




















Energy Engineering 

Section 1: Engineering Mathematics  

Calculus: Functions of single variable, Limit, continuity and differentiability, Taylor series, 

Mean value theorems, Evaluation of definite and improper integrals, Partial derivatives, Total 

derivative, Maxima and minima, Gradient, Divergence and Curl, Vector identities, 

Directional derivatives, Line, Surface and Volume integrals, Stokes, Gauss and Green’s 

theorems.  

Differential Equations: First order equations (linear and nonlinear), Higher order linear 

differential equations with constant coefficients, Cauchy’s and Euler’s equations, Initial and 

boundary value problems, Laplace transforms, Solutions of one-dimensional heat and wave 

equations and Laplace equation. 

Probability and Statistics: Definitions of probability and sampling theorems, Conditional 

probability, Mean, median, mode and standard deviation, Random variables, Poisson, Normal 

and Binomial distributions, linear regression analysis.  

Numerical Methods: Numerical solutions of linear and non-linear algebraic equations. 

Integration by trapezoidal and Simpson’s rule. Single and multi-step methods for numerical 

solution of differential equations. 
 

Section 2: Heat Transfer  

Equation of energy, steady and unsteady heat conduction, convection and radiation, thermal 

boundary layer and heat transfer coefficients, boiling, condensation and evaporation; types of 

heat exchangers and evaporators and their process calculations; design of double pipe, shell 

and tube heat exchangers, and single and multiple effect evaporators. 

Section 3: Mass Transfer  

Fick’s laws, molecular diffusion in fluids, mass transfer coefficients, film, penetration and 

surface renewal theories; momentum, heat and mass transfer analogies; stage-wise and 

continuous contacting and stage efficiencies; HTU & NTU concepts; design and operation of 

equipment for distillation, absorption, leaching, liquid-liquid extraction, drying, 

humidification, dehumidification and adsorption, membrane separations (micro-filtration, 

ultra-filtration, nano-filtration and reverse osmosis). 
 

Section 4: Electric circuits  

Network Elements: Ideal voltage and current sources, dependent sources, R, L, C, M 

elements; Network solution methods: KCL, KVL, Node and Mesh analysis; Network 

Theorems: Thevenin’s, Norton’s, Superposition and Maximum Power Transfer theorem; 

Transient response of DC and AC networks, sinusoidal steady-state analysis, resonance, two 

port networks, balanced three phase circuits, star-delta transformation, complex power and 

power factor in AC circuits. 

Section 5: Power Systems  

Basic concepts of electrical power generation, AC and DC transmission concepts, Models 

and performance of transmission lines and cables, Economic Load Dispatch,  Power factor 

correction 

 

 

 

 



Section 6: Fuels and Combustion 

Types of fuels, solid, liquid and gaseous fuels, History of solid liquid and gaseous fuels, 

production, present scenario and consumption pattern of fuels, fundamental definitions, 

properties of solid, liquid fuels and their measurement techniques. 

 

Section 7: Energy Resources and Conversion Technologies 

 

Principles of Sustainability: Definition and pillars of sustainability (environmental, social, 

economic), Sustainable Development Goals; Role of energy in sustainable development; 

Climate change and energy: Greenhouse gas emissions and global warming; Climate change 

mitigation and adaptation; Clean Development Mechanism. 

Fossil energy resources: R/P ratio, estimation of reserves, unconventional fossil resources 

(coal bed methane, shale gas, gas hydrates, frozen methane), peak oil theory. 

Nuclear energy resources: Energy-mass relation, nuclear reaction conservation laws, 

binding energy and Q-values, radioactive decay, fission and fusion. 

Solar thermal systems: Solar radiation distribution and measurement, solar geometry, 

optical efficiency, thermal efficiency, energy conversation for solar thermal collectors, flat 

plate collectors, evacuated tube collectors, solar air heaters, concentrating collectors. 

Solar photovoltaic (PV) systems: I-V characteristics, efficiency, fill factor, series and 

parallel connections, sizing of PV systems (load factor, days of autonomy, battery size, 

inverter size, PV array size), maximum power point tracking. 

Biomass: Biomass resources, biomass composition, characterisation, conversion methods 

(pyrolysis, gasification, steam reforming), biofuels. 

Wind energy conversion systems: Wind resource analysis, types and characteristics of wind 

turbines, Betz limit, wind turbine motor design considerations, blade profile, wind energy 

generators. 

Hydropower: Hydro resources, hydro power plants, turbines (Pelton, Kaplan, Francis), small 

hydro systems. 

Other non-conventional resources: Geothermal energy, Marine energy (wave, tidal)  

 

Section 8: Energy Storage, Economics, Environment, and Efficiency 

 

Energy storage systems: Batteries (capacity, C-rate, state of charge, state of health, depth of 

discharge, energy and power densities); conservation of energy and mass for thermal energy 

storage, pumped hydro storage, Hydrogen Energy, and compressed air storage; charging, 

discharging, and roundtrip efficiency. 

Economic analysis of energy systems: Simple Payback Period, Time Value of Money, 

Discount rate, Present Worth Factor, Capital Recovery Factor, Life Cycle Costing, Internal 

Rate of Return, Net Present Value, Annual Worth, Cost of Saved Energy, Levelized Cost of 

Energy. 

Environmental impacts of energy use: Air pollution (SOx, NOx, CO, particulates), 

greenhouse gas emissions and their sources, emission factors and inventories. 

Energy management: Energy auditing (methodology, analysis of past trends plants data), 

electrical systems (demand side management, power factor correction), motor efficiency 

testing, energy efficient motors, lighting (lighting levels, efficient options, fixtures, 

daylighting, timers), thermal and mechanical systems (insulation, compressors, pumps, 

boiler, heating and cooling systems), Energy policy.  

 


