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3 Academic Calendar v
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5 Class Time Table, Individual Timetable (Single Sheet) v
6 | Syllabus Copy v
7 Course Handout v
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10 Lecture Notes v
11 Tutorial Sheets With Solution v
12 | Soft Copy of Notes/Ppt/Slides v
13 Sessional Question Papers and Scheme of Evaluation v
14 Best, Average anq Weak Answer Scripts for Each Sessional N
Exam. (Photocopies)
15 Assignment Questions and Solutions v
16 Previous Question Papers v
17 Result Analysis v
18 Feedback From Students v
19 CO Attainment for All Mids. v
20 Remedial Action. v
Course Instructor / Course Coordinator Course Instructor / Course Coordinator)
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Vision of the Institute

To be among the best of the institutions for engineers and technologists with attitudes, skills

and knowledge and to become an epicentre of creative solutions.
Mission of the Institute

To achieve and impart quality education with an emphasis on practical skills and social

relevance

Vision of the Department
To impart technical knowledge and skills required to succeed in life, career and help society to
achieve self sufficiency.
Mission of the Department
1. To become an internationally leading department for higher learning.
2. To build upon the culture and values of universal science and contemporary education.

3. To be a center of research and education generating knowledge and technologies which
lay groundwork in shaping the future in the fields of electrical and electronics
engineering.

4. To develop partnership with industrial, R&D and government agencies and actively
participate in conferences, technical and community activities.
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This Programme is meant to prepare our students to professionally thrive and to lead.During their
progression:
Graduates will be able to
PEO 1: Graduates will have a successful technical or professional careers,
including supportive and leadership roles on multidisciplinary teams.
PEO 2: Graduates will be able to acquire, use and develop skills as required for effective
professional practices.
PEO 3: Graduates will be able to attain holistic education that is an essential
prerequisite for being a responsible member of society.
PEO 4: Graduates will be engaged in life-long learning, to remain abreast in
their profession and be leaders in our technologically vibrant society.

Programme Outcomes (B.Tech. — EEE)
At the end of the Programme, a graduate will have the ability to

PO-1: Ability to apply knowledge of mathematics, science, and engineering.

PO-2: Ability to identify, formulate, analyze engineering problems using engineering
sciences.

PO-3: Ability to design a system, component, or process to meet desired needs within
realistic constraints such as economic, environmental, social, political, ethical,
health and safety..

PO-4: Ability to design and conduct experiments, as well as to analyze and interpret
data with valid conclusions.

PO-5: Ability to utilize experimental, statistical and computational methods and tools
necessary for modelling engineering activities.

PO-6: Ability to apply reasoning informed by the relative knowledge to evaluate
societal, health, safety, legal and cultural issues and tasks applicable to the
professional engineering practice.

PO-7: Ability to adapt broad education necessary to understand the impact of
engineering solutions and obtain sustainability in a global, economic,
environmental, and societal context.

PO-8: Ability to discover ethical principles and bind to professional and ethical
responsibility.

PO-9: Ability to function as an individual and in multi-disciplinary teams.

PO-10: Ability to communicate effectively on complex activities in engineering

community and society.

PO-11: Ability to develop Project management principles and apply in various
disciplinary environments.

PO-12: Recognition of the need for, and an ability to engage in life-long learning

Program Specific Outcomes(PSOs):

PSO-1: Graduates will interpret data and able to analyze digital and analog systems
related to electrical and programming them.

PSO-2: Graduates will able to demonstrate, design and model electrical, electronic
circuits, power electronics, power systems and electrical machines.
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Bachupally, Kukatpally, Hyderabad — 500 090, India

Gokaraju Rangaraju Institute of Engineering and Technology

GRIET/DAA/1H/G/22-23 19 July 2022
Academic Calendar
Academic Year 2022-23
III B.Tech.—First Semester
S. No. EVENT PERIOD ] DURATION
| Svgrrllq(mencement of First Semester class 08-08-2022
2 [I Spell of Instructions 08-08-2022 to 08-10-2022 | 9 Weeks
3 I Mid-term Examinations 10-10-2022 to 13-10-2022 | 3 Days
4  |II Spell of Instructions 14-10-2022 to 12-12-2022 | 9 Weeks
5 |l Mid-term Examinations 13-12-2022 to 15-12-2022 | 3 Days
6  |Preparation 16-12-2022 to 22-12-2022 | 1 Week
7  |End Semester Examinations 23-12-2022 to 13-01-2023 | 3 Weeks
(Theory/ Practical) Regular/ Supplementary
Commencement of Second Semester,
8 AY 2022-23 16-01-2023
III B.Tech. — Second Semester
S. No. EVENT PERIOD \ DURATION
1 ‘Sgrrlf{mencement of Second Semester class 16-01-2023
2 I Spell of Instructions 16-01-2023 to 16-03-2023 | 9 Weeks
3 I Mid-term Examinations 17-03-2023 to 20-03-2023 | 3 Days
4  |II Spell of Instructions 21-03-2023 to 29-04-2023 | 6 Weeks
5  |Summer Vacation 01-05-2023 to 20-05-2023 |3 Weeks
6 Il Spell of Instructions Contd 22-05-2023 to 12-06-2023 | 3 Weeks
7 Il Mid-term Examinations 13-06-2023 to 15-06-2023 | 3 Days
8  |Preparation 16-06-2023 to 22-06-2023 | 1 Week
End Semester Examinations
? (Theory/ Practical) Regular / Supplementary 23-06-2023 10 15-07-2023 |3 Weeks
10 Commencement of IV B.Tech First 17-07-2023

Semester, AY 2023-24

Copy to Principal, All HoDs, CoE

Dean Academic Affairs
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Faculty Work load for the Academic Year 2022-23 /1 SEM
Subject Allocation Sheet
S.No Designatio | Facult YEAR Subject NO'.O f No. of To.ta
Faculty (UG/PG Section I (in
n y ID Name Hours
) S Hrs)
I
B.Tech DCM 1 >
Dr B Phaneendra Prof. & I
2 | Babu HOD 1563 | M Tech | PRI ! 3 1
I
M.Tech DLED 1 3
I
B.Tech EHV 1 >
I
3 Dr.D G Padhan Prof. 1283 M.Tech EHV 1 3 11
II
M.Tech I3 1 3
B "Il“lich PSA I 6
4 Dr. J. Sridevi Prof. 516 .HI 11
B.Tech PS Lab 1 5
11 EMF 1 5
5 Dr T Suresh Prof 1494 B.Tech .
Kumar ToL. IMtech | PELab 1 3
I Mtech MSPEC 1 3
I
.. PGT 1 5
6 12; ﬁlj aya Rama Asso. Prof. 361 BJI“Ie ch 11
B.Tech DCM Lab 1 6
11
B.Tech PAE 1 >
7 P Ravikanth Asso. Prof. | 1178 11 NPTEL 1 3 14
B.Tech
v
B.Tech ED Lab 1 6
v
B.Tech HVE 2 10
) v
8 A Vinay Kumar Asso. Prof. 881 B.Tech PWK 1 3 16
I PQ&FACT | 3
M.Tech S
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9 Syed Sarfaraz Asso. Prof. | 695 Electrical Maintenance Officer
Nawaz
111
B.Tech PE Lab 1 5
10 | Dr Pakkiraiah B Asso. Prof. | 1593 I IPR 1 3 14
M.Tech
111
B.Tech PE Lab 1 6
v
ED 2 10
11 Dr D Naga Asso. Prof. | 1598 |-B-lech 16
Mallesara Rao v ED Lab 1 6
B.Tech a
111
. MC Lab 1 6
1p |DrPSriVidya |\ prof | 931 [B-Tech 1
Devi v PS-III 1 5
B.Tech
I
M.Tech MAEM 1 3
I
13 | Dr D Raveendhra | Asso. Prof. | 1604 M.Tech PQ Lab 1 3 11
111
B.Tech MC 1 >
14 | P.Praveen Kumar Asst. Prof 609 I B.Tech 1 st Year BEE
15 | R. Anil Kumar Asst. Prof 657 1 B.Tech I st Year BEE
11
B.Tech PAE Lab 1 6
16 | U Vijaya Lakshmi | Asst. Prof | 692 11 PS Lab 1 6 15
B.Tech
IB.Tech | BEE Lab 1 3
11
B.Tech CI 1 2
17 | D Karuna Kumar Asst. Prof 760 v ED Lab 1 6 14
B.Tech
IB.Tech | BEE Lab 2 6
111
B.Tech MC Lab 1 6
M Naga Sandhya II
19 Rani Asst. Prof 882 B.Tech BEEE 1 5 14
v
B.Tech PWK 1 3
) 11
20 | G Sandhya Rani Asst. Prof 888 B.Tech ECA 1 5 14
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111
B.Tech PE Lab 1 6
v
B.Tech PWK 1 3
11
B.Tech DCM Lab 1 6
21 M Rekha Asst. Prof 933 111 PE Lab 1 6 15
B.Tech
IB.Tech | BEE Lab 1 3
B }F\gch ED Lab 1 6
22 | V Usha Rani Asst. Prof | 1045 - 12
11 PS Lab 1 6
B.Tech
IB.Tech BEE 1 6
P Prashanth v
23 Kumar Asst. Prof | 1055 B.Tech PS-111 1 5 20
IB.Tech | BEE Lab 3 9
24 | K Sudha Asst. Prof | 1211 | IB.Tech 1 st Year BEE
11
B.Tech PAE Lab 1 6
25 | M Prashanth Asst. Prof | 1279 II VEGC 1 2 14
B.Tech
IB.Tech | BEE Lab 2 6
B ?éch EHV 2 10
26 | D Srinivasa Rao Asst. Prof | 1540 - 13
v PWK 1 3
B.Tech
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GRIET/PRIN/06/G/01/22-23
BTech - EEE - A

Department of Electrical and Electronics Engineering

Wef : 08th Jul 2022
III Year - I Semester

DAY/ HOUR 9:00 - 9:55 9:55-10:50 | 10:50 - 11:45 11:45 -12:25 12:25-1:15 1:15-2:05 2:05 -2:55 ROOM NO
MONDAY PE PE EHV PE Lab (A1)/PS Lab (A2) Theory/Tutorial 4402
TUESDAY CcC MC MC PSA PSA Library PE Lab (4405)
Lab MC Lab (4502)
WEDNESDAY MC PSA Mentoring PS Lab (A1)/MC Lab (A2) PS Lab (4504)
BREAK
THURSDAY PSA PSA PE MC Lab (A1)/PE Lab (A2) Class Incharge: G. Sandhya Rani
FRIDAY EHV EHV CcC Library MC MC
SATURDAY cC PE PE Library EHV EHV
Subject Code Subject Name Faculty Code Faculty Name Almanac
GR20A3012 Power Systems Ana]ysig (PSA) Dr JSD Dr J. Sridevi lm Spell of Instructions 08-08-2022 to 08-10-2022
GR20A3013 Power Electronics (PE) Dr PB Dr Pakkiraiah B 1% Mid-term Examinations 10-10-2022 to 13-10-2022
GR20A3014 Microprocessors and Microcontrollers (MC) Dr DR Dr D Raveendhra ond Spell of Instructions 14-10-2022 to 18-12-2022
GR20A3015 Electrical and Hybrid Vehicles (EHV) Dr DGP Dr D. G. Padhan 2" Mid-term Examinations 09-12-2022 to 13-12-2022
Cloud Computing (CC) PRK P. Ravikanth Preparation 14-12-2022 to 20-12-2022
GR20A3020 Power Systems Lab (PS Lab) Drisp/vURuvL | DY Sridevi/ V. Usharani/ o
U. Vijayalakshmi End Semester Examinations (Theory/
o Practicals) Regular / Supplementary 21-12-2022 t0 10-01-2023
GR20A3021 Power Electronics Lab (PE Lab) Dr PB/GSRMRE | Dr B Pakkiraial/G. Sandhya
Rani/M Rekha
GR20A3022 Microprocessors and Microcontrollers Lab (MC Dr PSVD/MNSR Dr. P. Srividya Devi/ Commencement of Second Semester, 16012023
Lab) r M. N. Sandhya Rani AY 2022-2023 e
Time Table Coordinator HOD DAA
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Faculty Name: Dr D G Pradhan
10.20- | 11.15- | 12.10- | 1.05- 230 | 3:20
DAY/HOUR | 195 | 1210 | 1.05 | 1.40 12";((’)' 2320 | -4.10
EHV
MONDAY
TUESDAY
—
WEDNESDAY S
C
THURSDAY
EHV
FRIDAY
EH
SATURDAY v




GOKARAJURANGARAJU INSTITUTE OF ENGINEERING AND TECHNOLOGY

ELECTRICAL AND HYBRID VEHICLES
(Professional Elective —I)

Course Code:GR20A3015 L/T/P/C:3/0/0/3

III year I semester

COURSE OBJECTIVES
1. Social importance of modern transportation.
2. Demonstrate Vehicle Brake Performance.
3. Analyze power flow control in hybrid drive-train topologies
4. Discuss electric components used in hybrid and electric vehicles.
5. Select the energy storage technology for Hybrid and Electric Vehicles.

COURSE OUTCOMES
1. Summarize the Economic Aspects of EVs compared to ICEs
2. Explain the braking system in EVs and HEVs.
3. Identify various hybrid drive-train topologies
4. Analyze the configuration and control of different motor drives.
5. Interpret the different possible ways of energy storage requirements in Hybrid and

Electric Vehicles.

UNITI

ENVIRONMENTAL IMPACT AND HISTORY OF MODERN TRANSPORTATION
Air Pollution and Global Warming, social and environmental importance and Impact of hybrid
and electric vehicles, History of Electric Vehicles, History of Hybrid Electric Vehicles, History
of Fuel Cell Vehicles.

UNIT 11

BRAKING FUNDAMENTALS AND REGENERATIVE BRAKING IN ELECTRIC
VEHICLES

General Description of Vehicle Movement, Vehicle Resistance, Dynamic Equation, Tire—
Ground Adhesion and Maximum Tractive Effort, Power Train Tractive Effort and Vehicle
Speed, Vehicle Power Plant and Transmission Characteristics, Brake Performance.

Braking Energy Consumed in Urban Driving, Importance of Regenerative Braking in Electric
and Hybrid Vehicles.

UNIT 111

INTRODUCTION TO ELECTRIC AND HYBRID ELECTRIC VEHICLES

Hybrid Electric Drivetrains: Basic concept of hybrid traction, introduction to various hybrid
drive-train topologies, power flow control in hybrid drive-train topologies; Introduction to pure

EV’s (BEV, FCV).



UNIT IV

ELECTRIC PROPULSION SYSTEMS

Introduction to electric components used in hybrid and electric vehicles, Configuration and
control of DC Motor drives, Configuration and control of Induction Motor drives,
configuration and control of Permanent Magnet Motor drives, Configuration, and control of
Switch Reluctance Motor drives, drive system efficiency.

UNIT V

ENERGY STORAGE REQUIREMENTS IN HYBRID AND ELECTRIC VEHICLES
Introduction to Energy Storage Requirements in Hybrid and Electric Vehicles, Battery based
energy storage and its analysis, Fuel Cell based energy storage and its analysis, Super Capacitor
based energy storage and its analysis, Flywheel based energy storage and its analysis,
Hybridization of different energy storage devices. Sizing the propulsion motor, sizing the
power electronics, selecting the energy storage technology, Communications, supporting
subsystems.

TEXT BOOKS
1. Mehrdad Ehsani, Yimin Gao, Ali Emadi, “Modern Electric, Hybrid Electric, and Fuel
Cell Vehicles: Fundamentals”, CRC Press, 2010.
2. James Larminie, “Electric Vehicle Technology Explained”, John Wiley & Sons, 2003
3. Igbal Hussain, “Electric & Hybrid Vehicles — Design Fundamentals”, Second Edition,
CRC Press, 2011

REFERENCES

1. Hybrid Vehicles and the future of personal transportation, Allen Fuhs, CRC Press,
2011.

2. Vehicle Power Management: Modeling, Control and Optimization, Xi Zhang, Chris
Mi, Springer, 2011.



ELECTRIC AND HYBRID VEHICLES(GR20)
Course Handout

S Unit Date Topics
. No. No.

UNIT I : Environmental Impact and History of Modern Transportation

1. I 8/8/22 Introduction to Electric Vehicles

2. I 12/8/22 Air Pollution

3. I 12/8/22 Global Warming

4. I 13/8/22 Remedies for pollution and global warming
5. I 13/8/22 social importance

6. I 22/8/22 Environmental importance

7. I 26/8/22 Impact of electric vehicles

8. I 26/8/22 Impact of hybrid vehicles

9. I 27/8/22 History of Electric Vehicles

—
o
—

27/8/22 History of Hybrid Electric Vehicles

11. I 29/8/22 Introduction to Fuel Cell

12. I 2/9/22 History of Fuel Cell Vehicles

UNIT II: Braking Fundamentals and Regenerative Braking in Electric
Vehicles

13. I 2/9/22 General Description of Vehicle Movement

14. I 3/9/22 Tractive forces and resistive forces

15. II 3/9/22 Vehicle Resistance

16. II 5/9/22 Dynamic Equation

17. I1 9/9/22 Numerical problems

18. II 9/9/22 Tire— Ground Adhesion

19. II 10/9/22 Maximum Tractive Effort

20. II 10/9/22 Numerical problems

21. II 12/9/22 Power Train Tractive Effort




ELECTRIC AND HYBRID VEHICLES(GR20)
Course Handout

22. I 16/9/22 Vehicle Speed Expression

23. II 16/9/22 Vehicle Power Plant Characteristics

24. II 19/9/22 Transmission Characteristics

25. II 23/9/22 Brake Performance

26. II 23/9/22 Numerical problems

27. II 24/9/22 Braking Energy Consumed in Urban Driving

28. II 24/9/22 Numerical problems

29. II 26/9/22 Numerical problems

30. II 30/9/22 Importance of Regenerative Braking in
Electric Vehicles

31. II 30/9/22 Importance of Regenerative Braking in Hybrid

Vehicles

UNIT III: Introduction to Electric and Hybrid Electric Vehicles

32. 111 1/10/22 Introduction to Hybrid Electric Drivetrains

33. I11 1/10/22 Basic concept of hybrid traction

34. I11 10/10/22 | Numerical problems

35. I11 10/10/22 | Numerical problems

36. 111 14/10/22 | Introduction to various hybrid drive-train
topologies

37. 111 14/10/22 | Hybrid drive-train topologies

38. III 15/10/22 | Power flow control in hybrid drive-train
topologies

39. III 15/10/22 | Power flow control in hybrid drive-train
topologies

40. 11 17/10/22 | Introduction to pure EV's (BEV)

41. 11 21/10/22 | Introduction to pure EV's (FCV)




ELECTRIC AND HYBRID VEHICLES(GR20)

Course Handout

UNIT IV: Electric Propulsion Systems

42. 1\Y 21/10/22 | Introduction to electric components used in
hybrid and electric vehicles

43. 1\Y 28/10/22 | Configuration of DC Motor drives

44. IV 28/10/22 | Control of DC Motor drives

45. IV 29/10/22 | Configuration of Induction Motor drives

46. IV 29/10/22 | Control of Induction Motor drives

47. 1\Y 31/10/22 | Numerical problems

48. v 4/11/22 Configuration and control of Permanent
Magnet Motor drives

49, IV 4/11/22 Configuration of Switch Reluctance Motor
drives

50. IV 5/11/22 Control of Switch Reluctance Motor drives

51. IV 5/11/22 Drive system efficiency

52. IV 7/11/22 Numerical problems

33. v 11/11/22 | Numerical problems

UNIT V: Energy Storage Requirements in Hybrid and Electric Vehicles

54. \Y 11/11/22 | Introduction to Energy Storage Requirements
in Hybrid and Electric Vehicles

55. \Y 14/11/22 | Energy Storage Requirements in Hybrid and
Electric Vehicles

56. \Y 18/11/22 | Battery based energy storage

57. \Y 18/11/22 | Battery based energy storage analysis

58. \Y 19/11/22 | Fuel Cell based energy storage

59. \Y 19/11/22 | Fuel Cell based energy storage analysis

60. \Y 21/11/22 | Super Capacitor based energy storage




ELECTRIC AND HYBRID VEHICLES(GR20)
Course Handout

61. \Y 25/11/22 | Super Capacitor based energy storage
analysis

62. \Y 25/11/22 | Flywheel based energy storage

63. \Y 26/11/22 | Flywheel based energy storage analysis

64. \Y 26/11/22 | Question papers discussion

65. \Y 2/12/22 Hybridization of different energy storage
devices

66. \Y 2/12/22 Hybridization of different energy storage
devices

07. \Y 3/12/22 Sizing the propulsion motor

68. \Y 3/12/22 Sizing the power electronics

69. \Y% 5/12/22 Selecting the energy storage technology

70. \Y 9/12/22 Communications

71. \Y 9/12/22 Supporting subsystems




GOKARAJU RANGARAJU

INSTITUTE OF ENGINEERING AND TECHNOLOGY
Department of Electrical and Electronics Engineering

Course Outcomes-Program Qutcomes (POs) Relationship Matrix (Relationships are
indicated by mark HIGH as “H” and MEDIUM as “M”)- COI

P-Outcomes

i/ 2| 3 | 4 |5 |6 |7 |8 9 10|11 12
1 | M M M M
o
= 2 | M | M M| M| M| M| H M| H| H
e
5 3 | M M M| M
Q
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H | M| M| M| H|M H| M| M| H| M
5| M M| H|M|H | M| M| H| M| M




s '\&e °fr-E' .
4,'\@,\‘ 70,

GOKARAJU RANGARAJU

fg INSTITUTE OF ENGINEERING AND TECHNOLOGY

4,;?@_, &« Department of Electrical and Electronics Engineering
Dy kL

Branch: Subject Code:  Academic Year: Regulation: Year: I11
EEE GR20A3015 2022-23 GR20 Semester: 1

ELECTRICAL AND HYBRID VEHICLES (GR20A3015)
L:3T:0P:0C:3

Syllabus
UNIT-I

ENVIRONMENTAL IMPACT AND HISTORY OF MODERN TRANSPORTATION
Air Pollution and Global Warming, social and environmental importance and Impact of hybrid

and electric vehicles, History of Electric Vehicles, History of Hybrid Electric Vehicles, History
of Fuel Cell Vehicles.

UNIT-II

BRAKING FUNDAMENTALS AND REGENERATIVE BRAKING IN ELECTRIC
VEHICLES

General Description of Vehicle Movement, Vehicle Resistance, Dynamic Equation, Tire—
Ground Adhesion and Maximum Tractive Effort, Power Train Tractive Effort and Vehicle
Speed, Vehicle Power Plant and Transmission Characteristics, Brake Performance.

Braking Energy Consumed in Urban Driving, Importance of Regenerative Braking in Electric
and Hybrid Vehicles.

UNIT-III
INTRODUCTION TO ELECTRIC AND HYBRID ELECTRIC VEHICLES
Hybrid Electric Drivetrains: Basic concept of hybrid traction, introduction to various hybrid

drive-train topologies, power flow control in hybrid drive-train topologies; Introduction to pure
EV’s (BEV, FCV).

UNIT-IV

ELECTRIC PROPULSION SYSTEMS

Introduction to electric components used in hybrid and electric vehicles, Configuration and
control of DC Motor drives, Configuration and control of Induction Motor drives,
configuration and control of Permanent Magnet Motor drives, Configuration, and control of
Switch Reluctance Motor drives, drive system efficiency.

UNIT-V

ENERGY STORAGE REQUIREMENTS IN HYBRID AND ELECTRIC VEHICLES
Introduction to Energy Storage Requirements in Hybrid and Electric Vehicles, Battery based
energy storage and its analysis, FuelCell based energy storage and its analysis, Super Capacitor
based energy storage and its analysis, Flywheel based energy storage and its analysis,
Hybridization of different energy storage devices. Sizing the propulsion motor, sizing the
power electronics, selecting the energy storage technology, Communications, supporting
subsystems.



Electric and Hybrid Electric Vehicles

Dr. Dola Gobinda Pradhan
Professor, EEE Department, GRIET
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Course Content

UNIT |

ENVIRONMENTAL IMPACT AND HISTORY OF
MODERN TRANSPORTATION

Air Pollution and Global Warming,
social and environmental importance
and Impact of hybrid and electric
vehicles, History of Electric Vehicles,
History of Hybrid Electric Vehicles,
History of Fuel Cell Vehicles.




Development of automobiles

one of the greatest achievements of modern technology.

made great contributions to the growth of modern society by
satisfying many of its needs for mobility in everyday life

prompted the progress of human society from a primitive one
to a highly developed industrial society

serve it constitute the backbone of the word’s economy and
employ the greatest share of the working population



Cons/Difficulties

o large number of automobiles in use around the world has
caused and continues to cause serious problems for the
environment and human life.

o Air pollution, global warming, and the rapid depletion of the
Earth’s petroleum resources are now problems of paramount
concern.



Remedies

o The research and development activities related to
transportation have emphasized the development of high
efficiency, clean, and safe transportation.

o Electric vehicles, hybrid electric vehicles, and fuel cell
vehicles have been typically proposed to replace conventional
vehicles in the near future.



Core Case Study: South Asia’s
Massive Brown Cloud

o Asian Brown Cloud

o India to Bangladesh to China’s Pacific coast
o Pollutants from fires, cars, industry

o Skies permanently gray or brown



Core Case Study: South Asia’s
Massive Brown Cloud

o Changing weather patterns

o 700,000 premature deaths per year

o Has traveled to the west coast of the U.S.
o Made worse by global warming






What is the Nature of the
Atmosphere?

The two innermost Ilayers of the
atmosphere are the troposphere, which
supports life, and the stratosphere,
which contains the protective ozone
layer.



Earth’s Atmosphere

* Troposphere
— 5-11 miles above earth’s surface
— 75—-80% earth’s air mass
—78% N,, 21% O,
— Weather and climate

e Stratosphere
* Ozone layer
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What Are the Major Air Pollution
Problems?

Three major outdoor air pollution
problems are industrial smog from
burning coal, photochemical smog from
motor vehicle and industrial emissions,
and acid deposition from coal burning
and motor vehicle exhaust.



What Are the Major Air Pollution
Problems?

The most threatening indoor air
pollutants are smoke and soot from
wood and coal fires (mostly n
developing countries) and chemicals
used in building materials and products.



Outdoor Air Pollution

What is air pollution?
Stationary and mobile sources
Primary pollutants
Secondary pollutants



Types of Major Air Pollutants

* Carbon oxides (CO, CO,)

* Nitrogen oxides and nitric acid
(NO, NO,, HNO,)

e Sulfur dioxide and sulfuric acid
(SO,, H,SO,,

* Particulates (SPM)

* Ozone (O,)

* Volatile organic compounds (VOCs)
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Industrial Smog

* Burning coal

— Sulfur dioxide, sulfuric acid, suspended particles

* Developed versus developing countries
— Air pollution control in the U.S. and Europe
— China, India, Ukraine



Photochemical Smog

Photochemical reactions
Photochemical smog

— Brown-air smog
Sources

Health effects
Urban areas






Natural Factors That Reduce Air
Pollution

o Particles heavier than air

o Rain and snow

o Salty sea spray from oceans
o Winds

o Chemical reactions



Natural Factors That Increase Air
Pollution

o Urban buildings
o Hills and mountains
o High temperatures

o VOC emissions from certain trees and
plants

o Grasshopper effect
o Temperature inversions



Acid Deposition

o Sulfur dioxides and nitrogen oxides
o Wet and dry deposition
o Acid rain

o Regional air pollution
— Midwest coal-burning power plants
— Prevailing winds
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B Potential problem areas because of sensitive soils

[ Potential problem areas because of air pollution:
emissions leading to acid deposition

I Current problem areas (including lakes and rivers)

Fig. 15-6, p. 375
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Harmful Effects of Acid Deposition

o Structural damage

o Respiratory diseases in humans

o Toxic metal leaching

o Kills fish and other aquatic organisms
o Leaches plant nutrients from soil

o Acid clouds and fog at mountaintops



Acid Deposition

Prevention Cleanup

Add lime to neutralize
acidified lakes

Reduce coal use

Burn low-sulfur coal

Increase natural gas use Add phosphate
fertilizer to neutralize

Increase use of renewable acidified lakes

energy resources

Remove SO, particulates
and NOyx from smokestack gases

Remove NOy from motor
vehicular exhaust

Tax emissions of SO,

Reduce air pollution by
improving energy efficiency

Fig. 15-7, p. 376
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Indoor Air Pollution

o Developing countries

— Indoor cooking and heating

o Often higher concentration in buildings and
cars

o Most time is spent indoors or in cars
o EPA —top cancer risk



Major Indoor Air Pollutants

o Tobacco smoke

o Formaldehyde

o Radioactive radon-222 gas
o Very small particles



.

Chloroform

Source: Chlorine-treated water in
hot showers

Possible threat: Cancer

Para-dichlorobenzene
Source: Air fresheners,
mothball crystals
Threat: Cancer

1,1,1-Trichloroethane
Source: Aerosol sprays
Threat: Dizziness,

irregular breathing

Nitrogen oxides
Source: Unvented gas
stoves and kerosene
heaters, woodstoves
Threat: Irritated lungs,
children's colds,
headaches

Particulates
Source: Pollen, pet

dander, dust mites,
cooking smoke particles
Threat: Irritated lungs,
asthma attacks, itchy
eyes, runny nose,

Tetrachloroethylene
Source: Dry-cleaning
fluid fumes on clothes
Threat: Nerve disorders,
damage to liver and
kidneys, possible cancer

Formaldehyde

Source: Furniture stuffing,
paneling, particleboard,
foam insulation

Threat: Irritation of eyes,

throat, skin, and lungs;
nausea; dizziness

Styrene

Source: Carpets,
plastic products
Threat: Kidney and
liver damage

Benzo-o-pyrene
Source: Tobacco smoke,
woodstoves

Threat: Lung cancer

Radon-222
Source: Radioactive soil

and rock surrounding
foundation, water supply
Threat: Lung cancer

lung disease
Tobacco smoke
Source: Cigarettes
Asbestos Carbon monoxide Methylene chloride

Source: Pipe insulation, vinyl
ceiling and floor tiles
Threat: Lung disease, lung cancer

Source: Faulty furnaces,
unvented gas stoves and
kerosene heaters,
woodstoves

Threat: Headaches,
drowsiness, irregular
heartbeat, death

Source: Paint strippers and thinners
Threat: Nerve disorders, diabetes




Chloroform

Source: Chlorine-treated water in
hot showers

Possible threat: Cancer

Para-dichlorobenzene
Source: Air fresheners,
mothball crystals
Threat: Cancer

1,1,1-Trichloroethane
Source: Aerosol sprays
Threat: Dizziness,
irregular breathing

Nitrogen oxides s
Source: Unvented gas i
stoves and kerosene [
heaters, woodstoves
Threat: Irritated lungs,
children's colds,
headaches

Particulates
Source: Pollen, pet

Tetrachloroethylene

Source: Dry-cleaning
fluid fumes on clothes
Threat: Nerve disorders,
damage to liver and
kidneys, possible cancer w

Formaldehyde

Source: Furniture stuffing,
paneling, particleboard,
foam insulation

Threat: Irritation of eyes,
throat, skin, and lungs;
nausea; dizziness

o

g

dander, dust mites, I
cooking smoke particles
Threat: Irritated lungs,
asthma attacks, itchy
eyes, runny nose,

lung disease

Styrene

Source: Carpets,
plastic products
Threat: Kidney and
liver damage

A\

Benzo-a-pyrene
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woodstoves
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Source: Radioactive soil
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Threat: Lung cancer

Tobacco smoke
Source: Cigarettes

Asbestos

Source: Pipe insulation, vinyl
ceiling and floor tiles

Threat: Lung disease, lung cancer

Carbon monoxide
Source: Faulty furnaces,
unvented gas stoves and
kerosene heaters,
woodstoves

Threat: Headaches,
drowsiness, irregular
heartbeat, death

ailments, heart disease

Threat: Lung cancer, respiratory

Methylene chloride

Source: Paint strippers and thinners
Threat: Nerve disorders, diabetes

Fig. 15-8, p. 377
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Air Pollution and the Human
Respiratory System

o Natural protective system

o Lung cancer, chronic bronchitis, emphysema,
asthma

o Premature deaths

o Air pollution kills 2.4 million people
prematurely every year
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Deaths per 100,000 adults per year
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Solutions

Stationary Source Air Pollution

Prevention

Burn low-sulfur coal

Remove sulfur from coal

Convert coal to a liquid or
gaseous fuel

Shift to less polluting
energy sources

Dispersion or
Cleanup

Disperse emissions above
thermal inversion layer with
tall smokestacks

Remove pollutants after
combustion

Tax each unit of pollution
produced

Fig. 15-11, p. 380



Solutions

Stationary Source Air Pollution

Prevention Dispersion or
Cleanup
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Remove sulfur from coal

Remove pollutants after
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Solutions

Motor Vehicle Air Pollution

Prevention Cleanup

Use mass transit Require emission
control devices

Walk or bike
Use less polluting fuels

Improve fuel efficiency lnshpecttcar :
exhaust systems

: twice a year
Get older, polluting y

cars off the road

Give large tax

write-offs or rebates

for buying ,

low-polluting, energy “ B &/ Set strict emission
efficient vehicles LSS standards

Fig. 15-12, p. 381
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Indoor Air Pollution

Prevention

Clean ceiling tiles
and line AC ducts
to prevent release
of mineral fibers

Ban smoking or
limit it to
well-ventilated
areas

Set stricter
formaldehyde
emissions standards
for carpet,
furniture, and
building materials

Prevent radon
infiltration

Use office machines
in well-ventilated
areas

Use less polluting
substitutes for
harmful cleaning
agents, paints, and
other products

Cleanup or
Dilution

Use adjustable
fresh air vents for
work spaces

Increase intake of
outside air

Change air more
frequently

Circulate a
building’s air
through rooftop
greenhouses

Use efficient
venting systems for
wood-burning
stoves

Use exhaust hoods
for stoves and
appliances burning

natural gas

Fig. 15-13, p. 381
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What Can You Do?

Test for radon and formaldehyde inside your home and take
corrective measures as needed

Do not buy furniture and other products containing
formaldehyde

Remove your shoes before entering your house to reduce inputs
of dust, lead, and pesticides

Test your house or workplace for asbestos fiber levels, and check
vor any crumbling asbestos materials if it was built before 1980

Indoor Air Pollution

Do not store gasoline, solvents, or other volatile hazardous
chemicals inside a home or attached garage

If you smoke, do it outside or in a closed room vented to
the outside

Make sure that wood-burning stoves, fireplaces, and kerosene

and gas-burning heaters are properly installed, vented,
and maintained

Install carbon monoxide detectors in all sleeping areas J

Fig. 15-14, p. 381



Solutions

Air Pollution

Outdoor

Improve energy
efficiency to reduce
fossil fuel use

Rely more on
lower-polluting
natural gas

Rely more on
renewable energy
(especially solar
cells, wind,
geothermal and
solar-produced
hydrogen)

Transfer energy
efficiency,
renewable energy,
and pollution
prevention
technologies to
developing
countries

Reduce poverty

Distribute cheap
and efficient
cookstoves or
solar cookers to
poor families in
developing
countries

Reduce or ban
indoor smoking

Develop simple
and cheap tests
for indoor
pollutants such
as particulates,
radon, and
formaldehyde

Fig. 15-15, p. 382



Air Pollution

Outdoor

Improve energy
efficiency to
reduce fossil fuel
use

Rely more on
lower-polluting
natural gas

Rely more on

renewable energy =

(especially solar
cells, wind,
geothermal and
solar-produced
hydrogen)

Transfer energy
efficiency,

renewable energy,

and pollution
prevention
technologies
to developing
countries

Indoor
Reduce poverty

Distribute cheap
and efficient
cookstoves or
solar cookers to
poor families in
developing
countries

Reduce or ban
indoor smoking

Develop simple
and cheap tests
for indoor

pollutants such
as particulates,

radon, and
formaldehycy

Fig. 15-15, p. 382



How Might the Earth’s Climate Change
in the Future?

Considerable scilentific evidence
indicates that emissions of greenhouse
gases into the earth’s atmosphere from
human activities will lead to significant
climate change during this century.



Past Climate Changes

o Glacial and interglacial periods
o Global cooling and global warming

o Measurement of past temperature changes
— Rocks and fossils
— Ice cores from glaciers
— Tree rings
— Historical measurements since 1861
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The Greenhouse Effect

e Earth’s natural greenhouse effect

* Natural greenhouse gases
— Water vapor (H,0)
— Carbon dioxide (CO,)
— Methane (CH,)
— Nitrous Oxide (N,O)



Evidence to Support Global Warming

o Intergovernmental Panel on Climate Change
o 2007 IPCC report

o Rise in average global surface temperature
o 10 warmest years on record since 1970



Evidence to Support Global Warming

o Annual greenhouse gas emissions up
70% between 1970 and 2008

o Changes in glaciers, rainfall patterns,
hurricanes

o Sea level rise in this century 4-8
inches
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Fig. 15-18, p. 384
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CO, Is the Major Culprit

1850: 285 ppm
2009: 388 ppm
Over 450 ppm is tipping point
350 ppm as intermediate goal
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Science Focus: Scientific Consensus about Future
Global Temperature Changes?

o Temperature as a function of greenhouse
gases

o Mathematical models

o Model data and assumptions

o Predictions and model reliability
o Recent warming due to human activities
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What Role for Oceans in Climate
Change?
o Absorb CO,

o CO, solubility decreases with increasing
temperature

o Upper ocean getting warmer



What Are Some Possible Effects of a Projected
Climate Change?

The projected change in the earth’s climate
during this century could have severe and long-
lasting consequences, including increased
drought and flooding, rising sea levels, and shifts
in locations of agriculture and wildlife habitats.



Potential Severe Consequences

o Rapid projected temperature increase
o 2 C2inevitable

o 4 C2 possible

o Effects will last for at least 1,000 years



B In the western mountains, decreased
snowpack, earlier snowmelt, more winter
flooding, and reduced summer water flows

W Increased forest growth and increased
forest fires

W Rapid melting of Alaska glaciers

m Increased intensity, duration and number
of heat waves in many cities

W Sea-level rises, tidal surges, and flooding
along Gulf and Atlantic coasts

More intense Atlantic and Gulf hurricanes

Severe flooding and loss of low-
lying islands from seal-level rise

B Reduced water resources in
many places

m Beach erosion, coral bleaching,
loss of mangroves, and
declining fisheries

W Increased invasion by nonnative
species

Decreased tourism

Replacement of tropical forest by
savannah in eastern Amazonia

W Desertification of farmland from
increased drought in dry areas

W Melting of glaciers in tropical

B Increased risk of inland flash floods and coastal flooding

W Disappearance of alpine glaciers

In the south, more health-threatening heat waves and
wildfires, reduced forest area, reduced water availability
and hydropower potential, reduced crop yields, and
reduced summer tourism

In the central and eastern areas, more heat waves and
peatland fires and reduced summer rainfall and forest
productivity

In the north, negative impacts eventually outweigh such
initial benefits as reduced heating demand, less severe
winters, increased forest area, and increased crop yields
and forest growth

Decreased water availability by 2020
for 75 million—-250 million people

Andes with reduced water W Loss of arable land, reduced
supplies and hydropower growing seasons and reduced crop
generation ® Thinning and shrinking yields in some areas

of glaciers and ice sheets

B Rice yields may fall but soybean W Decreased fish stocks in large lakes

yields may increase W Decreased Arctic summer

sea ice m Coastal flooding from rising sea

levels
m Decreased permafrost
B Flooding, drought, spread of disease

W Increased agriculture and
forest cover in Siberia

W Arctic tundra replaced by

forest

B Increased flooding, rock avalanches
and water resource disruptions from
melting Himalayan glaciers

m Ongoing risk of hunger in several
developing regions because of crop
productivity declines c