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What 1s an Electric Drives

[

“» “Systems employed for motion control are
called drives”

“* “Drives employing electric motors are known
as electrical drives”

[

¢+ To control the speed and torque of the electric
motors

] Applications of electric drives

Celling fan

Lift Vacuumed cleaner

Refrigerator

Ship
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Introduction: Electric Drives
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Net Zero Emissions

“Net zero emissions” refers to achieving an overall CARBON NET ZER‘

balance between greenhouse gas emissions produced
and greenhouse gas emissions taken out of the
atmosphere.

MAKE
THE
CHANGES

MAKAGE Thi_nk_ of it_Iike a set of scales: producing greenhouse gas
DEMAND emissions tips the scales, and we want to get those scales
back into balance, which means no more greenhouse gas
can be added to the atmosphere in any given year than is

taken out.




Introduction: Electric Vehicles

> Transport Is a fundamental requirement of modern life, but traditional Internal combustion (I1C)
engines are quickly becoming outdated.

> Petrol or diesel vehicles are highly polluting and are being quickly replaced by fully Electric
Vehicles (EVs) and Hybrid Electric Vehicles (HEVs) (see Fig. 1).
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Fig. 1. A schematic layout of EVs and HEVS.



Components of Electric Vehicles
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Benefits of Electric Vehicles

1z No noise pollution

S




[ Issues with Battery Operated Vehicles

1. Size of the Battery

2. Charging Time of
the Battery

3. Not Possible to Long
Drive |

—

\
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Introduction: Green Hydrogen Technology

» Green hydrogen is hydrogen which is generated by renewable energy or from low-carbon power.

» Green hydrogen has significantly lower carbon emissions than grey hydrogen, which is produced by steam
reforming of natural gas, which makes up the bulk of the hydrogen market.

Getting

Renewable electricity ectrici Distribution & Net zero
generation e e(I:tr|C|t?/ to H, electrolyser storage of emissions
‘an electrolyser hydrogen

Source: https://www.sciencedirect.com/science/article/pii/S036031991732791 X



https://www.sciencedirect.com/science/article/pii/S036031991732791X

Green Hydrogen Production

1. Electrolysis: Electricity is used In this process to split water into hydrogen and oxygen. This process has an
efficiency of around 60-80% by calorific value.

2. Steam reforming: Steam reforming can be used to convert methane, liquids derived from biomass resources,
and biogas to hydrogen. This process provides the advantage of being a mature technology and easy
transportation of input fuels with conversion on-site or at refueling stations.

3. Fermentation: In this process, sugar-rich feedstock from biomass is fermented to produce hydrogen using
microbes either through direct hydrogen fermentation or microbial electrolysis cells (MECs).

A series of alternative production methods to split water is also under development. For example,
= High-temperature water splitting,

= Photobiological water splitting,

= Photoelectrochemical water splitting,
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Green Hydrogen Production
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Production to end use of Hydrogen
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Classifications of Hydrogen }

natural gas

carbon
dioxide IS
captured and
stored

Source; Green hydrogen to our rescue ... — Lakes of India



https://lakesofindia.com/2021/02/16/green-hydrogen-to-our-rescue/

Carbon Footprint of Hydrogen

Hydrogen is a zero-carbon fuel, and it comes in three basic colors:

1. Grey
2. Blue
3. Green

GREY BLUE GREEN

- -1 ~ 0 O /!3
R R N+

from natural gas from natural gas from water
with carbon capture using low- or zero-carbon
and sequestration (e.g., electricity (e.g., from solar
underground storage) energy)

CARBOMN INTENSITY

kg of CO, per

kg of hydrogen 9-12 1-4 0-06

Source: OPINION: Why green hydrogen — but not grey — could help solve climate change - Elliot Lake News (elliotlaketoday.com) 17 |


https://www.elliotlaketoday.com/local-news/opinion-why-green-hydrogen-but-not-grey-could-help-solve-climate-change-3979968

Schematic Layout of Powered by Hydrogen FCEVs

Renewable energy sources DC-DC Hydrogen
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Schematic Layout of Green Hydrogen Vehicles
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Source: Hydrogen Fuel Cell Vehicles—What First Responders Need to Know | Firehouse



https://www.firehouse.com/rescue/article/12385113/hydrogen-fuel-cell-vehicles-what-first-responders-need-to-know-firehouse

Working Principle of Green Hydrogen Vehicles

|

FUEL CELL Hydrogen

Batteries

Power electronics

Membrane
Cathode Electro engine

Fig. 2. Internal structural of Hydrogen vehicle.

» Hydrogen is passed into the fuel cell along with air as

shown in Fig. 2.

» Inside the fuel cell, the hydrogen atom is split into

protons and electrons.

» The electrons, and specifically the steady flow of
electrons, are the electricity used to operate the

electric motor that drives the vehicle.

» While the fuel cell is producing electricity, the protons
from the hydrogen combine with oxygen from the

air to produce water.

» The only drain that Hydrogen EVs produce is water

vapor.

Source: Hydrogen Vehicle - Assignment Point
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Internal Structural of Green Hydrogen Vehicles
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Source: Hydrogen Fuel-Cell VVehicles - EEWeb
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https://www.eeweb.com/hydrogen-fuel-cell-vehicles/

Internal Structural of Green Hydrogen Vehicles

Air (oxygen) flows

through front intake grills
and is supplied to the

fuel cell stack.

The generated electricity
is supplied to the
electric motor.

Hydrogen stored in the
tanks is supplied to the
fuel cell stack.

The motor uses electricity
generated to propel
the vehicle.

R ——

Hydrogen and Oxygen
react inside the
fuel cell stack and
generate electricity
and water through a

chemical reaction.

The only by-product of
creating electricity in
the fuel cell stack is water,
which is emitted though
the tailpipe.

HYDROGEN STATION
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Schematic Diagram of the PEM Electrolysis Process
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Mathematical Formulations of PMFC

The chemical reactions that occur at the anode and cathode in a PEM electrolyzer are given in (1) and (2) [11]:
H,0 + Energy + Heat — 2H" + 2e~ +%02 (1)
2HY +2e~ - H, (2)
A voltage of electrical operation can be expressed by (3) [11]:

V= Erev + Vairr + Vinem (3)

V: Operating voltage of an electrolyzes,
E,.,: Reversible voltage or open circuit voltage,
Vi Concentration voltage or diffusion voltage,
V. .y Activation voltage,
Vem: Membrane voltage or ohmic voltage
24



Mathematical Formulations of PMFC

The reversible voltage can be written from the Nernst Equation as [11]:

ET'BU

— E, + RT [ln(P:;;/Toz)] (4)

where H,O Is the water activity between the electrode and membrane and E, is the reversible voltage depending
on the temperature, it can be given by (5):

E, = 1299 —9.109.10 (T — 298) (5)

Concentration voltage is given by (6)

L



Mathematical Formulations of PMFC

The activation voltage is described by the Tafel equation [11]:

RT

V =
act anF

I
In(2)
Vact = Vc?c?% + Vc?cct

where, V21 and V25 are anodic and cathodic activation voltages, respectively;

RT I
an __
Ve = "L in(l)
a 0oa

RT I
Vaer = a.nF ln(a)
The membrane voltage is defined:

Vinem = Rmem X 1

(7)

(8)

9)

(10)

(11)



Technical Parameters of Fuel Cell

Parameters Values
Stack nominal power 1259 W
Stack maximum power 2000 W
Resistance 0.06187 ohms
Nerst voltage of one cell (En) 1.115V
Nominal utilization of hydrogen 99.92%
Nominal utilization of oxidant 1.813%
Nominal consumption of fuel 15.22 slpm
Nominal consumption of air 36.22 slpm
Exchange current (io) 0.0273 A
Exchange coefficient (alpha) 0.308
Fuel composition 99.95%
Oxidant composition 21%
Fuel flow rate nominal 12.2 Ipm
Fuel flow rate maximum 23.46 Ipm
Air flow rate nominal 2400 Ipm
Air flow rate maximum 4615 lpm
System temperature 328 K
Fuel supply pressure 1.5 bar
Air supply pressure 1 bar
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Simulation of DC-DC Converter with Fuel Cell
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Simulation of DC-DC Converter with Fuel Cell

Stack voltage vs current
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Simulation of DC-DC Converter with Fuel Cell
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Limitations of FCEVs

[ Limitation of EVs J

Technological Problems

Social problems Economic Problems

—{ Social acceptance J > Limited range [ High price J
4 )
Long charging
R Insufficient charging > period
stations \ /

4[ Safety problems J

5. F. U. Noor, S. Padmanaban,L. M. Popa, M. N. Mollah and E. Hossain, “A Comprehensive Study of Key Electric Vehicle (EV) t
31

Components, Technologies, Challenges, Impacts, and Future Direction of Development,” Energies 2017, 10, 1217, pp. 1-84, 2017.




Tentative Solutions of Current Limitations of FCEVs }

Probable solution

Limited range Better energy source and energy management
technology
Long charging period Better charging technology
Safety problems Advanced manufacturing scheme and build quality
Insufficient charging stations Placement of sufficient stations capable of
providing services to all kinds of vehicles
High price Mass production, advanced technology,

government incentives




Foot Race in Key FCEVs Factors

Factor

Recharging

Hybrid EV
Hydrogen fuel cell

Auxiliary power unit

Foot Race

Weight of charger, durability, cost, recycling, size, charging
time

Battery, durability, weight and cost

Cost, hydrogen production, infrastructure, storage, durability
and reliability

Size, cost, weight, durability, safety, reliability, cooling and
efficiency




Major Trends and Future Developments

Vehicles to Grid (V2G)

Batter Charging
Technologies

Batter Battery Technologies

Wireless Power Transfer

Green Hydrogen Fuel




What are the Challenges Nowadays for Green Hydrogen Technology ?

Storage of
hydrogen Is Costs about
E?eecfrzcicgiss? gf complex as its three times as
ox en)s/ive weight and much as
P volume are natural gas
high
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Current Areas of Research

Reduce mass of overall vehicles

Hydrogen production mechanism

Improving the hardware

Increase efficiency and life of battery




Summary

Production of
green
hydrogen

Battery
Management Design a net zero-
System emission EVs

(BMS)




Conclusions

» Net Zero Emission

» Battery Operated EVs

» Green Hydrogen Technology for EVs

» Green Hydrogen Production Mechanism

» Comparison of Battery Operated EVs and Green Hydrogen EVs

» Challenges of Green Hydrogen Technology for EVs
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Thank you for your attention

Queries

The future really Is In our hands!
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