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P’ in our name stands for triple bottom line sustainability of people, profit and planet that we want to bring in all 
our internal functioning, projects we do, and industries we support. It also keeps us prompt, progressive and 
partnership valuing. Manifold represent abstraction of complex problem to smaller dimension, still preserving 
elements which matters and are available to influence/control and also measure the system dynamics. We are 
‘small data’ company and take pride in collecting and analysing most relevant data to help our clients with 
decisions and actions.
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Course Motivation & Objective
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✓ Most Truck EV systems are decades old technology 

having multiple non-automotive applications as well 

(E.g. electric motors, power electronics, batteries, etc.).

✓ Most of the courses offered currently are focused 

towards Automotive applications.

✓ But as an employee of Truck industry, the systems 

engineering of EV’s is also of great importance.

✓ With virtual model-based systems engineering, a lot of 

development & integration activities can be front 

loaded. This provides ample course correction 

opportunities during development without having to 

build costly.

Course Objective

To provide an overview of Electric Truck 

Integration. We will introduce the concepts and 

terminology, the global best practices in virtual 

model-based development, EV sub-system 

working principles, systems engineering and 

basics of control systems.

Upon completion of this course, trainees should be 

able to follow the literature on these subjects and 

perform independent design, research and 

development work in this field applying systems 

engineering approach using virtual models.
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Trucks: Emissions and Range
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Emission norms are successively getting 

so stringent norms ICE vehicles will soon 

become impractical

Source: pManifold 

e-Truck range is lower than equivalent ICE truck

However, the energy efficiency is significantly higher

Range (km): Range of typical 9m Non-AC  bus – Diesel, CNG, Electric 
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Trucks: All set to have CAFE soon!
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➢ Currently, it is estimated that most trucks are over these limits 

➢ The cost of technology to make ICEs efficient will decrease disparity 
between ICE & e-Trucks

Indian Fuel Consumption Regulations for Trucks

Fuel Consumption = (A x GVW) + B
Fuel Economy = 100 / Fuel Consumption

Source: Ministry of Road Transport and Highways

Source: pManifold Analysis
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Trucks: Propulsion System Layout Comparison
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Sub-System Sizing Using Modeling
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Battery Pack Specifications

✓ Power Capacity

✓ Energy Capacity

✓ Pack Voltage

Virtual Vehicle Model
Vehicle Requirements…

✓ Peak Power

✓ Charging & Regeneration

✓ Range

Motor Specifications

✓ Peak Power - Boost

✓ Peak Power - Continuous

✓ Energy Efficiency Maps

Virtual models enable capturing of requirements much early in the development

Source: pManifold’s EVSysSim©
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E-Truck Use-case and Feasibility Case Study – Approach
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Vehicle

e-Truck Model

(load, battery, wheels, etc.) 

Use-Case

(route, speed, layover, etc.)
Charging Infrastructure 

sizing 
Power and Energy 

Demand
Total Cost of Ownership

Chargers Power Demand Costing & Business 
Case

Fleet scheduling and 
sizing

Fleet

Source: pManifold 

Current Fleet Composition and Vehicle Technical Specifications
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E-Truck Use-case and Feasibility Case Study for Coal Handling
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Captive Fleet: 
Total cost of ownership & comparison with ICE fleet 

Source: pManifold 

Fleet
Number of 

trucks

Truck Purchase 
Cost6 Number of 

Chargers

Charger 
Purchase Cost 
[Crore INR] 6

Total CapEx
e-Truck Cost 

Extra

[Crore INR] [Crore INR] [Crore INR]

ICE 364 145.6 NA NA 145.6

e-Truck 342 307.8 43 5.59 313.39 167.79

Fleet
Fuel Cost / 

year2 [Crore 
INR]

Maintenance 
Cost / year3

[Crore INR]

Insurance 
Cost4 [Crore 

INR]

Driver Cost5

[Crore INR]
OpEx/year 
[Crore INR]

e-Truck OpEx
Savings/year 
[Crore INR]

ICE 20.16 4.37 2.18 8.736 35.45

e-Truck 2.45 2.05 4.62 8.21 17.33 18.12

Use Case Generation & Fleet Optimization



Module 1 | Session 01Demo Session

Financial Performance
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Financial performance 

constitutes

✓ Capital Costs

✓ Operational Costs

Savings

Additional 

Investment

Total Cost of 

Ownership 

Maintenance 

Cost 

Energy Cost 

Truck and 

Charging 

Infrastructure 

Funding 

/Incentive 

Manpower Cost 

Replacement 

Cost 
Taxes Interest 

Component
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Benefits of Systems Engineering Using Virtual System Models
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Systems Engineering

✓ Focused on the usage of product by the 

end user

✓ Prioritizes optimized system over great 

individual sub-system

✓ Trade-offs are more robust as well as all

inclusive

✓ Traceability, failure mode effect, and root 

cause analysis are much easier

✓ Helps drive standardization by enabling 

precise sub-system requirements

Virtual System Model

➢ Provides end user perspective very early in 

product development

➢ Enables sub-system selection as well as 

system optimization studies

➢ Helps generate all scenarios for well 

informed trade-offs

➢ Helps catch failures much early in the 

program

➢ Helps explore the performance bandwidth 

of standard systems using control’s tuning
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Who will Benefit?
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Public Transport Authorities, 
Private Operators

Government personnel / 
Policy makers

Professionals, Consultants

Students, Academicians 

e-Bus Manufacturers, 
Infrastructure & Services 
Providers 

Researchers, Think tanks 

Multilaterals, Funding Agencies 

…
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Program Schedule & Structure
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Module Module Title Week Day Session No. Session Title Topics coverd Duration [hr]

Module 1
Electric Truck 

Basics Week 1

Tuesday Session 1
Course Introduction & Truck 
Classifications

Course structure, Tools used, Truck classifications based on GVW across US, 
Europe and India Markets, Fuels used, Axles used

1

Thursday Session 2 Basics of e-Truck M & HD Applications
Turck Applications and Use-cases, Regulatory Requirements on Truck Axles and 
Dimensions, Axle & Tyre Selection

1

Module 2
Electric Truck 

Modelling

Saturday Practical 1 Introduction to Modeling Tools Truck Axle & Tyre load related calculations 2

Week 2

Tuesday Session 3 Batteries for e-trucks
Battery working principle, Battery sub chemsitries, Battery types, Battery series 
and Parallel combinations, Battery Sizing, Battery specifications

1

Thursday Session 4 Motors Motor woking principle, Motor specification review, Motor selection for PTOs 1

Saturday Practical 2 Battery Pack Sizing & Modelling
Scilab exercise (Battery functional model), Battery sizing for desired Range 
(excel)

2

Week 3

Tuesday Session 5 Truck Power Requirements Propulsion energy, PTOs, Steering power, Auxiliary powers 1

Thursday Session 6 Truck Power Train Integration
Product Development process, Evolving design criteria, Gradeability effect, 
Range effect, battery & Motor sizing

1

Saturday Practical 3 Motor & Vehicle Modelling Excel Modelling for Vehicle Level calculations including PTOs for a duty cycle 2

Week 4

Tuesday Session 7 Battery Management System
SoC & SoH estimation, Corrections & Compensations, Regeneration Controller, 
etc.

1

Thursday Session 8 Charger Selection & Sizing
Charging Strategy, Opportunity Charging, Charger Sizing, Charging Duration, 
etc.

1

Saturday Practical 4 BMS and Charging Modeling
Modeling Regen & Current Control, CCCV Charge Control and charging 
duration

2

Module 3 Cost Modeling Week 5

Tuesday Session 7 Charging Infrastructure
Charging systems- classifications, Charging modes, Charging standards, 
Highway Public charging Infrastructure

1

Thursday Session 8
Capital & Operational Expenditures,  
TCO

Purchase cost comparison, Drive Train cost comparison, Fuel Cost ocmparison, 
Maintenance cost comparison

1

Saturday Practical 4 TCO Modeling
Capital expenses, Operating expenses, sensitivity to subsidies, cost 
assumptions and trends, etc.

2

Module 4
Hydrogen 

Technology Week 6

Tuesday Session 9 Fuel Cells for e-trucks
Fuel Cell working Principal, Fuel Cell Types, BOP components 
overview,Polarization curve, 

1

Thursday Session 10 Hydrogen Infrastructure 
H2 ICE working principles, Stoichiometric ratio, Challenges, using H2 
Technology as Range extender, H2 estimation

1

Saturday Practical 5 Internal Project Reviews 2

Evaluations Week 7
Thursday Session 14 Online Exam 1
Saturday Practical 7 Project Evaluations 3
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Primary Trainers
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Mr. Vikrant Vaidya

Partner and VP – EV Systems Engineering, 

pManifold

20+ years experience in global automotive

design and product development on multiple

EVs and Hybrid vehicle platforms, specialising

in model-based design, calibration, testing and

system integration; a Six-Sigma Green Belt and

a Master Trainer for EVs model-based

development and systems engineering.

Mr. Rahul Bagdia

Managing Director and Partner, pManifold

20+ years global experience and leading e-

Mobility and Utilities Practice at pManifold.

Have worked with National and City

Governments in India and other developing

countries supporting e-Mobility strategic road

maps, regulations, policies, standards, charging

infrastructure development, new business

models, and pilots, including EV fleet

assessment with multiple operators.

Mr. Soma Sekhar P

Senior Consultant – EV Systems 

Engineering, pManifold

15+ years experience in global automotive

design and product development on multiple

commercial and special purpose vehicles

specializing in powertrain design and

integration; a Six-Sigma Green Belt and a

Master Trainer for EVs model-based

development and systems engineering.
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Calculation Tool – MS Excel (pManifold EVFleetPlanner© is based on Excel)
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Fixed Inputs

Initial Conditions Operating Conditions

Calculations

Formula Bar
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Simulation Tool – Scilab + Xcos (pManifold EVSysSim© is developed in Xcos)
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File Browser

SciNotes Scripter

Xcos

Modeling

ToolXcos

Standard 

Blocks

https://www.scilab.org/download/6.1.0
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https://www.scilab.org/download/6.1.0
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Charging Your EV Journeys
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Rahul Bagdia

Co-Founder and Director

+91 95610 94490

rahul.bagdia@pManifold.com

Vikrant Vaidya

Lead – EV Systems Engineering 

+91 99002 43650

vikrant.vaidya@pManifold.com

Ankit Agrawal

Principal Consultant, EV Practice 

+91 98811 35712

ankit.agrawal@pManifold.com

Kunjan Bagdia

Principal Consultant, Energy & Utilities 

+91 98231 33447

kunjan.bagdia@pManifold.com

New Delhi

303 B, Enkay Town Plaza,

I-Block, Palam Vihar

Gurgaon-122017 

Swapnil Jiwtode

Analyst, EV Training 

+91 72496 85682

evtraining@pManifold.com

Nagpur (HQ)

Plot-20, Purohit Layout

2nd Floor, North Ambazari Road

Nagpur - 440033

Maharashtra, INDIA

Dipankar Das

Lead, New Opportunities 

+91 98904 11607

engage@pManifold.com

Raipur

Shree Shakti Shara

Samta Colony

Raipur-492001

http://www.pmanifold.com
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Greenhouse Gas pollution challenges
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