to environmental pollution and imposing economic costs. This study aims to quantify
the environmental and economic advantages of integrating simulator-based training within the armed
forces. The methodologies employed for this assessment are outlined in the subsequent subsections.

2.21 Environmental Benefits of Simulators

Impact Categories: The assessment of potential environmental threats focuses on the primary impact
category of Global Warming Potential (GWP), which encompasses emissions resulting from the use of fossil
fuels and the deployment of ammunition. The utilization of simulators in military training can significantly
mitigate these emissions. GWP, expressed in kg CO, equivalent, serves as a standard metric for assessing
the climate change potential associated with different emissions. This term denotes the quantity of
energy that one tonne of a gas will absorb over a defined duration, typically 100 years, in comparison
to the emissions produced by an equivalent mass of carbon dioxide. Additional environmental impact
categories, including acidification, eutrophication, ozone depletion, human toxicity (encompassing both
carcinogenic and non-carcinogenic effects), and ecotoxicity, to the extent permitted by available data.

Environmental Assessment Tool: SimaPro is one of the leading software tools for LCA and is widely
used in industry and academia. It has the most recent Ecoinvent database, which includes information
on more than 10,000 processes. You can customize or delete certain impact categories or methods
from SimaPro, and it also comes with various preset ways for impact assessments. Fifteen impact types
based on midpoint and three endpoint (damage-based) categories are supported. Furthermore, it
provides high flexibility in building primary data inputs, enabling context-specific analysis relevant to
countries or sectors.

Assessment Methodology: The environmental assessment has been conducted through the following
steps:

» A comprehensive data inventory of energetic and non-energetic materials has been compiled for
all selected ammunition types, using literature reviews, ammunition specification manuals, and
stakeholder consultations (Refer to the appendix for the data inventory).
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»  The ammunition datasets have been modelled in SimaPro, consistent with the system boundary,
goal, scope, and functional unit established in Section 2.3.

»  Results are provided for each type of ammunition and extrapolated to estimate overall environmental
savings under the current 15% induction scenario, as well as additional scenarios of 5%, 15%, and 25%
based on simulator adoption.

»  Itis assumed that a reduction in ammunition use corresponds proportionally to a decrease in troop
movement to live firing ranges. Based on this assumption, fuel savings have also been estimated
under the same replacement scenarios.

2.2.2 Economic Benefits of Simulators

Assessment Methodology: The economic advantages of simulator-based training have been estimated
by comparing the costs of conventional live training, particularly the annual total cost of fuel and
ammunition, with varying levels of simulator adoption. The analysis takes into account four scenarios: the
present adoption level of 15%, as well as incremental increases of 5%, 15%, and 25% to simulator training.

Key parameters factored into the calculation include:
»  The number of soldiers per unit
»  The quantity of ammunition allocated per weapon for training, and

»  The total number of units at the Army level.

For each scenario, Net Present Value (NPV) calculations have been carried out using a discount rate of
8%. While the standard life of a simulator is 10 years, it is extendable up to 20 years with upgrades. For
the purpose of calculations in this Study, a life of 20 years is considered for all simulators except driving
simulators where the estimated life even with upgrades is 15 years. This has been done to extract maximum
benefit from simulator-based training. As regards the average capital costs of various simulators, open
source data has been taken. We have projected that fuel and ammunition prices will increase by 5% each
year. These variables collectively help estimate the overall cost of live training. The long-term economic
advantages of military training through simulators are then demonstrated by comparing this to the cost
reductions and operational efficiencies realized through their employment.

2.3 Assessment Conducted for Selected Ammunition and
its Simulator

Accurate data collection is the most critical and time-intensive aspect of any LCA. For ammunition,
this process is particularly challenging due to restricted access to information on energetic material
processing, classified data, and limited literature availability. Therefore, based on the most comprehensive
data gathered from available sources and stakeholder consultations, the system boundary has been
defined to align with the study objectives as given here.

Scope of Inclusion
» A gate-to-gate LCA inventory has been developed for the selected ammunition listed in Table 1.

»  The manufacturing phase is included, covering all input processes for energetic and non-energetic
materials with a minimum of 85% data inclusion.

»  Use-phase emissions from firing and detonation are accounted for the selected ammunition types,
where data availability allows. This aspect adds another dimension to the environmental impact of live
ammunition use for training.
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Scope of Exclusion
»  End-of-life recovery of ammunition is excluded due to data limitations.
»  Ammunition packaging and transportation to training sites are not considered.

»  Emissions to land resulting from firing and detonation, leading to soil contamination, are not
accounted for in the use-phase assessment.

»  Emissions from simulator production and use are excluded, meaning the environmental assessment
presents only gross emission savings.

»  Transportation and packaging costs of both ammunition and simulators are not included in the
economic analysis.

The functional unit for the environmental assessment carried out is defined as “one unit of ammunition,
encompassing both its manufacturing and use phase emissions.” This unit serves as the basis for comparing
different ammunition types on a consistent, environmentally relevant basis.

The emission assessment within this system boundary remains limited due to significant data
constraints and objective accounting methodology. In addition to the emission assessment conducted
in this paper, extensive ecosystem degradation and soil contamination occur beyond the scope of this
evaluation. Furthermore, noise pollution and prolonged exposure to toxic environments pose severe
health risks to armed forces personnel, further amplifying the environmental costs associated with
ammunition use in training.

The selection of ammunition types for this study, designed to comprehensively examine associated
emissions and economic implications, was driven by an intensive literature analysis and consultations with
relevant stakeholders. The primary objective was to identify and study ammunition that is either widely
utilized by the armed forces or has a significant environmental footprint due to its size, composition, or
frequency of usage. This strategy ensures that the study concentrates on ammunition with the greatest
potential for environmental and economic effect, thereby offering valuable insights into the overall
savings feasible through the implementation of simulator-based training in the defence sector.

The selected ammunition types across various combat arms are presented in Table 1.

In addition to the above, driving simulators for all the above arms have also been considered for the
resultant environmental and economic savings for the armed forces.

2.4 Mapping Ammunition and Simulators

The Indian Armed Forces deploy a large array of weapon systems across various branches, each needing
rigorous and constant training for operational readiness. Given the high expense and logistical complexity
of live-fire exercises, especially with the escalating prices of fuel and ammunition, which experience an
average yearly increase of 5%, the integration of simulation technology has become a vital component of
military training. Simulators not only decrease expenditure but also provide for high-frequency, low-risk,
and realistic training experiences.

The deployment of simulators also boosts training efficiency by providing instant feedback, recreating
real-time combat scenarios, and conserving resources. With over a million active soldiers and hundreds
of units in the Army, mapping the correct simulator to the relevant weapon system is critical for scaling
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Table 1: Selected Ammunition across Various Combat Arms

Weapon Ammunition

Infantry Weapon System Rifle 5.56x45 mm - INSAS
Med Machine Gun 7.62x51 mm
Rocket Launcher 84 mm
Mortar 8Tmm
Anti-tank Missile Milan 2T
Artillery Rifle 5.56x45 mm - INSAS
Guns 155 mm
Rockets (Pinaka) Various Calibres (Pinaka)
Army Air Defence Rifle 5.56x45 mm - INSAS
Missiles Igla
Guns (L 70) Various Calibres
Armoured Corps Rifle 5.56x45 mm - INSAS
T-72/T-90 125 mm
Mechanised Infantry Rifle 5.56x45 mm - INSAS
Missiles ATGM
Cannon 30-mm Cannon
Mortar 8Tmm

up simulator adoption across the services. The following section, under Table 2, presents the linkages
between major weapon platforms, their corresponding ammunition types, and the simulators currently in
use across the five primary branches of the Army, namely Infantry, Artillery, Army Air Defence, Armoured
Corps, and Mechanised Infantry.

In the Infantry Weapon System, standard-issue 5.56x45 mm Indian Small Arms System (INSAS) rifles are
supported by the Infantry Weapon Training Simulator (IWTS) for basic marksmanship and combat drills.
The Medium Machine Gun (MMG) operator (7.62x51 mm belted) is trained on dedicated MMG simulators,
while the 84-mm Rocket Launcher HEAT Rocket Launcher firer uses a Rocket Launcher (RL) simulator
for anti-armour operations. For indirect fire support, the 81-mm Mortar is paired with an 81-mm Mortar
simulator, and anti-tank guided missile (ATGM) systems such as Milan 2T pilots are trained using an ATGM
simulator. Vehicle mobility and convoy operations are supported by the Driving Training Simulator (DTS)
for light 4-wheel vehicles.

In the Artillery branch, the use of INSAS rifles is also primary, with the IWTS remaining a relevant training
aid. 155-mm artillery gun firers are trained through the Forward Observation Simulator (FOS) and gun
simulators, improving target accuracy and coordination with forward observers. The indigenously
developed Pinaka rocket system, with its diverse calibres, is integrated with a dedicated Pinaka simulator.
Light vehicles drivers involved in Artillery logistics and movement are similarly trained using the DTS. In
Army Air Defence, training continues with the IWTS for rifles. Missile systems such as Igla 1S Very Short
Range Air Defence System (VSHORAD) are integrated into the 3 ADS simulator, while gun systems like
the L-70 and ZU-23 are supported by the Integrated Air Defence Combat Simulator (IADCS). As in other
branches, light vehicle training relies on the DTS.
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For the Armoured Corps, soldiers are equipped with the INSAS rifle and trained using the IWTS, while
crew members operating T-72 and T-90 tanks (125 mm HE) train with the Tank Crew Gunnery Simulator

(CGS) or Gunnery Simulator (GS). These simulators replicate internal cabin dynamics and gunnery

conditions, allowing effective crew coordination and battlefield manoeuvring. The DTS supports their

tank crew training requirements. Lastly, the Mechanised Infantry branch integrates multiple systems. The
IWTS is used for 5.56 INSAS rifle training. Advanced ATGMs and 30-mm Cannons mounted on Infantry
Combat Vehicles (ICVs) are trained with the ICV Integrated Missile Simulator (ICV IMS). Additionally,
81-mm Mortars are supported by the Combined Mortar Training (CMT) simulator. Operational driving for

light vehicles remains covered by the DTS.

Table 2: Ammunition and Corresponding Simulators Used for Training

Weapon/Vehicle Ammunition Simulators
Infantry Rifle 5.56x45 mm - INSAS IWTS
Weapon Med Machine Gun 7.62x51 mm MMG
System Rocket Launcher 84 mm RL
Mortar 8Tmm 81-mm Mor
Anti-tank Missile Milan 2T ATGM
Light 4-wheeler vehicle DTS
Artillery Rifle 5.56x45 mm - INSAS IWTS
Guns 155 mm FOS/Gun
Rockets (Pinaka) Various Calibres (Pinaka)  Pinaka Simulator
Light 4-wheeler vehicle DTS
Army Air Rifle 5.56x45 mm - INSAS IWTS
Defence Missiles Igla-M 3 ADS
Guns (L 70) Various Calibres IADCS
Light 4-wheeler vehicle DTS
Armoured Rifle 5.56x45 mm - INSAS IWTS
Corps T-72/T-90 125 mm Tank CGS/GS
Light 4-wheeler vehicle DTS
Mechanised Rifle 5.56x45 mm - INSAS IWTS
Infantry Missiles ATGM ICV IMS
Cannon 30-mm Cannon ICV IMS
Mortar 81 mm CMT
Light 4-wheeler vehicle DTS
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3.1. 5.56x45-mm Rifle Ammunition and Infantry Weapon
Training Simulator

The 5.56%45-mm cartridge is the Indian Army’s standard service ammunition for INSAS rifles. In this
study, a generic 5.56x45-mm cartridge is considered, with a total weight of 13 grams.! This includes a
4.4-g projectile housed within a 6.97-g cartridge case, containing a standard primer based on lead
styphnate and a double-base propellant (ball powder).? Detailed specifications and component
breakdowns are provided in Appendices 3, 9, and 10. The projectile consists of a brass jacket, a lead-
antimony core, and a steel penetrator.

Use-phase emissions include point-of-fire (POF) emissions.®> When the trigger is pulled, the hammer
strikes the firing pin, igniting the primer and propellant. This propels the projectile through the barrel.
Before the projectile exits the barrel, a portion of the gas is diverted through a port into the gas tube,
which aids in ejecting the spent cartridge case. During firing, harmful gases such as carbon monoxide,
benzene, acrylonitrile, and toluene are released. A complete breakdown of the energetic and non-
energetic materials used in manufacturing the 5.56x45-mm ammunition, along with POF emissions, is
provided in Appendix 3.

Infantry Weapon Training Simulators (IWTS) are proposed as an environmentally and economically
sustainable alternative to live-fire training. This study presents an analysis of the benefits of increased
utilization of IWTS to supplement small arms training within the armed forces.

Assumptions Used in the Analysis

This analysis considers five combat arms: Infantry, Artillery, Army Air Defence, Armoured Corps, and
Mechanised Infantry, with a combined total of 6,72,000 soldiers to be trained in rifle use. Each soldier in
these arms is allotted 200 rounds annually, at a cost of 60 per round.

Currently, approximately 15% of rifle training is conducted using simulators, indicating a partial shift
from traditional live-fire training. To support the transitions to higher level of simulator adoption, it is
assumed that each unit across the combat arms will be allocated one IWTS, except for the Army Air
Defence where three simulators are provided for every four units. This will result in a total deployment
of 865 simulators across the Army. Each simulator costs 1.70 crore and has an average lifespan of 20
years. Detailed information on personnel, weapons, and the number of units across each combat arm is
provided in Appendix 1.

For live-fire training, cost savings from reduced range movement are calculated based on four annual
trips per unit over a 10-km round-trip distance. Infantry units require 25 trucks per movement, while other
combat arms require 20 trucks per unit. The analysis assumes an average fuel efficiency of 10 km per litre
and a diesel cost of ¥85 per litre.

! Munitions India Limited. Details available at: https://munitionsindia.in/products/5-56-tracer-ammunition/
2 Crude data obtained from Olin Winchester Ammunition’ Material Safety Datasheet and calibrated for analysis by the authors.
3 Data obtained from Kirchner et al., 1993.
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Environmental Assessment of 5.56x45-mm Rifle Ammunition and Infantry Weapon Training Simulator

Annually, the manufacturing and use of 5.56x45 mm ammunition leads to a total CO, emission of more than
86.17 kilotonnes for all the units of the five combat arms considered (Table 3). The associated movement
to live ranges for training leads to about 206.44 tonnes of CO, eq. emissions per year. The GHG impact
from production and use of 5.56x45 mm ammunition is given in Table 3.

Table 3: Annual GWP of 5.56x45-mm Ammunition and Associated Movement to Live Ranges for
Training across Five Combat Arms

Total environmental burden from production and use of 5.56x45-mm ammunition for training

Per ammunition For five combat arms annually

(kg CO, eq.) (kg CO, eq.)
Global Warming Potential | . . 6.46E-01 8,61,76,400
Global Warming Potential 7.03E-07 93.7802
Total Global Warming Potential 6.46E-01 8,61,76,493.78

Total environmental burden from movement to live ranges for training

Per truck per trip For five combat arms annually

Number of trucks 1 19,850
Distance Covered (km) 10 7,94,000*
Fuel Consumption (litres) 1 79,400
Total GWP (kg CO, eq.) 2.6 2,06,440

Source: TERI Study

Table 4 quantifies the gross emission reduction arising from the induction IWTS, which results in reduced
ammunition use and fewer trips to live firing ranges. The table gives the emission reduction at the present
status of 15% IWTS usage as well as the potential gross emission reduction in case of additional 5%, 15%,
and 25% IWTS induction for 5.56x45-mm ammunition amongst the 5 considered combat arms.

Table 4: Gross Annual Emission Reduction from Integration of IWTS for Training in 5.56x45-mm
Ammunition for Five Combat Arms

Additional 5% Additional 15% Additional 25%
Induction (kg CO, | Induction (kg CO, | Induction (kg

Present Status
(15%) (kg CO, eq./

Annual Gross

Emission Reduction

annum) eq./annum) eq./annum) CO, eq./annum)
From reduced firing  129,26,474.067 43,08,824.688 1,29,26,474.067 2,15,44123.449
From reduced 30,966 10,322 30,966 51,610
movement
Total 1,29,57,440.067 43,19,146.688 1,29,57,440.067 2,15,95,733.449

Source: TERI Study

4 1trip covering 10 kilometer is made per quarter
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Presently, with 15% simulator integration, there is a total gross emission reduction of more than 12.957
kilotonnes of CO, eq. that is being achieved. With an additional 5% shift to IWTS, there is a potential to
achieve additional gross emission reduction of 4.319 kilotonnes of CO, eq. Additional 15% and 25% IWTS
induction across the five combat arms leads to an estimated gross emission reduction of 12.957 kilotonnes
of CO, eq. and 21.595 kilotonnes of CO, eq., respectively.

The benefits coming from all the units from each combat arm are provided in Table 5.

Table 5: Combat Arm-wise Breakdown of Gross Annual Emission Reduction from Integration of IWTS
for Training in 5.56x45-mm Ammunition

Annual Gross Emission Reduction (kg CO, eq./annum)

Combat Arm Present Status | Additional 5% Additional 15% | Additional 25%
(15%) Induction Induction Induction
Infantry 78,66,458.541 26,22,152.847 78,66,458.541 1,31,10,764.24
Artillery 29,14,803.164 9,71,601.054 29,14,803.164 48,58,005.273
Army Air Defence 5,83,272.632 1,94,424.21 5,83,272.632 9,72,121.054
Armoured Corps 8,16,144.885 2,72,048.295 8,16,144.885 13,60,241.476
Mechanised Infantry 7,76,760.843 2,58,920.281 7,76,760.843 12,94,601.406

Source: TERI Study

»  For the Infantry Combat Arm, current gross emission savings at 15% simulator induction stand at
7,866.46 tonnes annually. With additional induction of 5%, 15%, and 25%, the gross emission reduction
that can be achieved increases by 2,622.15 tonnes CO, eq., 7,866.46 tonnes CO, eq., and 13,110.76
tonnes CO, eq., respectively.

»  For the Artillery, the current savings of 2,914.803 tonnes CO, eq. annually could rise significantly
by 971.601 tonnes CO, eq., 2,914.803 tonnes CO, eq., and 4,858.005 tonnes CO, eq. annually with
additional simulator adoption of 5%, 15%, and 25%, respectively.

»  Army Air Defence currently sees gross emission savings of 583.272 tonnes CO, eq. annually. With
increased simulator adoption, additional savings could be achieved as follows in the three cases
considered—194.424 tonnes CO, eq., 583.272 tonnes CO, eq., and 972.121 tonnes CO, eq. annually.

»  Inthecase of Armoured Corps, the present gross emission savingsis at 816.144 tonnes CO, eq. annually.
However, with additional simulator induction of 5%, 15%, and 25%, the savings increase significantly
by 272.048 tonnes CO, eq., 816.144 tonnes CO, eq., and 1,360.241 tonnes CO, eq., respectively.

»  The Mechanised Infantry presently saves 776.760 tonnes CO, eq. annually, which increases by 258.920
tonnes CO, eq., 776.760 tonnes CO, eq., and 1,294.601 CO, eq. annually for the respective additional
simulator integration cases considered.

The maximum gross emission reduction is observed amongst the Infantry combat arm due to the large
number of army personnel per unit (refer to Appendix 1 for the composition) that needs to be trained in
5.56x45-mm ammunition for this combat arm and the vast number of units of this combat arms. Infantry
is distantly followed by Artillery combat arm in providing environmental sustainability benefits through
IWTS induction for 5.56x45-mm ammunition due to the size of the combat arm.
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Economic Assessment of 5.56x45-mm Rifle Ammunition and Infantry Weapon Training Simulator

The annual fuel consumption for training operations across all units of the combat arms is estimated
at 79,400 litres, resulting in a total fuel expenditure of ¥67.49 lakh per year. In addition, the annual cost
of procuring 5.56x45-mm ammunition for training purposes at the army level amounts to ¥800.4 crore.
A detailed cost breakdown is provided in Table 6.

Table 6: Detailed Breakdown of Fuel and Ammunition Costs for Training in 5.56x45-mm Ammunition in
Live Ranges for Five Combat Arms

Heads Values

Number of firings annually at Army level (in % crore) 13.34
Annual cost of ammunition at Army level (in % crore) 800.4
Annual fuel consumption at Army level (in litres) 79,400
Annual total cost of fuel (in % lakh) 67.49

With a per-unit cost of 1.7 crore, the total capital expenditure on simulators amounts to %1,470.5 crore,
with each simulator providing service for approximately 20 years. The annual transportation cost of fuel
for rifle training operations across the various combat arms is estimated as ¥38.25 lakh for Infantry, %17
lakh for Artillery, ¥4.08 lakh for Army Air Defence, %4.76 lakh for the Armoured Corps, and %3.4 lakh for
Mechanised Infantry. Incremental reductions in fuel usage by 5%, 15%, and 25% demonstrate noteworthy
incremental cost savings across all arms (Table 7). For Infantry, these reductions translate into annual
savings of %1.91 lakh, ¥5.74 lakh, and %9.56 lakh, respectively. Artillery realizes savings of ¥85,000, 32.55
lakh, and ¥4.25 lakh, while Army Air Defence benefits from 320,400, 361,200, and %1.02 lakh in savings. The
Armoured Corps sees reductions of 323,800, ¥71,400, and %1.19 lakh, and Mechanised Infantry achieves
savings of 17,000, 51,000, and ¥85,000 under the same respective scenarios. These figures collectively
highlight the substantial economic benefits of reducing fuel consumption through the expanded
integration of simulator-based training. Such measures not only reduce logistical reliance on live fire
exercises but also support cost efficient operational readiness.

Table 7: Annual Transportation Cost Savings under the Current IWTS Induction Level (15%), as well as
Additional Induction Scenarios of 5%, 15%, and 25%

Combat Arm Present Status | Additional 5% Additional 15% Additional 25%
(15%) Induction Induction Induction

Infantry 5,73,750 1,91,250 5,73,750 9,56,250

Artillery 2,55,000 85,000 2,55,000 4,25,000

Army Air Defence 61,200 20,400 61,200 1,02,000

Armoured Corps 71,400 23,800 71,400 1,19,000

Mechanised Infantry 51,000 17,000 51,000 85,000

Source: TERI Study
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Table 8 presents potential ammunition cost savings under the current simulator induction level of 15%, as
well as additional induction scenarios of 5%, 15%, and 25%. For Infantry, these reductions translate into
savings of ¥24.3 crore, 372.9 crore, and %121.5 crore, respectively. Artillery achieves corresponding savings
of %9 crore, 327 crore, and 345 crore. Army Air Defence records savings of 1.8 crore, ¥5.4 crore, and
%9 crore. The Armoured Corps realizes3¥2.52 crore, ¥7.56 crore, and 12.6 crore in savings, while Mechanised
Infantry benefits by ¥2.4 crore, 7.2 crore, and %12 crore.

Table 8: Annual Ammunition Cost Savings under the Current MMG Induction Level (15%), as well as
Additional Induction Scenarios of 5%, 15%, and 25%

Combat Arm Present Status | Additional 5% Additional 15% Additional 25%
(15%) (in %) Induction (in %) Induction (in %) Induction (in %)
Infantry 72,90,00,000 24,30,00,000 72,90,00,000 1,21,50,00,000
Artillery 27,00,00,000 9,00,00,000 27,00,00,000 45,00,00,000
Army Air Defence 5,40,00,000 1,80,00,000 5,40,00,000 9,00,00,000
Armoured Corps 7,56,00,000 2,52,00,000 7,56,00,000 12,60,00,000
Mechanised Infantry 7,20,00,000 2,40,00,000 7,20,00,000 12,00,00,000

Source: TERI Study

Table 9 provides a comprehensive assessment of the NPV of savings in fuel and ammunition costs across
various combat arms, i.e., Infantry, Artillery, Army Air Defence, Armoured Corps, and Mechanised Infantry
under different scenarios of enhanced adoption of simulator-based training. The analysis is based on a
20-year projection, incorporating an 8% discount rate and assuming a 5% annual increase in fuel and
ammunition costs. It captures the present savings associated with a present 15% induction of simulators
in the army and estimates the additional savings that would be realized with increased simulator adoption
of 5%, 15%, and 25% beyond the current level.

»  Forthe Infantry, current savings at 15% simulator induction stand at ¥407.84 crore annually (%112 crore
per day). With additional induction of 5%, 15%, and 25%, the NPV of savings increases by ¥390.95
crore, ¥1,172.85 crore, and %1,954.76 crore, respectively. Daily savings under additional induction of
5%, 15%, and 25% would be 1.07 crore, ¥3.21 crore, and ¥5.36 crore.

» In the case of Artillery, current savings at 15% simulator induction stand at ¥9.46 crore annually
(3 lakh per day). However, with additional simulator induction of 5%, 15%, and 25%, the savings
increase significantly by 3144.82 crore, ¥434.46 crore, and %724.10 crore, with additional daily savings
of 40 lakh, %119 lakh, and 3198 lakh, respectively.

»  Army Air Defence currently sees savings of 10.41 crore annually (33 lakh per day) at 15% simulator
induction. An additional simulator induction at 5%, 15%, and 25%, savings could increase by 328.97
crore, ¥86.91 crore, and ¥144.85 crore annually, and %8 lakh, %24 lakh, and 340 lakh per day.

»  For the Armoured Corps, the current savings at present 15% induction is 32.65 crore annually
(1 lakh per day) could rise significantly by ¥40.55 crore, 3121.65 crore, and 202.75 crore annually with
additional simulator adoption of 5%, 15%, and 25%. The daily savings in this case would be %11 lakh,
%33 lakh, and %56 lakh, respectively.
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Table 9: NPV of Savings in Fuel and Ammunition Costs from the Induction of IWTS for Training

Net Present Value of Savings (% crore)

. Present Status |Additional 5% Additional 15% Additional 25%
Combat Arm | Metric

15% (in X crore) |Induction Induction Induction
(in ¥ crore) (in ¥ crore) (in ¥ crore)

Infantry Annual 407.84 390.95 1172.85 1954.76

Perday 112 1.07 3.21 5.36
Artillery Annual 9.46 144.82 434.46 72410

Perday  0.03 0.4 1.19 1.98
Army Air Annual 10.41 28.97 86.91 144.85
Defence Perday  0.03 0.08 0.24 0.4
Armoured Annual 2.65 40.55 121.65 202.75
Corps Perday  0.01 0.1 0.33 0.56
Mechanised  Annual 30.83 38.61 115.83 193.05
Infantry Perday 0.08 0.11 0.32 0.53
Total Annual 461.20 643.90 1931.70 3219.50

Per day 1.26 1.76 5.29 8.82

Source: TERI Study

»  The Mechanised Infantry presently at 15% induction saves ¥30.83 crore annually (30.08 crore per day),
which increases by ¥38.61 crore, %115.83 crore, and ¥193.05 crore annually with higher simulator use,
i.e., additional 5%, 15% and 25%. This translates to daily savings of %11 lakh, 32 lakh, and %53 lakh,
respectively.

Collectively, the total annual savings across all combat arms at the current 15% simulator induction level
is 461.20 crore (%1.26 crore per day). These savings rise by ¥643.90 crore (31.76 crore/day), 31,931.70 crore
(%5.29 crore/day), and 3,219.50 crore (38.82 crore/day) with additional simulator inductions of 5%, 15%,
and 25%, respectively. The analysis demonstrates that even incremental increases in simulator use can
lead to exponential cost savings, enhancing both operational efficiency and resource sustainability.

3.2 On-Field Light 4W Vehicles and Driving Training Simulator

The Indian Army employs a variety of light 4-wheeler vehicles, ranging from 250 CWT to 1.5 tonnes,
including models such as the Maruti Gypsy, Maruti Ciaz, Mahindra Jeep, and Tata Safari Storme. Drivers
operating these vehicles require specialized training to navigate both on-road and off-road conditions,
as well as diverse and rugged terrains.

Driving Training Simulators (DTS) are equipped with a wide range of terrain settings and environmental
conditions, offering a realistic and immersive training experience. The following section presents an
assessment of fuel savings, along with the associated environmental and economic benefits, derived
from the integration of DTS across the five major combat arms.
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Assumptions Used in the Analysis

A light 4-wheeler vehicle used for training purposes covers approximately 100 km per month and has a
service life of 15 years, with an initial capital cost of %10 lakh. Considering concurrent use for operational
activities, it is assumed that 20% of the capital cost is attributable to training. The salvage value is
considered as 10% of the capital cost. Annual maintenance costs are estimated at 5% of the capital cost,
with logistics costs set at 10% of the maintenance cost. The vehicle has an average fuel efficiency of 6 km
per litre and uses petrol, priced at 395 per litre for the base year. An annual petrol price inflation of 7.5%
has been applied, based on the compound annual growth rate (CAGR) observed between 2015 and 2020
(Source: TERI study). In comparison, the driving simulator has a total capital cost of ¥3 lakh, with a salvage
value of 5% of its capital cost. The annual maintenance cost of the simulator is estimated at 10% of the
capital cost. As the 4-wheeler uses petrol, both the production and combustion of this fuel contribute to
environmental impacts. However, to maintain consistency with other assessments in this paper, only the
greenhouse gas (GHG) emissions from tailpipe combustion have been considered in the analysis.

Environmental Assessment of On-Field Light 4W Vehicles and Driving Training Simulator

At the tailpipe, petrol combustion is estimated to release 2.3 kg CO, eq./litre. Therefore, to cover 1200 km
per year (at 100 km per month usage for training) and 18,000 km during the entire lifetime, the amount of
petrol required is 200 litres and 3000 litres, respectively.

The total annual environmental burden of using on-field light 4W vehicle for training across all the units
of the five major combat arms is estimated to be more than 48.57 tonnes of CO, eq. The emissions from
individual combat arms are given in Table 10.

Table 10: Total Annual Environmental Burden of Using On-field Light 4W Vehicles for Training for Five
Combat Arms

Combat Arm Total number Total Annual Total Fuel Total Emission
of light 4W at Distance Consumption | from Training for
national level Covered all units

Infantry 5,400 64,80,000 10,80,000 24,84,000

Artillery 3,000 36,00,000 6,00,000 13,80,000

Army Air Defence 720 8,64,000 1,44,000 3,31,200

Armoured Corps 840 10,08,000 1,68,000 3,86,400

Mechanised Infantry 600 7,20,000 1,20,000 2,76,000

Total 10,560 1,26,72,000 21,12,000 48,57,600

The annual environmental burden arising from the use of on-field light 4W vehicles for training in case of
infantry stands at 2484 tonnes CO, eq., for Artillery it is 1380 tonnes CO, eq., and for Army Air Defence
it is 331 tonnes CO, eq. In case of Armoured Corps and Mechanised Infantry, these values stand at 386
tonnes CO, eq. and 276 tonnes CO, eq., respectively.

Table 11 gives the annual gross emission reduction that is achieved in the present status of DTS induction of
15% and the potential gross emission reduction that can be achieved through additional 5%, 15%, and 25%
shift to DTS simulator for training in light 4W vehicles. In total, across all the units of the five major arms

Indian Armed Forces and Environmental Sustainability:

A Comprehensive Assessment of Simulators in ‘Green Training’




considered, there is an estimated gross avoided emission of more than 728 tonnes of CO, eq. emissions
at the present simulator induction status. An additional 5% shift to DTS has the potential to generate an
additional gross emission saving of more than 242 tonnes of CO, eq. This stands at 728 tonnes CO, eq. and
1214 tonnes CO, eq. for an additional simulator induction of 15% and 25%, respectively.

The gross emission reduction from each combat arm in this regard is given in Table 11.

Table 11: Annual Gross Emission Reduction Achieved under the Current DTS Induction Level (15%) and
Potential Reduction under Additional 5%, 15%, and 25% Scenarios

Annual Gross Emission Reduction (kg CO, eq./annum)

Combat Arm Present Status Additional 5% Additional 15% Additional 25%

15% (kg CO, eq.) | Induction (kg CO, Induction (kg CO, Induction (kg CO,
eq.) eq.) eq.)

Infantry 3,72,600 1,24,200 3,72,600 6,21,000

Artillery 49,680 16,560 49,680 82,800

Army Air 57,960 19,320 57,960 96,600

Defence

Armoured 2,07,000 69,000 2,07,000 3,45,000

Corps

Mechanised 41,400 13,800 41,400 69,000

Infantry

Total 7,28,640 2,42,880 7,28,640 12,14,400

Source: TERI Study

Economic Assessment of On-Field Light 4W Vehicles and Driving Training Simulator

A total of 880 light 4-wheelers are deployed across units of the five major combat arms considered in this
analysis, covering an annual distance of 12,672,000 km. This results in a combined annual fuel consumption
of 21,12,000 litres, incurring a total fuel cost of ¥20,06,40,000. The detailed breakdown of annual fuel
consumption and associated costs across the combat arms is presented in Table 12.

Table 12:Detailed Breakdown of Fuel Consumption and Associated Costs from Use of On-field Light 4W
Vehicles for Five Combat Arms

Combat Arms Light 4W across | Annual Distance Annual Fuel Annual Cost of
all unit Covered (in km) Used (in litres) Fuel Use (in )
Infantry 450 64,80,000 10,80,000 10,26,00,000
Artillery 60 8,64,000 1,44,000 1,36,80,000
Army Air Defence 70 10,08,000 1,68,000 1,59,60,000
Armoured Corps 250 36,00,000 6,00,000 5,70,00,000
Mechanised Infantry 50 7,20,000 1,20,000 1,14,00,000
Total 880 1,26,72,000 21,12,000 20,06,40,000
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The induction of DTS offers substantial long-term financial benefits across all combat arms. Table 13
presents a detailed NPV analysis of potential savings over a 20-year period, using an 8% discount rate and
assuming a 5% annual increase in fuel and ammunition costs. Savings are estimated under four scenarios:
the current DTS induction level of 15%, and incremental increases of 5%, 15%, and 25%. Results are provided
on both an annual and per-day basis to quantify the financial benefits of expanding DTS adoption.

Table 13: NPV of Savings in Fuel Costs from the Induction of DTS for Training

Net Present Value of Savings (% crore)

Present Additional 5% | Additional 15% Additional 25%

Combat Arms
Status 15% | Induction Induction Induction
(% crore) (% crore) (% crore) (% crore)
Infantry Annual 1.29 7.93 23.79 39.65
Per day 0.0035 0.0217 0.0652 0.1086
Artillery Annual 0.72 4.41 13.22 22.03
Perday  0.0020 0.0121 0.0362 0.0603
Army Air Defence Annual 0.17 1.06 3.34 5.29
Perday  0.0005 0.0029 0.0092 0.0145
Armoured Corps Annual 0.20 1.23 3.70 6.17
Per day 0.0005 0.0034 0.0101 0.0169
Mechanised Infantry ~ Annual 0.14 0.88 2.64 4.41
Per day 0.0004 0.0024 0.0072 0.0121
Total Annual 2.52 15.51 46.69 77.53
Perday 0.01 0.04 0.13 0.21

Source: TERI Study

»  FortheInfantry, the annual savings at the current 15% simulator induction stand at %1.29 crore (335,000
per day). With an additional 5% induction, the savings increase by 37.93 crore (32.17 lakh per day); at
an additional 15%, savings reach ¥23.79 crore (36.52 lakh per day); and with a 25% increase, the savings
amount to ¥39.65 crore (310.86 lakh per day).

»  For the Artillery, annual savings at the current 15% induction are 72 lakh (320,000 per day), which
increase by ¥4.41 crore (%1.21 lakh per day) with an additional 5% induction. At an additional 15%
induction, the savings increase by ¥13.22 crore (%3.62 lakh per day), and with a 25% increase, the
savings increase by %22.03 crore (36.03 lakh per day).

»  Inthe case of Army Air Defence, current savings at 15% induction are 17 lakh (5,000 per day). These
increase by 1.06 crore (329,000 per day) with an additional 5% induction, ¥3.34 crore (392,000 per
day) with a 15% increase, and %5.29 crore (31.45 lakh per day) with a 25% increase.
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»  Forthe Armoured Corps, the annual savings at the current 15% simulator induction stand at 320 lakh
(%5,000 per day). These increase by %1.23 crore (334,000 per day) with an additional 5% induction,
%3.70 crore (%1.01 lakh per day) with an additional 15%, and %6.17 crore (%1.69 lakh per day) with a 25%
increase.

»  Forthe Mechanised Infantry, savings at the current 15% induction are 314 lakh (34,000 per day), which
increase by %88 lakh (324,000 per day) with an additional 5%, ¥2.64 crore (372,000 per day) with an
additional 15%, and ¥4.41 crore (%1.21 lakh per day) with a 25% increase.

Aggregated across all combat arms, the total annual NPV savings are %2.52 crore at the current 15%
induction level. These increase by 15.51 crore with an additional 5% induction, 346.69 crore with an
additional 15%, and %77.53 crore with a 25% increase. Corresponding daily savings are ¥1 lakh at the
current 15%, 34 lakh at an additional 5%, 13 lakh at an additional 15%, and 21 lakh with a 25% increase. The
consistent upward trend in these findings underscores the significant long-term economic benefits and
budget optimization opportunities that can be achieved through expanded deployment of DTS.

In addition to the primary combat arms, several supporting and affiliated arms and services—such as
the Rashtriya Rifles, Assam Rifles, Territorial Army, Corps of Engineers, Signals, Army Aviation, Army
Service Corps, Army Ordnance Corps, and Corps of Electrical and Mechanical Engineers—also undertake
training using 5.56x45-mm ammunition and light four-wheeled vehicles. The introduction of the IWTS
and DTS for these formations is expected to yield comparable environmental and economic benefits to
those observed in the five major combat arms assessed in this study. This underlines the potential for
significantly greater cumulative gains through broader simulator adoption across the armed forces.
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Chapter 4
Assessing the Environmental and
Economic Benefits of Simulators
for Infantry




Infantry weapon systems form the backbone of a nation’s ground combat capabilities. Designed to
enhance the operational effectiveness of foot soldiers, these systems include a range of arms from rifles
and machine guns to grenade launchers, mortars, and anti-tank guided missiles. Modern Infantry weapons
are engineered for precision, mobility, and adaptability across diverse combat environments. By integrating
advanced technology, improved ergonomics, and increased firepower, these systems ensure that Infantry
units remain versatile and combat ready in both conventional and asymmetric warfare scenarios.

4.1 7.62x51-mm Belted Ammunition and Medium Machine Gun
Simulator

The 7.62x51-mm cartridge, developed in the 1950s, is a widely used rifle round designed for military
applications. It provides a balanced combination of accuracy, effective range, and stopping power, making
it ideal for battle rifles, designated marksman rifles, and general-purpose machine guns. Renowned for
its reliability and consistent performance, the 7.62x51-mm remains in active service worldwide and is
extensively used for both combat operations and training exercises.

Assumptions Used in the Analysis

A 7.62x51-mm ammunition has similar component composition as a 5.56x45-mm ammunition consisting
of a projectile, primer, propellant, and cartridge case. Thus, due to lack of detailed specifications of
weight-wise energetic and non-energetic composition of 7.62x51-mm ammunition, a mass-based scaling
approach was used referencing detailed LCA results for 5.56x45-mm ammunition modelled in SimaPro.
Emissions were scaled proportionally by total mass for manufacturing and by propellant mass for the use
phase, yielding an estimated 1.178 kg CO,-eq. for manufacturing and 0.000001406 kg CO,-eq. for the use
phase of one 7.62-mm round. The detailed calculation and specification of 7.62-mm round considered for
calculation is provided in Appendix 12.

For 1 Infantry battalion, eight 7.62x51-mm MMGs are provided. One MMG is used by two personnel for
training making it equivalent of possessing 16 MMGs per battalion, with 1,000 rounds annually for training
per MMG per personnel. There are 450 such Infantry battalions in total. Currently, approximately 15% of
this training is conducted using simulators, indicating a partial shift from traditional live-fire methods.
For transition of MMG training to simulators, one MMG simulator per battalion would be required
amounting to 450 simulators in total. Each simulator is estimated to cost ¥75 lakh and offers an average
operational lifespan of 20 years. Presently, each battalion undertakes four annual trips to firing ranges,
with each trip covering a 10-km round trip using 25 trucks. With an average fuel efficiency of 10 km per
litre and diesel priced at ¥85 per litre, shifting to simulator-based training would significantly lower fuel
and transport expenditures.

Environmental Assessment of 7.62x51-mm Ammunition and Medium Machine Gun Simulator
The manufacturing and use of one 7.62x51-mm ammunition results in 1.18 kg CO, eq. emissions. Annually,
atthe Infantry level, this results in 8,481.61 tonnes of CO, eq. emissions. Additionally, there are 11,250 trucks

at the Infantry level carrying the army personnels to the live firing ranges covering a round-trip distance
of 10 km for each trip, once in a quarter, resulting in 117 tonnes of emission annually at the Infantry level.

The GHG impact from production and use of 7.62x51-mm ammunition and the associated logistics for
training is given in Table 14.
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Table 14: Annual GWP of 7.62x51-mm Ammunition and Associated Movement to Live Ranges for

Training in the Infantry

Total environmental burden from production and use of 7.62x51-mm ammunition for training

Per ammunition

For 450 Infantry units annually

(kg CO, eq.) (kg CO, eq.)
Global Warming Potential production 1178 84,81,600
Global Warming Potential 0.000001406 10.12
Total Global Warming Potential 118 84,81,610.12

Total environmental burden from movement to live ranges for training

Per truck per trip For 450 Infantry units annually
Number of trucks 1 11,250
Distance covered (km) 10 4,50,000
Fuel consumption (litres) 1 45,000
Total GWP (kg CO, eq.) 2.6 1,17,000

Source: TERI Study

Table 15 quantifies the gross emission reduction that can be achieved through the integration of MMG
simulator. The use of MMG simulator saves emissions from ammunition firing as well as from reduced fuel
usage from reduced travel to the live firing ranges. The estimation of gross emission reduction has been
done for the present status of MMG simulator integration of 15% for the Infantry and for incremental
induction of 5%, 15%, and 25% scenarios.

Table 15: Gross Annual Emission Reduction from Integration of MMG Simulator for Training in 7.62x51-
mm Ammunition

Additional 5% | Additional 15% | Additional 25%
Induction (in%) | Induction (in%) | Induction (in )

Present Status
(15%) (in %)

Annual Gross Emission

Reduction

From reduced firing 12,72,241.518 4,24,080.506 12,72,241.518 21,20,402.531
From reduced movement 17,550 5,850 17,550 29,250
Total 12,89,791.518 4,29,930.506 12,89,791.518 21,49,652.531

Source: TERI Study

At the present level of MMG simulator integration for the Infantry combat arm, there is a gross emission
reduction of 1,289.8 tonnes of CO, eq. emission reduction that is being achieved. An additional MMG
simulator induction of 5% will achieve a gross emission reduction of more than 429.9 tonnes of CO, eq.
emission while a substantial gross emission reduction of more than 2,149.6 tonnes ofCO2 is observed at an
additional 25% shift to simulators. This arises from both, the reduced firing as well as the reduced troop
movement to live firing ranges that is achieved through simulator integration as presented in Table 15.
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Economic Assessment of 7.62x51-mm Ammunition and Medium Machine Gun Simulator

The annual fuel consumption for training operations across all Infantry battalions is estimated at 45,000
litres, resulting in a total annual fuel cost of ¥38.25 lakh. In addition, the nationwide annual expenditure
on 7.62x51-mm ammunition for training purposes amounts to %144 crore. A detailed cost breakdown is
provided in Table 16.

Table 16: Detailed Breakdown of Fuel and Ammunition Cost for Training in 7.62x51-mm Ammunition in
Live Ranges for the Infantry

Heads Values

Number of firings annually at army level (in lakh) 72
Annual cost of ammunition at army level (in % crore) 144
Annual fuel consumption at army level (in litres) 45,000
Annual total cost of fuel (in ¥ lakh) 38.25

Tables 17 and 18 present the annual training cost savings on fuel and ammunition across all units equipped
with the MMG 7.62x51-mm belted, based on varying levels of simulator induction.

At the current simulator holdings level of 15%, annual fuel cost savings amount to ¥5.74 lakh. A 5% increase
in simulator induction results in additional fuel savings of 1.91 lakh. Further increases of 15% and 25% lead
to additional annual fuel savings of ¥5.74 lakh and 9.56 lakh respectively, demonstrating a consistent
reduction in fuel consumption with greater simulator use.

In terms of ammunition cost savings, the current 15% simulator holdings yield an annual saving of 321.6
crore. An additional 5% induction increases the saving by 7.2 crore. More substantial increases of 15% and
25% over the current induction level generate increased annual ammunition savings of 321.6 crore and
%36 crore, respectively.

Table 17: Annual Transportation Cost Savings under the Current MMG Induction Level (15%), as well
as Additional Induction Scenarios of 5%, 15%, and 25%

Weapon/Ammunition | Present Status | Additional 5% Additional 15% Additional 25%

(15%) (in %) Induction (in ) Induction (in ) Induction (in %)
Med Machine Gun- 573,750 191,250 573,750 956,250

7.62x51-mm belted
Source: TERI Study

Table 18: Annual Ammunition Cost Savings under the Current MMG Induction Level (15%), as well as
Additional Induction Scenarios of 5%, 15%, and 25%

Weapon/Ammunition Present Status | Additional 5% Additional 15% Additional 25%

(15%) (in %) Induction (in ) Induction (in ) Induction (in )

Med Machine Gun- 21,60,00,000 7,20,00,000 21,60,00,000 36,00,00,000
7.62x51-mm belted
Source: TERI Study
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With a per-unit cost of ¥75 lakh, the total capital expenditure on MMG simulators amounts to ¥337.5 crore,
providing services over an estimated 20-year lifespan. The analysis projects savings over this 20-year period,
applying an 8% discount rate and assuming a 5% annual increase in fuel and ammunition costs.

By reducing transportation requirements and live ammunition usage through MMG simulator integration,
significant economic savings can be realized, as detailed in Table 19. The NPV analysis estimates potential
savings in fuel and ammunition costs associated with simulator-based training for the MMG combat
arm. At the current 15% simulator induction level, the annual NPV of savings is %10.66 crore, equating
to approximately 3 lakh per day. With 5% increase in induction leads to a substantial increase in annual
savings by 116.05 crore. Further increases of 15% and 25% in induction increases annual savings by ¥348.16
crore and ¥580.27 crore, respectively, corresponding to increase in daily savings of ¥0.95 crore and %1.59
crore. These figures underscore the considerable economic advantages of expanding simulator-based
training for MMG units, highlighting its cost-effectiveness in reducing expenditures related to live training.

Table 19: NPV of Savings in Fuel and Ammunition Costs from the Induction of MMG simulator for
Training in the Infantry

Net Present Value of Savings (% crore)

Weapon/Ammunition | Metric Present Additional 5% Additional 15% | Additional

Status 15% | Induction (% Induction (X 25% Induction
(% crore) crore) crore) (% crore)
Med Machine Gun Annual 10.66 116.05 348.16 580.27
Per day 0.03 0.32 0.95 1.59

Source: TERI Study

4.2. 84-mm Rocket Launcher Ammunition and Rocket
Launcher Simulator

The 84-mm Rocket Launcher Carl-Gustaf M4 is a versatile, man-portable weapon system designed to
enhance anti-tank capabilities through a broad array of ammunition types, allowing adaptability to diverse
battlefield conditions. Since its introduction in 1948, the Carl-Gustaf system has continuously evolved to
meet modern combat requirements while maintaining compatibility with future advancements.

As a shoulder-launched, recoilless multi-role weapon, the Carl-Gustaf M4 operates on the principle of
recoil counteraction (Harnos, 2020). Most of the recoil compensation arises from the gas pulse generated
by the propellant charge, supplemented by gas pressure expelled through the nozzle. This design keeps
the net reaction force on the weapon close to zero, significantly reducing recoil impact on the operator.
However, this advantage entails lower efficiency—both environmental and economic—as a portion of
the propellant energy is diverted to generating the counteracting force rather than accelerating the
projectile. Consequently, the thermal efficiency of the system is lower compared to conventional firearms
(Harnos, 2020).

In this analysis, a generic 84-mm Rocket Launcher round weighing 3.4 kg is examined. The projectile,
approximately 2.5 kg, features an aluminium alloy outer casing and contains an Octol bursting charge.®
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The propellant system uses a double-base AKB 204 propellant, and the primer consists of a Z2A primer
combined with black powder.® The fuse, made from aluminium, contains an embedded explosive charge.
The propulsion system includes an aluminium-bodied motor filled with NK-700 composite solid propellant
and an igniter.

The emissions generated during the use phase considers only the detonation emissions’ since complete
data for the POF could not be obtained. A comprehensive breakdown of the energetic and non-energetic
components of the 84-mm Rocket Launcher round considered in this study, along with detailed use-
phase emission data, is provided in Appendix 5.

Assumptions Used in the Analysis

Each Infantry battalion is equipped with 12 rocket launchers and allocated 10 rounds of 84-mm Rocket
Launcher ammunition per launcher annually, with each round costing ¥60,000. There are approximately
450 Infantry battalions nationwide, and each battalion is also provided with one rocket launcher simulator
resulting in a total of 450 simulators. Currently, approximately 15% of this training is conducted using
simulators, indicating a partial shift from traditional live-fire methods. Each simulator costs 1.3 crore and
has an expected lifespan of 20 years. For live-fire training exercises, each battalion undertakes one annual
trip to a firing range, covering a total distance of 500 km per round trip. Each trip requires 25 trucks per
battalion, with an average fuel efficiency of 10 km per litre. Diesel costs are estimated at 85 per litre.

Environmental Assessment of 84-mm Rocket Launcher Rocket Launcher Ammunition and Rocket
Launcher Simulator

The GHG impact from production and use of 84-mm Rocket Launcher ammunition and the associated
movement of troops to the live firing ranges is given in Table 20.

Table 20: Annual GWP of 84-mm Rocket Launcher Ammunition and Associated Movement to Live
ranges for Training in the Infantry

Total environmental burden from production and use of 84-mm Rocket Launcher ammunition for
training

Per ammunition (kg CO_ eq.) | For 450 units (kg CO, eq.)

Global Warming Potential . . 56.5 30,51,000
Global Warming Potential 8 0.1996 10,778.4
Total Global Warming Potential 56.7 30,61,778.4

Total environmental burden from movement to live ranges for training

Per truck per trip For 450 units

Number of trucks 1 11,250
Distance Covered (km) 500 56,25,000
Fuel Consumption (litres) 50 5,62,500
Total GWP (kg CO, eq.) 130 14,62,500

Source: TERI Study

@

Data obtained from Ammunition Nexter Catalogue 2022/2023
Data obtained from L-14 Gustav user handbook, Swedish Armed Forces and Jane's Information Group, 2004

o

~

Data Obtained from U.S. Environmental Protection Agency. (2008, June) and calibrated for analysis by the authors

©

The point of fire emissions for 84-mm Rocket Launcher ammunition could not be obtained, thus the use phase emissions
consist of only the detonation emissions.

Indian Armed Forces and Environmental Sustainability:

A Comprehensive Assessment of Simulators in ‘Green Training’




At the Infantry level, the manufacturing and use of 84-mm Rocket Launcher ammunition results in
more than 3061 tonnes of CO, eq. emissions annually from training activities. The emissions from troop
movement to the live firing ranges for training, additionally emits more than 1462 tonnes of CO, eq.

The induction of rocket launcher simulator has the potential to generate both environmental and
economic benefits by reducing the number of live ammunition fired and the fuel consumption from
associated logistics.

Table 21 presents the estimated emission reductions achieved under the current 15% simulator induction
status, as well as the potential incremental savings that can be achieved through shifting additional 5%,
15%, and 25% to the simulator from live firing training for 84-mm Rocket Launcher ammunition.

Table 21: Gross Annual Emission Reduction from Integration of Rocket Launcher Simulator for Training
in the Infantry

Annual Gross Emission Present Status | Additional 5% | Additional 15% | Additional 25%

Reduction (15%) (kg CO, Induction (kg Induction (kg Induction (kg CO,
eq./annum) CO, eq./annum) | CO, eq./annum) | eq./annum)

From reduced firing 4,59,266.76 1,53,088.92 4,59,266.76 7,65,444.6

From reduced movement 2.19,375 73,125 219,375 3,65,625

Total 6,78,641.76 2,26,213.92 6,78,641.76 11,31,069.6

Source: TERI Study

At the present 15% induction status, there is a gross emission saving of nearly 679 tonnes of CO, eq. from
both reduced firing and troop movement to live ranges. With an incremental 5% shift to rocket launcher
simulator, there is an estimated total gross emission reduction of 226.2 tonnes of CO, eq. This increases to
678.6 tonnes of CO, eq. and 1,131 tonnes of CO, eq. in case of additional 15% and 25% simulator induction
respectively from, both, reduced ammunition firing and associated travel to live firing ranges.

Economic Analysis of 84-mm Rocket Launcher Ammunition and Rocket Launcher Simulator

The annual fuel consumption for training operations amounts to 5.63 lakh litres, costing ¥4.78 crore per
year for 450 battalions. Additionally, the total annual expenditure on the purchase of 84-mm Rocket
Launcher ammunition for Infantry training at the national level is ¥324 crore. A detailed cost breakdown
is provided in Table 22.

Table 22: Detailed Breakdown of Fuel and Ammunition Costs for Training in 84-mm Rocket Launcher
Ammunition in Live Ranges for the Infantry

Heads Values

Number of firings annually at Army level 54,000
Annual cost of ammunition at Army level (in % crore) 324
Annual fuel consumption at Army level (in lakh litres) 5.63
Annual total cost of fuel (in ¥ crore) 478
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With a per-unit cost of %1.3 crore, the total capital expenditure on simulators amounts to ¥585 crore,
providing services for approximately 20 years. Tables 23 and 24 illustrate the annual training cost savings
in fuel and ammunition resulting from varying levels of simulator induction for the Rocket Launcher - 84-
mm Rocket Launcher HEAT system across all operational units.

Regarding fuel savings, under the current 15% simulator induction scenario, the annual cost saving
amounts to ¥71.72 lakh. A 5% increase in induction results in additional savings of ¥23.90 lakh. More
substantial increases of 15% and 25% above the current level led to additional annual savings of 71.72 lakh
and ¥119.53 lakh respectively, indicating a strong positive correlation between simulator usage and fuel
cost reduction.

In terms of ammunition savings, the present 15% simulator induction yields an annual saving of 348.6
crore. A further 5% increase raises the savings by %16.2 crore. Simulator usage increases of additional
15% and 25% result in additional savings of ¥48.6 crore and %81 crore, respectively. This data clearly
demonstrates the considerable cost benefits of scaling up simulator-based training, particularly for high-
cost ammunition systems such as the Rocket Launcher - 84-mm Rocket Launcher HEAT.

Table 23: Annual Transportation Cost Savings under the Current Rocket Launcher Simulator Induction
Level (15%), as well as Additional Induction Scenarios of 5%, 15%, and 25%

Weapon/Ammunition | Present Status | Additional 5% Additional 15% Additional 25%

(15%) (in %) Induction (in %) Induction (in %) Induction (in %)
Rocket Launcher- 84-  71,71,875 23,90,625 71,71,875 1,19,53,125
mm Rocket Launcher
HEAT

Source: TERI Study

Table 24: Annual Ammunition Cost Savings under the Current Rocket Launcher Simulator Induction
Level (15%), as well as Additional Induction Scenarios of 5%, 15%, and 25%

Weapon/Ammunition | Present Status | Additional 5% Additional 15% Additional 25%

(15%) (in %) Induction (in %) Induction (in %) Induction (in %)

Rocket Launcher - 48,60,00,000 16,20,00,000 48,60,00,000 81,00,00,000
84-mm Rocket
Launcher HEAT

Source: TERI Study

With a per-unit cost of 1.3 crore, the total capital expenditure on simulators amounts to ¥585 crore,
providing services for approximately 20 years. This analysis is based on a 20-year projection, incorporating
an 8% discount rate and assuming a 5% annual increase in fuel and ammunition costs. By reducing
transportation requirements and live-fire ammunition usage through the integration of Rocket Launcher
(RL) simulators, significant economic savings can be realized.
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Table 25 illustrates the NPV of savings associated with increased simulator induction for the Rocket
Launcher - 84-mm Rocket Launcher HEAT system, highlighting both annual and daily savings across
various scenarios. Under the current 15% simulator induction rate, annual savings amount to 3207.82
crore, with daily savings of ¥57 lakh. A 5% increase in induction raises annual savings by 3264.27 crore (372
lakh per day). A further 15% additional increase results in savings increased by ¥792.82 crore annually (32.17
crore per day). At the highest assessed level, an additional 25% increase in induction leads to additional
annual savings of 1,321.36 crore, corresponding to ¥3.62 crore per day.

Table 25: NPV of Savings in Fuel and Ammunition Costs from the Induction of Rocket Launcher
Simulator for Training in the Infantry

Net Present Value of Savings (3 crore)

Weapon/ Metric Present Status | Additional 5% Additional 15% | Additional 25%

Ammunition 15% (Z crore) | Induction (% Induction (% Induction (%
crore) crore) crore)

Rocket Annual 207.82 264.27 792.82 1321.36

Launcher- 84-

mm Rocket Per day 0.57 0.72 217 3.62

Launcher HEAT

Source: TERI Study

4.3 81-mm Mortar Ammunition and Mortar Simulator

A mortar is a weapon that fires explosive projectiles, known as mortar bombs, at low velocities, short
ranges, and high-arching ballistic trajectories. The 81-mm generic mortar bomb considered in this analysis
is equipped with a point-detonating (PD) fuse, which is mechanical in nature and classified as second
generation.? These fuses utilize a primary explosive-based detonator that is sensitive to heat, friction,
and shock. Additionally, they incorporate complex safety and alignment mechanisms.® The mortar bomb
analysed here uses a single base propellant composed of nitrocellulose. The use-phase emissions for the
81-mm ammunition account for both the probability of failure (POF) and detonation emissions released
into the air."

A complete inventory of the energetic and non-energetic components of the 81-mm Mortar bomb, along
with the use-phase emissions, is provided in Appendix 4.

Assumptions Used in the Analysis

An Infantry battalion is allotted 6 Mortars with an annual usage of 20 rounds of 81-mm ammunition
per weapon, each costing 330,000 per round. At the national level, the total number of such Infantry
battalions is assumed to be 450. Currently, approximately 15% of this training is conducted using
simulators, indicating a partial shift from traditional live-fire methods. Each battalion is allocated one

° Data obtained from Ammunition Nexter Catalogue 2022/2023
o DRDO. (n.d.). 8Imm mortar. Ministry of Defence, Government of India.

n Data Obtained from US Environmental Protection Agency. (2008, June) and calibrated for analysis by the authors
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mortar simulator (IMS), resulting in a total of 450 simulators across all units. The per-unit cost of each
simulator is ¥85 lakh, with an average service life of 20 years.

For troop movement to live firing ranges, avoided costs are calculated based on a single annual trip per
battalion covering 500 kilometres, requiring 25 trucks per battalion. The average fuel efficiency of each
truck is 10 kilometres per litre of diesel, with diesel priced at I85 per litre.

Environmental Assessment of 81-mm Mortar Ammunition and Mortar Simulator

The GHG impact from production and use of 81-mm ammunition for training and the emissions associated
with the troop movement is given in Table 26.

Table 26: Annual GWP of 81-mm Mortar Ammunition and Associated Movement to Live Ranges for
Training in the Infantry

Total environmental burden from production and use of 81-mm ammunition for training

Per ammunition (kg CO, eq.) | For 450 units (kg CO, eq.)

Global Warming Potential Production 31 16,74,00,000
Global Warming Potential Firing 0.00132 7,128

Global Warming Potential Detonation 0.635 34,29,000
Total Global Warming Potential 31.636 17,08,36,128

Total environmental burden from movement to live ranges for training

Per truck per trip For 450 units

Number of trucks 1 11,250
Distance Covered (km) 500 56,25,000
Fuel Consumption (litres) 50 5,62,500
Total GWP (kg CO, eq.) 130 14,62,500

Source: TERI Study

At the Infantry level, the manufacturing and use of 81-mm ammunition results in about 170.84 kilotonnes
of emissions annually from training activities. The corresponding emissions from troop movement to the
live firing ranges emit more than 1.46 kilotonnes of CO, eq.

The induction of IMS has the potential to generate both environmental and economic benefits by
reducing the number of live ammunition fired and the fuel consumption from associated logistics.
Table 27 provides the gross emission reduction from reduced firing and reduced fuel consumption for
the present Infantry mortar simulator induction scenario as well as the potential savings for the additional
induction scenarios of 5%, 15%, and 25%.

Presently, with 15% simulator integration, there is a total gross emission reduction of more than 475.6
tonnes of CO, eq. that is being achieved. With an additional 5% shift to IMS, there is a potential to achieve
additional gross emission reduction of 158.54 tonnes of CO, eq. Additional 15% and 25% IMS induction in
the Infantry leads to an estimated gross emission reduction of 475.6 tonnes of CO, eq. and 792.7 tonnes
of CO, eq., respectively.
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Table 27: Gross Annual Emission Reduction from Integration of 81-mm Mortar Simulator for Training
in the Infantry

Annual Gross Emission Present Status | Additional 5% Additional 15% Additional
Reduction (15%) (kg CO, Induction (kg CO, | Induction (kg CO, | 25% Induction
eq./annum) eq./annum) eq./annum) (kg CO, eq./
annum)
From reduced firing 2,56,254.192 85,418.064 2,56,254.192 4,27,090.32
From reduced movement 2,19,375 73,125 219,375 3,65,625
Total 4,75,629.192 1,58,543.064 4,75,629.192 7,92,715.32

Economic Analysis of 81-mm Mortar Ammunition and Mortar Simulator

The annual fuel consumption for training operations is 5.63 lakh litres, costing ¥4.78 crore per year for 450
battalions. Additionally, there is a total annual expenditure of 3162 crore on the purchase of 81-mm mortar
ammunition for training at the national level for the Infantry. The complete break-up of cost is provided
in Table 28.

Table 28: Detailed Breakdown of Fuel and Ammunition Costs for Training in 81-mm Mortar Ammunition
in Live Ranges for the Infantry

Heads Values

Number of firings annually at army level 54,000
Annual cost of ammunition at army level (in % crore) 162
Annual fuel consumption at army level (in lakh litres) 5.63
Annual total cost of fuel (in ¥ crore) 478

With a per-unit cost of ¥85 lakh, the total capital expenditure on simulators amounts to ¥382.5 crore,
providing services for approximately 20 years. Tables 29 and 30 illustrate the annual training cost savings
in fuel and ammunition resulting from varying levels of simulator induction for the Mortar - 81-mm across
all operational units.

Under the current 15% simulator induction scenario, annual fuel savings amount to %71.72 lakh, while
ammunition-related savings total ¥24.30 crore. A 5% increase in simulator induction leads to an additional
fuel saving of ¥23.91 lakh and ammunition savings of ¥8.10 crore. Notably, a 15% additional induction
level, leads to an additional fuel saving of ¥71.72 lakh, with additional ammunition savings of ¥24.30 crore.
However, at a 25% increase in simulator induction, additional annual fuel savings rise significantly by %1.20
crore, and ammunition savings surge by ¥40.50 crore.
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Table 29: Annual Transportation Cost Savings under the Current 81-mm Mortar Simulator Induction
Level (15%), as well as Additional Induction Scenarios of 5%, 15%, and 25%
Weapon/ Ammunition Present Status | Additional 5% |Additional 15% |Additional 25%

(15%) Induction Induction Induction

Mortar- 81-mm 71,71,875 23,90,625 71,71,875 1,19,53,125
Source: TERI Study

Table 30: Annual Ammunition Cost Savings under the Current 81-mm Mortar Simulator Induction Level
(15%), as well as Additional Induction Scenarios of 5%, 15%, and 25%
Weapon/ Ammunition Present Status | Additional 5% Additional 15% | Additional 25%

(15%) Induction Induction Induction

Mortar- 81-mm 24,30,00,000 8,10,00,000 24,30,00,000 40,50,00,000
Source: TERI Study

The NPV of savings associated with simulator-based training for the Mortar - 81-mm weapon system
demonstrates substantial financial advantages across varying levels of induction (Table 31). This analysis
is based on a 20-year projection, incorporating an 8% discount rate and assuming a 5% annual increase in
fuel and ammunition costs.

At the current 15% simulator induction level, the annual NPV of savings is 19.67 crore, with a daily
value of 35 lakh. As simulator induction increases, the financial benefits scale significantly: an additional
5% induction raises annual savings by 134.06 crore (337 lakh per day), while a 15% increase results in
%402.17 crore increase annually (31.10 crore per day). At the highest assessed increase of 25% simulator
deployment, savings increase by ¥670.29 crore annually (31.84 crore per day).

Table 31: NPV of Savings in Fuel and Ammunition Costs from the Induction of 81-mm Mortar Simulator
for Training in the Infantry

Net Present Value of Savings (3 crore)

Weapon/ Metri Present Status | Additional 5% |Additional 15% | Additional

Ammunition SHric 15% (% crore) |Induction (¥  |Induction (R 25% Induction
crore) crore) (% crore)

Mortar- 81- Annual 19.67 134.06 40217 670.29

mm Per day 0.05 0.37 110 1.84

Source: TERI Study

4.4 Anti-tank Missile Milan 2T and Anti-Tank Guided

Missile Simulator
The Milan 2T is a second-generation, man-portable anti-tank guided missile (ATGM) developed jointly
by France and Germany, and is widely used by several countries, including India. The missile has a calibre

of 115 mm and features a tandem high-explosive anti-tank (HEAT) warhead, specifically designed to
defeat modern armoured vehicles equipped with explosive reactive armour (ERA). It operates on a semi-
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automatic command to line of sight (SACLOS) wire-guided system, where the operator keeps the target
in sight after launch, and guidance signals are transmitted through a trailing wire to adjust the missile’s
path. The tandem warhead ensures that the first charge neutralizes the ERA, allowing the second charge
to penetrate the main armour.

Assumptions Used in the Analysis

Since primary LCA data is unavailable for Milan 2T, we estimate its GHG emissions by extrapolating from a
functionally and structurally similar system — the 84-mm Rocket Launcher Carl-Gustaf round — for which
manufacturing and use-phase emissions are available through a full LCA conducted in SimaPro. Emissions
were scaled proportionally by total mass for manufacturing and by propellant mass for the use phase,
yielding an estimated 125.36 kg CO,-eq. for manufacturing and 0.5988 kg CO,-eq. for the use phase
of one 115-mm Milan 2T missile. The detailed calculation and specification of 115-mm Milan 2T missile
considered for calculation is provided in Appendix 13.

An Infantry battalion is allotted 8 anti-tank missiles with an annual usage of 2 rounds per weapon, each
costing 3200,000. The total number of such Infantry battalions at the national level is assumed to be 450.
Currently, approximately 15% of this training is conducted using simulators, indicating a partial shift from
traditional live-fire methods. Each battalion is allocated one ATGM simulator, resulting in a total of 450
simulators across all units, with a per-unit cost of ¥70 lakh and an average service life of 20 years.

For troop movement to live firing ranges, avoided costs are calculated based on a single annual trip
per battalion covering 500 kilometres, requiring 20 trucks per battalion. Each truck has an average fuel
efficiency of 10 kilometres per litre of diesel, with diesel priced at ¥85 per litre.

Environmental Assessment of Anti-tank Missile: Milan 2T and ATGM simulator

The manufacturing and use of one 115-mm Milan 2T ammunition results in 125.96 kg CO, eq. emissions.
Annually, at the Infantry level, this results in nearly 907 tonnes of CO, eq. emissions. Additionally, there are
9000 trucks at the Infantry level carrying the army personnel to the live firing ranges covering a round-
trip distance of 500 km once in a year resulting in 1,170 tonnes of emission annually at the Infantry level.

Table 32: Annual GWP of Milan 2T Ammunition and Associated Movement to Live Ranges for Training
in the Infantry

Total environmental burden from production and use of Milan 2T ammunition for training

Per ammunition At Infantry level annually (kg CO,
(kg CO, eq.) eq.)
Global Warming Potential , ..., 125.36 9,02,592
Global Warming Potential 0.5988 4,311.36
Total Global Warming Potential 125.96 9,06,903.36
Per truck per trip At Infantry level annually
Number of trucks 1 9,000
Distance Covered (km) 500 45,00,000
Fuel Consumption (litres) 50 4,50,000
Total GWP (kg CO, eq.) 130 1,170,000

Source: TERI Study
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Table 33 quantifies the gross emission reduction that can be achieved through the integration of ATGM
simulator. The use of ATGM simulator reduced ammunition use and fewer trips to live firing ranges. The
table gives the emission reduction at the present status of 15% ATGM simulator usage as well as the
potential gross emission reduction in case of additional 5%, 15%, and 25% ATGM simulator induction for
5.56x45-mm ammunition amongst the five considered combat arms.

Table 33: Gross Annual Emission Reduction from Integration of ATGM Simulator for Training in the
Infantry

Annual Gross Emission Present Status | Additional 5% Additional 15% | Additional 25%

Reduction (15%) (kg CO, | Induction (kg CO, | Induction (kg Induction (kg CO,
eq./annum) eq./annum) CO, eq./annum) | eq./annum)

From reduced firing 1,36,035.504 45,345.168 1,36,035.504 2,26,725.84

From reduced movement  1,75,500 58,500 1,75,500 2,92,500

Total 3,11,535.504 1,03,845.168 3,11,535.504 5,19,225.84

Source: TERI Study

With the present 15% simulator integration, there is a total gross emission reduction of more than 311.5
tonnes of CO, eq. that is being achieved. With an additional 5% shift to ATGM simulator, thereis a potential
to achieve additional gross emission reduction of 103.8 tonnes of CO, eq. Additional 15% and 25% ATGM
simulator induction in the Infantry leads to an estimated gross emission reduction of 311.5 tonnes of CO,
eq. and 519.2 tonnes of CO, eq., respectively.

Economic Analysis of Anti-tank Missile: Milan 2T and ATGM simulator

The annual fuel consumption for training operations is 4.5 lakh litres, costing ¥3.83 crore per year for
450 battalions. Additionally, there is a total annual expenditure of 144 crore on the purchase of Milan 2T
ammunition for training at the national level for the Infantry. The complete break-up of cost is provided
in Table 34.

Table 34: Detailed Breakdown of Fuel and Ammunition Costs for Training in Milan 2T Ammunition in
Live Ranges for the Infantry

Heads Values

Number of firings annually at army level 7,200
Annual cost of ammunition at army level (in X crore) 144
Annual fuel consumption at army level (in lakh litres) 4.5
Annual total cost of fuel (in X crore) 3.83

With a per-unit cost of 70 lakh, the total capital expenditure on simulators amounts to %315 crore,
providing services for approximately 20 years. The analysis of annual training cost savings across
all units for the Anti-Tank Missile Milan 2T system reveals significant cost advantages with increased
simulator induction. At the current 15% induction level, annual fuel savings amount to ¥57.38 lakh, while
ammunition savings total ¥21.60 crore. With an additional 5% induction, fuel savings increase by ¥19.13
lakh and ammunition savings rise by 7.20 crore. The cost benefits become even more compelling at
higher induction levels. A15% increase rises fuel savings by ¥57.38 lakh and ammunition savings by 321.60
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crore, whereas a 25% induction boost results in increasing annual savings by ¥95.63 lakh on fuel and
%36.00 crore on ammunition.

Table 35: Annual Transportation Cost Savings under the Current ATGM Simulator Induction Level
(15%), as well as Additional Induction Scenarios of 5%, 15%, and 25%

Weapon/ Ammunition Present Status | Additional 5% Additional 15% | Additional 25%

(15%) Induction Induction Induction

Anti-tank Missile- Milan 2T 57,37,500 19,12,500 57,37,500 95,62,500

Source: TERI Study

Table 36: Annual Ammunition Cost Savings under the Current ATGM Simulator Induction Level (15%),
as well as Additional Induction Scenarios of 5%, 15%, and 25%

Weapon/ Ammunition Present Status | Additional 5% | Additional 15% | Additional 25%

(15%) Induction Induction Induction

Anti-tank Missile- Milan 2T 21,60,00,000 7,20,00,000 21,60,00,000 36,00,00,000
Source: TERI Study

The NPV of savings from simulator-based training for the Anti-Tank Missile Milan 2T system highlights its
substantial long-term economic benefits. This analysis is based on a 20-year projection, incorporating an
8% discount rate and assuming a 5% annual increase in fuel and ammunition costs (Table 37).

At the current 15% simulator induction level, the annual NPV of savings is ¥41.46 crore, equivalent to
approximately %11 lakh per day. With an additional 5% induction, annual savings increase significantly by
%118.82 crore (X33 lakh per day). The benefits grow markedly at higher induction levels as a 15% increase
raises the NPV by %356.46 crore annually (398 lakh per day), while a 25% induction boost results in peak
savings by ¥594.10 crore annually (31.63 crore per day).

Table 37: NPV of Savings in Fuel and Ammunition Costs from the Induction of ATGM Simulator for
Training in the Infantry

Weapon/ Ammunition Metric Net Present Value of Savings (% crore)
Present Status | Additional 5% | Additional Additional
15% (% crore) | Induction (% 15% Induction | 25% Induction
crore) (% crore) (% crore)
Anti-tank Missile- Milan 2T Annual  41.46 118.82 356.46 594.10
Perday 0.1 0.33 0.98 1.63

Source: TERI Study
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Chapter 5
Assessing the Environmental and
Economic Benefits of Simulators
for Artillery




Artillery is a vital component of modern military forces, providing powerful and long-range fire support on
the battlefield. It encompasses a variety of large calibre weapons designed to deliver explosive projectiles
with precision and impact. Artillery units play a key role in shaping the battlefield by targeting enemy
positions, disrupting supply lines, and supporting Infantry and armoured units. Advances in technology
have enhanced artillery accuracy, mobility, and responsiveness, making it an indispensable asset in both
conventional and asymmetric warfare.

5.1 155-mm Ammunition and Artillery Forward Observers
Simulator

The 155-mm Artillery ammunition is a globally standard munition employed for delivering various payloads
in field Artillery operations. A typical 155-mm projectile consists of several key components—warhead,
explosive filling, fuse assembly, rotating band, among others. Upon firing, the propellant charge ignites,
propelling the projectile through the barrel. The rotating band imparts spin to the projectile, providing
gyroscopic stability during flight. Once the projectile reaches the target area, the fuse activates as
programmed, detonating the explosive filling. The resulting explosion causes the steel body to fragment,
producing a lethal radius effective against personnel and light materiel.

For this analysis, the 155-mm ammunition considered weighs 55.192 kg, comprising a 44.52 kg warhead,
9.67 kg of triple base propellant, and a 1.002 kg fuse. The warhead includes a steel casing, a copper driving
band, Composition B as the explosive filling, and pentaerythritol tetranitrate (PETN) as the booster
(Ferreira, 2017). The use-phase emissions of this ammunition encompass both propellant off-gassing
(POF) and detonation emissions.

The complete energetic and non-energetic material composition of 155 ammunition and its use phase
emission are provided in Appendix 6.

Assumptions Used in the Analysis

An Artillery regiment is allotted eighteen 155-mm gun ammunition with one firing per weapon annually, at
acost 0f%200,000 per round. The total number of such Artillery regiments at the national level is estimated
to be 250. Currently, approximately 15% of this training is conducted using simulators, indicating a partial
shift from traditional live-fire methods. Each regiment is allocated one firing operation simulator (FOS) or
gun simulator, totalling 250 simulators across all units, with a per-unit cost of ¥70,00,000 and an average
lifespan of 20 years.

For troop movements to live firing ranges, avoided costs are calculated based on a single annual trip per
regiment, covering 1,000 kilometres and requiring 20 trucks per regiment. Each truck has an average fuel
efficiency of 10 kilometres per litre of diesel, with diesel costing 85 per litre.

Environmental Assessment of 155-mm Ammunition and Artillery Forward Observers Simulator

The GHG impact from production and use phase of a 155-mm ammunition and the associated troop
movement for training is given in Table 38.
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Table 38: Annual GWP of 155-mm Ammunition and Associated Movement to Live Ranges for Training
in the Artillery

Total environmental burden from production and use of 155-mm ammunition for training

Per ammunition For 250 units
(kg CO, eq.) (kg CO, eq.)
Global Warming Potential production 260 1,17,00,000
Global Warming Potential . - 2.74 1,23,300
Global Warming Potential . . 0.191 8,595
Total GWP (kg CO, eq.) 262.931 1,18,31,895

Total environmental burden from movement to live ranges for training

Per truck per trip For 250 units

Number of Trucks 1 5,000
Distance Covered (km) 1,000 50,00,000
Fuel Consumption (litres) 100 5,00,000
Total GWP (kg CO, eq.) 260 13,00,000

Source: TERI Study

Annually, the manufacturing and use of 155-mm ammunition leads to a total CO, emission of more than
11,831.8 tonnes of CO, eq. (Table 37). The associated movement to live ranges for training leads to about
1,300 tonnes of CO, eq. emissions per year.

Table 39 quantifies the gross emission reduction arising from the induction FOS, which results in reduced
ammunition use and fewer trips to live firing ranges. The table gives the emission reduction at the present
status of 15% FOS usage as well as the potential gross emission reduction in case of additional 5%, 15%,
and 25% FOS induction for 155-mm ammunition amongst the Artillery.

Table 39: Gross Annual Emission Reduction from Integration of FOS for Training in 155-mm Ammunition

Annual Gross Emission Present Status | Additional 5% Additional 15% | Additional 25%

Reduction (15%) (kg CO, | Induction (kg Induction (kg Induction (kg CO,
eq./annum) CO, eq./annum) | CO, eq./annum) | eq./annum)

From reduced firing 17,74,784.25 5,91,594.75 17,74,784.25 29,57,973.75

From reduced movement 1,95,000 65,000 1,95,000 3,25,000

Total 19,69,784.25 6,56,594.75 19,69,784.25 32,82,973.75

Source: TERI Study

Presently, with 15% simulator integration, there is a total gross emission reduction of more than 1,969.7
tonnes of CO, eq. that is being achieved. With an additional 5% shift to FOS, there is a potential to achieve
additional gross emission reduction of 656.5 tonnes of CO, eq. Additional 15% and 25% FOS induction in
the Artillery leads to an estimated gross emission reduction of 1,969.7 tonnes of CO, eq. and 3,282.9
tonnes of CO, eq., respectively.
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Economic Analysis of 155-mm Ammunition and Artillery Forward Observers Simulator

The annual fuel consumption for training operations amounts to 5 lakh litres, incurring a cost of ¥4.25
crore per year for 250 regiments. Additionally, the total annual expenditure on 155-mm gun ammunition
for training at the national level for the Artillery is estimated at ¥900 crore. A detailed cost breakdown is
provided in Table 40.

Table 40: Detailed Breakdown of Fuel and Ammunition Costs for Training in 155-mm Ammunition in
Live Ranges for the Artillery

Heads Values

Number of firings annually at army level 45,000
Annual cost of ammunition at army level (in % crore) 900
Annual fuel consumption at army level (in lakh litres) 5
Annual total cost of fuel (in T crore) 4.25

With a per-unit cost of 370 lakh, the total capital expenditure on simulators amounts to %175 crore,
providing services for approximately 20 years. Tables 41 and 42 present the Annual Training Cost savings
for the 155-mm guns across all units, highlighting both fuel and ammunition savings under different
simulator induction scenarios.

In terms of fuel savings, the current scenario with 15% simulator induction yields annual savings of ¥63.75
lakh. This increases by 321.25 lakh with an additional 5% induction and rises by ¥63.75 lakh under an
additional 15% induction. Under a 25% additional induction scenario, fuel savings increase by 10.63 lakh
annually.

Ammunition savings are significantly more substantial. The present 15% induction results in annual savings
of %135 crore. An additional 5% induction increases by 45 crore in savings, while a 15% induction, increases
by %135 crore. At 25% additional induction the saving increases by 3225 crore annually.

Table 41: Annual Transportation Cost Savings under the Current FOS Induction Level (15%), as well as
Additional Induction Scenarios of 5%, 15%, and 25%

Weapon/ Ammunition | Present Status | Additional 5% Additional 15% Additional 25%

(15%) Induction Induction Induction

155-mm guns 63,75,000 21,25,000 63,75,000 1,06,25,000

Source: TERI Study

Table 42: Annual Ammunition Cost Savings under the Current FOS Induction Level (15%), as well as
Additional Induction Scenarios of 5%, 15%, and 25%

_ Annual TC saved on ammunition across all units

Weapon/ Ammunition Present Status | Additional 5% | Additional 15% | Additional 25%

(15%) Induction Induction Induction
155-mm guns 1,35,00,00,000  45,00,00,000 1,35,00,00,000  2,25,00,00,000
Source: TERI Study
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Table 43 illustrates the NPV of savings from the 155-mm guns simulator, considering both the current
induction level and potential incremental increases. This analysis is based on a 20-year projection,
incorporating an 8% discount rate and assuming a 5% annual rise in fuel and ammunition costs.

At the current 15% induction level, the annual NPV of savings stands at ¥2,005.49 crore, equating to
approximately ¥5.49 crore per day. An additional 5% induction would yield further savings of ¥726.83
crore annually (31.99 crore per day). With a 15% incremental induction, total annual savings increase by
32,180.49 crore, equivalent to ¥5.97 crore per day. The highest projected savings occur at a 25% additional
induction, savings increase by ¥3,634.16 crore, corresponding to 39.96 crore per day.

Table 43: NPV of Savings in Fuel and Ammunition Costs from the Induction of FOS for Training in the
Artillery

Net Present Value of Savings (3 Crore)

Weapon/ Metric Present Status | Additional 5% Additional 15% | Additional 25%
Ammunition 15% (Z crore) | Induction Induction Induction
(% crore) (% crore) (% crore)
155-mm guns  Annual 2,005.49 726.83 2,180.49 3,634.16
Per day 5.49 1.99 5.97 9.96

Source: TERI Study

5.2 Pinaka Ammunition and Simulator

(Note: Since live training simulators for the Pinaka system are currently under development by various simulator companies, the
figures quoted in this analysis are based on indicative assumptions and estimates for assessment purposes only.)

The Pinaka Multi-Barrel Rocket Launcher (MBRL) is a battle-proven, all-weather Artillery system designed
for rapid and precise area saturation. Each launcher is mounted on a high-mobility vehicle and equipped
with two pods, each containing six launcher tubes, enabling a salvo of 12 rockets to be fired within 44
seconds. The system supports multiple operational modes—including autonomous, stand-alone, remote,
and manual—facilitated by a fire control computer and an Automatic Gun Alignment and Pointing System
(AGAPS).

The Pinaka ammunition analysed here is 214 mm in diameter and weighs 325 kg. It comprises a 100 kg
warhead—which includes the fuse, casing, and explosives—and a propulsion system consisting of the
propellant, motor, and nozzle. The airframe as well as the guide and control systems are also included
within the scope of this assessment. The full inventory of energetic and non-energetic materials used in
the Pinaka ammunition, along with use-phase emissions to air, is detailed in Appendix 7.

Assumptions Used in the Analysis

An Artillery regiment is allotted 18 Pinaka missile, with a firing rate of 5 rounds per weapon system annually,
at a cost of 340 lakh per round. At the national level, there are assumed to be 250 such Artillery regiments
training in Pinaka Missile System. Currently, the Pinaka simulators are under research and development
with an estimated per-unit cost of each simulator at 317 crore with an average service life of 20 years. An
initial shift of 15% of the training to Pinaka simulators, and then the subsequent additional 5%, 15%, and
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25% partial shift from traditional live-fire methods is assumed to estimate the potential environmental
and economic savings arising from the induction of Pinaka simulators.

For troop movement to live-fire ranges, avoided costs are calculated based on a single annual trip per
regiment covering 1,000 kilometres, requiring 20 trucks per regiment. Each truck has an average fuel
efficiency of 10 kilometres per litre of diesel, with diesel costing 85 per litre.

Environmental Assessment of Pinaka Ammunition and Simulator

The GHG impact from production and use of a Pinaka ammunition and the associated logistics is given
in Table 44.

Table 44: Annual GWP of Pinaka Ammunition and Associated Movement to Live Ranges for Training

in the Artillery

Total environmental burden from production and use of Pinaka ammunition for training

Per ammunition For 10 units

(kg CO, eq.) (kg CO, eq.)
Global Warming Potential production 5,020 45,18,000
Global Warming Potential . - 528 4,75,200
Global Warming Potential . . 400 3,60,000
Total Global Warming Potential 5,948 53,53,200
Number of Trucks 1 200
Distance Covered (km) 1,000 2,00,000
Fuel Consumption (litres) 100 20,000
Total GWP (kg CO, eq.) 260 52,000

Source: TERI Study

Annually, the manufacturing and use of Pinaka ammunition leads to a total CO, emission of more than
5,353.2 tonnes of CO, eq. for all the units of the Artillery (Table 44). The associated movement to live
ranges for training leads to about 52 tonnes of CO, eq. emissions per year.

Table 45 quantifies the gross emission reduction arising from the induction Pinaka simulator. The table
gives the emission reduction at the initial induction of 15% Pinaka simulator usage as well as the potential
gross emission reduction in case of subsequent additional 5%, 15%, and 25% Pinaka simulator induction
for Pinaka ammunition amongst the Artillery combat arms.
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Table 45: Gross Annual Emission Reduction from Integration of Pinaka Simulator for Training in the
Artillery

Annual Gross Emission | Initial Status | Additional 5% Additional 15% Additional 25%

Reduction (15%) (kg CO, | Induction (kg CO, | Induction (kg CO, | Induction (kg CO,
eg./annum) eq./annum) eq./annum) eq./annum)

From reduced firing 8,02,980 2,67,660 8,02,980 13,38,300

From reduced

movement 7,800 2,600 7,800 13,000

Total 8,10,780 2,70,260 8,10,780 13,51,300

Source: TERI Study

In case of 15% initial simulator integration, there is a total gross emission reduction of more than 810.7
tonnes of CO, eq. that is being achieved. With an additional 5% shift to Pinaka simulator, there is a
potential to achieve additional gross emission reduction of 270.26 tonnes of CO, eq. Additional 15% and
25% Pinaka simulator induction leads to an estimated gross emission reduction of 810.7 tonnes of CO, eq.
and 1,351.3 tonnes of CO, eq., respectively.

Economic Analysis of Pinaka Ammunition and Simulator

Out of a total of 250 regiments, 60 will be equipped with the Pinaka simulator. At the army level, the annual
fuel consumption stands at 5 lakh litres, incurring a total cost of ¥4.25 crore across all units. Presently,
a total of 15000 Pinaka rounds are fired annually across all units, with the corresponding ammunition
expenditure amounting to I6000 crore. A detailed cost breakdown is provided in Table 46.

Table 46: Detailed Breakdown of Fuel and Ammunition Costs for Training in Pinaka Ammunition in Live
Ranges for the Artillery

Heads Values

Number of firings annually at army level 15,000
Annual cost of ammunition at army level (in % crore) 6,000
Annual fuel consumption at army level (in litres lakh) 5
Annual total cost of fuel (in ¥ crore) 4.25

With the Pinaka simulator, with a per-unit cost of %17 crore providing services for approximately 20 years.
Tables 47 and 48 present an overview of the annual training cost savings for the Pinaka combat system
under varying induction levels, with respect to fuel and ammunition.

If inducted, the Pinaka simulator has the potential to generate significant cost savings for the army. At
an initial induction level of 15%, annual fuel savings could amount to 63.75 lakh. Additional inductions of
5%, 15%, and 25% could further enhance savings by ¥21.25 lakh, ¥63.75 lakh, and ¥106.25 lakh, respectively.
The financial impact is even more substantial in terms of ammunition, where estimated annual savings
could reach Y900 crore at 15% induction. These savings could escalate to ¥300 crore with an additional 5%
induction, ¥900 crore with 15%, and up to 1500 crore with 25% additional induction demonstrating the
immense cost effectiveness and operational value of integrating simulators into training systems.
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Table 47: Annual Transportation Cost Savings under the Current Pinaka Simulator Induction Level (15%),
as well as Additional Induction Scenarios of 5%, 15%, and 25%

Weapon/ Initial Status | Additional 5% Additional 15% Additional 25% Induction

Ammunition (15%) Induction Induction

Pinaka 63,75,000 21,25,000 63,75,000 1,06,25,000

Source: TERI Study

Table 48: Annual Ammunition Cost Savings under the Current Pinaka Simulator Induction Level (15%), as
well as Additional Induction Scenarios of 5%, 15%, and 25%

Weapon/ Initial Status Additional 5% Additional 15% Additional 25%

Ammunition (15%) Induction Induction Induction
Pinaka 9,000,000,000 3,000,000,000 9,000,000,000 150,00,00,000

Source: TERI Study

Table 49 presents the NPV of savings associated with the induction of the Pinaka simulator under various
scenarios. This analysis is based on a 20-year projection, incorporating an 8% discount rate and assuming
a 5% annual increase in fuel and ammunition costs. It details both annual and daily savings, expressed in
crore of rupees, across different levels of additional induction.

If the Pinaka simulator is implemented, it is projected to generate substantial long-term savings. At an
initial 15% induction level, the NPV of annual savings will be approximately ¥13458.55 crore, translating
to daily savings of ¥36.87 crore. With an additional 5% induction, the savings will rise by ¥4826.18 crore
annually (%13.22 crore/day). A 15% increase in induction will yield 314478.55 crore in annual savings (339.67
crore/day), while a 25% increase will result in maximum projected savings of 324130.92 crore annually
(%66.11 crore/day).

Table 49: NPV of Savings in Fuel and Ammunition Costs from the Induction of Pinaka Simulator for
Training in the Artillery

Weapon/ NPV of Savings (% crore)

Ammunition Present Status | Additional 5% Additional 15% Additional 25%
15% Induction Induction Induction
Pinaka Annual  13458.55 482618 1447855 24130.92
Per day 36.87 13.22 39.67 66.11

Source: TERI Study
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Chapter 6
Assessing the Environmental and
Economic Benefits of Simulators
for Army Air Defence




Army Air Defence plays a crucial role in protecting military forces and strategic assets from aerial threats
such as aircraft, missiles, and drones. These systems combine rapid-fire guns, surface-to-air missiles, and
radar technologies to detect, track, and neutralize incoming targets effectively. By providing a layered
defence shield, Army Air Defence ensures the security and operational freedom of ground forces and
critical infrastructure in contested environments. Advances in automation and targeting precision have
further enhanced their effectiveness in modern warfare.

6.1 Igla 1S Ammunition and 3Air Defence Simulator

The Igla 1S system is a man-portable, infrared-guided surface-to-air missile designed for short-range
air defence. It consists of three main components: the missile, a launch tube, and a grip-stock firing
mechanism. The missile analysed in this paperis a 72-mm Igla 1S surface-to-air missile with a total nominal
round mass of 10.8 kg. Its composition includes a 1.17-kg warhead and 4.85 kg of propellant, along with
the airframe, fins, and nozzle. The complete energetic and non-energetic material composition, as well as
use-phase emissions to air considered in the analysis, are provided in Appendix 8.

Assumptions Used in the Analysis

An Army Air Defence regiment is allotted 12 Igla 1S missiles, with a firing rate of two rounds per weapon
annually, at a cost of %70 lakh per round. At the national level, there are an estimated 60 such regiments.
Currently, approximately 15% of this training is conducted using simulators, indicating a partial shift
from traditional live-fire methods. Each regiment is allocated air defence simulators (3ADS), totalling 60
simulators across all units, with a per-unit cost of ¥2.4 crore and an average service life of 20 years.

For troop movement to live-fire ranges, avoided costs are calculated based on a single annual trip per
regiment covering 1,000 kilometres, requiring 20 trucks per regiment. Each truck has an average fuel
efficiency of 10 kilometres per litre of diesel, with diesel costing 85 per litre.

Environmental Assessment of Igla 1S Ammunition and 3 Air Defence Simulator (3 ADS)

The GHG impact from production and use phase of a Igla 1S ammunition and associated logistics is given
in Table 50.

The manufacturing and use of one Igla 1S ammunition results in 141.4 kg CO, eq. emissions with the
manufacturing of the ammunition contributing to 122 kg CO, eq., emissions and the firing and detonation
of the ammunition contributing to 19.4 kg CO, eq. and 0.00158 kg CO, eq. emissions, respectively.
Annually, at the Army Air Defence level, this results in a total emission of 203.618 tonnes of CO, eq.
emissions. Additionally, there are 1,200 trucks at the Infantry level carrying the army personnel to the live
firing ranges covering a round-trip distance of 1,000 km for each trip, resulting in 312 tonnes of emission
annually at the Army Air Defence level.

Table 50 quantifies the gross emission reduction arising from the induction of 3ADS. The table gives
the emission reduction at the present status of 15% 3ADS usage as well as the potential gross emission
reduction in case of additional 5%, 15%, and 25% 3ADS induction for Igla 1S ammunition amongst the
Army Air Defence combat arms.

Indian Armed Forces and Environmental Sustainability:

A Comprehensive Assessment of Simulators in ‘Green Training’




Table 50: Annual GWP of Igla 1S Ammunition and Associated Movement to Live Ranges for Training in
the Army Air Defence

Total environmental burden from production and use of Igla 1S ammunition for training

Per ammunition For 60 units (kg CO, eq.)
(kg CO, eq.)

Global Warming Potential , . ..., 122 1,75,680

Global Warming Potential firing 19.4 27,936

Global Warming Potential detonation 0.00158 2.2752

Total Global Warming .. .. 141.4 2,03,618.275

Total environmental burden from movement to live ranges for training

Per truck per trip For 60 units

Number of Trucks 1 1,200
Distance Covered (km) 1,000 12,00,000
Fuel Consumption (litres) 100 1,20,000
Total GWP (kg CO, eq.) 260 3,12,000

Source: TERI Study

Table 51: Gross Annual Emission Reduction from Integration of 3ADS Simulator for Training in the
Army Air Defence

Annual Gross Emission | Present Additional 5% Additional 15% Additional 25%

Reduction Status (15%) Induction (kg CO, | Induction (kg CO, | Induction (kg CO,
(kg CO,eq./ |eq./annum) eq./annum) eq./annum)
annum)

From reduced firing 30,542.74128 10,180.91376 30,542.741 50,904.5688

From reduced

movement 46,800 15,600 46,800 78,000

Total 77,342.74128 25,780.91376 77,342.74128 128,904.5688

Source: TERI Study

Presently, with 15% simulator integration, there is a total gross emission reduction of nearly 77.343 tonnes
of CO, eq. that is being achieved. With an additional 5% shift to 3ADS, there is a potential to achieve
additional gross emission reduction of 25.781 tonnes of CO, eq. Additional 15% and 25% 3ADS induction
leads to an estimated gross emission reduction of 77.343 tonnes of CO, eq. and 128.904 kilotonnes of CO,
eq., respectively.

Economic Analysis of Igla 1S Ammunition and 3 Air Defence Simulator
The annual fuel consumption for training operations across 60 regiments is 1.20 lakh litres, resulting in a

total fuel cost of ¥1.02 crore per year. Additionally, the national-level expenditure on Igla-M ammunition
for training amounts to 1,008 crore annually. A detailed cost breakdown is provided in Table 52.
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Table 52: Detailed Breakdown of Fuel and Ammunition Costs for Training in Igla 1S Ammunition in Live
Ranges for the Army Air Defence

Heads Values

Number of firings annually at army level 1,440
Annual cost of ammunition at army level (in X crore) 1,008
Annual fuel consumption at army level (in lakh litres) 1.20
Annual total cost of fuel (in X crore) 1.02

With a per-unit cost of ¥2.4 crore, the total capital expenditure on simulators amounts to 3144 crore,
providing services for approximately 20 years. The total cost savings across all units from the use of Igla 1S
missiles demonstrate significant fiscal efficiencies in both fuel and ammunition usage (Tables 53 and 54).

In terms of fuel savings, the annual TC (refer Table 53) at the current 15% induction level amounts to 15.3
lakh. Savings progressively increase with additional induction levels—35.1 lakh at 5% additional induction,
%15.3 lakh at 15%, and ¥25.5 lakh at 25%.

Ammunition-related savings are even more substantial (Table 54). At the 15% induction level, annual
savings are I151.2 crore. With a 5% increase in induction, the savings increase by ¥50.4 crore. At a 15%
additional induction, the savings increase by ¥151.2 crore but rise significantly by ¥252 crore with a 25%
increase in induction.

Table 53: Annual Transportation Cost Savings under the Current 3ADS Induction Level (15%), as well as
Additional Induction Scenarios of 5%, 15%, and 25%

Weapon/ Ammunition Present Status | Additional 5% Additional 15% Additional 25%

(15%) Induction Induction Induction

Missiles- Igla 15,30,000 5,10,000 15,30,000 25,50,000
Source: TERI Study

Table 54: Annual Ammunition Cost Savings under the Current 3ADS Induction Level (15%), as well as
Additional Induction Scenarios of 5%, 15%, and 25%

Weapon/ Ammunition Present Status Additional 5% Additional 15% Additional 25%

(15%) Induction Induction Induction

Missiles- Igla 1,51,20,00,000 50,40,00,000 1,51,20,00,000 2,52,00,00,000

Source: TERI Study

In Table 55, the NPV of savings from the induction of 3ADS simulators highlights a significant financial
advantage with increased deployment. This analysis is based on a 20-year projection, applying an 8%
discount rate and assuming a 5% annual increase in fuel and ammunition costs. At the current induction
level of 15%, the annual savings amount to ¥2,289.13 crore, which translates to a daily saving of 6.27 crore.
An additional 5% induction increases annual savings by ¥811.04 crore (32.22 crore per day). A 15% rise in
induction further enhances annual savings by ¥2,433.13 crore (36.67 crore per day). The highest savings
occur with a 25% additional induction, is additional ¥4,055.22 crore annually, or ¥11.11 crore per day.
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Table 55: NPV of Savings in Fuel and Ammunition Costs from the Induction of 3ADS for Training in the
Army Air Defence

e NPV of Savings (% crore)
Ammunition | Metric Present Additional 5% | Additional 15% | Additional 25%
Status 15% Induction Induction Induction
(% crore) (% crore) (% crore) (% crore)
Missiles- Igla Annual 2,289.13 811.04 2,433.13 4,055.22
Per day 6.27 2.22 6.67 1nn

Source: TERI Study

6.2 L-70 Gun and Integrated Air Defence Combat Simulator

The L-70 gunis a highly effective, radar-guided anti-aircraft weapon system designed to engage low-flying
aerial targets such as aircraft, drones, and helicopters. Known for its rapid rate of fire and accuracy, the
L-70 plays a crucial role in short-range air defence operations. To complement live training and enhance
combat readiness, the Integrated Air Defence Combat Simulator (IADCS) is employed. This advanced
simulator provides a realistic and immersive training environment, allowing personnel to practice target
acquisition, tracking, and engagement procedures in simulated combat scenarios, thereby improving
operational efficiency while conserving resources.

Assumptions Used in the Analysis

A comprehensive inventory of conducting the LCA of an L-70 ammunition was not available and hence; to
estimate the emissions from L-70 ammunition, the 84-mm Rocket Launcher Carl-Gustaf round was used
as a reference due to the availability of a detailed lifecycle inventory (LCI) and LCA for its manufacturing
and use phases. Both are large-calibre ammunitions with comparable subsystems—metallic casings, high-
explosive content, and propellant charges—making mass-based and composition-based scaling feasible.
To estimate total GHG emissions CO,-equivalent from both manufacturing and use phases of a single L-70
ammunition, the method used assumes emissions scale proportionally with total mass for manufacturing,
while keeping the use phase calculation based on explosive weight. The complete estimation is provided
in Appendix 14.

An Army Air Defence regiment is allotted 12 L70 missiles, with a firing rate of 20 rounds per weapon
annually, each costing ¥50,000 per round. At the national level, there are an estimated 60 such regiments.
Each regiment is allocated one IADCS, totalling 60 simulators across all units, with a per-unit cost of ¥1.25
crore and an average service life of 20 years.

For troop movements to live-fire ranges, avoided costs are calculated based on a single annual trip per
regiment covering 1,000 kilometres, requiring 20 trucks per regiment. Each truck has an average fuel
efficiency of 10 kilometres per litre of diesel, with diesel priced at ¥85 per litre.

Environmental Assessment of L-70 Gun and Integrated Air Defence Combat Simulator

The GHG impact from production and use of an L-70 ammunition and the associated logistics is given in
Table 56.
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Table 56: Annual GWP of L-70 Ammunition and Associated Movement to Live Ranges for Training in the
Army Air Defence

Total environmental burden from production and use of L-70 ammunition for training

Per ammunition For 60 units

(kg CO, eq.) (kg CO, eq.)
Global Warming Potential production 16.28 2,34,432
Global Warming Potential 0.0371 534.24
Total Global Warming Potential 16.3171 2,34,966.24

Total environmental burden from movement to live ranges for training

Per truck per trip For 60 units

Number of Trucks 1 1,200
Distance Covered (km) 1000 12,00,000
Fuel Consumption (litres) 100 1,20,000
Total GWP (kg CO, eq.) 260 3,12,000

Source: TERI Study

Annually, the manufacturing and use of L-70 ammunition leads to a total CO, emission of more than
234.966 tonnes for all the regiments of the Army Air Defence. The associated movement to live ranges for
training leads to about 312 tonnes of CO, eq. emissions per year.

Table 57 quantifies the gross emission reduction arising from the induction IADCS. The table gives the
emission reduction at the present status of 15% IADCS usage as well as the potential gross emission
reduction in case of additional 5%, 15%, and 25% IADCS induction for L-70 ammunition amongst the Army
Air Defence combat arms.

Table 57: Gross Annual Emission Reduction from Integration of IADCS for Training in the Army Air
Defence

Annual Gross Emission | Present Status | Additional 5% Additional 15% Additional 25%

Reduction (15%) (kg CO, | Induction (kg CO, | Induction (kg CO, | Induction (kg CO,
eq./annum) eq./annum) eq./annum) eq./annum)

From reduced firing 35,244.936 11,748.312 35,244.936 58,741.56

From reduced 46,800 15,600 46,800 78,000

movement

Total 82,044.936 27,348.312 82,044.936 136,741.56

Source: TERI Study

Presently, with 15% simulator integration, there is a total gross emission reduction of more than 82.044
tonnes of CO, eq. that is being achieved. With an additional 5% shift to IADCS, there is a potential to
achieve additional gross emission reduction of 27.348 tonnes of CO, eq. Additional 15% and 25% IADCS
induction leads to an estimated gross emission reduction of 82.044 tonnes of CO, eq. and 136.741 tonnes
of CO, eq., respectively.

Indian Armed Forces and Environmental Sustainability:

A Comprehensive Assessment of Simulators in ‘Green Training’




Economic Analysis of L-70 Gun and Integrated Air Defence Combat Simulator

The annual fuel consumption for training operations across 60 regiments is 1.2 lakh litres, resulting in a
total fuel cost of ¥1.02 crore per year. Additionally, the national-level expenditure on L70 ammunition for
training amounts to 72 crore annually. A detailed cost breakdown is provided in Table 58.

Table 58: Detailed Breakdown of Fuel and Ammunition Costs for Training in L-70 Ammunition in Live
Ranges for the Army Air Defence

Heads Values

Number of firings annually at army level 14,400
Annual cost of ammunition at army level (in % crore) 72
Annual fuel consumption at army level (in lakh litres) 1.20
Annual total cost of fuel (in T crore) 1.02

With a per-unit cost of 1.25 crore, the total capital expenditure on simulators amounts to %75 crore,
providing services for approximately 20 years. The total cost savings for guns (L70) across all units,
reflected in both fuel and ammunition savings, highlight significant financial benefits associated with
varying induction levels (Tables 59 and 60).

At the current 15% induction level, annual fuel savings are %15.3 lakh. With an additional 5% induction, fuel
savings increases by 5.1 lakh, at additional 15% induction fuel savings increase by ¥15.3 lakh. However,
at 25% additional induction, fuel savings increase by ¥25.5 lakh, indicating some variability and potential
diminishing returns at higher induction levels.

Ammunition savings are considerably more substantial. At 15% induction, annual savings amount to ¥10.8
crore. An additional 5% induction increases savings by 3.6 crore, while at 25% additional induction,
ammunition savings rise significantly by 18 crore. This pattern suggests that greater induction of
guns (L70) leads to proportionally higher ammunition-related cost savings, reinforcing the value of
modernization and efficiency improvements in operational assets.

Overall, these data indicate that while fuel savings exhibit a non-linear trend, ammunition savings
consistently increase with higher induction levels, making a strong case for continued investment in the
L70 gun system:s.

Table 59: Annual Transportation Cost Savings under the Current IADCS Induction Level (15%), as well as
Additional Induction Scenarios of 5%, 15%, and 25%

Weapon/ Ammunition Present Status | Additional 5% Additional 15% Additional 25%

(15%) Induction Induction Induction

Guns (L70) 15,30,000 5,10,000 15,30,000 25,50,000
Source: TERI Study
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Table 60: Annual Ammunition Cost Savings under the Current IADCS Induction Level (15%), as well as
Additional Induction Scenarios of 5%, 15%, and 25%

Weapon/ Ammunition Present Status | Additional 5% Additional 15% Additional 25%

(15%) Induction Induction Induction
Guns (L70) 10,80,00,000 3,60,00,000 10,80,00,000 18,00,00,000

Source: TERI Study

The NPV of savings associated with the induction of the IADCS simulator demonstrates clear financial
benefits with increasing levels of deployment. This analysis is based on a 20-year projection, using an
8% discount rate and assuming a 5% annual increase in fuel and ammunition costs. At the current 15%
induction level, the annual savings amount to ¥101.08 crore, equivalent to 30.28 crore per day. With an
additional 5% induction, annual savings increase by ¥58.69 crore (30.16 crore per day). A 15% additional
induction raises savings by 176.08 crore annually (30.48 crore per day), while a 25% increase in induction
significantly boosts annual savings by ¥293.47 crore, corresponding to ¥0.80 crore per day (Table 61).

Table 61: NPV of Savings in Fuel and Ammunition Costs from the Induction of IADCS for Training in the
Army Air Defence

Weapon/ NPV of Savings (% crore)

Ammunition | Metric Present Additional 5% | Additional 15% | Additional 25%
Status 15% Induction Induction Induction
Guns (L70) Annual 101.08 58.69 176.08 293.47
Per day 0.28 0.16 0.48 0.80

Source: TERI Study

Similarly, the Army Air Defence regiments are also equipped with ZU-23mm Shilka twin-barrel guns
effective against enemy aircraft and helicopters. It has a very high density and accurate rate of fire and
gives good system reliability and performance. Itis also deadly against enemy light armoured vehicles and
Infantry. It is based on a tracked vehicle chassis or can also be towed for movement. It fires 23x152B-mm
calibre ammunition of various types. The IADCS is common to both L-70 and ZU-23 weapon systems and
is expected to yield comparable environmental and economic benefits to those observed in L-70 guns
assessed in this section. This underlines the potential for significantly greater cumulative gains through
broader simulator adoption for various air defence weapon systems across the armed forces.
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Chapter 7/
Assessing the Environmental
and Economic Benefits of
Simulators for Armoured Corps




The Armoured Corpsisakey combatarm of thearmed forces, specializing in the deploymentand operation
of tanks and armoured fighting vehicles. It plays a vital role in offensive and defensive operations by
delivering high mobility, firepower, and protection on the battlefield. Equipped with advanced weaponry
and technology, the Armoured Corps enhances the striking capability of ground forces, enabling rapid
manoeuvring and decisive action against enemy forces. Their strategic importance lies in breaking
through fortified defences and securing critical objectives during combat.

7.1 125-mm Ammunition and Tank Crew Gunnery Simulator

The 125-mm ammunition is the primary armament used in main battle tanks, designed for high impact
engagement against enemy armour and fortified positions. It includes a range of rounds such as armour-
piercing, high-explosive, and anti-tank guided projectiles, offering versatility and superior firepower on
the battlefield. To ensure precision and coordination among tank crews, the CGS is utilized for training.
It provides a realistic, virtual environment that replicates battlefield conditions, enabling crew members
to practice target identification, aiming, and firing techniques. This enhances combat readiness while
significantly reducing training costs and ammunition usage.

Assumptions Used in the Analysis

An Armoured Corps regiment is allotted 45 T-72/90 missiles, with 20 firings per weapon annually, each
costing X1 lakh per round. The total number of such regiments at the national level is assumed to be 70.
Each regiment is allocated three Tank CGS/GS-3 simulators, resulting in a total of 210 simulators across all
units. Each simulator has a per-unit cost of 1.9 crore and an average service life of 20 years.

For troop movement to live firing ranges, avoided costs are calculated based on a single annual trip per
regiment covering 1,000 kilometres. Each regiment requires 20 trucks for this movement, with an average
fuel efficiency of 10 kilometres per litre of diesel, priced at %85 per litre.

Environmental Assessment of 125-mm Ammunition and Tank Crew Gunnery Simulator

The GHG impact from production and use phase of a 125-mm ammunition and the associated movement
to live firing ranges is given in Table 62.

Annually, the manufacturing and use of 125-mm ammunition leads to a total CO, emission of more than
6.799.6 tonnes of CO, eq. for all the regiments of the Armoured Corps. The associated movement to live
ranges for training leads to about 364 tonnes of CO, eq. emissions per year.

Table 63 quantifies the gross emission reduction that can be achieved through the integration of CGS.
The use of CGS saves emissions from ammunition firing as well as from reduced fuel usage from reduced
travel to the live firing ranges. The estimation of gross emission reduction has been done for the present
status of CGS integration of 15% for the Armoured Corps and for incremental induction of 5%, 15%, and
25% scenarios.
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Table 62: Annual GWP of 125-mm Ammunition and Associated Movement to Live Range for Training in
the Armoured Corps

Total environmental burden from production and use of 125-mm ammunition for training

Per ammunition For 70 Regiments

GWP production (kg CO, eq.) 105 66,15,000
GWP firing (kg CO, eq.) 2.74 1,72,620
GWP detonation (kg CO, eq.) 0.191 12,033
Total GWP (kg CO, eq.) 107.93 67,99,653

Annual emissions associated with movement to live ranges for training at national level

Per truck per trip For 70 Regiments

Number of Trucks 1 1,400
Distance Covered (km) 1,000 14,00,000
Fuel Consumption (litres) 100 1,40,000
Total GWP (kg CO, eq.) 2.6 3,64,000

Source: TERI Study

Table 63: Gross Annual Emission Reduction (from Reduced Firing and Trips to Live Ranges) in Case of
Additional 5%, 15%, and 25% Shift to Simulators in the Armoured Corps for 125-mm Ammunition

Annual Gross Emission | Present Additional 5% Additional 15% Additional 25%

Reduction Status (15%) Induction (kg CO, | Induction (kg CO, | Induction (kg CO,
(kg CO,eq./ |eq./annum) eq./annum) eq./annum)
annum)

From reduced firing 10,19,947.95 3,39,982.65 10,19,947.95 16,99,913.25

From reduced 54,600 18,200 54,600 91,000

movement

Total 10,74,547.95 3,58,182.65 10,74,547.95 17,90,913.25

Source: TERI Study

At the present level of CGS integration for the Armoured Corps, there is a gross emission reduction
of 1,074.547 tonnes of CO, eq. emission reduction that is being achieved. An additional CGS induction
of 5% will achieve a gross emission reduction of more than 358.182 tonnes of CO, eq. emission while a
substantial gross emission reduction of more than 1,790.913 tonnes of CO, is observed at an additional
25% shift to simulators. This arises from both, the reduced firing as well as the reduced troop movement
to live firing ranges that is achieved through simulator integration as presented in the above table.

Economic Analysis of 125-mm Ammunition and Tank Crew Gunnery Simulator

The annual fuel consumption for training operations across 70 Armoured Corps regiments is estimated
at 1.4 lakh litres, amounting to a cost of %1.19 crore per year. Additionally, the total annual expenditure
on ammunition for training at the national level is ¥630 crore. A detailed breakdown of these costs is
provided in Table 64.
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Table 64: Detailed Breakdown of Fuel and Ammunition Costs for Training in 125-mm Ammunition in Live
Ranges for the Armoured Corps

Heads Values

Number of firings annually at army level 63,000
Annual cost of ammunition at army level (in % crore) 630
Annual fuel consumption at army level (in lakh litres) 1.4
Annual total cost of fuel (in ¥ crore) 119

With a per-unit cost of 1.9 crore, the total capital expenditure on simulators amounts to ¥399 crore,
providing services for approximately 20 years. Tables 65 and 66 on T-72/T-90 tanks highlight substantial
annual total cost savings across both fuel and ammunition expenses at varying levels of induction. Fuel
savings increase steadily and proportionally with higherinduction levels, reflecting scalable improvements
in operational efficiency. Starting from a baseline saving of ¥17.85 lakh at 15% induction, fuel cost savings
rise by %29.75 lakh at 25% induction. Similarly, ammunition savings show a significant proportional
increase, with annual savings escalating from ¥94.5 crore at the current 15% induction by ¥157.5 crore at
25% induction. This sharp rise underscores the platform’s exceptional cost-effectiveness in ammunition
expenditure. Overall, the T-72/T-90 platform offers strong economic advantages, particularly at higher
induction levels, reinforcing the rationale for continued modernization and expansion of these tank units
to maximize cost-efficiency and operational benefits.

Table 65: Annual Transportation Cost Savings under the Current CGS Induction Level (15%), as well as
Additional Induction Scenarios of 5%, 15%, and 25%

Weapon/ Ammunition Present Status | Additional 5% Additional 15% Additional 25%

(15%) Induction Induction Induction

T-72/T-90 17,85,000 5,95,000 17,85,000 29,75,000
Source: TERI Study

Table 66: Annual Ammunition Cost Savings under the Current CGS Induction Level (15%), as well as
Additional Induction Scenarios of 5%, 15%, and 25%

Weapon/ Ammunition Present Status | Additional 5% Additional 15% Additional 25%

(15%) Induction Induction Induction

T-72/T-90 94,50,00,000  31,50,00,000 94,50,00,000 1,57,50,00,000
Source: TERI Study

The NPV analysis of savings for the T-72/T-90 tank simulators is based on a 20-year projection, considering
an 8% discount rate and a 5% annual increase in fuel and ammunition costs. In Table 67, the current
induction level of 15%, the annual savings amount to approximately 1,123 crore, which translates to about
73.08 crore saved per day. With an additional 5% induction, the annual savings increase by ¥507 crore,
adding roughly %1.39 crore per day to the savings. A further 15% increase in induction raises the total
annual savings by 1,522 crore, or %4.17 crore per day. The highest savings are seen with an additional
25% induction, where annual savings increase by 32,537 crore, equivalent to 36.95 crore per day. These
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figures clearly highlight that scaling up the induction of T-72/T-90 simulators leads to substantial long-
term economic benefits through reduced fuel and ammunition costs.

Table 67: NPV of Savings in Fuel and Ammunition Costs from the Induction of CGS for Training in the
Armoured Corps

NPV of Savings (% crore)

Weapon/

Ammunition Metric Present Additional 5% | Additional 15% | Additional 25%
Status 15% (¥ | Induction (% Induction (% Induction (%
crore) crore) crore) crore)

T-72/7-90 Annual 1,123.04 507.35 1,522.04 2,536.74

Per day 3.08 1.39 417 6.95

Source: TERI Study
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Chapter 8
Assessing the Environmental and
Economic Benefits of Simulators
for Mechanised Infantry




Mechanised Infantry is a specialized branch of the armed forces equipped with armoured personnel
carriers and Infantry fighting vehicles to enhance mobility, protection, and firepower on the battlefield.
This highly versatile force combines the agility of Infantry with the strength and speed of Mechanised
vehicles, enabling rapid deployment and effective combat in diverse terrains. Mechanised Infantry units
play a critical role in modern warfare by providing close support to armoured units, securing captured
areas, and engaging enemy forces with coordinated tactics and advanced weaponry.

8.1 Anti-Tank Guided Missile and 30-mm Cannon Ammunition
with Infantry Combat Vehicle Integrated Management
System Simulator

Anti-tank guided missiles (ATGMs) and 30-mm Cannon ammunition are key offensive weapons deployed
on Infantry combat vehicles (ICVs) to engage and neutralize enemy armour and fortified targets effectively.
ATGMs provide precision long-range strike capability, while the 30-mm cannon offers rapid-fire support
against both ground and aerial threats. The Infantry Combat Vehicle Integrated Management System
(ICV IMS) simulator is an advanced training tool that replicates real combat scenarios, enabling crews to
operate these weapon systems efficiently. By simulating target acquisition, weapon firing, and vehicle
management, the ICV IMS simulator enhances crew coordination, tactical decision-making, and overall
combat readiness.

Assumptions Used in the Analysis

The Mechanised Infantry battalion is equipped with 46 ATGM missiles and 30-mm Cannons each with an
annual firing rate of 2 ATGM missiles and 20 rounds of 30-mm Cannon fire per weapon. At the national
level, there are 50 such battalions. Currently, approximately 15% of this training is conducted using
simulators, indicating a partial shift from traditional live-fire methods. Each battalion is assigned three
ICV IMS simulators, totalling 150 simulators across all units. Each simulator costs 2.9 crore and has an
average service life of 20 years.

For troop movements to live firing ranges, the cost savings are calculated based on one annual trip per
battalion, covering 1,000 kilometres. Each battalion requires 20 trucks for this movement. These trucks
have an average fuel efficiency of 10 kilometres per litre, with diesel priced at 85 per litre. This calculation
helps estimate the fuel costs avoided due to simulator use, contributing to overall operational savings.

Since a comprehensive LCI could not be compiled for conducting an in-depth LCA of 30-mm Cannon
ammunition, its emission estimation has been done using 84 mm as the reference ammunition. The
detailed estimation is provided in Appendix 15.

Environmental Assessment of Anti-Tank Guided Missile and 30-mm Cannon Ammunition with Infantry
Combat Vehicle Integrated Management System Simulator

The GHG impact from production and use of ATGM ammunition and 30-mm Cannon ammunition, and
the associated logistics is given in Table 68.
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Table 68: Annual GWP of ATGM and 30-mm Cannon Ammunition and Associated Movement to Live
Ranges for Training in the Mechanised Infantry

Environmental burden associated with ATGM ammunition

Total environmental burden from production and use of ATGM ammunition for training

Per ammunition For 50 units

(kg CO, eq.) (kg CO, eq.)
Global Warming Potential . . 5,020 2,30,92,000
Global Warming Potential . . 528 24,28,800
Global Warming Potential . 400 18,40,000
Total Global Warming Potential 5,948 2,73,60,800

Per truck per trip For 50 units
Number of Trucks 1 1,000
Distance Covered (km) 1,000 10,00,000
Fuel Consumption (litres) 100 1,00,000
Total GWP (kg CO, eq.) 260 39,000

Environmental burden associated with 30-mm Cannon ammunition

Total environmental burden from production and use of 30-mm Cannon ammunition for training

Per ammunition For 50 units
(kg CO, eq.) (kg CO, eq.)
Global Warming Potential _ . 13.97 6,42,620
Global Warming Potential 0.0215 989
Total Global Warming Potential 13.99 6,43,609

Total environmental burden from movement to live ranges for training

Per truck per trip For 50 units

Number of Trucks 1 1,000
Distance Covered (km) 1,000 10,00,000
Fuel Consumption (litres) 100 1,00,000
Total GWP (kg CO, eq.) 260 39,000

Source: TERI Study

Annually, the manufacturing and use of ATGM ammunition leads to a total CO, emission of 27,360.8
tonnes for all the battalions of the Mechanised Infantry (Table 68). The associated movement to
live ranges for training leads to about 39 tonnes of CO, eq. emissions per year. Additionally, the
manufacturing and use of 30-mm Cannon ammunition leads to an annual emission of more than 643.6
tonnes of CO, eq. And the associated movement to live firing ranges for training leads to an emission
of 39 tonnes of CO, eq., annually.
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Table 69 quantifies the gross emission reduction arising from the induction of CMT simulator. The table
gives the emission reduction at the present status of 15% CMT simulator usage as well as the potential
gross emission reduction in case of additional 5%, 15%, and 25% CMT simulator induction for ATGM and
30-mm Cannon ammunition amongst the Mechanised Infantry combat arms.

Table 69: Gross Annual Emission Reduction from Integration of ICV IMS for Training in the Mechanised
Infantry for ATGM and 30-mm Cannon Ammunition

Annual Gross Emission | Present Additional 5% Additional 15% Additional 25%

Reduction Status (15%) Induction (kg CO, | Induction (kg CO, | Induction (kg CO,
(kg CO,eq./ |eq./annum) eq./annum) eq./annum)
annum)

1) ATGM

From reduced firing 41,04,120 13,68,040 41,04,120 68,40,200

From reduced 39,000 13,000 39,000 65,000

movement

Total 41,43,120 13,81,040 41,43,120 69,05,200

2) 30-mm Cannon

From reduced firing 96,541.35 32,180.45 96,541.35 1,60,902.25
From reduced 39,000 13,000 39,000 65,000
movement

Total 1,35,541.35 45180.45 1,35,541.35 2,25,902.25

Source: TERI Study

In case of ATGM, presently, with 15% simulator integration, there is a total gross emission reduction of
4,143.12 tonnes of CO, eq. that is being achieved. With an additional 5% shift to CMT simulator, there is
a potential to achieve additional gross emission reduction of 1,381.040 tonnes of CO, eq. Additional 15%
and 25% CMT simulator induction leads to an estimated gross emission reduction of 4,143.12 tonnes of
CO, eq. and 6,905.200 tonnes of CO, eq., respectively.

Correspondingly, in the case of 30-mm Cannon, 15% simulator integration, at present, saves 135.541
tonnes of CO, eq. emissions, annually. With an additional 5% shift to CMT simulator, there is a potential
to achieve additional gross emission reduction of 45.180 tonnes of CO, eq. Additional 15% and 25% CMT
simulator induction leads to an estimated gross emission reduction of 135.541 tonnes of CO, eq. and
225.902 tonnes of CO, eq., respectively.

Economic Analysis of Anti-Tank Guided Missile and 30-mm Cannon Ammunition with Infantry
Combat Vehicle Integrated Management System Simulator

The Mechanised Infantry battalions collectively consume approximately 2 lakh litres of fuel annually for
training operations, which translates to a total cost of 1.7 crore per year. In addition to fuel expenses,
the national-level annual expenditure on ammunition for these battalions amounts to 3184 crore. This
overview highlights the significant operational costs involved in training, with a detailed cost breakdown
available for further analysis (refer Table 70).
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Table 70: Detailed Breakdown of Fuel and Ammunition Costs for Training in Anti-Tank Guided Missile and
30-mm Cannon Ammunition in Live Ranges for the Mechanised Infantry

Heads Values

Number of firings annually at army level 50,600
Annual cost of ammunition at army level (in % crore) 184
Annual fuel consumption at army level (in lakh litres) 2
Annual total cost of fuel (in ¥ crore) 1.7

The Mechanised Infantry battalions plan to invest ¥435 crore in simulators, with each unit costing 2.9
crore and offering a service life of approximately 20 years. This capital expenditure aims to reduce long-
term operational costs, particularly in fuel and ammunition. Under fuel cost savings vary across different
induction scenarios. At the current 15% induction level, annual fuel savings amount to 325.5 lakh. These
increase by ¥8.5 lakh with an additional 5% induction, rise again by ¥25.5 lakh at a 15% additional induction,
and by %42.5 lakh at a 25% additional induction. In Table 72, ammunition savings are more substantial and
consistent. They are estimated at 27.6 crore annually at the current 15% induction level, increase by 9.2
crore with an additional 5% induction, increase by ¥27.6 crore at a 15% additional induction, and increase
by 346.0 crore with a 25% additional induction. These figures highlight the significant cost-effectiveness
of simulator-based training, especially in terms of ammunition savings, and make a strong case for scaling
up induction levels despite some variability in fuel savings.

Table 71: Annual Transportation Cost Savings under the Current ICV IMS Induction Level (15%), as well as
Additional Induction Scenarios of 5%, 15%, and 25%

_ Annual TC saved on fuels across all units

Weapon/ Present Status Additional 5% Additional 15% Additional 25%
Ammunition (15%) Induction Induction Induction
ATGM and 30-mm  25,50,000 8,50,000 25,50,000 42,50,000
Cannon

Source: TERI Study

Table 72: Annual Ammunition Cost Savings under the Current ICV IMS Induction Level (15%), as well as
Additional Induction Scenarios of 5%, 15%, and 25%

_ Annual TC saved on ammunition across all units

Weapon/ Present Status Additional 5% Additional 15% Additional 25%
Ammunition (15%) Induction Induction Induction
ATGM and 30-mm  27,60,00,000 9,20,00,000 27,60,00,000 46,00,00,000
Cannon

Source: TERI Study

Indian Armed Forces and Environmental Sustainability:

A Comprehensive Assessment of Simulators in ‘Green Training’




The NPV of savings for the ATGM and 30-mm Cannon systems has been evaluated over a 20-year period,
factoring in an 8% discount rate and a 5% annual rise in fuel and ammunition costs. In Table 73, the current
induction level of 15%, the annual savings amount to approximately ¥12.79 crore, which equates to about
%0.04 crore per day. Increasing the induction by an additional 5% significantly boosts the annual savings
by %149.26 crore, or %R0.41 crore daily. A further 15% increase in induction leads to increase in annual
savings by I447.79 crore, translating to ¥1.23 crore per day. The highest savings are observed with a 25%
additional induction, where annual savings increase by ¥746.32 crore, equivalent to ¥2.04 crore per day.
This analysis underscores the substantial economic advantages of expanding the induction of ATGM and
30-mm Cannon simulators, particularly through enhanced fuel and ammunition cost efficiencies over the
long term.

Table 73: NPV of Savings in Fuel and Ammunition Costs from the Induction of ICV IMS for Training in the
Mechanised Infantry

NPV of Savings (% crore)

Present Additional 5% | Additional Additional
Weapon/Ammunition | Metric Status 15% | Induction 15% Induction | 25%

(% crore) (% crore) (% crore) Induction

(% crore)
ATGM and 30-mm Annual 12.79 149.26 447.79 746.32
Cannon
Per day 0.04 0.41 1.23 2.04

Source: TERI Study

8.2 81-mm Mortar Ammunition and Carrier Mortar
Tracked Simulator

The 81-mm Mortar is a versatile indirect fire weapon used by Mechanised Infantry units to deliver high-
explosive rounds over medium ranges. Known for its simplicity, mobility, and effectiveness, it plays
a vital role in neutralizing enemy positions, suppressing fire, and supporting ground operations. The
Carrier Mortar Tracked (CMT) system enhances this capability by providing a mobile platform for
rapid deployment and firing. To train operators efficiently, the CMT simulator is employed, offering a
realistic and immersive environment that replicates operational conditions. It allows crews to practice
targeting, coordination, and firing procedures, thereby improving accuracy and reducing the need for
live-fire exercises.

Assumptions Used in the Analysis

The Mechanised Infantry battalions operating with 6 CMT systems conduct 20 firings annually per
81-mm Mortar. With 50 battalions nationwide, a total of 50 CTM simulators one per battalion are
deployed, each priced at ¥85 lakh and offering a service life of 20 years. Currently, approximately 15% of
this training is conducted using simulators, indicating a partial shift from traditional live-fire methods.
The use of simulators significantly reduces the need for physical deployment to live firing ranges, where
each battalion would otherwise travel 1,000 kilometres annually using 20 trucks. Given the average
fuel efficiency of 10 km per litre and diesel priced at ¥85 per litre, simulator-based training helps avoid
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substantial fuel expenditures. These avoided costs, when aggregated, translate into considerable annual
savings in fuel and logistics, while also minimizing wear and tear on transport assets and enhancing overall
operational efficiency.

Environmental Assessment of 81-mm Mortar Ammunition and Carrier Mortar Tracked Simulator

The GHG impact from production and use of 81-mm Mortar ammunition for training and the emissions
associated with the troop movement is given in Table 74.

Table 74: Annual GWP of 81-mm Mortar Ammunition and Associated Movement to Live Ranges for
Training in the Mechanised Infantry

Total environmental burden from production and use of 81-mm ammunition for training

Per ammunition For 50 units

(kg CO, eq.) (kg CO, eq.)
Global Warming Potential |, .. 31 1,86,000
Global Warming Potential . - 0.00132 7.92

0.635 3,810
31.636 1,89,817.92

Global Warming Potential

detonation

Total Global Warming Potential

Total environmental burden from movement to live ranges for training

Per truck per trip For 50 units

Number of Trucks 1 1,200
Distance Covered (km) 500 10,00,000
Fuel Consumption (litres) 50 1,00,000
Total GWP (kg CO, eq.) 130 2,60,000

Source: TERI Study

The manufacturing of one 81-mm Mortar ammunition results in 31 kg CO, eq. emissions, while its use
results in 0.00132 kg CO, eq. emissions on firing and 0.635 kg CO, eq. emissions on detonation. At the
Mechanised Infantry level, the manufacturing and use of 81-mm ammunition results in about 189.817
tonnes of emissions annually from training activities. The corresponding emissions from troop movement
to the live firing ranges emit 260 tonnes of CO, eq.

The induction of CMT simulator in the Mechanised Infantry has the potential to generate both
environmental and economic benefits by reducing the number of live ammunition fired and the fuel
consumption from associated logistics. Table 75 provides the gross emission reduction from reduced
firing and reduced fuel consumption for the present CMT simulator induction scenario as well as the
potential savings for the additional induction scenarios of 5%, 15%, and 25%.
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Table 75: Gross Annual Emission Reduction from Integration of CMT for Training in the Mechanised
Infantry for 81-mm Ammunition

Annual Gross Emission | Present Additional 5% Additional 15% Additional 25%

Reduction Status (15%) Induction (kg CO, | Induction (kg CO, | Induction (kg CO,
(kg CO,eq./ |eq./annum) eq./annum) eq./annum)
annum)

From reduced firing 28,472.688 9,490.896 28,472.688 47,454.48

From reduced

movement 39,000 13,000 39,000 65,000

Total 67,472.688 22,490.896 67,472.688 112,454.48

Source: TERI Study

Presently, with 15% simulator integration, there is a total gross emission reduction of more than 67.47
tonnes of CO, eq. that is being achieved. With an additional 5% shift to CMT simulator, there is a potential
to achieve additional gross emission reduction of 22.49 tonnes of CO, eq. Additional 15% and 25% CMT
simulator induction in the Mechanised Infantry leads to an estimated gross emission reduction of 67.47
tonnes of CO, eq. and 112.45 tonnes of CO, eq., respectively.

Economic Analysis of 81-mm Mortar Ammunition and Carrier Mortar Tracked Simulator

The Mechanised Infantry battalions incur substantial operational costs for training, with fuel consumption
alone totalling around 1 lakh litres annually, amounting to 85 lakh per year. Alongside this, the annual
expenditure on ammunition stands at 18 crore at the national level. These figures underscore the high
recurring costs associated with conventional training methods and point to the potential for significant
savings through the adoption of simulators, which can reduce both fuel usage and ammunition
expenditure over time. In Table 76, more detailed breakdown of these costs is available to support further
financial and operational analysis.

Table 76: Detailed Breakdown of Fuel and Ammunition Costs for Training in 81-mm Mortar Ammunition
in Live Ranges for the Mechanised Infantry

Heads Values

Number of firings annually at army level 6,000
Annual cost of ammunition at army level 18
Annual fuel consumption at army level (in lakh litres) 1
Annual total cost of fuel (in ¥ crore) 0.85

The total capital expenditure for simulators used in Mortar 81-mm units is ¥42.5 crore, calculated at a per-
unit cost of ¥85 lakh and assuming a service life of 20 years.

As presented in Table 77, the current 15% induction results in annual fuel cost savings of ¥12.75 lakh across all
units. These increase by T4.25 lakh with a 5% additional induction, increase by ¥12.75 lakh at a 15% increase,
and increase by %21.25 lakh at a 25% additional induction. This irregular trend may point to operational or
deployment-specific variables.
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However, in Table 78 the savings on ammunition are more substantial and follow a clearer pattern. At
15% induction, the annual savings are 2.7 crore. With a 5% additional induction, the savings increase
by 0.9 crore, then increase by %2.7 crore at 15% induction, and rise by 4.5 crore with 25% induction.
This shows that higher simulator induction levels result in notable reductions in ammunition-related
training expenses, strengthening the case for continued investment in simulation technology despite the
fluctuating fuel cost savings.

Table 77: Annual Transportation Fuel Cost Savings under the Current Induction Level (15%), as well as
Additional Induction Scenarios of 5%, 15%, and 25%

Weapon/ Ammunition Present Status | Additional 5% Additional 15% Additional 25%

(15%) Induction Induction Induction

Mortar 81 mm 12,75,000 4,25,000 12,75,000 21,25,000

Source: TERI Study

Table 78: Annual Ammunition Cost Savings under the Current Induction Level (15%), as well as Additional
Induction Scenarios of 5%, 15%, and 25%

_ Annual TC saved on ammunition across all units

Weapon/ Ammunition Present Additional 5% | Additional 15% | Additional 25%
Status (15%) | Induction Induction Induction

Mortar 81 mm 2,70,00,000  90,00,000 2,70,00,000 4,50,00,000

Source: TERI Study

Factoring in an 8% discount rate and a 5% annual increase in fuel and ammunition costs, the NPV of
savings for the Mortar 81-mm units shows significant financial gains with increased simulator induction.
In Table 79 the current 15% induction level, the annual NPV of savings stands at ¥2.95 crore, equating to
%0.01 crore per day. With a 5% additional induction, the annual savings increase by 15.15 crore, or ¥0.04
crore per day. A further increase of 15% in induction raises the annual NPV of savings by %45.45 crore
(R0.12 crore per day), while a 25% additional induction delivers the highest savings increase by ¥75.76 crore
annually, translating to ¥0.21 crore per day. These figures underline the cost-efficiency and long-term
economic value of scaling up simulator use for Mortar training operations.

Table 79: NPV of Savings in Fuel and Ammunition Costs from the Induction of CMT Simulator for Training
in the Mechanised Infantry

NPV of Savings ( crore)

Weapon/
A " Present Additional 5% | Additional 15% | Additional 25%
mmunition
Status 15% Induction Induction Induction
Mortar 81 mm Annual 2.95 15.15 45.45 75.76
Per day 0.01 0.04 0.12 0.21

Source: TERI Study
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Chapter 9

Summary of the Findings
and Conclusion




The induction of simulators in the armed forces denotes a significant advancement in modern military
training techniques. Simulators provide realistic, cost-effective, and risk-free training environments that
enable personnel to enhance their operational skills, improve decision-making under simulated combat
conditions, and achieve higher levels of readiness without the logistical and financial constraints associated
with live exercises. This strategy not only conserves essential resources such as ammunition, fuel, and
equipment but also enhances environmental sustainability with operational efficiency. Moreover, the
integration of contemporary simulation technologies aligns with the objectives of defence modernization
and network-centric operations. Despite initial challenges related to infrastructure, maintenance, and
adaptability, the long-term advantages of improved combat readiness, scalability, and training flexibility
render simulator integration a strategic imperative for the armed forces.

From an environmental perspective, simulators contribute to a decrease in carbon emissions primarily
associated with fuel consumption, weapon manufacturing and usage, as well as other related logistics.
Simulators result in reduced GHG emissions. Beyond the environmental advantages, simulators provide
significant economic benefits. They contribute to cost reductions by minimizing expenses related to
ammunition, weapon maintenance, fuel consumption, and logistical arrangements.

Our research encompasses a comprehensive evaluation of 13 simulators, specifically: IWTS, MMG, RL,
Mortar, ATGM, FOS/Gun, Pinaka, 3ADS, IADCS, Tank CGS/GS, ICV IMS, CMT, and Driving Simulator.
The potential savings associated with these simulators have been thoroughly examined in the previous
chapters. In alignment with the military’s enduring sustainability objectives, simulators play a pivotal
role in reducing emissions, safeguarding resources, and lowering operational costs. The findings are
summarized and discussed below.

1. Infantry Weapon Training Simulator

The IWTS simulator has a projected demand of 865 units, encompassing all combat arms such as Infantry,
Artillery, Armoured Corps, Army Air Defence, and Mechanised Infantry. The environmental savings at 15%
amount to 12,957 tonnes CO, eq./year, with increases of 4,319 tonnes; 12,957 tonnes; and 21,595 tonnes
under additional simulator induction levels of 5%, 15%, and 25%, respectively. With the current simulator
induction at 15%, the annual NPV savings amount to ¥461.20 crore. Further savings amount to ¥643.90
crore at 5%, 1,931.70 crore at 15%, and ¥3,219.50 crore at 25% induction. The daily expenses associated
with the non-induction of simulators amount to ¥1.26 crore, 31.76 crore, ¥5.29 crore, and ¥8.82 crore in the
current and additional induction scenarios.

2. Driving Training Simulator

The DTS simulator has a projected demand of 880 units, relevant to all combat arms such as Infantry,
Artillery, Armoured Corps, Army Air Defence, and Mechanised Infantry. CO, eq. savings across five arms
surpass 728.6 tonnes per year under the current induction. By incorporating an additional 5%, 15%, and 25%
induction, the estimated emission reductions amount to 242.8 tonnes, 728.6 tonnes, and 1,214.4 tonnes of
CO2 equivalent annually. The current annual NPV savings stand at ¥2.52 crore with a 15% induction rate. This
rises to ¥15.51 crore, 346.69 crore, and ¥77.53 crore at additional increments of 5%, 15%, and 25%, respectively.
The daily non-induction costs are 30.01 crore, ¥0.04 crore, %0.13 crore, and %0.21 crore, respectively.

3. Medium Machine Gun Simulator

MMG Simulator has a projected demand of 450 units, catering to the operational training requirements
of Infantry weapon systems. The environmental savings at the current 15% induction stand at 1,289.8
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tonnes CO, eq./year, with increases of 429.9 tonnes, 1,289.8 tonnes, and 2,149.7 tonnes projected under
the 5%, 15%, and 25% scenarios, respectively. With a simulator usage of 15%, the net present value savings
amount to ¥10.66 crore annually. Through further inductions, savings increase by 116.05 crore, ¥348.16
crore, and ¥580.27 crore. The daily non-induction costs of the simulator are ¥0.03 crore, 30.32 crore, 30.95
crore, and X1.59 crore, respectively.

4. Rocket Launcher Simulator

The RL Simulator has a projected demand of 450 units, facilitating organized training for Infantry Weapon
Systems. The integration of rocket launcher simulation currently yields environmental savings of 678.6
tonnes of CO, equivalent per year, with projections indicating increases of 226.2 tonnes, 678.6 tonnes, and
11311 tonnes of CO, equivalent under 5%, 15%, and 25% additional usage, respectively. The current 15%
simulator induction generates an annual yield of ¥207.82 crore, which translates to 30.57 crore per day.
Further savings amount to 3264.27 crore (30.72/day), ¥792.82 crore (32.17/day), and %1,321.36 crore (33.62/
day) at elevated induction levels.

5. Mortar Simulator

The 81-mm Mortar simulator has a projected requirement of 450 units, crucial for thorough training of
Infantry mortar crews. The environmental benefits from simulator induction at 15% under the current
case amount to over 475.6 tonnes CO, eq./year, with increases of 158.5 tonnes, 475.6 tonnes, and 792.7
tonnes for additional inductions of 5%, 15%, and 25%, respectively. The annual NPV savings amount to
%19.67 crore, which translates to 0.05 crore per day, based on 15% simulator usage. By incorporating an
additional 5%, 15%, and 25% induction, the savings increase by 3134.06 crore (30.37/day), ¥402.17 crore
(%1.10/day), and 670.29 crore (%1.84/day) respectively.

6. ATGM Simulator

The ATGM simulator has a projected demand of 450 units, facilitating tactical training for anti-tank guided
missile systems within Infantry. The environmental benefits from the induction of the ATGM simulator
amount to 311.5 tonnes CO, eq. per year, based on the current induction rate of 15%. The increase is
103.8 tonnes, 311.5 tonnes, and 519.2 tonnes, respectively with an additional 5%, 15%, and 25% simulator
induction. With the current 15% simulator induction, the annual NPV savings amount to 341.46 crore
(R0.11 crore per day). Further savings amount to %118.82 crore (30.33/day), ¥356.46 crore (30.98/day), and
%594.10 crore (%1.63/day) at the 5%, 15%, and 25% levels, respectively.

7. Forward Observer Simulator

The FOS/Gun Simulator has a demand assessment of 250 units, supporting forward observation and
gunnery training within Artillery units. The environmental savings from FOS induction amount to 1,969.8
tonnes COzeq./year at the current 15%, with increases of 656.6 tonnes, 1,969.8 tonnes, and 3,283 tonnes
of CO, eq. at additional 5%, 15%, and 25% induction levels. The annual NPV savings at a 15% induction
rate amount to ¥2,005.49 crore (35.49 crore per day), along with additional savings of ¥726.83 crore
(%1.99 per day), 32,180.49 crore (%5.97 per day), and ¥3,634.16 crore (39.96 per day) for the 5%, 15%, and
25% rates, respectively.

Indian Armed Forces and Environmental Sustainability: 77

A Comprehensive Assessment of Simulators in ‘Green Training’




8. Pinaka Simulator

The environmental savings from this Pinaka Simulator induction amount to 810.7 tonnes of CO, equivalent
per year at the initial 15% induction level. This figure increases by 270.26 tonnes, 810.7 tonnes, and 1,351.3
tonnes of CO, equivalent at additional induction levels of 5%, 15%, and 25%, respectively. Utilizing the
initial 15% simulator results in an annual NPV savings of ¥13458.55 crore in terms of economic savings.
With increases of 5%, 15%, and 25%, savings grow by ¥4826.18 crore, 14478.55 crore, and ¥24130.92 crore.
Therefore, the daily non-induction cost amounts to ¥36.87 crore, %13.22 crore, ¥39.67 crore, and 366.11
crore across the four scenarios.

9. 3ADS Simulator

The 3 ADS simulator has an evaluated demand of 60 units, catering to low-level air defence system training
within Army Air Defence. The environmental savings from the induction of 3ADS is currently 77.34 tonnes
CO, eq. /year at the existing 15% levels, with increases of 25.78 tonnes, 77.34 tonnes, and 128.90 tonnes
of CO2 eq. anticipated for additional inductions of 5%, 15%, and 25%, respectively. At a 15% utilization of
the simulator, the annual NPV savings amount to ¥2,289.13 crore, which translates to ¥6.27 crore per day.
Extra savings amount to ¥811.04 crore (32.22/day), ¥2,433.13 crore (36.67/day), and ¥4,055.22 crore (311.11/
day) resulting from an additional simulator induction of 5%, 15%, and 25%.

10. IADCS Simulator

The IADCS simulator has a demand assessment of 60 units, facilitating integrated air defence command
and control training. The environmental savings from the current 15% induction level of IADCS amount to
82.04 tonnes CO, eq./year, with increases of 27.35 tonnes, 82.04 tonnes, and 136.74 tonnes for additional
inductions of 5%, 15%, and 25%, respectively. The annual NPV savings at a 15% induction amount to ¥101.08
crore, which translates to ¥0.28 crore per day. Savings increase by ¥58.69 crore (0.16/day), ¥176.08 crore
(%0.48/day), and ¥293.47 crore (30.80/day) for the respective higher induction levels.

11. Tank Crew Gunnery Simulator

The Tank CGS/GS simulator has an evaluated demand of 210 units, designed to meet the unique training
needs of the Armoured Corps. The environmental savings from CGS amount to 1,075.5 tonnes CO, eq./
year at the current 15% induction levels, with increases of 358.1 tonnes, 1,074.5 tonnes, and 1,790.9 tonnes
projected for additional 5%, 15%, and 25% induction levels, respectively. With a 15% induction, the annual
NPV savings amount to ¥1,123.04 crore, which translates to ¥3.08 crore per day. Further savings comprise
%507.35 crore (%1.39/day), %1,522.04 crore (R4.17/day), and %2,536.74 crore (36.95/day) for the respective
additional induction levels.

12. ICVIMS

The ICV IMS simulator has a projected requirement of 150 units, designed to improve Mechanised Infantry
combat vehicle operations. The environmental benefits resulting from the induction of this simulator
amount to 4,278.6 tonnes CO, eq./year due to reduced firing and troop movement associated with both
the ATGM and 30-mm Cannon at the current 15% induction rate. As the induction of the simulator rises, the
potential environmental benefits also increase, reaching 1,426.2 tonnes CO, equivalent with an additional
5% induction, 4,278.6 tonnes CO, equivalent per year with an additional 15% induction, and 7,131.1 tonnes
CO2 equivalent with an additional 25% induction. The NPV savings at the current 15% simulator usage
stand at %12.79 crore per year (30.04 crore per day), and increases at ¥149.26 crore (0.41 per day), 3447.79
crore (%1.23 per day), and 746.32 crore (32.04 per day) at 5%, 15% and 25% induction.
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13. Carrier Mortar Tracked

The CMT simulator has a demand assessment of 50 units, facilitating fundamental training in essential
Mechanised maintenance tasks. The environmental benefits at the current 15% simulator induction
amount to 67.472 tonnes CO, equivalent. By incorporating an extra simulator induction of 5%, 15%, and
25%, there is a possibility to save an additional 22.49 tonnes, 67.472 tonnes, and 112.454 tonnes of CO,
equivalent per year, respectively. Annual NPV savings amount to %2.95 crore (0.01 crore per day) at a
15% induction rate. Subsequent induction results in %15.15 crore (30.04/day), ¥45.45 crore (30.12/day), and
%75.76 crore (%0.21/day).

Conclusion

As the discourse surrounding the military’s role in climate change mitigation unfolds, it is imperative to
integrate it within the broader framework of India’s national security objectives. It is essential to strive
for military operations that align with sustainability principles, while simultaneously preserving the core
principles of defence readiness and efficiency. Furthermore, it is necessary that we examine both novel
and established technological solutions to mitigate potential environmental consequences by reducing
carbon emissions while strengthening participation in the carbon market. Therefore, it is critical that
contemporary methods, such as the extensive utilization of simulators in defence training, are employed
in order to ensure that training is conducted in a manner that is both effective and efficient.

In India, the Ministry of Defence embodies the principle of “Fight as you train - Train as you fight”; however,
the comprehensive integration of simulators into wargaming exercises is still constrained. To address this
issue, the Indian military should:

» Integrate simulators comprehensively into joint training exercises across all service branches,
including Agniveers.

»  Enhance data-driven performance analysis to evaluate trainee progress in real time.

» Invest in advanced virtual reality and artificial intelligence-driven simulators to improve realism in
training.

Simulator-based training serves as a crucial enabler in optimizing the use of live ammunition by significantly
enhancing the proficiency of personnel before they handle actual weapon systems. In scenarios where
live ammunition—often high-value and logistically constrained—is allotted for training only once a year,
simulators provide a vital opportunity for repeated, risk-free practice.

This prior exposure allows trainees to develop muscle memory, improve decision-making under stress,
and internalize correct firing protocols, thereby translating to markedly improved precision and
accuracy during live-fire exercises. Consequently, simulators reduce the frequency of inexperienced
or errant shots, minimizing both economic losses and the environmental burden associated with the
production, transportation, and disposal of ammunition. Beyond tangible savings, simulators also offer
underappreciated advantages such as standardized instruction across units, improved after-action
review through digital feedback, and the ability to simulate diverse combat scenarios that may not be
feasible in live training. By fostering readiness in a controlled, scalable, and sustainable manner, simulator
induction not only conserves critical resources but also elevates the overall quality and consistency of
military preparedness.
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The mandatory on-field arms and ammunition of the Indian Army constitute over 50% of India’s total
defence budget, which ranks as the third highest globally, following the USA and China. With the goal
of ensuring the most effective use of defence budgets, it is crucial to examine innovative technological
methodologiesandideas. The emphasis ought to be placed oninitiatives that maintain enhanced efficiency
and yield substantial returns on investments, while concurrently engaging with and contributing to the
resolution of the nation’s environmental challenges. Therefore, in recognition of the existing complexities
surrounding various security challenges, it is imperative for the Indian Armed Forces to diligently enhance
the utilization of simulators. Improving defence training through the use of simulators offers a multitude
of advantages, maintaining efficiency while simultaneously dealing with environmental concerns.

The war in the Middle East continues to highlight the dangers of an over-reliance on fossil fuels in
preparing for routine combat readiness. As international tensions rise, the threat to fuel security is
immediate, and the resource-intensive live training is becoming less and less sustainable. Increasing the
use of high-fidelity simulators is a strategic option of uncoupling military readiness from volatile energy
supplies. The use of simulated training allows defence forces to conserve dwindling ammunition stocks
and reduce environmental damage. Most importantly, it provides long-term operational resilience and
tactical dominance in an increasingly uncertain global environment.

In order for the principles of climate change to serve as a foundational element in military operations,
it is imperative to first undertake a comprehensive examination of the effects of climate change
across the diverse domains of military operations. An integrated strategy within the armed forces
will include transitioning to simulators wherever feasible and attaining a 60-40 ratio of field training
to simulators. This will lead to reducing energy consumption, adopting cleaner energy sources, and
offsetting emissions through the development of carbon sinks and would significantly contribute to
climate change mitigation and enhance the initiatives undertaken by the government. India’s national
security strategy should emphasize the integration of climate change principles within its action plan,
considering the rising frequency of extreme climate events and their effects on the environment. The
integration of simulator-based training within the armed forces addresses all facets of sustainability.
Simulators represent a sophisticated technological solution that can significantly contribute to India’s
ambition of reaching its net zero target by 2070, by addressing issues such as emission dissipation, fiscal
cost reduction, and enhanced training efficiency.
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Appendix 1: Combat Arms Inventory and Deployment Matrix

Table A1: Combat Arms Inventory and Deployment Matrix

Combat Weapon | Ammunition | Calculation | Calculation |No. of Ammunition
Arm unit per personnel | battalion/ | fired by one
battalion/ |perunit |regiments |trainee/

regiment weapon /

Infantry Rifle 5.56x45 mm Personnel 900 900 450 200

Weapon - INSAS

System Med 7.62x51mm  Guns 16 900 450 1000
Machine Belted
Gun
Rocket 84 mm Launcher 12 900 450 10
Launcher
Mortar 81 mm Mortar 6 900 450 20
Anti-tank Milan 2T Launcher 8 900 450 2
Missile Ammunition

Artillery Rifle 5.56x45 mm Personnel 600 600 250 200

- INSAS

Guns 155 mm Guns 18 600 250 10
Rockets  Pinaka Launcher 18 600 10 5

(Pinaka) ~ Ammunition vehicle

Army Air Rifle 5.56x45 mm Personnel 500 500 60 200
Defence - INSAS
Missiles  Igla-M Launcher 12 500 60 2
Guns (L L-70 40-mm Guns 12 500 60 20
70) Ammunition
Armoured  Rifle 5.56x45 mm Personnel 600 600 70 200
Corps - INSAS
T-72/T-90 125 mm Tanks 45 600 70 20
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Table A1: Combat Arms Inventory and Deployment Matrix

Combat Weapon |Ammunition | Calculation |Calculation |No. of Ammunition
Arm unit per personnel | battalion/ | fired by one
battalion/ |perunit |regiments |trainee/

regiment weapon /

Mechanised Rifle 5.56x45 mm Personnel 800 900 50 200
Infantry - INSAS
Missiles  Milan 2T Launcher 46 900 50 2
Ammunition
Cannon 30 mm BMP 46 900 50 20
Mortar 81T mm CMT 6 900 50 20
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Appendix 2: Environmental Assessment of 5.56x45-mm
Ammunition and Infantry Weapon Training Simulator for Each
Combat Arm

1.  INFANTRY COMBAT ARM

Table A2: Gross Annual Emission Savings from Induction of IWTS in the Infantry for 5.56 x 45-mm
Ammunition

Annual Gross Emission | Present Status | Additional 5% Additional 15% Additional 25%

Reduction (15%) (kg CO, |Induction (kg CO, |Induction (kg CO, |Induction (kg CO,
eq./annum) eq./annum) eq./annum) eq./annum)

From reduced firing 78,48,908.541  26,16,302.847 78,48,908.541 1,30,81,514.24

From reduced 17,550 5,850 17,550 29,250

movement

Total 78,66,458.541 26,22,152.847 78,66,458.541 1,31,10,764.24

Source: TERI Study

2. ARTILLERY

Table A3: Gross Annual Emission Reduction from Induction of IWTS in the Artillery for 5.56 x 45-mm
Ammunition

Annual Gross Emission | Present Status | Additional 5% Additional 15% Additional 25%

Reduction (15%) (kg CO, |Induction (kg CO, |Induction (kg CO, |Induction (kg CO,
eq./annum) eq./annum) eq./annum) eq./annum)

From reduced firing 29,07,003.164  9,69,001.0545 29,07,003.164 48,45,005.273

From reduced 7,800 2,600 7,800 13,000

movement

Total 29,14,803.164 9,71,601.054 29,14,803.164 48,58,005.273

Source: TERI Study

3. ARMY AIR DEFENCE

Table A4: Gross Annual Emission Reduction from Induction of IWTS in the Army Air Defence for 5.56 x
45-mm Ammunition

Annual Gross Emission |Present Status | Additional 5% Additional 15% Additional 25%

Reduction (15%) (kg CO, |Induction (kg CO, |Induction (kg CO, |Induction (kg CO,
eq./annum) eq./annum) eq./annum) eq./annum)

From reduced firing 5,81,400.6327  1,93,800.2109 5,81,400.6327 9,69,001.0545

From reduced 1,872 624 1,872 3,120

movement

Total 5,83,272.632 1,94,424.21 5,83,272.632 9,72,121.054

Source: TERI Study
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4. ARMOURED CORPS

Table A5: Gross Annual Emission Reduction from Induction of IWTS in the Armoured Corps for 5.56 x
45-mm Ammunition

Annual Gross Emission | Present Status | Additional 5% Additional 15% Additional 25%

Reduction (15%) (kg CO, | Induction (kg CO, | Induction (kg CO, | Induction (kg CO,
eg./annum) eq./annum) eq./annum) eq./annum)

From reduced firing 8,13,960.8858  2,71,320.2953 8,13,960.8858 13,56,601.476

From reduced 2,184 728 2,184 3,640

movement

Total 8,16,144.885 2,72,048.295 8,16,144.885 13,60,241.476

Source: TERI Study

5. MECHANISED INFANTRY

Table A6: Gross Annual Emission Reduction from Induction of IWTS in the Mechanised Infantry for 5.56
x 45-mm Ammunition

Annual Gross Emission | Present Status | Additional 5% Additional 15% Additional 25%

Reduction (15%) (kg CO, | Induction (kg CO, | Induction (kg CO, | Induction (kg CO,
eq./annum) eq./annum) eq./annum) eq./annum)

From reduced firing 7,75,200.8436  2,58,400.2812 7,75,200.8436 12,92,001.406

From reduced 1,560 520 1,560 2,600

movement

Total 7,76,760.843 2,58,920.281 7,76,760.843 12,94,601.406

Source: TERI Study
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Appendix 3: Composition and POF Emissions of 5.56x45-mm
Ammunition

Table A7: General Specification of 5.56 * 45-mm Ammunition

Weapon- Rifle

Ammunition- 5.56x45-mm INSAS

Total Cartridge Weight- 13 grams

Composition of Cartridge Cartridge Case Projectile Propellant Primer

(in grams) 6.975 4.4 1.6 0.025

Table A8: Composition of 5.56 x 45-mm Ammunition™"

Ammunition Component Sub- Composition Material Weight
Component (in grams)
Projectile Jacket Copper 0.397
Zinc 0.020
Core Lead 3.5739
Antimony 0.19
Steel 0.22
Cartridge Case Brass 6.975
Double Base Propellant (5.56*45 mm) 1.6
Primer (5.56*45 mm) 0.025

Table A9: Point-of-Fire Emissions per Gram of Propellant Burnt for 5.56 x 45-mm Ammunition™

Point of Fire emissions for 5.56*45 mm Quantity per gram of propellant burnt (in grams)

1 Carbon monoxide 0.337

2 Hydrogen cyanide 0.0008

3 Benzene 0.000174

4 Acrylonitrile 0.0000236

5 Toluene 0.0000182

6 Cyanobenzene 0.00000991

2. Munitions India Limited: https://munitionsindia.in/products/5-56-tracer-ammunition/
5 Crude data obtained from Olin Winchester Ammunition” Material Safety Datasheet and calibrated for analysis by the authors.
“ Data obtained from Kirchner et al., 1993
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Table A9: Point-of-Fire Emissions per Gram of Propellant Burnt for 5.56 x 45-mm Ammunition™

Point of Fire emissions for 5.56*45 mm Quantity per gram of propellant burnt (in grams)

7 Crotonitrile 0.00000143
8 Furan 0.00000M

9 Dimethylnitrosamine 0.00000085
10 Methacrylonitrile 0.00000076
1 Quinoline 0.00000051
12 Nitrobenzene 0.00000045
13 2-Furfural 0.00000035
14 Carbon disulphide 0.00000018
15 Hexane 0.00000017
16 Indane 0.00000003
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Appendix 4: Composition and POF Emissions of 81-mm
Ammunition

Table A10: General Specification of 81-mm Ammunition

Weapon- Mortar

Ammunition- 81 mm

Total Round Mass- 4.3 kg

Composition of Cartridge Shell Body Explosive Tail Fuse Propellant
(in kilograms) 2.69 0.6 0.27 0.24 0.5

Table A11: Composition of 81-mm Ammunition™"®

Ammunition Sub-Component Composition Material Weight
Component (in kg)
Shell Body Forged Steel 2.7
Tail Aluminium Alloy 0.27
Fuse Case Aluminium Alloy 0.06
Electronic Components 0.04
Plastic Components 0.008
Detonator Charge Lead Styphnate 0.132
Single Base Propellant 0.5

Table A12: Point-of-Fire Emissions per Ammunition Round for 81 mm (Generic)”

S. No. Pomt of Fire Emissions to | Quantity of Emissions (Ib/ 81- | Quantity of Emissions
mm ammunition) (kg/ 81-mm ammunition)

Carbon dioxide 2.9E-03 1.3154E-03
2 Carbon monoxide 4.9 E-03 2.2226E-03
3 Lead 1.3 E-05 5.8977E-06
4 Methane 1.6 E-05 7.2575E-06
5 NO, 4.2 E-05 1.9051E-05
6 PM, 8.9 E-05 4.0370E-05
7 PM 9.5E-05 4.3091E-05

10

* Data obtained from Ammunition Nexter Catalogue 2022/2023
® DRDO. (n.d.). 8Imm mortar. Ministry of Defence, Government of India.

v Data Obtained from US Environmental Protection Agency. (2008, June) and calibrated for analysis by the authors.
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Table A12: Point-of-Fire Emissions per Ammunition Round for 81 mm (Generic)”

S.No. | Point of Fire Emissions to | Quantity of Emissions (lb/ 81- | Quantity of Emissions
Air mm ammunition) (kg/ 81-mm ammunition)
8 TSP

8.6 E-05 3.9019E-05
9 Acenaphthene 2.2E-09 9.9790E-10
10 Acenaphthylene 1.0 E-08 4.5359E-09
1 Acetaldehyde 2.7 E-07 1.2247E-07
12 Acetonitrile 3.9 E-07 1.7690E-07
13 Acrylonitrile 1.1E-06 4.9895E-07
14 Aluminium 2.9 E-06 1.3154E-06
15 Anthracene 1.6 E-09 7.2575E-10
16 Antimony 7.3 E-06 3.3142E-06
17 Barium 1.5 E-05 6.8039E-06
18 Benzene 4.7 E-06 2.1329E-06
19 Benzola]anthracene 2.5 E-09 1.1340E-09
20 Benzo[b]fluoranthene 1.2 E-08 5.4431E-09
21 Benzo[k]fluoranthene 8.1E-09 3.6751E-09
22 Benzo[g,h,i]perylene 3.5E-09 1.5876E-09
23 Benzo[a]pyrene 1.3 E-09 5.8967E-10
24 Benzo[e]pyrene 3.8 E-09 1.7226E-09
25 Butylbenzylphthalate 1.8 E-07 8.1647E-08
26 Carbon disulphide 3.4 E-08 1.5412E-08
27 Carbonyl sulphide 1.3 E-06 5.8967E-07
28 Chloromethane 1.7 E-09 7.7111E-10
29 Chrysene 2.7 E-08 1.2247E-08
30 Dibenz[a,h]anthracene 1.8 E-09 8.1647E-10
31 1,2-Dichloroethane 9.3 E-08 4.2214E-08
32 Ethylbenzene 1.5E-08 6.8039E-09
33 Ethylene 6.5 E-06 2.9484E-06
34 Fluoranthene 5.4 E-08 2.4514E-08
35 Fluorene 4.4 E-09 1.9968E-09
36 Formaldehyde 2.0 E-06 9.0718E-07
37 Hydrogen cyanide 3.7E-06 1.6783E-06
38 Indenol1,2,3-cd]pyrene 31E-09 1.4061E-09
39 Lead 1.3 E-05 5.8967E-06
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Table A12: Point-of-Fire Emissions per Ammunition Round for 81 mm (Generic)”

S. No. Pomt of Fire Emissions to | Quantity of Emissions (Ib/ 81- | Quantity of Emissions
mm ammunition) (kg/ 81-mm ammunition)

Methylene chloride 1.0 E-05 4.5359E-06
41 Methyl methacrylate 7.2 E-08 3.2659E-08
42 Methyl tert-butyl ether 1.1E-08 4.9895E-09
43 Naphthalene 8.7 E-08 3.9493E-08
44 Phenanthrene 39E-08 1.7690E-08
45 Propylene 1.5 E-06 6.8039E-07
46 Pyrene 2.9E-08 1.3154E-08
47 Styrene 1.4 E-07 6.3503E-08
48 Toluene 2.7 E-07 1.2247E-07
49 1,1,1-Trichloroethane 3.0 E-08 1.3608E-08
50 Trichlorofluoromethane 4.8 E-09 2.1772E-09
51 m-Xylene, p-Xylene 7.3 E-08 3.3142E-08

o-Xylene 3.7 E-08 1.6783E-08

Table A13: Detonation Emissions per Ammunition Round for 81 mm (Generic)®

Detonation Emissions to Air Quantity of Quantity of Emissions

Emissions (kg/ 81-mm ammunition)
(Ib/ 81-mm
ammunition)

1 Carbon dioxide 1.4 0.63503

2 Carbon monoxide 9.7 E-02 0.04400

3 Lead 6.9 E-04 0.0003130

4 Methane 1.5E-03 0.0006804

5 NO, 1.6 E-02 0.0072575

6 PM, 9.3 E-02 0.042184

7 PM,, 1.7 E-O1 0.0771M

8 TSP 1.9 E-01 0.086184

9 Acenaphthylene 4.6 E-07 2.0875E-07

10 Acetaldehyde 2.4 E-05 1.0886E-05

11 Acetonitrile 4.0 E-05 1.8144E-05

8 Data Obtained from US Environmental Protection Agency. (2008, June) and calibrated for analysis by the authors.
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Table A13: Detonation Emissions per Ammunition Round for 81 mm (Generic)®

Detonation Emissions to Air Quantity of | Quantity of Emissions

Emissions (kg/ 81-mm ammunition)

(Ib/ 81-mm

ammunition)
12 Acrylonitrile 3.5E-06 1.5876E-06
13 Aluminium 41E-03 0.0018607
14 Ammonia 2.8 E-03 0.0012701
15 Antimony 3.3 E-06 1.4979E-06
16 Arsenic 2.8 E-06 1.2701E-06
17 Barium 11E-04 4.9895E-05
18 Benzene 2.9 E-05 1.3164E-05
19 Beryllium 5.8 E-06 2.6318E-06
20 Cadmium 4.3 E-05 1.9504E-05
21 Chromium 6.1 E-05 2.7679E-05
22 Cobalt 1.9 E-04 8.6173E-05
23 Copper 2.5E-03 0.0011340
24 Total dioxin/furan compounds 4.7 E-10 2.1329E-10
25 Ethylene 8.0 E-05 3.6287E-05
26 Fluoranthene 2.1E-07 9.5254E-08
27 Formaldehyde 1.1 E-04 4.9895E-05
28 1,2,3,4,6,7,8-Heptachlorodibenzo-p-dioxin 59 E-11 2.6762E-11
29 Hydrogen cyanide 1.0 E-03 0.00045359
30 Lead 6.9 E-04 0.0003130
31 Manganese 8.0 E-04 0.00036287
32 Methylene chloride 4.6 E-06 2.1175E-06
33 Methyl methacrylate 3.2E-06 1.4515E-06
34 Nickel 2.9 E-04 0.00013154
35 Nitroglycerin 1.3 E-06 5.8967E-07
36 1,2,3,4,6,7,8,9-Octachlorodibenzo-p-dioxin 3.7 E-10 1.6783E-10
37 1,2,3,4,6,7,8,9-Octachlorodibenzofuran 3.5E-1 1.5876E-11
38 Phenanthrene 6.4 E-07 2.9030E-07
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Appendix 5: Composition and POF Emissions of 84-mm Rocket
Launcher Ammunition

Table A14: General Specification of 84-mm Rocket Launcher Ammunition™

Weapon- Carl-Gustaf recoilless rifle, Shoulder-fired, multi-role, anti-tank weapon

Ammunition- 84-mm Rocket Launcher Generic

Total Round Mass- 3.4 kg

Composition of  Projectile Cartridge  Propellant Primer = Fuse Rocket Igniter
Cartridge Case Motor

(in kilograms) 2.5 0.5 0.38 0.077 0.2 0.3 0.012

Table A15: Composition of 84-mm Rocket Launcher Ammunition

Ammunition Sub-Component Composition

Component

Projectile® Outer Casing Aluminium 2
Liner Aluminium/Copper 0.1
Explosive Octol bursting charge 0.4

Cartridge Case Aluminium Alloy 0.5

Fuse Explosive Filling Double Base AKB Propellant 0.00002
Aluminium 0.1
Electronic Component 0.1

Rocket Motor Motor Housing Aluminium Alloy 0.15
Composite Solid Propellant NK700 0.1

Igniter Black Powder 0.042
Composite Solid Propellant NK700 0.0583

Double Base AKB 0.5

204 Propellant

Primer 0.077

' Data obtained from Ammunition Nexter Catalogue 2022/2023

2 Crude data regarding the breakup obtained from Directorate of Ordnance (Coordination and Services), Government of India

and calibrated.
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Table A16: Detonation Emissions per Ammunition Round for 84-mm Rocket Launcher (Generic)

Complete Use Phase Emissions to Air Quantity of Emissions (lb/ | Quantity of Emissions

84-mm Rocket Launcher | (kg/ 84-mm Rocket

ammunition) Launcher ammunition)

1 Carbon dioxide 4.4 E-01 1.996E-01

2 Carbon monoxide 5.7 E-02 2.585E-02
3 Lead 4.4 E-05 1.996E-05
4 Methane 8.6 E-04 3.901E-04
5 NO, 1.8 E-02 8.165E-03
6 PM, 7.2 E-02 3.266E-02
7 PM,, 1.3 E-01 5.897E-02
8 TSP 1.9 E-01 8.618E-02
9 Acenaphthene 6.0 E-09 2.722E-09
10 Acenaphthylene 2.7 E-08 1.225E-08

1 Acetaldehyde 8.6 E-06 3.903E-06
12 Acetonitrile 7.5 E-05 3.402E-05
13 Acrylonitrile 21E-06 9.525E-07
14 Aluminium 2.4E-02 1.089E-02
15 Ammonia 2.3E-03 1.043E-03
16 Anthracene 3.9 E-09 1.769E-09

17 Benzene 4.8 E-06 2.177E-06

18 t-Butyl alcohol 2.4 E-07 1.089E-07
19 Chromium 3.1E-05 1.407E-05
20 Hexavalent chromium 2.3 E-07 1.043E-07
21 Copper 3.8 E-03 1.724E-03

22 Cumene 3.6 E-07 1.633E-07

23 Dibutyl phthalate 3.6 E-06 1.633E-06
24 Total dioxin/furan compounds 2.4 E-10 1.089E-10

25 Ethylbenzene 5.0 E-07 2.268E-07
26 Ethylene 4.4 E-05 1.996E-05
27 bis(2-Ethylhexyl) phthalate 21E-05 9.525E-06
28 Fluoranthene 1.1E-08 4.990E-09
29 Fluorene 9.9 E-09 4.491E-09

2 Data Obtained from US Environmental Protection Agency. (2008, June) and calibrated for analysis by the authors.
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Table A16: Detonation Emissions per Ammunition Round for 84-mm Rocket Launcher (Generic)

Complete Use Phase Emissions to Air Quantity of Emissions (lb/ | Quantity of Emissions

84-mm Rocket Launcher | (kg/ 84-mm Rocket

ammunition) Launcher ammunition)
30 1,2,3,4,6,7,8-Heptachlorodibenzo-p- 2.3E-1 1.043E-11
dioxin
31 1,2,3,4,6,7,8-Heptachlorodibenzofuran 1.7 E-12 7.711E-13
32 1,2,3,4,7,8,9-Heptachlorodibenzofuran 6.3 E-13 2.858E-13
33 1,2,3,4,7,8-Hexachlorodibenzo-p-dioxin 3.0 E-13 1.361E-13
34 1,2,3,6,7,8-Hexachlorodibenzo-p-dioxin 8.5 E-13 3.856E-13
35 1,2,3,7,8,9-Hexachlorodibenzo-p-dioxin 9.8 E-13 4.445E-13
36 1,2,3,4,7,8-Hexachlorodibenzofuran 4.6 E-13 2.086E-13
37 Hydrogen cyanide 2.7E-04 1.225E-04
38 Lead 4.4 E-05 1.996E-05
39 Manganese 4.5E-04 2.041E-04
40 Methylene chloride 1.0 E-06 4.536E-07
41 Naphthalene 2.0 E-07 9.072E-08
42 Nitric acid 2.0 E-04 9.072E-05
43 1,2,3,4,6,7,8,9-Octachlorodibenzo-p- 21E-10 9.525E-11
dioxin
44 1,2,3,4,6,7,8,9-Octachlorodibenzofuran 8.6 E-12 3.901E-12
45 2,3,4,7,.8-Pentachlorodibenzofuran 3.8 E-13 1.724E-13
46 Phenanthrene 3.2E-08 1.451E-08
47 Propionaldehyde 1.4 E-06 6.351E-07
48 Propylene 1.0 E-05 4.536E-06
49 Pyrene 1.3 E-08 5.897E-09
50 Silver 6.3 E-05 2.858E-05
51 Styrene 4.0 E-07 1.814E-07
52 2,3,7,8-Tetrachlorodibenzofuran 6.9 E-13 3.130E-13
53 Toluene 1.7 E-06 7.711E-07
54 Trichlorofluoromethanes 2.0 E-07 9.072E-08
55 1,2,4-Trimethylbenzene 4.2 E-06 1.905E-06
56 m-Xylene, p-Xylene 1.1E-06 4.990E-07
57 o-Xylene 5.8 E-07 2.631E-07
58 Zinc 2.5E-04 1134E-04
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Appendix 6: Composition, POF and Detonation Emissions of
155-mm Ammunition

Table A17: General Specification of 155-mm Ammunition

Weapon- Large Caliber Artillery Shells

Ammunition- 155 mm

Total Round Mass- 55.192

Composition of Cartridge Warhead Propellant Fuse
(in kg) 44,52 9.67 1.002

Table A18: Composition of 155-mm Ammunition?

Ammunition Component Sub-Component Composition Weight (in kg)
Warhead Casing Steel 355
Driving Band Copper 0.5
Composition B 8.5
Booster PETN 0.02
Triple Base Propellant 9.67
Fuse Aluminium 0.45
Brass 0.45
Detonator RDX 0.002
Electronic Component 0.1

Table A19: Point-of-Fire Emissions of 155-mm Ammunition (kg per Round)?

S. No. |Point of Fire Emissions per 155-mm Quantity of Emissions (kg/ 155-mm ammunition)
Ammunition

1 Carbon dioxide 2.74

2 Carbon monoxide 4.64

3 Nitrogen monoxide 0.00039

4 Nitrogen dioxide 0.000314
5 Formaldehyde 0.0000863
6 Acetonitrile 0.00028

7 Acetaldehyde 0.000032
8 Benzene 0.000903

2 Ferreira, 2017
% Ibid.
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Table A19: Point-of-Fire Emissions of 155-mm Ammunition (kg per Round)?

S.No. |Point of Fire Emissions per 155-mm Quantity of Emissions (kg/ 155-mm ammunition)
Ammunition

9 Ethylbenzene 0.000219

10 Toluene 0.000279

11 Styrene 0.0000487
12 Hydrogen cyanide 0.0378

13 Acrylonitrile 0.0000229
14 Acetic acid 0.000144

15 Ethyl acetate 0.0000898
16 Furan (total) 0.0000898
17 Black carbon 0.00155

18 Sulphate 0.000304
19 Nitrate 0.000122

20 Ammonium 0.0000969
21 PAH 0.00000285
22 Lead (particulate) 0.00000043

Table A20: Detonation Emissions of 155-mm Ammunition (kg per Round)*

S.No. |Detonation Emissions per 155-mm Quantity of Emissions (kg/ 155-mm ammunition)
Ammunition

1 Carbon dioxide 0.191

2 Carbon monoxide 0.00454

3 Oxides of nitrogen 0.0132

4 Sulphur dioxide 0.000354

5 Acetaldehyde 0.0000304
6 Acetonitrile 0.00000268
7 Acetophenone 0.00000109
8 Ammonia 0.000015

9 Benzene 0.0000354
10 Beryllium 9.53E-08

11 Carbon disulphide 0.00000368
12 Chloromethane 0.00000218
13 Ethylbenzene 0.00000245
14 Ethene 0.0000999
15 Formaldehyde 0.0000145
16 Methylene chloride 0.0000168
17 2-methylnaphthalene 0.000000309

24

Ferreira, 2017
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Table A20: Detonation Emissions of 155-mm Ammunition (kg per Round)*

S.No. |Detonation Emissions per 155-mm
Ammunition

Quantity of Emissions (kg/ 155-mm ammunition)

18 Naphathalene 0.00000272
19 Nitroglycerin 0.00000545
20 Phenol 0.000000409
21 Phosphorus 0.0000386
22 Propinaldehyde 0.000015

23 Propylene 0.0000195

24 Toluene 0.0000104
25 Xylene 0.000000908
26 Acetylene 0.00295

27 Benzaldehyde 0.00000817
28 2-butenal 0.00000241
29 1-butene 0.00000381
30 Cis-2-butene 0.00000109
31 Trans-2-butene 0.00000123
32 Diethylphthalate 0.000000953
33 Dodecane 0.00000195
34 Ethane 0.0000318
35 Hexaldehyde 0.0000059
36 Methy Ethyl ketone 0.00000499
37 1-propybe 0.00000154
38 Valeraldehyde 0.00000817
39 Antimony 0.000015

40 Arsenic 0.000000345
41 Barium 0.0000132

42 Cadmium 0.000232

43 Magnesium 0.114

44 Manganese 0.0000636
45 Lead 0.00000331
46 Chromium 0.00000772
47 Cobalt 0.00000286
48 Copper 0.00000636
49 Zinc 0.000118

50 Dioxin (total) 6.81E-12

51 Furan (total) 0.00000726
52 PM_ . 0.0726

53 PM 0.163

10
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Appendix 7: Composition and POF Emissions of Pinaka Multi-
Barrel Rocket Launcher Ammunition

Table A21: General Specification of Pinaka Ammunition

Weapon- Pinaka MBRL System

Ammunition- 214 mm

Total Round Mass- 325 kg

Composition of Warhead Propulsion System Airframe Guide and control
Cartridge (in kg) 100 1315 78.5 15

Table A22: Composition of Pinaka Ammunition

Ammunition Sub-Component Composition Weight
Component (in kg)
Warhead Fuse Tetryl 0.055
Fuse Casing Aluminium Alloy 0.5
Electronic Components 1.445
HMX 80
Casing Steel 18
Propulsion Propellant 125
System Motor Casing Steel 55
Nozzle Graphite 1
Airframe Rocket Body Steel 72
Internal Aluminium 6.5

Reinforcement

Guide and Electronics 8
Control Sensors Silicon 4
Actuators Steel
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Appendix 8: Composition and POF Emissions of IGLA 1S
Ammunition

Table A23: General Specification of IGLA 1S Ammunition

Weapon- IGLA 1S Surface to Air Missile

Ammunition- 72 mm

Total Round Mass- 10.8 kg

Composition (in kg) Warhead Booster and Airframe Fins Nozzle and
and Fuse Sustainer TVC
117 4.85 3.78 0.5 0.5

Table A24: Composition of IGLA 1S Ammunition

Ammunition Sub-Component Composition
Component
Warhead and Fuse Casing Copper 0.05
Steel/Tungsten Alloy 0.4
Aluminium/Magnesium Alloy 0.15
Insulation Plastic 0.024
Electronics 0.156
HMX 0.371
Airframe Steel 2.26
Aluminium 1.51
Fins Steel 0.5
Nozzle Graphite 0.5
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Appendix 9: Composition of Various Propellants Used in the
Analysis

1. DOUBLE BASE PROPELLANT (GUN POWDER) OF 5.56x45-mm
AMMUNITION

Table A25: Input and Energy Requirement for Production of 1 Kilogram of Double-Base Propellant
(Gunpowder) Used in 5.56 x 45-mm Ammunition?

S. No. Material Quantity (kg per kg of propellant)

1 Nitrocellulose 0.55

2 Nitro-glycerine 0.33

3 Ethyl centralite 0.03

4 Dibutyl phthalate 0.01

5 Diphenylamine 0.01

6 Polyester adipate 0.01

7 N-Nitrosodiphenylamine 0.009

8 Potassium nitrite 0.01

9 Polyurethane adhesive 0.01

10 Ethyl acetate 0.01

11 Potassium sulphate 0.01

12 Graphite 0.009

Process Input for Double Base Propellant
Heat 2 MJ/kg
Electricity 0.33 kWh/kg

Table A26: Input and Energy Requirement for Production of 1 Kilogram of Various Components of
Double-Base Propellant Used in 5.56 x 45-mm Ammunition

Material Quantity (kg per kg)- Unless other units are specified
A) Inputs for 1 kg of Nitrocellulose
1 Cellulose 0.6
2 Nitric acid 1.4
3 Sulphuric acid 0.81
Emission to air for Nitrocellulose
Sulphur dioxide 0.035
NO 0.015
Nitric acid 0.0095
Sulphuric acid 0.0003
Process Input for Nitrocellulose
Electricity 0.065 kWh per kg
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Table A26: Input and Energy Requirement for Production of 1 Kilogram of Various Components of
Double-Base Propellant Used in 5.56 * 45-mm Ammunition

Material Quantity (kg per kg)- Unless other units are specified
B) Inputs for 1 kg of Nitro-glycerine
1 Glycerine 0.42
2 Sulphuric acid 1.01
3 Nitric acid 1.04
4 Sodium carbonate 0.006
Emission to air for Nitro-glycerine
Nitric acid 0.002
Sulphuric acid 0.002
Process Input for Nitro-glycerine
Heat 2 MJ/kg
Electricity 0.33 kWh/kg
1 Ethylamine 0.336
2 Diphenyl carbonate 0.799
Process Input for Ethyl Centralite
Heat 2 MJ/kg
Electricity 0.33 kWh/kg
1 Dimethyl carbonate 0.42
2 Phenol 0.878
Process Input for Diphenyl Carbonate
Heat 2 MJ/kg
Electricity 0.33 kWh/kg
1 Sulphuric acid 0.0226
2 Phthalic acid 0.596
3 1-butanol 0.532
Process Input for Dibutyl Phthalate
Heat 2 MJ/kg

Electricity 0.33 kWh/kg
1 Phenol 1.11
2 Cyclohexanone 0.58
3 Ammonia 0.1
4 Palladium 0.036
Process Input for Diphenylamine
Heat 2 MJ/kg
Electricity 0.33 kWh/kg
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Table A26: Input and Energy Requirement for Production of 1 Kilogram of Various Components of
Double-Base Propellant Used in 5.56 * 45-mm Ammunition

Material Quantity (kg per kg)- Unless other units are specified
G) Inputs for 1 kg of Polyester Adipate
1 Adipic acid 0.701
2 Ethylene glycol 0.298
3 Titanium dioxide 0.005
Process Input for Polyester Adipate
Heat 2 MJ/kg
Electricity 0.33 kWh/kg
H) Inputs for 1 kg of N-Nitrosodiphenylamine
1 1,1-diphenylhydrazine 0.928
2 Sodium nitrite 0.348
3 Hydrochloric acid 0.184
Process Input for N-Nitrosodiphenylamine
Heat 2 MJ/kg
Electricity 0.33 kWh/kg
1) Inputs for 1kg of 1,1-diphenylhydrazine
1 Diphenylamine 0.917
2 Sodium nitrite 0.373
3 Hydrochloric acid 0.198
4 Palladium 0.456
Process Input for 1,1-diphenylhydrazine
Heat 2 MJ/kg
Electricity 0.33 kWh/kg

2. SINGLE BASE PROPELLANT OF 81-mm AMMUNITION

Table A27: Composition of Single-Base Propellant for 81-mm Ammunition

S. No. Material Quantity (kg per kg of propellant)
1 Graphite 0.009

2 Potassium nitrate 0.01

3 Diphenylamine 0.02

4 Nitrocellulose 0.95

5 Dibutyl phthalate 0.01

Process Input for Propellant
Heat 2MJ/kg
Electricity 0.33 kWh/kg
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3. PROPELLANT- DOUBLE BASE AKB 204 OF 84-mm ROCKET
LAUNCHER AMMUNITION

Table A28: Input and Energy Requirement for Production of 1 Kilogram of Double-Base AKB Propellant
Used in 84-mm Rocket Launcher Ammunition

S. No. Material Quantity (kg per kg of propellant) Remarks
1 Nitrocellulose 0.61 61%
2 Nitro-glycerine 0.375 37.5%
3 Ethyl centralite 0.015 1.5%
Process Input for Propellant

Heat 2 MJ/kg

Electricity 0.33 kWh/kg

4. NK-700 COMPOSITE SOLID PROPELLANT OF 84-mm Rocket Launcher
ROCKET MOTOR

Table A29: Input and Energy Requirement for Production of 1 Kilogram of NK-700 Composite Solid
Propellant Used in 84-mm Rocket Launcher Rocket Motor

S. No. Material Quantity (kg per kg of propellant) FENENS
1 Ammonium perchlorate 0.7 61%
2 HTPB 0.15 37.5%
3 Aluminium 0.125 1.5%
Process Input for Propellant Charge; NK-700

Heat 2 MJ/kg

Electricity 0.33 kWh/kg

Table A30: Input and Energy Requirement for Production of 1 Kilogram of Various Components of NK-
700 Composite Solid Propellant Used in 84-mm Rocket Launcher Rocket Motor

Material Quantity (kg per kg)- Unless other units are specified
A) Inputs for 1 kg of Ammonium Perchlorate
1 Ammonium hydroxide 0.298
2 Sodium perchlorate 1.047
Process Input for Ammonium Perchlorate
Heat 2MJ/kg
Electricity 0.33 kWh/kg
1 Ammonia 0.1
2 Water 0.9
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Table A30: Input and Energy Requirement for Production of 1 Kilogram of Various Components of NK-
700 Composite Solid Propellant Used in 84-mm Rocket Launcher Rocket Motor

Quantity (kg per kg)- Unless other units are specified
Process Input for Ammonium Hydroxide
Heat 2MJ/kg
0.33 kWh/kg

Electricity

C) Inputs for 1kg of HTPB
1 Butadiene 0.75
2 Titanium tetrachloride 0.0075
3 Ethylene glycol 0.2
4 Tetrahydrofuran 0.03
Process Input for HTPB
Heat 2MJ/kg
Electricity kWh/kg

5. TRIPLE BASE PROPELLANT OF 155-mm AMMUNITION

Table A31: Input and Energy Requirement for Production of 1 Kilogram of Triple-Base Propellant Used in
155-mm Ammunition

S. No. Material Quantity (kg per kg of propellant)
1 Triple Base Powder 0.928
2 Black powder 0.0057
3 Igniter: BK-NO, 0.0031
4 Lead (De-coppering Agent)  0.0088
Process Input for Propellant Charge
Heat 2 MJ/kg
Electricity 0.33 kWh/kg

Table A32: Input and Energy Requirement for Production of 1 Kilogram of Various Components of
Triple-Base Propellant Used in 155-mm Ammunition

Material Quantity (kg per kg)- Unless other units are specified
A) Inputs for 1 kg of Triple Base Powder
1 Nitrocellulose 0.3
2 Nitro-glycerine 0.25
3 Nitro-guanidine 0.44
4 Ethyl centralite 0.091
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Table A32: Input and Energy Requirement for Production of 1 Kilogram of Various Components of
Triple-Base Propellant Used in 155-mm Ammunition

S. No. Quantity (kg per kg)- Unless other units are specified

Process Input for Triple Base Powder

Heat 2MJ/kg
Electricity 0.33 kWh/kg
B) Inputs for 1 kg of Black Powder
1 Charcoal 0.19
2 Sulphur 0.03
3 Potassium nitrate 0.78

Process Input for Black Powder

Heat 2MJ/kg
Electricity 0.33 kWh/kg
1 Boric acid 0.57
2 Potassium nitrate 0.9

Process Input for Igniter
Heat 2MJ/kg
Electricity 0.33 kWh/kg

6. PROPELLANT OF PINAKA PROPULSION SYSTEM

Table A33: Input and Energy Requirement for Production of 1 Kilogram of Propellant Used in the Pinaka
Propulsion System

S. No. Material Quantity (kg per kg of propellant)
1 HTPB 0.12

2 Ammonium perchlorate 0.68

3 Aluminium powder 0.2

Process Input for Propellant Charge
Heat 2MJ/kg
Electricity 0.33 kWh/kg
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Appendix 10: Composition of Various Primers Used in the
Analysis

1. PRIMER OF 5.56%45-mm AMMUNITION

Table A34: Input and Energy Requirement for Production of 1 Kilogram of Primer Used in 5.56 x 45-mm
Ammunition

S. No. Material Quantity (kg per kg of primer)
1 Lead styphnate 0.01125

2 Barium nitrate 0.00625

3 Antimony sulphide 0.005

4 Tetrazene 0.00125

5 Rosin 0.00125

Process Input for Primer
Heat 2 MJ/kg
Electricity 0.33 kWh/kg

Table A35: Input and Energy Requirement for Production of 1 Kilogram of Various Components of
Primer Used in 5.56 x 45-mm Ammunition

Material Quantity (kg per kg)- Unless other units are specified
A) Inputs for 1 kg of Lead Styphnate
1 Trinitroresorcinate 1.25
2 Lead nitrate 212
3 Sodium bicarbonate 0.8

Emission to air for Lead Styphnate

Trinitroresorcinate 0.0025

Process Input for Lead Styphnate

Heat 2 MJ/kg
Electricity 0.33 kWh/kg
B) Inputs for 1kg of Trinitroresorcinate
1 1,1-dinitrobenzene 1.08
2 Hydrochloric Acid 0.33
Process Input for Trinitroresorcinate
Heat 2 MJ/kg
Electricity 0.33 kWh/kg
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Table A35: Input and Energy Requirement for Production of 1 Kilogram of Various Components of
Primer Used in 5.56 x 45-mm Ammunition

Quantity (kg per kg)- Unless other units are specified

1 Dinitrobenzene 1.08
2 Hydrogen 0.167
3 Ethanol 3.14
4 Zinc omn

Emission to air for 1,3 dinitrobenzene

Ethanol 0.006
Process Input for 1,3 dinitrobenzene
Heat 2MJ/kg
Electricity 0.33 kWh/kg
1 Nitrobenzene 0.89
2 Sulphuric acid 1.06
3 Nitric acid 0.48

Emission to air for Dinitrobenzene

Nitrobenzene 0.0018
Sulphuric acid 0.002
Nitric acid 0.001
Process Input for Dinitrobenzene
Heat 2MJ/kg
Electricity 0.33 kWh/kg
E) Inputs for 1 kg of Lead Nitrate
1 Nitric Acid 1.05
2 Lead 0.747
Process Input for Lead Nitrate
Heat 2MJ/kg
Electricity 0.33 kWh/kg
1 Barium carbonate 0.75
2 Nitric acid 0.75

Emission to air for Barium Nitrate

Nitric acid 0.0015
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Table A35: Input and Energy Requirement for Production of 1 Kilogram of Various Components of
Primer Used in 5.56 x 45-mm Ammunition

S. No. Quantity (kg per kg)- Unless other units are specified

Process Input for Barium Nitrate

Heat 2MJ/kg
Electricity 0.33 kWh/kg
G) Inputs for 1 kg of Antimony Sulphide
1 Sodium theosulphate 0.46
2 Antimony trichloride 0.67
Process Input for Antimony Sulphide
Heat 2 MJ/kg
Electricity 0.33 kWh/kg
H) Inputs for 1 kg of Sodium Theosulphate
1 Sodium sulphite 0.82
2 Sulphur 0.21
Emission to air for Sodium Theosulphate
Sulphur 0.0004
Process Input for Sodium Theosulphate
Heat 2 MJ/kg
Electricity 0.33 kWh/kg
1) Inputs for 1 kg of Sodium sulphite
1 Sodium hydroxide 0.64
2 Sulphur dioxide 0.51
Emission to air for Sodium Sulphite
3 Sodium hydroxide 0.0001
4 Sulphur dioxide 0.0001
Process Input for Sodium Sulphite
Heat 2MJ/kg
Electricity 0.33 kWh/kg
J) Inputs for 1 kg of Antimony Trichloride
1 Antimony 0.59
2 Chlorine 0.49

Emission to air for Antimony Trichloride
Chlorine 0.001
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Table A35: Input and Energy Requirement for Production of 1 Kilogram of Various Components of
Primer Used in 5.56 x 45-mm Ammunition

S. No. Quantity (kg per kg)- Unless other units are specified

Process Input for Antimony Trichloride

Heat 2MJ/kg
Electricity 0.33 kWh/kg
K) Inputs for 1 kg of Tetrazene
1 Aminoguanadine sulphate 1.85
2 Sodium nitrite 1.48
3 Acetic acid 1.2

Emission to air for Tetrazene

Acetic acid 0.0024
Sodium nitrite 0.003
Process Input for Tetrazene
Heat 2MJ/kg
Electricity 0.33 kWh/kg
L) Inputs for 1kg of Aminoguanadine Sulphate
1 Aminoguanadine 0.48
2 Sulphuric acid 0.63
Emission to air for Aminoguanadine Sulphate
Sulphuric acid 0.0012
Process Input for Aminoguanadine Sulphate
Heat 2MJ/kg
Electricity 0.33 kWh/kg
M) Inputs for 1kg of Aminoguanadine
1 Cyanimide 0.6
2 Hydrazine 0.46
Emission to air for Aminoguanidine
Cyanimide 0.0012
Hydrazine 0.0009
Process Input for Aminoguanadine
Heat 2 MJ/kg
Electricity 0.33 kWh/kg
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Table A35: Input and Energy Requirement for Production of 1 Kilogram of Various Components of
Primer Used in 5.56 x 45-mm Ammunition

Material Quantity (kg per kg)- Unless other units are specified
N) Inputs for 1 kg of Cyanamide
1 Calcium carbide 1.6
2 Carbon dioxide 11
Emission to air for Cyanimide
Co, 0.0022
Process Input for Cyanimide
Heat 2MJ/kg
Electricity 0.33 kWh/kg

2. PRIMER OF 84-mm ROCKET LAUNCHER AMMUNITION

Table A36: Input and Energy Requirement for Production of 1 Kilogram of Primer Used in 84-mm Rocket
Launcher Ammunition

S. No. Material Quantity (kg per kg of primer)
1 Z2A Primer 0.13
2 Black Powder 0.87

Process Input for Primer
Heat 2MJ/kg
Electricity 0.33 kWh/kg

Table A37: Input and Energy Requirement for Production of 1 Kilogram of Various Components of
Primer Used in 84-mm Rocket Launcher Ammunition

Material Quantity (kg per kg)- Unless other units are specified
A) Inputs for 1 kg of Z2A Primer
1 Rosin 0.05
2 Lead styphnate 0.45
3 Barium nitrate 0.25
4 Antimony sulphide 0.2
5 Tetrazene 0.05

Process Input for Z2A Primer
Heat 2MJ/kg
Electricity 0.33 kWh/kg
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Table A37: Input and Energy Requirement for Production of 1 Kilogram of Various Components of
Primer Used in 84-mm Rocket Launcher Ammunition

S. No. Material Quantity (kg per kg)- Unless other units are specified
B) Inputs for 1 kg of Black Powder

1 Charcoal 0.19

2 Sulphur 0.03

3 Potassium nitrate 0.78

Process Input for Black Powder
Heat 2MJ/kg
Electricity 0.33 kWh/kg
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Appendix 11: Composition of Other Energetic Material Used in
the Analysis

1. OCTOL BURSTING CHARGE

Table A38: Input and Energy Requirement for Production of 1 Kilogram of Octol Bursting Charge

S. No. Material Quantity (kg per kg)
1 TNT 30%
2 HMX 70%
Process Input for Primer
Heat 2 MJ/kg
Electricity 0.33 kWh/kg

2. IGNITER (84 mm)

Table A39: Input and Energy Requirement for Production of 1 Kilogram of Igniter Used in 84-mm Rocket
Launcher Ammunition

S. No. Material Quantity (kg per kg)
1 Black Powder 0.042
2 Composite Solid Propellant  0.058
Process Input for Primer
Heat 2MJ/kg
Electricity 0.33 kWh/kg

3. Composition B

Table A40: Input and Energy Requirement for Production of 1 Kilogram of Composition B

S. No. Material Quantity (kg per kg) Remarks
1 RDX 0.595 59.5%
2 TNT 0.395 39.5%
3 Wax 0.010 1%
Process Input for Composition B

Heat 3.7 MJ/kg

Electricity 1135 kWh/kg
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Table A41: Input and Energy Requirement for Production of 1 Kilogram of Various Components of

Composition B

Material

A) Inputs for 1 kg of RDX

Quantity (kg per kg)- Unless other units are specified

1 Hexamine 0.8
2 Nitric acid 1.89
Emission to air for RDX
Nitric acid 0.0036
Process Input for RDX
Heat 3.7 MJ/kg
Electricity 1135 kWh/kg
B) Inputs for 1 kg of Hexamine
1 Ammonia 0.51
2 Formaldehyde 1.3
Emission to air for Hexamine
Ammonia 0.001
Formaldehyde 0.002
Process Input for Hexamine
Heat 0.65 MJ/kg
Electricity 0.35 kWh/kg
C) Inputs for 1 kg of TNT
1 Oleum 2.25
2 Sulphur bisulphite 0.065
3 Sodium sulphite 0.01
4 Sulphur dioxide 0.001
5 Toluene 0.49
6 Nitric acid 11
Emission to air for TNT
PM, 0.00013
NO, 0.00012
Nitric acid 0.009
Process Input for TNT
Heat 3.7MJ/kg
Electricity 0.135 kWh/kg
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Table A41: Input and Energy Requirement for Production of 1 Kilogram of Various Components of
Composition B

Material Quantity (kg per kg)- Unless other units are specified
D) Inputs for 1 kg of Oleum
1 Sulphuric acid 0.8
2 Sulphur trioxide 0.2
Process Input for Oleum
Heat 2 MJ/kg
Electricity 0.33 kWh/kg
Inputs for 1 kg of Sulphur Bisulphite
1 Sodium carbonate 1.02
2 Sulphur dioxide 0.615
Sulphur dioxide 0.001
Process Input for Sulphur Bisulphite
Heat 2 MJ/kg
Electricity 0.33 kWh/kg

4. PETN (Booster)

Table A42: Input and Energy Requirement for Production of 1 Kilogram of PETN

S. No. Material Quantity (kg per kg)
1 Pentaerythritol 0.44

2 Nitric acid 0.08

3 Acetone 1.76

4 Sodium carbonate 0.007

Process Input for PETN
Heat 2 MJ/kg
Electricity 0.33 kWh/kg
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Table A43: Input and Energy Requirement for Production of 1 Kilogram of Various Components of PETN

S. No. Material Quantity (kg per kg)- Unless other units are specified
Inputs for 1kg of Pentaerythritol

1 Acetaldehyde 0.323

2 Formaldehyde 0.882

3 Lime 0.272

Emission to air for Pentaerythritol

Acetaldehyde 0.0006

Formaldehyde 0.002
Process Input for Pentaerythritol

Heat 2 MJ/kg

Electricity 0.33 kWh/kg

5.TETRYL (WARHEAD- PINAKA AMMUNITION)

Table A44: Input and Energy Requirement for Production of 1 Kilogram of Tetryl Used in Pinaka
Ammunition

S. No. Material Quantity (kg per kg)
1 Methyl iodide 0.494
2 Nitric acid 0.877
3 Diphenylamine 0.589
Process Input for Tetryl
Heat 2 MJ/kg
Electricity 0.33 kWh/kg

6. HMX (WARHEAD- PINAKA AMMUNITION)

Table A45: Input and Energy Requirement for Production of 1Kilogram of HMX Used in Pinaka Ammunition

S. No. Material Quantity (kg per kg)
1 Ammonia 0.51
2 Formaldehyde 1.3
Process Input for HMX
Heat 2MJ/kg
Electricity 0.33 kWh/kg
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Appendix 12: Estimation of Manufacturing and Use Phase
Emission of 7.62x51-mm Ammunition

Step 1: Defining the generic 7.62x51-mm Round Specifications

Component Typical Material Average Weight (g)
Cartridge Case Brass ~9.6

Bullet Copper jacket, lead core ~10.7

Propellant Double base (NC + NG) ~3.2

Primer Lead styphnate-based ~0.2

Total ~23.7g

Step 2: Method of Scaling from 5.56x45 mm - 7.62x51 mm

Since the detailed material breakdown and process inputs are available only for 5.56 mm, we scale
emissions using mass-based proportioning for the manufacturing phase, and propellant mass-based
scaling for the use-phase emissions since manufacturing emissions are roughly proportional to the mass
of materials and energy intensity of components and use-phase emissions directly depend on propellant
quantity burned, so it’s best to scale using grams of propellant.

Mass-Based Scaling for Manufacturing Emissions

The weight of 5.56x45-mm ammunition is 13 g and the manufacturing emissions were 0.646 kg CO,-eq.
The generic 7.62x51-mm ammunition considered for analysis weights 23.7 g

The ratio of weights of the two ammunition is= (23.7/13) g= 1.823

Thus, 7.62x51-mm ammunition is 1.823 times heavier that 5.56x45-mm ammunition.

Therefore, assuming linear scalability, the scaling factor of manufacturing emissions would be 1.823. This
gives us-

Manufacturing emissions for 7.62 mm=0.646x1.823~1.178 kg CO,-eq.
Propellant-Based Scaling for Use-Phase Emissions
For 5.56x45-mm ammunition,

»  Propellant=1.6g
»  Use emissions = 0.000000703 kg CO,-eq.

For 7.62-mm ammunition,
»  Propellant=3.2g
The ratio of weights of the propellants in the two ammunition are= (3.2/1.6) g= 2

Thus, 7.62x51-mm ammunition has 2 times the propellant of 5.56x45-mm ammunition.
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Therefore,
Use-phase emissions for 7.62 mm=0.000000703*2=0.000001406 kg CO,-eq.

Therefore, estimate manufacturing and use phase emissions of 7.62x51-mm ammunition is:

Phase Emissions (kg CO,-eq.) Method Used
Manufacturing 1.178 Mass-based scaling
Use phase (firing) 0.000001406 Propellant-based scaling
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Appendix 13: Estimation of Life Cycle GHG Emissions for MILAN
2T Ammunition through Reference Ammunition
To estimate total greenhouse gas (GHG) emissions (CO,-equivalent) from both manufacturing and use

phases of a single MILAN 2T missile, the method used assumes emissions scale proportionally with total
mass for manufacturing, while keeping the use phase calculation based on explosive weight.

The specifications for the MILAN 2T ammunition considered in this analysis is:

Specification Value

Total weight 7.1kg

Explosive weight 2.4 kg

The 84-mm Rocket Launcher Carl-Gustaf is the most suitable reference for MILAN 2T from among the
ammunition for which complete data was available and LCA was conducted using SimaPro. This is because
both are shoulder-fired anti-armour munitions with comparable subsystems, including a warhead, rocket
propulsion, and embedded electronics. While MILAN 2T is heavier and guided, the 84-mm Rocket
Launcher round offers the closest match in operational purpose and construction complexity among the
ammunition for which detailed LCA data is available, making it a reasonable basis for scaled, mass-based
emissions estimation.

2. Reference Ammunition: 84-mm Rocket Launcher Carl-Gustaf Round

»  Total weight: 3.2 kg

»  Manufacturing emissions: 56.5 kg CO,-eq.

»  Use-phase emissions (from detonation): 0.1996 kg CO,-eq.
»  Total lifecycle emissions: 56.6996 kg CO,-eq.

Thus, manufacturing emissions per kg for 84-mm Rocket Launcher ammunition is-

56.5/3.2

=17.656 kg CO-eq/kg

Thus, total emission intensity of 84-mm Rocket Launcher round is 17.656 kg CO,-eq./kg

Assuming linear scaling with total mass using the 84-mm Rocket Launcher emission factor,
Manufacturing emissions (MILAN 2T) =7.117.656 = 125.36 kg CO,-eq.

USE PHASE EMISSIONS (Explosive-Based Scaling)

Use-phase emissions depend on explosive content, scaled from the 84-mm Rocket Launcher round:
»  Explosive weight in 84 mm = 0.8 kg

»  Explosive weight in MILAN 2T = 2.4 kg
»  Scaling factor=2.4/0.8=3

Use-phase emissions (MILAN 2T) =3x0.1996=0.5988 kg CO,-eq.
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FINAL ESTIMATED EMISSIONS FOR MILAN 2T

Phase Emissions (kg CO,-eq.)
Manufacturing 125.36
Use Phase 0.5988
Total 125.96
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Appendix 14: Estimation of Life Cycle GHG Emissions for L-70
Ammunition through Reference Ammunition
To estimate total greenhouse gas (GHG) emissions (CO,-equivalent) from both manufacturing and use

phases of a single L-70 ammunition, the method used assumes emissions scale proportionally with total
mass for manufacturing, while keeping the use phase calculation based on explosive weight.

The specifications for the 84-mm Rocket Launcher ammunition considered in this analysis is:

Specification Value

Total Round Mass 3.4kg

Propellant Mass 0.7003 kg (0.38 + 0.0583 + 0.042 + 0.12 approx.)
Manufacturing GWP 56.5 kg CO,e

Use Phase GWP 0.1996 kg CO,e

Total GWP (84-mm Rocket Launcher  56.7 kg CO_e

round)

The specification for the target ammunition, L70 Round (40-mm Bofors), are as follows:

Parameter Assumed/Typical Value

Caliber 40 mm
Round Mass 0.98 kg
Propellant Mass 0.13kg

Step 1: Manufacturing Emissions (Mass-based Scaling)

We assume that manufacturing emissions scale linearly with total mass, since similar materials (metallic
projectile, casing, explosive fillings, primer) are used.

GWP_ tacturing (70) = CWPtacturing @4 mm)
CWP utacturing (70) =

=0.2882x56.5

=16.28 kg CO, eq.

Step 2: Use Phase Emissions (Propellant-based Scaling)

We assume use-phase emissions are directly proportional to the propellant mass burned, as most GHGs
during detonation are released from propellant combustion.

GWP = GWP

use (L70) - use (84 mm)

GWP

use (L70) -

= 0.1857x0.1996
=0.0371kg CO, eq.
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FINAL ESTIMATED EMISSIONS FOR ONE L70 ROUND

Phase Emissions (kg CO, eq.)
Manufacturing 16.28

Use Phase 0.0371

Total GWP 16.32
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Appendix 15: Estimation of Life Cycle GHG Emissions for 30-mm
Cannon Ammunition through Reference Ammunition
To estimate total greenhouse gas (GHG) emissions (CO,-equivalent) from both manufacturing and use

phases of a single 30-mm Cannon ammunition, the method used assumes emissions scale proportionally
with total mass for manufacturing, while keeping the use phase calculation based on explosive weight.

The specification for the target ammunition, standard 30x165-mm rounds, are as follows:

Component Estimated Mass (kg)
Projectile 0.39

Cartridge case 0.30

Propellant 0.06

Fuse 0.09

Total 0.84 kg

Step 1: Manufacturing Emissions Estimation (Mass-Based Scaling)
GWPmanufacturing (30 mm Cannon) =

=0.2471x56.5
=13.97 kg CO, eq.

Step 2: Use-Phase Emissions Estimation (Propellant-Based Scaling)
GWPuse (30 mm Cannon) =

=0.1996%0.1077
=0.0215kg CO, eq.

FINAL ESTIMATED EMISSIONS FOR ONE CANNON ROUND

Phase Emissions (kg CO,-eq.)
Manufacturing 13.97

Use-phase 0.0215

Total 13.9915
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