SEMESTER S5
ENERGY STORAGE SYSTEMS

Course Code PEEETS21 CIE Marks 40

l’li;eaching Hours/Week (L: T:P: 3:0:0:0 ESE Marks 60

Credits 3 Exam Hours 2 Hrs. 30 Min.

Prerequisites (if any) NIL Course Type Theory

Course Objectives:
1. To introduce the importance and application of energy storage systems.
2. To familiarize with different energy storage technologies.
SYLLABUS

M;‘il.ﬂe Syllabus Description C}(I)::l?:t
Need and role of energy storage systems in power system, General
considerations, Energy and power balance in a storage unit,
Mathematical model of storage system: modelling of power 9
transformation system (PTS)-Central store (CS) and charge—discharge

1 control system (CDCS), Econometric model of storage system.
Thermal energy: General considerations -Storage media- Containment-
Thermal energy storage in a power plant, Potential energy: Pumped
hydro-Compressed Air.
Kinetic energy: Mechanical- Flywheel, Power to Gas: Hydrogen-
Synthetic methane. Electro chemical energy: Batteries-Battery
parameters: C-rating— SoC — DoD -Specific Energy- Specific power 9
2 (numerical examples), Fuel cells, Electrostatic energy (Super

Capacitors), Electromagnetic energy (Superconducting Magnetic
Energy Storage), Comparative analysis, Environmental impacts of
different technologies.




Types of renewable energy sources: Wave - Wind — Tidal —
Hydroelectric - Solar thermal technologies and Photovoltaics, Storage
role in isolated power systems with renewable powersources, Storage
role in an

integrated power system with grid-connected

renewablepowersources.

Smart grid, Smart micro grid, Smart house, Mobile storage system:
Electric vehicles — Grid to Vehicle (G2V)-Vehicle to Grid (V2G),
Management and control hierarchy of storage systems.

Aggregating energy storage systems and distributed generation (Virtual
Power Plant Energy Management with storage systems), Battery
SCADA, Hybrid energy storage systems: configurations and

applications.

Course Assessment Method
(CIE: 40 marks, ESE: 60 marks)

Continuous Internal Evaluation Marks (CIE):

Attendance

Internal Examination-
1 2
(Written) (Written)

Assignment/
Microproject

Internal Examination-

Total

15 10 10

40

End Semester Examination Marks (ESE)

In Part A, all questions need to be answered and in Part B, each student can choose any one full

question out of two questions

Part A Part B Total
2 Questions from each Each question carries 9 marks.
module. Two questions will be given from each module, out of
Total of 8 Questions, each which 1 question should be answered.
carrying 3 marks Each question can have a maximum of 3 sub divisions. 60

(8x3 =24marks)

(4x9 = 36 marks)




Course Outcomes (COs)

At the end of the course students should be able to:

Bloom’s Knowledge
Course Outcome Level (KL)
CO1 | Identify the role of energy storage in power systems. K3
Classify thermal, kinetic and potential energy storage systems
CO2 . . K3
and their applications.
Compare electrochemical, electrostatic and electromagnetic
CO3 . K3
storage technologies.
[llustrate energy storage technology in renewable ener
co4 | . oTHECneRySiong & & K2
Integration.
Summarise energy storage technology applications for smart
CO5 arids gy g gy app K2

Note: KI- Remember, K2- Understand, K3- Apply, K4- Analyse, K5- Evaluate, K6- Create

CO-PO Mapping Table (Mapping of Course Outcomes to Program Outcomes)

PO1 | PO2 | PO3 | PO4 | POS | PO6 | PO7 | PO8 | PO9 | PO10 | PO11 | PO12
co1 3 1 1
CcO2 3 1 1
CO3 3 1 1
CO4 3 1 1
COo5 3 1 1

Note: 1: Slight (Low), 2: Moderate (Medium), 3: Substantial (High), -: No Correlation

Text Books
SI. . Name of the . Edition and
No Title of the Book Author/s Name of the Publisher Year
Energy Storage for AG.Ter- The Institution of Engineering Sef:(.)nd
1 Power Svstems Gazarian and Technology Edition,
W z
Y (IET)Publication,UK, 2011
Francisco
. Diaz-
Energy Storage in Gonzélez
p | PowerSystems Andreas Wiley Publication 2016.
Sumper, Oriol
Gomis-
Bellmunt




Reference Books

;l(; Title of the Book Name of the Author/s le)llrlrll)elits)lf“t’l:e Edlg(;:rand
Electricity Energy D. Rastler Electric Power Technical
Storage Technology Research Update,
Options: A White Institute December

1 | Paper Primer on (USA) 2010
Applications, Costs,
and Benefits
The Role of Energy Paul Denholm, National January
Storage with Erik Ela, Renewable 2010

5 Renewable Electricity Brendan Kirby Energy

Generation and Michael Laboratory
Milligan (NREL)
Electrical energy P. Nezamabadi IEEE Power 2011
management of virtual and G. B. Distribution
power plants in Gharehpetian Conferenc

3 distribution networks
with renewable energy
resources and energy
storage systems

Video Links (NPTEL, SWAYAM...)

Module
No.

Link ID

https://www.youtube.com/watch?v=06Afp-

1 MI tQ&list=PLLy 2iUCG87AjWoOk0A3y4hpGQVTdtl6G&index=12 (NPTEL lecture

IIT Roorkee)

2 https://www.youtube.com/watch?v=yar51GJVqgg (NPTEL lecture IIT Guwahati)

3 https://www.youtube.com/watch?v=frWxC5KL8KE (NPTEL lecture IIT Guwahati)

4 https://www.youtube.com/watch?v=AZIS MCw8Qc (NPTEL lecture IIT Kanpur)




