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FROM THE DESK OF THE HoD

The Department of Energy Science and Engineering is the leading 
energy Department in the country focusing on developing 
sustainable energy solutions for the future. The post graduate 
students in the Department – M.Tech, Dual Degree (B.Tech-M.Tech), 
Dual Degree (MSc-PhD), PhD work on various aspects of energy – 
from new materials, new manufacturing processes, devices, 
innovative products and energy systems for their Masters or PhD 
research.
 
Every year we organize a one day event – Energy Day where our 
final year graduating students present their research to society (in-
dustry, academia, government, researchers).  The goal is to 
obtain  useful feedback from interested stakeholders and make the 
research  more relevant to the needs of society. We also hope that 
this will result in the dissemination of our research results and result 
in  increased interaction and partnerships  with industry and society.

We look forward to your enthusiastic participation in Energy Day 
2018 and  a more sustained interaction with our Department.

Prof. Rangan Banerjee,
Head,
Department of Energy Science and Engineering,
IIT Bombay. 
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SOLAR, WIND ENERGY SYSTEMS AND HYDROGEN STORAGE

Analysis of Solar Thermal Power Plants on the 
Basis of Sustainability Indicators

Ayush Hinger
B. Tech. - M. Tech. Dual Degree Student
13d170019@iitb.ac.in

Supervisor:
Prof. Anish Modi

Mr. Mitavachan Hiremath
DESE, IIT Bombay

Emissions of greenhouse gases and other pollutants have been 
on rise in India due to increasing electricity consumption, from 
471 billion kWh in 2004 to 973 billion kWh in 2014. To reduce 
the national carbon footprint, last decade has seen tremendous 
increase in the installed capacity of renewables. As the renewables 
contribution to the national electricity generation increases, it 
becomes important to analyze their environmental implications and 
resource usage. Currently, a 150 kWe, 24 x7 solar thermal power 
plant is being developed through joint efforts of IIT Bombay and 
NTPC using linear Fresnel reflector and solar tower technology. 
This work is aimed at performing a life cycle assessment of this 
plant using energy usage, water usage and emissions as indicators.
 
The material inventory and cost estimates were collected from 
the actual plant data (tenders and other documents). All the 
phases, right from the manufacturing, construction, operation 
& maintenance and decommissioning of plant are included in 
calculations. Data for emission factors, energy usage and water 
consumption for India is found using publications, annual reports 
of leading India manufacturers and from the data available at 
government websites. The functional unit chosen is 1 kWh. From 
assessment of the manufacturing phase, the cumulative energy 
demand, carbon dioxide emissions and water usage per unit 
electricity output are 1.53 MJ, 140 g and 0.22 L respectively. 
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SOLAR, WIND ENERGY SYSTEMS AND HYDROGEN STORAGE

Majority of India’s population lives in rural part of the country and 
renewables such as solar and biogas is easily available in these areas. 
Present work aims to develop a fixed foucs hybrid receiver system 
which utilizes Scheffler dish to exploit solar energy for 4-6 hours of 
power generation and utilize biogas for rest of the requirement during 
the day. In present analysis, the hybrid receiver system developed 
would be used to run a 3 kWe output Free Piston Stirling Engine 
(FPSE). Such a hybrid system could ensure decentralized electricity 
supply post sunshine hours. A single unit of hybrid receiver system 
is expected to power atleast 25 homes for atleast 10 hour in a day. 
The analytical modelling of the hybrid receiver system would involve 
design of hybrid receiver to absorb heat from solar/biogas; determine 
parameters for receiver such as its orientation, type of heat transfer 
fluid (HTF), construction material and insulation material. The system 
incorporates Natural Circulation loop for circulation of HTF in the 
system which eliminates the usage of pump, thereby reducing the 
power requirement to run the system as well as ensures smooth 
operation. The system will also be designed for extracting heat from 
foundry flue gases, which are known to carry atleast 40% of heat 
at a minimum temperature of 800 K. Therefore, this hybrid receiver 
system could open new world of possibilities for waste heat recovery. 

Design of Hybrid Receiver for a 
3 kWe Stirling Engine

Supervisor:
Prof. Shirish B. Kedare

Shridhar Laxman Bapat
DESE, IIT Bombay

Shivam
M. Tech. Student
163170005@iitb.ac.in
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Einstein’s Triple Fluid Vapor Absorption 
Refrigeration System: Design and Experiments

Parikshit Anil Deshmukh
M. Tech. Student
163170012@iitb.ac.in

Supervisor:
Prof. Srinivas Seetharamraju

Shridhar Laxman Bapat
DESE, IIT Bombay

Significant global warming potential and ozone depletion potential 
of conventional refrigeration systems have led to the study and 
development of absorption refrigeration systems. Interest in 
absorption technique for production of cold is gaining prominence 
once again. Einstein’s Triple Fluid Vapor Absorption Refrigeration 
(TFVAR) system patented in year 1928 can be used for waste heat 
recovery from exhaust of diesel engines and process industries. 
This single pressure refrigeration system uses a three-component 
fluid mixture: butane-ammonia-water. Absence of any moving 
parts makes the system silent in operation as well as reliable. 
Thermodynamic model of the system using butane as a refrigerant, 
ammonia as pressure equalizing gas and water as absorber for 
ammonia is studied in order to achieve cooling capacity of 150 
W at 261 K and its implementation through experimentation is 
targeted. Electrical power supply is used for heat input instead 
of waste heat system for the purpose of experimentation. 
Further, the experimental results will be used to validate a 
simulation model using the process flow-sheet software Aspen-
Plus. ENRTL_RK is chosen as the thermodynamic model to set-
up the simulation. Following validation, the developed simulation 
model will be used to investigate the feasibility limits of this cycle.

SOLAR, WIND ENERGY SYSTEMS AND HYDROGEN STORAGE
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Model-Based Maximum Power Point Tracking 
of an Ageing Solar PV Module

Ali Akbar Ajmerwala
M. Tech. Student
163174001@iitb.ac.in

Supervisor:
Prof. Rajesh Gupta

Vivek Agarwal
DESE,, IIT Bombay

Among the most common methods of Maximum Power Point Tracking 
(MPPT) are Perturb & Observe (P&O) and Incremental Conductance 
(InC) method. The major drawback of these approaches is that they 
cannot be used under rapid changing irradiation conditions as it 
takes them a long time to track the maximum power point (MPP). 
To overcome this drawback, a new method is proposed in the 
literature known as Model-Based Maximum Power Point Tracking 
(MB-MPPT). The conventional method uses environmental inputs 
such as irradiation and temperature to calculate the voltage at 
MPP. But the existing model-based approaches does not consider 
the impact of variation in series resistance of solar photovoltaic 
(PV) module on the voltage at maximum power point. These 
variations are caused due to degradation of the solar PV module 
over time. This paper proposes a new MB-MPPT technique, which 
takes into account the impact of PV module degradation on the 
maximum power point (MPP). The proposed method will help in 
tracking the exact MPP even for a degrading solar PV module. 
The necessary simulation and experimental results are presented.

SOLAR, WIND ENERGY SYSTEMS AND HYDROGEN STORAGE
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Manmohan
B. Tech. - M. Tech. Dual Degree student
manmohan_96@iitb.ac.in

For numerical study of linear cavity receivers (LCRs) used 
with linear Fresnel reflectors (LFRs), a coupled model of ray 
optics with heat transfer is proposed. The study is being done 
in COMSOL Multiphysics. Ray optics is used for obtaining 
solar flux on the absorber tubes of LCRs after being 
reflected by LFRs and this data is used for heat transfer simulation 
in LCRs. Using this model optical performance of LFRs will be 
studied in various cases. Further by using this data heat transfer 
characteristic and thermal performance of LCRs will be 
analyzed in different scenarios. By including ray optics in the 
study of LCRs, non-uniform heat flux across the width of the 
receiver can be taken into account and its effects can be analyzed.

Numerical Simulation of Heat 
Transfer in Trapezoidal Cavities for 

Solar Thermal Applications

Supervisor:
Prof. Suneet Singh
DESE, IIT Bombay

SOLAR, WIND ENERGY SYSTEMS AND HYDROGEN STORAGE
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Quantification of mismatch loss in PV module 
due to discoloration of encapsulant

Ajinkya Joshi
M. Tech. Student
ajinkyajoshi@iitb.ac.in

Supervisor:
Prof. Rajesh Gupta
DESE, IIT Bombay

Discoloration of encapsulant is one of the most common degradation 
modes seen in photovoltaic (PV) modules installed in the field and 
is characterised by appearance of a visible colour varying from 
yellow to brown on top of PV module. Electrical parameters such 
as maximum power and short circuit current of a solar cell are most 
affected parameters due to it. This discoloration over a PV module is 
generally non-uniform in terms of extent of cell area effected and it’s 
intensity causing additional power loss termed as mismatch power 
loss, which has been studied in this work using a modelling and 
simulation approach. The aim of this thesis is to quantify mismatch 
power loss using destructive analysis on field exposed PV modules 
with discoloration being major form of degradation so as to precisely 
quantify the impact of discoloration of encapsulant on individual 
solar cell’s performance for evaluation of mismatch power loss.

SOLAR, WIND ENERGY SYSTEMS AND HYDROGEN STORAGE
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Solar concentration is one of the promising technology for electricity 
production as well as for industrial process heat application. There 
are few standards available in literature for testing and evaluation of 
thermal performance of steam generating solar concentrators based 
on sensible heating of working fluid. The present work is focused on 
developing test standard for indoor test set-up of steam generating 
solar concentrators for its thermal performance. The indoor setup 
is present in laboratory and some modifications are required to 
improve the accuracy of testing. Since from literature survey of 
previous work it shows that the system losses are considerable 
and system performance can be increased by reducing the system 
losses. Therefore, the aim of this project includes the modification 
and testing of testing setup present in laboratory to reduce the 
system losses and to develop a standard test procedure. The 
project work also includes to perform a dynamic analysis on system 
to find the thermal inertia of the various components and fittings.

Testing of testing set-up for thermal 
performance of steam generating solar 

concentrators

Rathod Ravi Rangnath
M. Tech. Student
163170014@iitb.ac.in

Supervisor:
Prof. Shirish B. Kedare

Prof. J. K. Nayak
DESEv, IIT Bombay

SOLAR, WIND ENERGY SYSTEMS AND HYDROGEN STORAGE
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Storage Centric Design of a 
Hydrogen Powered Vehicle

Anisha Bajaj
B. Tech. - M. Tech. Dual Degree Student
anishabajaj@iitb.ac.in

Supervisor:
Prof. Sankara Sarma V. Tatiparti

DESE, IIT Bombay

Transport sector is mainly dependent on renewable sources 
of energy and as the world is moving towards sustainability 
the possible options for sustainability in transport sector are 
fuel cell powered vehicles, battery powered vehicles and bio-
fuels. Various fuel cell models have been discussed in literature. 
In the present work a generic fuel cell model concept is used 
through which the effect of thermodynamic parameters on 
the fuel cell parameters of current and voltage is determined. 

In the present project, User centric design and storage centric 
design for hydrogen powered vehicle have been discussed. In 
a user centric design, the velocity of vehicle is specified by the 
user and according to the required velocity we can determine 
the thermodynamic parameters of pressure and volume flow rate 
required. Whereas in the storage centric design, according to the 
constraints of storage we decide the pressure and volume flow rate 
of the fuel and correspondingly put limits on velocity, acceleration, 
torque and power the vehicle can provide. In the present project, 
a storage centric design of a fuel cell vehicle will be designed. 

SOLAR, WIND ENERGY SYSTEMS AND HYDROGEN STORAGE
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This project is an endeavor to develop a backup power system for 
communication devices. It describes the development of the system 
to charge the battery powered by the fuel cell. Metal hydride storage 
canister supplies the hydrogen which uses LaNi5 as hydrogen storage 
hydride alloy. A simplified two-dimensional model was developed 
in COMSOL. The developed model is being used to simulate the 
process behavior for various parameters. A special emphasis was 
put on desorption rate which is crucial for charging of the device.

Development of a Portable Power System 
using Metal Hydride Storage System

Supervisor:
Prof. Pratibha Sharma

DESE, IIT Bombay

Katta Venkata Vynateya
B. Tech.  - M. Tech. Dual Degree Student
vynateya@iitb.ac.in

SOLAR, WIND ENERGY SYSTEMS AND HYDROGEN STORAGE
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Development of Metal Hydride Bed

Avik Karmarkar
M. Tech. Student
163174004@iitb.ac.in

Supervisor:
Prof. Pratibha Sharma

DESE, IIT Bombay

The increase in energy demand and gradual depletion of fossil 
fuel reserves has lead to a shift in the area of research towards 
harnessing hydrogen energy. Though hydrogen is one of the most 
abundantly available elements but its storage poses one of the 
biggest challenges in its commercial usage. Hydrogen can be stored 
as compressed gas, liquefied form and as hydrides, but storage 
technique using metal hydrides have been researched widely due 
to the advantages it possesses over the other two options. Metal 
hydrides can be classified into three subcategories – intermetallic 
hydride, complex hydride and ionic hydride. In the project, a setup is 
being fabricated to estimate the system performance characteristics 
(system gravimetric capacity, absorption/ desorption temperature 
etc) using different alloys and understand the variation in its 
hydrogen absorption/ desorption capacity with change in operating 
parameters such as coolant temperature, initial hydrogen pressure etc.

SOLAR, WIND ENERGY SYSTEMS AND HYDROGEN STORAGE
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In the current scenario of overuse of fossil fuels is causing both their 
depletion and an increase in the adverse effects on environment, 
hydrogen provides a potential substitute as an energy carrier.  
Hydrogen has high energy density, is abundantly available and can 
also be synthesised using renewable methods. Between production 
and usage, hydrogen needs to be stored. In the current work we 
concentrate upon solid state hydrogen storage technique using 
prominent metal-hydride based materials. The project focuses 
on studying the hydrogen storage characteristics of Ti-Fe alloy 
for hydrogen storage by doping it with manganese (Mn) metal. 
Ti-Fe intermetallic is considered to be an excellent candidate for 
the solid-state hydrogen storage because of its low price and its 
ability to absorb and desorb hydrogen at room temperature. The 
main drawback of this material is that it needs activation at high 
pressure and temperature to absorb hydrogen. Hence Mn was 
found to be a suitable metal which would ease the activation of 
Ti-Fe. The project involves synthesizing and characterizing Ti-Fe-
Mn alloy and then studying its hydrogen storage properties and 
in-turn generating the thermodynamic properties of the alloy. 
These metal hydride materials are majorly used for stationary 
application like in power plants and also for fuel cell application.

Swapneel Trimbake
M. Tech. Student
163170023@iitb.ac.in

Synthesis and Characterization of 
AB2 Type Metal Hydride 

Supervisor:
Prof. Pratibha Sharma

DESE, IIT Bombay

SOLAR, WIND ENERGY SYSTEMS AND HYDROGEN STORAGE
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Electrical Simulation and Characterization of 
Shunts in Photovoltaic Modules

Solar cells suffer from multiple degradations and defects, such as 
lamination browning, metallization corrosion, shunts, partial shading 
etc.  degrading the output performance of a solar cell. Shunt in a 
solar cell is alternate conductive parallel path for light generated 
current to sink. Shunt could either appear during manufacturing 
stage or originate in the field due to harsh atmospheric conditions 
like temperature or humidity. Amongst various characterization 
techniques available to identify a defect in a cell, Lock-in 
Thermography (LIT) has evolved as most suitable for shunt detection. 
It has additional benefit of categorizing shunts as linear shunt and 
non-linear shunt. LIT imaging gives the severity of degradation due 
to a shunt. Modelling and Simulation done using PSpice enables 
independent analysis of shunts in a noise free environment. 
Distributed diode approach is utilized in the modelling to depict the 
localized effect of the shunts. Shunting in one or more number of cells 
in a PV module could lead to significant power loss and persistent 
losses due to shunts could cause failure of the module in long run. 
Till date, shunting phenomenon in a solar cell has been extensively 
studied, however not much work has been done at module level.

Roopmati Meena
M. Tech. Student
163170020@iitb.ac.in

Supervisor:
Prof. Rajesh Gupta
DESE, IIT Bombay

SOLAR, WIND ENERGY SYSTEMS AND HYDROGEN STORAGE
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Grid Support from Hybrid Solar PV and Wind 
Power Systems

Rakesh Reddy Vattigunta
M. Tech. Student
163170010@iitb.ac.in

Supervisor:
Prof. Zakir Hussain Rather

DESE, IIT Bombay

Due to the increasing demand for electricity and fast depletion 
of fossil fuels and its adverse environmental impacts on nature, 
there is a paradigm shift towards renewables. The most abundant 
renewable energy sources are solar photovoltaic (PV) and wind. 
Due to their variable nature, the higher penetration of these sources 
can lead to grid instability and also introduce significant technical 
challenges in power system operation. Hybrid combinations of 
solar PV and wind energy sources are expected to resolve such 
issues to some extent by improving the overall system reliability. 
The problem of low voltage ride-through (LVRT) for solar PV and wind 
individually is well documented in literature. However, LVRT compliance 
of hybrid systems has received limited attention so far. Therefore, the 
main aim of this thesis work is to propose LVRT capability schemes 
for hybrid solar PV and wind system. In addition to LVRT, other grid 
ancillary services such as frequency support and inertial support 
will also be investigated in this thesis. A 500 MW aggregated hybrid 
power plant model with 100 MW solar PV and 400 MW wind power 
of Type-4 configuration has been simulated in MATLAB/SIMULINK. 
In addition to simulation studies, a hardware validation using lab-
scale hybrid system is also planned to be done under this thesis.

SOLAR, WIND ENERGY SYSTEMS AND HYDROGEN STORAGE
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ENERGY STORAGE AND FUEL CELL 

Degradation Analysis of Lithium Ion Batteries

George Kutty Thomas
M. Tech. Student
163170011@iitb.ac.in

Supervisor:
Prof. Sagar Mitra,

Prof. Venkatasailanthan Ramadesigan
 DESE, IIT Bombay

Lithium ion batteries are the best available secondary battery in 
commercial market having numerous applications ranges from 
mobile phones to electric vehicles. The life of the battery is one of 
the challenges faced by this battery in the market, since the capital 
cost of the battery is high. The electrode of the battery experiences 
stress and strain during cycling. Passive filling formation is one 
of the major chemical degradation occurs inside the battery. The 
consumption of lithium ion results in capacity fading and also in power 
fading because of increase in resistance of the Battery. Exfoliation of 
electrode (anode) due to the stress on cycling and loses of contact 
with the current collector results in increased impedance and 
reduction in capacity.  It is important to integrate these degradation 
mechanism in order to optimize the battery life. This project mainly 
focuses on to find an optimized charging protocol to be designed 
to minimize the overall degradation, maximize the charging 
capacity, minimize the charging time for battery. An equivalent 
circuit model of battery to be made in MATLAB and validate the 
model with experiments. Optimised charging protocol has to be 
found out from the model by using optimization tools in MATLAB. 
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Reaction- Transport Modelling of 
Vanadium Redox Flow Batteries

Harshwardhan Singh
B. Tech. - M. Tech. Dual Degree Student
harshwardhan.singh@iitb.ac.in

Supervisor:
Prof. Dayadeep Monder

DESE, IIT Bombay

Grid level energy storage systems are required to address the 
mismatch between supply and demand of electricity. The vanadium 
redox flow battery is one of the most promising large scale 
electrical energy storage technologies. Efforts have been made to 
develop a stationary as well as a transient, two dimensional model 
of a vanadium redox flow battery which describe the reaction 
and transport phenomena occurring within. An optimal charge 
– discharge algorithm is being designed to maximize the round 
trip efficiency and capacity over the long term while considering 
loss mechanisms within the battery, such as crossover of species 
across the membrane, side reactions leading to evolution of 
gases, and precipitation of vanadium salts in the electrolyte.

ENERGY STORAGE AND FUEL CELL 
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Modelling of Li-ion Battery and Optimization
 of the Charging Profiles

Rushil Modi
B. Tech. - M. Tech. Dual Degree Student
13d170016@iitb.ac.in

Supervisor:
Prof. Venkatasailanthan Ramadesigan,

DESE, IIT Bombay

Li-ion battery is the most effective energy storage 
solution available currently. Selection of design parameters 
of a Li-ion battery based on experimental trial and errors 
method is quite inefficient and also proves to be costly.  A single 
particle model has been developed in COMSOL for a 
particular Li-ion battery to study the charging and discharging 
profiles for various current rates. The model also includes the 
physical phenomenon like chemical and mechanical 
degradation by taking into account the various stresses/side-
reactions the battery undergoes during the cycling. This affects 
the capacity of the battery along with the usage. Hence, the 
current applied for charging of the battery affects both the 
time required to charge a battery as well as the degradation 
of the battery. The goal is to optimize the current rate used for 
charging the battery as well as to optimize the discharge current 
rate in order to achieve minimal time of charge and degradation.

ENERGY STORAGE AND FUEL CELL 
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Modelling and Simulation of Metal-Air Batteries

Shruti Madavi
B. Tech. - M. Tech Dual Degree Student
13d170010@iitb.ac.in

Supervisor:
Prof. Venkatasailanathan Ramadesigan,

DESE, IIT Bombay

Emerging era of electric vehicles has created the need for 
energy dense battery systems. Currently popular 
Lithium-ion batteries have limitation on energy density. Metal-air 
batteries are considered potential candidate to replace 
Lithium-ion batteries especially in electric vehicles.  Modelling 
of metal-air batteries is done to support the experimental 
results and understand the performance limiting mechanisms 
of the battery cell. Dendrite formation, anode corrosion and 
discharge product deposition are the major degradation 
mechanisms. One dimensional model of metal-air battery 
with Lithium anode, porous separator, organic electrolyte and 
porous carbon cathode is developed using Lithium-ion battery 
physics and incorporating theory of transport of diluted species 
in porous media to account for oxygen transport in the cathode. 
Using the governing equations, dynamic model parameters and 
necessary boundary conditions, the discharge characteristics of 
the Lithium-air battery cell are presented. To study the electrode 
degradation mechanisms in metal-air batteries, degradation 
parameters like porosity change, oxygen diffusion and discharge 
product volume fraction in the porous cathode are analyzed to 
identify the performance limiting mechanisms in the battery cell.

ENERGY STORAGE AND FUEL CELL 
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Modelling and Simulation of Redox 
Flow Batteries

Rajat Jays
M. Tech. Student
163170007@iitb.ac.in

Supervisor:
Prof. Venkatasailanathan Ramadesigan

DESE, IIT Bombay

The continuous increase in global energy demand and the pollution 
caused by the fossil fuels has lead to the increasing the usage of 
renewable energy. Due to the intermittent nature of the renewable 
sources, reliable energy storage system is required such that excess 
energy will be stored and later can be used when the renewable 
source will be dilute. Redox flow battery is a good option due to 
its design flexibility and high lifetime of electrodes. This paper 
will present a 2D isothermal transient model of vanadium redox 
flow battery (VRFB). The model is based on the conservation of 
mass, momentum and charge transport and coupled with the 
electrochemical reactions which includes the vanadium species. The 
capacity loss due to the ion crossover is included in the model. Nafion 
is the diffusion dominated membrane which is currently mostly 
used in the VRFBs. S-Radel membrane is convection dominated 
due to relatively large presence of fixed acid sites compared to the 
former. This work will focus on reducing the ion crossover through 
both membranes by changing the charging current and flow rate.

ENERGY STORAGE AND FUEL CELL 



19

Electrolyte Development Based on Ionic Liquids 
for Eco-Friendly Sodium Ion Battery

C. V. Manohar
Ph.D. Scholar
134174004@iitb.ac.in

Supervisor:
Prof. Sagar Mitra,

DESE, IIT Bombay
Prof. Douglas Macfarlane

Monash University

The sodium ion battery (SIB) is being considered widely as an 
alternative, sustainable, and cost-effective energy storage device 
for large scale energy storage applicationsElectrolyte plays a major 
role to intercalate sodium ions between cathode to anode in sodium 
ion battery and there is no commercialized electrolyte for sodium ion 
battery, which gives stable electrochemical performance in terms of 
safety and wide potential window. Organic electrolytes don’t have 
widethermal stability in sodium ion batteries. This can be avoided by 
using new electrolyte solvents like ionic liquids. As the ionic liquids 
have significant properties of increased safety (wide potential 
window), high electrochemical stability, good ionic conductivity and 
wide liquid temperature range in sodium ion batteries. This work 
aims to develop ionic liquid based electrolytes to get high energy 
density sodium ion battery by using sodium vanadium phosphate 
cathode material, commercial hard carbon anode material with 
1M NaFSI salt dissolved in different organic solvents (Ethylene 
carbonate and Propylene carbonate),N-methyl N-pyrrolidinium 
bis(trifluoromethanesulfonyl)imide (C3mpyr[TFSI]), and  N-methyl 
N-pyrrolidinium bis(fluoromethanesulfonyl)imideC3mpyr[FSI] based 
electrolyte for sodium ion battery. The hybrid electrolyte and ionic 
liquid electrolytes showed the excellent cycling performance and 
high rate capability with NVP@C and Hard carbon electrodes. It 
forms a more stable passivation layer on the surface of NVP@C, 
Hard carbon and sodium metal surfaces in sodium ion batteries.

ENERGY STORAGE AND FUEL CELL 
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Study of Vanadium Crossover 
Phenomena Through Nafion Membrane 

in H-Type Cell Configuration

Praveen Rupavath
B. Tech. - M. Tech. Dual Degree Student
praveenn@iitb.ac.in

Supervisor:
Prof.  Manoj Neergat

DESE, IIT Bombay

Vanadium redox flow battery(VRFB) is considered to have relatively 
less crossover of ions across the membrane compared to other redox 
couple batteries. Amount of cross over is dependent on factors 
such as the vanadium ion selectivity of proton exchange membrane 
and concentration gradient. This work is on vanadium ion crossover 
across ion exchange membrane (Nafion 117). In this study, we are 
conducting our experiments on vanadium redox couples, each half 
cell is filled with different state of charge i.e. at dissimilar concertation 
of vanadium solutions. H-Type cell consisting Vanadium pentoxide 
(V2O5) solutions has sulphuric acid [H2SO4]as supporting electrolyte 
is dissolved in one side and other side was only filled with sulphuric 
acid [H2SO4]. carbon modified glassy-carbon disk electrode (GCE) 
is used as electrode for cyclic voltammetry recordings. Cyclic 
voltammetry (CV) techniques with stationary working electrode 
disc and rotating electrode working electrode are used to 
investigate the crossover of vanadium pentoxide solution through 
the Nafion membrane at different crossover time periods in H-Type 
cell with the help of three electrode electrochemical cell setup. 
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Microbial Fuel Cells (MFC) have intrigued the research community 
as a potential technology for wastewater remediation and 
simultaneous energy production. Platinum used on the cathode is 
one of the major obstacle towards economical deployment. Similar 
to a conventional fuel cell, the half reactions are compartmentalized 
but unlike them; for a MFC, the anodic reactions determine the rate 
of current production. Reducing the catalyst loading and matching 
the rates of the half reactions in each compartment is important 
towards achieving feasibility for scale-up of MFCs. In this work, 
a novel 4-cathode membrane electrode assembly with varying 
platinum loadings on the cathode side in a segmented electrode is 
used in the same single chamber microbial fuel cell (SCMFC) with a 
common anode. This is done in order to match the oxygen reduction 
reaction (ORR) kinetics with the microbial charge transfer kinetics on 
the anode. Thus a novel indirect method is developed to determine 
the electrochemical characteristics of a specific microbe used at the 
anode. The characteristics of Escherichia coli MTCC 1610 is studied 
and reported as equivalent to a Pt loading of 0.032 + 0.003 mg 
cm-2 on the cathode. The maximum power and current obtained in 
the microbial fuel cell are 40 mW m-2 and 235 mA m-2 respectively.
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The demand for stable, heavy oxygen isotopes is rapidly growing on a 
global scale. This is primarily due to the increasing use of PET imaging 
in several medical applications. There are various, well established 
and quite advanced methods to produce and/or separate the 
isotopes. However, they are still fairly expensive and the need for low 
cost methods providing the desired level of enrichment is on the rise.
The initial stage of the project began with survey of the current 
technologies employed globally for the production of the 
product water. The improvements in efficiency and higher yields 
with greater enrichment were also studied. The subjects of 
this part of the study were 10 different renowned laboratories 
and commercial production facilities around the world. New 
patented inventions that claim to produce greater quantities 
of the product water at cheaper costs were also studied.
The project is to build a fuel cell that will be used to combine 
ultrapure hydrogen and the oxygen gas to produce the medical 
grade water endemically. The challenge is to make a fuel cell 
with the objective to produce maximum amount of water since 
the current fuel cell technology primarily focuses on maximum 
voltage output. The water produced must also meet the set 
specifications without the impurities exceeding their limits .
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Fuel Cell Stack Clamping System

Clamping mechanisms have significant effect on the performance 
of Polymer Electrolyte Membrane Fuel Cells (PEMFC). In this 
project, a new clamping mechanism is designed to study 
the contact pressure distribution over the active area of 
PEM fuel cell’s membrane electrode assembly (MEA). The 
clamping pressure is exerted on the PEM fuel cell assembly 
via end plates. New model of fuel cell under hydraulic press is 
simulated in Ansys by applying uniform pressure over end 
plates to compare with new clamping mechanism model. 
Ansys structural software is used to perform various 
simulations for new clamping system to obtain uniform pressure 
distribution over active area of the fuel cell. Fuel cell with new 
clamping mechanism was simulated for various gasket and 
gas diffusion layer thicknesses and also for different clamping 
pressures exerted on the fuel cell stack. The main aim of this project 
is to achieve the higher and more uniform contact pressure or to 
reduce the contact resistance over the active area of the fuel cell. 
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Nitrogen-doped carbon (N/C) and graphene (N/G) are synthesized 
by the established conventional heat-treatment method and the 
incorporation of nitrogen into the carbon-matrix is confirmed 
from the CHN analysis, X-ray photoelectron spectroscopy 
(XPS), and Raman spectroscopy. Electrochemical impedance 
spectroscopy (EIS) of the prepared catalysts in argon-saturated 
0.1 M KOH is recorded in a three electrode rotating disk electrode 
(RDE) configuration. Nitrogen content and EDR have important 
implications in deciding the electrocatalytic activity and the features 
of the EIS patterns of carbon-based metal-free catalysts. Because 
of the change in EDR and the capacitance with nitrogen-content, 
the EIS patterns of ORR with N-doped carbon are complex to 
analyse. The capacitance derived from the low-frequency region 
of the EIS patterns is used to estimate the effective density of 
states (D(EF)) of carbon and its nitrogen-doped counterparts. 
Moreover, the carrier concentration (ND) and flat-band potential 
of the samples are obtained from the Mott-Schottky analysis. The 
origin of the activity improvement with nitrogen doping of carbon/
graphene is explained on the basis of the effective density of 
states (D(EF)), carrier concentration (ND), and flat-band potential.
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Polymer electrolyte membrane (PEM) based fuel cells are considered 
as one of the alternatives and viable options for the future transport 
applications due to its clean and green operation with high efficiency. 
Nafion has been used widely in polymer electrolyte membrane 
fuel cell (PEMFC) application. There is a limitation of Nafion for 
high-temperature operation, therefore phosphoric acid doped 
polybenzimidazole (PBI) membranes have gained considerable 
attention for its high proton conductivity and improved thermal 
stability at the elevated temperature (120-200 oC), Similar PBI based 
polymer with low cost, high acid absorption and easily synthesizable 
Poly (2, 5-benzimidazole) (ABPBI) membrane is chosen for this 
work. Solvent has a vital role in the preparation of membrane in 
solvent casting method. Therefore different solvents are considered 
for solvent optimization on the basis of physiochemical and proton 
conductivity properties. Phosphoric acid doped ABPBI membrane 
using trifluoroacetic acid as solvent (DABPBI-TFA) has performed 
highest proton conductivity of 1.6 × 10-3 S cm-1 and a current 
density of 221 mA/cm2 at 0.6 V at 150 oC. It is found that increase in 
conductivity in high acid doping decreases the mechanical stability 
of the membrane. Further doping of PA has increased the proton 
conductivity at the expense of mechanical stability, which is not suitable 
for membrane electrode assembly (MEA) fabrication. Different 
inorganic fillers are investigated, and Multiwall carbon nanotube 
(MWCNT) is considered as a suitable candidate for increasing 
mechanical stability as well as conductivity at higher doping level.
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Coal is one major contributors for electricity generation in many 
developing countries. Coal Milling is one of important energy 
intensive step in coal power plants. In this research, significant
efforts are put in for detail understanding of coal milling 
process to suggest improvements in current operation practices. 
Studied classification of various size reduction equipment based 
on feed Particle size, product particle size and characteristic 
action used for size reduction. In sub classification of 
grinding equipment, a special emphasis is given to study Ball Mills 
and Vertical Roller Mills as these two types are majorly used in 
Milling process like in Cement, Coal. Studied in detail on principle 
of Working Ball Mills and Vertical Roller mills. In detail study of 
various Empirical models developed for predicting product size 
distribution based on energy consumed, operational parameters, 
type of coal used etc. Population balance models, Bond index 
model, energy-size reduction models, perfect mixing model are 
studied in detail to apply these to understand existing milling 
operation at Tata Plant at Jamshedpur. Emphasis is done on 
selection of model and model selection is based on data available 
regarding operational parameters, problem to addressed which will 
be used to understand and suggest for energy efficient operations.

Coal Mill Modelling for Energy Efficient Operations

ENERGY STORAGE AND FUEL CELL 



`
27

Design of an Anti-Cavitation Valve Trim

Design of an anti-cavitation valve trim is commonly based upon 
CFD simulations for cavitation using homogenous mixture models. 
Majority of mixture models employ the use of a bubble growth model. 
The drawback of these mixture models are the simplifications of 
the Rayleigh-Plesset equation for bubble dynamics and the use of 
experimentally fitted coefficients. This thesis follows a fundamental 
approach to model bubble growth in a quiescent liquid for an unsteady 
pressure field using mass conservation of the bubble, momentum 
conservation of the liquid and the energy equation for the mass flux 
of liquid at the bubble interface. Numerical results presented are in 
fair agreement with experimental data compared to models from 
various researchers available in the literature and bubble growth 
equations used in homogenous mixture models. The current model 
is extended for its use in the homogenous mixture model as a user 
defined function in a commercial CFD package ANSYS FLUENT. The 
results compared to benchmark problems and a two-dimensional 
analysis of a valve trim will be presented in in the final thesis.
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Efforts have been made towards designing a heat exchanger which 
would be used to cool the nuclear reactor spent fuel pool. This 
proposed system of spent fuel pool cooling has 4 heat exchangers 
placed near the four top corners of the pool. Simulations have 
been performed for a scaled down three dimensional model and a 
correlation is being developed for the non-dimensionalized distance 
of the heat exchanger from the hot region in the pool with Rayleigh 
number, Nusselt number, non-dimensionalized pitch between fuel 
assemblies as parameters. The correlation can been used to design 
the heat exchanger’s shape and size for the given conditions existing 
in the pool. A microfluidic heat exchanger has been proposed with 
air as the coolant flowing inside it as a the pressure drop for a gas 
flowing through a microchannel is less than the pressure drop for a 
macrochannel gas flow for the same mass flow rate. There would be 
many microchannels inside an enclosure whose shape and size is the 
subject of design. In between two microchannels, the use of a heat 
transfer fluid made up of metallic nanoparticles has been propsosed. 
The power required for compressors to make air flow through 
the microchannels would be obtained from a renewable source.

CFD AND GRID INTEGRATION



29

Development of Dry Coolers for 
High Performance Computing Centers

Kshitij N. Marathe
M. Tech Student
163170006@iitb.ac.in

Supervisor:
Prof. Anish Modi

Milind V. Rane
DESE, IIT Bombay

The energy consumption of computer electronic modules also 
follows similar increasing trend thereby dissipating more heat. As 
these devices are becoming more and more compact, the process 
for heat removal becomes more challenging.  Majority of server 
rooms are cooled by ambient air cooling systems with cold water 
recirculation units or Computer Room Air Conditioning (CRAC) 
systems which is generated by chillers or vapor compression 
machines.  Therefore, free cooling can be adopted for providing 
the data center space cooling which is beneficial in terms of water 
savings and energy efficiency.  The average power consumption 
of server rack used in High Performance Computing Centre (HPC) 
comes to be 22 kW, whereas stand-alone heat loads (Rack loads) 
can exceed 30 kW.  The main objective is to design an efficient 
heat rejection unit for HPC using aluminium extrusions with 
Provision of Air and Evaporative Cooling (A&EC). Efforts has been 
made to develop a 3 kW of heat rejection system for cooling 
hot DM water running through panel at 45oC to 35oC in case of 
isolation heat exchanger.  Experimental testing setup, testing 
conditions, location of setup and instrumentation to be used for 
testing is also shown.  Performance evaluation of these panels is 
done with the standard condensers used in organic rankine cycle.
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The recent increase in popularity of renewable energy sources 
leads to advancement in power electronics research. The renewable 
sources are integrated into a small local electrical network through PE 
converters and participation of loads with storage elements together 
forms microgrid which can be operated in grid-tied or isolated. A 
Hybrid AC-DC microgrid has higher efficiency and eliminates the 
need for unnecessary converters. State-space modeling of hybrid 
AC-DC microgrid presented using VSI and DC/DC converter with 
loads and line network. The entire model is linearized at an operating 
point using a generalized model of a hybrid microgrid and system 
matrix is used for eigenvalue analysis. Bifurcation theory application 
is extended to a qualitative analysis of inherent stability in a hybrid 
microgrid. Hopf and saddle-node are two common bifurcations in 
a microgrid. Small signal stability is important for stability analysis 
but a stable region defined by small signal stability may be unstable 
for (slightly) larger variations, therefore small signal stability is not 
ample measure to grade stability margin. The aim is to find the nature 
of bifurcation in droop-based islanded hybrid AC-DC microgrid by 
simultaneously varying the real and reactive droop coefficients 
and analyze the stability boundary line using MATLAB/Simulink.
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The aim is to simulate the shape of the deposition in a pipe 
observed in the laboratory experiment. The inputs for the 
simulation will be based on the phenomenological modelling of 
the barchan dunes and the factors under which they are formed. 
Crescent shaped barchan dunes are found commonly. Their 
morphology, motion, erosion rate, flux, shear stress acting shall 
all been closely looked upon with mathematical equations. 
Furthermore, studies based on isolated dunes in deserts and 
subaqueous dunes will be compiled in order to adopt the 
methodology. The differential equations for density and 
velocity of particles produce flux equations and give time 
evolution of the dunes. The subaqueous dune part consists 
of the experiment conducted with four different particles 
and in a turbulent water flow in a pipe. While the dunes have 
been studied for deposition in pipelines, the dune formation 
conditions on Mars have been also looked upon. All these 
natural occurring phenomena will give the direction in which 
they are formed and hence, the dune shape observed will 
be simulated along with the shear and flux equations solved.
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Thermal storage is a very important part of a solar thermal 
powerplant and the performance of the powerplant depends 
on the stability of the thermocline in a thermal storage tank. 
Turbulence inside a storage tank disturbs the thermocline causing 
mixing of the hot and cold fluid. This reduces the average outlet 
temperature and thus reduces the performance of the system.
The porous distributor is designed to regulate the flow of the incoming 
fluid and hence the behaviour of the thermocline is dependant 
on the permeability. This behaviour is studied using simulations.
Fluctuations in solar radiation falling on a collector due to cloud 
cover give rise to cold pockets. This results in flow instabilities 
similar to the ones observed by Yih (1967) in the storage 
tank. Simulations are performed to study the effect of these 
instabilities on the thermocline. It is found that the distributor 
helps to contain the flow of the cold pocket at lower flow rates. 
Eddies are generated in the thermocline region outside the 
distributor at higher flow rates and the thermocline is disturbed.
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Steam is used as a medium of heat in many process industries. The 
condensate formed after the process contains a lot of energy in 
the form of heat. Condensate recovery pumps are used in process 
industries to pump the condensate back to the boiler feed water 
tank. These are operated by using compressed air or pressurised 
steam. The study gives a brief information on the operation of 
mechanically operated pumps and also talks about its benefits over 
electrically operated pumps. A lot of work has been done to design 
and develop mechanisms that will increase the capacity of these 
pumps. But, the actual capacity of the pump can only be found out 
experimentally. This is a serious drawback as one cannot know how 
much the pump capacities can be varied by changing the pump 
dimensions. Also, the designer has no idea as to what the ideal 
capacity for the given inlet and exhaust orifice sizes should be. Till 
now, no work has been done to predict the capacity of the pump 
just by knowing the orifice sizes and the operating parameters. 
The following work aims towards developing a mathematical 
model which can correctly predict the flow capacity of the pump.v
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Storage becomes a necessity in case of microgrids powered by 
intermittent renewable energy sources. Storage, besides achieving 
power and energy balance, can also be suitably controlled for faster 
transient response and improved power quality. However, location, 
size and type of the storage plays a critical role in deciding the scale 
of the improvement in objectives such as stability margin, frequency 
deviation during transients and power. The network modeling and 
control architecture plays an important role in optimization since 
they constitute the basis of the code in the algorithm. Stability and 
frequency response can be well studied using nonlinear modeling 
and control of the system, however, this is not the present practice.  
In this work, Solar PV, Battery with boost converter, inverter, LC filter 
and load is modeled by using state space analysis. In addition, small 
signal analysis based stability margin will be proposed to be used as 
criteria to determine the amount and the nature of the stability. A Low 
voltage 1 DG network is proposed to be suitably modified by placing 
intermittent energy sources and battery storages for the optimization 
study. Also, Port-Hamiltonian (pH) modeling framework is proposed 
to be used for modeling the microgrid. In addition, Lyapunov function 
based stability margin will be proposed to be used as criteria to 
determine the amount and the nature of the stability. IEEE bus 
feeder is proposed to be suitably modified by placing intermittent 
energy sources and battery storages for the optimization study.
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Energy from renewable sources can be produced locally and easily 
integrated into the distribution network. The renewable source 
along with distribution network and load forms a microgrid which 
can operate with either grid connected or in isolated mode. The 
intermittent nature of renewable sources and variability in load requires 
energy storage system to act as a back-up supply to the microgrid. 
The supply and demand variability is found in different time scales 
(i.e., instantaneous, diurnal, and seasonal). The nominal discharge 
duration of multiple storage options can be matched effectively 
for variability in all relevant time scales. An optimum mix of storage 
options is important to design a cost-effective system. A generic 
sizing methodology using pinch analysis and design space for hybrid 
energy storage in a PV-based isolated power system is proposed. 
The performance of the hybrid storage in a microgrid context 
need to be analysed. For this a PV hybrid energy storage system 
(supercapacitor, lead acid battery, and hydrogen storage) is modelled 
and simulated. The battery ageing effect and thermal behaviour 
need to be accounted as it has direct correlation with life cycle cost 
of the system. It is found that a trade-off exists between the life 
cycle costs, battery degradation and with different reliability levels.
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The recent increase in popularity of renewable energy sources 
leads to advancement in power electronics research. The renewable 
sources are integrated into a small local electrical network through PE 
converters and participation of loads with storage elements together 
forms microgrid which can be operated in grid-tied or isolated. A 
Hybrid AC-DC microgrid has higher efficiency and eliminates the 
need for unnecessary converters. State-space modeling of hybrid 
AC-DC microgrid presented using VSI and DC/DC converter with 
loads and line network. The entire model is linearized at an operating 
point using a generalized model of a hybrid microgrid and system 
matrix is used for eigenvalue analysis. Bifurcation theory application 
is extended to a qualitative analysis of inherent stability in a hybrid 
microgrid. Hopf and saddle-node are two common bifurcations in 
a microgrid. Small signal stability is important for stability analysis 
but a stable region defined by small signal stability may be unstable 
for (slightly) larger variations, therefore small signal stability is not 
ample measure to grade stability margin. The aim is to find the nature 
of bifurcation in droop-based islanded hybrid AC-DC microgrid by 
simultaneously varying the real and reactive droop coefficients 
and analyze the stability boundary line using MATLAB/Simulink.
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Microgrids is one of the emerging technologies in power systems. 
Hence it is important to tackle optimal operation and planning of 
microgrids. Optimal planning and operation of microgrid involves 
a lot of decision variables such as operating the distributed 
generation, storage available, and any other new technologies 
incorporated in that particular microgrid such as electric vehicles, 
and reconfiguration of a microgrid (where the network structure 
of microgrid can be modified using tie and sectionalizing switches) 
is one of the decision variables at the disposal of a microgrid 
operator, if the microgrid is capable of reconfiguring. This study 
reviews the work done on optimal reconfiguration of microgrids 
in the literature, and describes a model of microgrid useful for 
the studies involving the same. Further, the problem of optimal 
reconfiguration in microgrids is to be cast as a multiobjective 
optimization problem, involving objectives like minimization of power 
loss, minimization of cost, maximization of reliability and stability 
margin, etc., leading to insights regarding tradeoffs between these 
objectives as well as the optimum configuration of a microgrid.
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DG units in a microgrid have to share local as well as PCC loads 
in proportion to their ratings. Conventional droop control achieves 
accurate and  proportional active power sharing but fails to 
achieve proportional reactive power sharing. The basic cause 
of this issue lies in mismatch in any of the following impedances 
- controller output impedances and feeder impedances. Presence 
of local loads also affect reactive power sharing accuracy. Several 
methods have been proposed to improve reactive power sharing 
error, but most of them are communication based. Drawback 
in communiation based strategy is the communication failure, 
after which reactive power sharing is not accurate.In this thesis, 
modified droop control technique without communication is used 
to achieve accurate and proportional reactive power sharing.
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Today, the main source of energy is fossil fuels where coal is 
extensively used in the power sectors globally. As these fuels are 
non-renewable and depleting at a high rate, one major challenge 
worldwide is to find a cheap and sustainable energy source. The co-
firing of coal and biomass mixture in the co-combustion process to 
generate energy is cheap and very promising in terms of reducing 
greenhouse gases and increasing the use of renewable fuels. Among 
different co-firing technology available today, the fluidized bed 
reactor is the most suitable because above 60% co-firing percentage 
is possible. From the study of different co-firing plants in India, 
coal, and wood chips are found to be most suitable combination 
for co-firing in context to India. Fluidized bed reactors, their types, 
advantages, disadvantages and fluidization properties are studied 
in details. A fluidized bed is designed based on the calculations 
and literature reviews to perform the experiment. As expected, 
minimum fluidization velocity and terminal velocity of glass beads 
is greater than biomass which is again greater than coal particle. 
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Energy efficient building design is an upcoming research focus, 
considering the rate of urbanization with focus on sustainability. 
Window design affects two important aspects of building energy 
usage: interior lighting and HVAC use; and optimal window design 
can highly affect overall building energy performance. Natural light 
is best suited for human eyes, and incorporating optimal amount of 
daylight indoors can have great benefits towards indoor comfort, 
productivity and energy performance. Daylight intrusion in the 
interiors is highly dependent on the luminance of the visible sky 
“as seen through the window” at a point in the interiors. Owing 
to the dynamic behavior of sky, the daylight distribution patterns 
highly change over various times and sky-types. Thus, there is a 
need for robust daylight distribution models. Present accepted 
sky models are highly smoothened; and the measurement-based 
predictions have been reported to have higher accuracy than sky-
model based predictions of indoor daylight distribution. Commercial 
devices for angular daylight measurement are highly costly. This 
work proposes the development and validation of novel low-
cost prototypes for angular luminance distribution measurement. 
Daylight distribution is analyzed at different finite sky elements, 
and statistical analysis is done to compare the measured luminance 
distribution data with simulated skies using established sky models. A 
computational tool for modeling sky luminance distribution is further 
developed to simulate the illuminance distribution in the interiors.
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Buildings use major part of energy produced, and the consumption 
is rapidly increasing. The building sector is the largest emitter of 
GHG gases, hence it is important for us to look for ways to reduce 
overall energy consumption. Due to modern urbanization, there are 
numerous densely populated regions and the challenge is to support 
these large number of people while limiting their environmental 
impact. The residential solar production by rooftop installations of 
photovoltaic panels is increasing rapidly. This project will involve 
building simulation using Energy Plus and computing the energy 
and carbon footprint of different low income naturally ventilated 
buildings. The impact of different designs including net zero energy 
house using solar photo voltaic on cost and energy performance 
is to be studied for a specified climatic zone. The Zero Net Energy 
Building (ZNEB) presented is an energy efficient house that uses 
available solar technologies to generate at least as much primary 
energy as the house uses over the course of the year. The computer 
simulation results show that it is technically feasible to reach the 
goal of ZNEB in the climate of Mumbai. This results would give us 
an insight into designing of housing clusters for low income groups. 
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Initialization of a Differential 
Algebraic Equation System

Modelling and simulation of any system are governed by the 
mathematical equations. Some of the electrochemical energy 
storage systems like batteries are governed by a differential 
algebraic equation (DAE) system due to the involvement of 
physical states. In a DAE system, determination of consistent initial 
conditions of algebraic variables is very difficult. In this report, we 
have discussed an efficient approach for consistent initialization of 
the DAE system. We have used an approximation of Taylor series 
expansion to convert the algebraic equations into differential 
equations and find that their steady-state solution converges to 
the consistent initial condition for the algebraic variables. We have 
used a few examples to illustrate the process of the proposed 
method.  This method is also applied on a DAE system involving 
a thin film nickel hydroxide electrode during the charging process. 
The proposed approach is an efficient approach for the initialization 
of differential algebraic equation system and can accommodate 
a higher range of the initial guesses for the algebraic variables 
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Life Cycle Analysis of Solar Energy based 
Multi-Generation  Plants with 

Components Manufactured in India
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Modelling of Agglomerate Growth and Analysis
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Agglomeration is the process of particles sticking to each 
other in presence of liquid to form a lump. The process of 
agglomerate formations has been in practice for a very long time 
and has been widely used by industries such as pharmaceutical 
tableting, fluid coking, bio mass enhancing, fertilizer and food 
industries. Agglomeration is desirable in some industrial 
processes like pharmaceutical tableting, etc. while for  others like 
coking, bio mass enhancing, it is  undesirable. The manufacturing 
processes are adjusted to support the growth of or destroy any 
agglomerate formed. To achieve this, understanding of agglomerate 
formation is very important. During agglomeration in  fluidized bed 
growth, nucleation and breakage, which are uncontrolled and are 
dependent on each other to some extent occur simultaneously. 
This research attempts to understand only the growth regime 
separated from nucleation and breakage. The experiments 
performed document the process of agglomeration growth 
on artificial agglomerates prepared in lab. Liquids with 
different viscosities, wetting conditions, surface tensions, 
densities, etc. have been made to interact with small glass beads to 
understand the dependency of different energies like viscous 
dissipation and capillary energy requirement, since the particles are 
stationary energy losses due to inelastic collision are eliminated.
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The need of the hour is the development and use of renewable 
energy resources of which biomass is an example. In a tropical 
country like India, biomass productivity is in abundance. Biomass 
can be used to generate heat and power through anaerobic 
digestion process. Waste management is also a growing 
concern, especially with segregation at source being the 
major hurdle. However, segregated organic waste is still 
available from point source generators like large vegetable and 
fruit markets, hostel and hotel kitchens, meat processing centers, 
etc. This work aims to model an anaerobic digester that deals with 
mixed wastes. The objective is to build a model that characterizes 
the mixed waste in terms of its composition and uses this  
information to further estimate the methane and carbon dioxide 
content in the biogas produced. The idea is to study the already 
existing models that deal with individual wastes and use it to 
predict the yields of biogas from a mixed waste stream (kitchen waste, 
raw vegetable waste and meat).  Sizing of digesters is also envisaged  
once  the  model is able to give product yields that are  comparable 
with the experimental results for the feed stream of interest.
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Modelling Underground Coal Gasification and 
Evaluating Feasibility in India
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Coal is a valuable resource and is used in various 
applications globally. The type of coal to be used for any particular 
application depends on the quality of coal in terms of the carbon 
content, ash and other impurities present in the coal. However, 
coal reserves available at greater depths (> 300 m) cannot be 
used since they are uneconomical to mine and transport the coal. 
Underground Coal Gasification (UCG) provides an opportunity for 
better utilization of such coal reserves. It can be used with coal 
reserves of lower quality and varying depths below the ground. 

As a part of this project, technical and economic feasibility 
of underground coal gasification and its subsequent use for 
power generation in India is envisaged. Modeling of the 
gasification process and power generation will be done to study the 
effect of various operating parameters like oxidant flow rate, steam 
flow rate, etc. Economic feasibility is evaluated by considering 
fixed costs like preparation of the UCG cavity, the power plant, 
the various equipment, etc. and operating costs. Conclusions 
regarding the viability of this technology for India will be put forth.
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The growing demand of electricity consumption impels the 
power supply utilities to expand its generation capacity. Before 
undergoing the construction of any technology, it is vital to know 
its energy supply capacity and growth potential. For a sustainable 
growth of any power plant the electricity generated need to be 
reinvested for construction of newer power plants other than 
meeting only load demand. This study uses a mathematical model 
employing dynamic energy analysis to examine the self-sustainable 
growth potential and various energy dynamics of single power 
plant of any technology. Furthermore, it elaborates different 
energy reinvestment strategies which effects the growth rate of 
technology and optimal reinvestment needed to meet maximum 
demand capacity with flow of time. Major parameters and variable 
in describing the power plant characteristics includes life time, 
construction time, energy payback time and reinvestment factor. 
Longer energy payback time of the energy technology in relative 
to its life time is the main constraint in capacity expansion of power 
plant. The results obtained show that solar technology has the 
least maximum growth potential of 15 % while gas technology has 
the highest maximum growth potential of 124 %. Findings of this 
study can be very useful to energy planners and policy makers.
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Energy and Carbon Benchmark 
of Gas Processing Plant

For energy benchmarking of a gas processing plant, this study 
will be using ONGC’s Uran gas processing plant data. looking into 
ONGC’s Uran plant, LPG and cogeneration unit consumes a large 
amount of energy. In LPG processing unit at ONGC’s Uran, along with 
LPG, LAN and input stream for EPRU are also produced. The feed 
gas is chill down using propane refrigeration and energy integration 
within the system. Main input energy is in the from of steam, cooling 
water and electricity. However, very few studies focused on energy 
analysis benchmarking for LPG refinery may be due to complexity 
in LPG processing. Energy eficiency indicators can be deined on 
basis of product or process based benchmarking. Moreover, 
these indicator not necessarily be deined in the thermodynamic 
unit only, these can also be deined on the economic and physical 
perspective. The main task in energy eficiency benchmarking 
is to deine the system boundaries so that input and output of 
the system can be known to energy analyst. Benchmark curve 
is plotted for a number of similar sectors to analyze the energy 
performance with each other. Similar industry energy eficiency 
benchmarking examples can be taken as a reference for energy 
efficiency benchmarking of LPG process to explore the energy 
efficiency measures in LPG processing and Cogeneration utilities.
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With the increase in the demand of the steel products in the country, 
the demand for energy increases as well. Since for an iron and steel 
industry, the main source of energy is coal (a non-renewable source 
of energy), it becomes imperative for stakeholders to go for energy 
efficiency processes and technologies. Since coal majorly contains 
carbon, therefore CO2 emissions from an iron and steel industry is 
directly dependent on the energy use. Hence for the dual purpose 
of reduction in both energy usage and CO2 emissions, steps have 
to be taken to tackle this. Benchmarking is one such tool that aims 
to improve efficiency and performance of a specific plant or sector 
against a reference plant or sector. The Energy Benchmark Curve 
is plotted and the most efficient plants are used for defining best 
practice technology (BPT). This report aims to simulate the operation 
of iron making process and obtain the specific energy consumption 
for blast furnace and its CO2 emission intensity. The results obtained 
shall be validated against the plant data. Moreover a mass and 
energy balance has been performed for the iron making process. 
Trends in coke rate and PCI rate have been discussed and finally the 
energy benchmark curve has been plotted for iron and steel sector.
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About 70% of the electricity produced in India comes from fossil 
fuels, and the limited and polluting nature of these fuels is trig-
gering a change towards more renewable based production. The 
ambitious goal set by the Indian Power Sector to have 175GW of 
installed generation by 2022 raises a question about the impli-
cations of increased renewables on the economy and environ-
ment. How will the costs be affected if we move towards 100% 
renewables? How much will the emissions actually reduce by?
This project attempts to take stock of these questions, and using an 
aggregate model of the Indian power sector, tries to find the trends 
of costs and emissions with increasing share of renewables, and also 
studies the final energy mix that will be seen when renewables in-
crease. The PLFs and ramp rates of coal power plants, the schedul-
ing and costing of hydro power plants are also looked at. Storage re-
quirements crop up owing to the time-dependent availability of solar 
energy and seasonal changes in wind availability, and storage adds 
to the cost. This project also studies the storage needed as a function 
of renewables in the grid. Various mixes and goals are studied, to find 
how the system behaves and what might be an optimal mix to aim for.
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Due to the depletion of fossil fuels and the environmental concerns, 
renewable energy sources have been considered for the fulfilment 
of the energy needs. Among all the available renewable sources 
wind energy has been coming up rapidly. Because of space 
limitation, environmental effects and also the offshore wind energy 
potential being high, offshore wind energy is emerging very rapidly.  
The large increase in the penetration of offshore wind power 
has led to grid instability which led to many modifications in the 
grid code, which need to be incorporated into the offshore wind 
system. A type- 4 PMSG is preferred among the the other wind 
turbine generators for offshore wind power systems due to its less 
maintenance requirements. A coordinated control of wind power 
plant (WPP) with the main AC grid which calculates a proximity 
index of fault and implements a coordinated control of WT with 
main onshore AC grid to ensure fault ride through capability. 
To dynamically analyse this, a 19 wind turbine wind park with 
type-4 generators of 5 MW capacity each has been simulated in 
DIgSILENT PowerFactory and corresponding results are presented.
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Cooling Water System

Cooling water system is one of the most important parts of 
today’s industrial world. It consists of cooling water network 
(CWN) containing a set of heat exchangers along with the pump 
and cooling tower. It must be operated considering all system 
components because of the interaction between CWN and cooling 
tower. Traditionally, in the recirculating cooling water system, the 
heat exchangers used to be arranged in a parallel configuration in 
CWN which results into the bad performance of cooling tower due 
to higher inlet water flow rate and lower inlet water temperature 
to the cooling tower. But reuse of cooling water in CWN using 
series or series-parallel arrangement of heat exchangers results 
in better performance of cooling tower. At first, cooling tower 
model is proposed based on literature review, validated against 
experimental data with 0.71% of average error and simulated for 
various parametric studies to evaluate cooling tower performance. 
System level simulation is performed for a practical cooling water 
system. Then, by identifying the need of cost-optimal operation of 
cooling water system, a cost optimization problem is proposed for 
the system and optimization model is proposed to find an optimal 
cooling tower and CWN parameters corresponding to the minimum 
annualized cost of cooling water system over its entire lifespan.
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