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Lecture Roadmap & Learning Outcomes
What you will know by the end of this session

01

Empathize

Global & India energy 
challenge

02

Define

Role of Mechanical 
Engineering

03

Ideate

Energy sources & 
conversion

04

Prototype

Key ME systems & 
technologies

05

Test

Case studies & careers

 Outcome: Understand how ME principles power our world — from thermodynamics to turbines
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EMPATHIZE — The Global Energy Crisis
Understanding the scale of the problem

8 Billion+

people depend on
continuous energy access

80%+

of global energy still
from fossil fuels (2024)

1.3 Billion

people lack reliable
electricity access

• CO₂ emissions hit record highs — climate crisis demands urgent energy transition

• Global energy demand to grow 50% by 2050 (IEA projection)

• Fossil fuel dependency creates geopolitical & supply chain vulnerabilities

• India imports ~85% of its crude oil — strategic energy independence is critical

• Engineering innovation is the only scalable solution to this challenge

Introduction/Role in Energy industries 3



India's Energy Landscape — A Snapshot
Where India stands today and where it is headed

Current Installed Capacity (~950 GW target by 2032)

Coal & Thermal  51%

Solar  17%

Wind  11%

Hydro  11%

Nuclear + Others  10%

India's 2030 Renewable Energy Targets

• 500 GW total renewable installed capacity

• 50% electricity from non-fossil sources

• ₹2.5 lakh crore investment in green energy

• 30% EV adoption in new vehicle sales

• Hydrogen Mission — 5 million tonnes green H₂/year
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DEFINE — What Is the Energy Sector?
Mapping the full ecosystem that powers civilisation

Thermal

Coal, Gas, Oil power plants

Nuclear

Fission-based baseload power

Solar

PV & Concentrated Solar Power

Wind

Onshore & Offshore turbines

Hydro

Dams, run-of-river, pumped storage

Biomass

Agricultural waste & biofuels

Introduction/Role in Energy industries 5



The Mechanical Engineer's Role in 
Energy
Every energy system relies on core ME competencies

Design & Analysis

Designing turbines, compressors, heat exchangers and structural components that withstand extreme conditions.

Thermodynamics

Analysing energy conversion cycles — Rankine, Brayton, Otto — to maximise efficiency and minimise waste heat.

Fluid Mechanics

Managing working fluids, steam flow, coolant loops and aerodynamics of wind turbine blades.

Operations & Maintenance

Running real-time diagnostics, predictive maintenance, and plant optimisation using sensors and data analytics.

Materials Engineering

Selecting alloys and composites that survive high temperatures, corrosion, and fatigue in power plants.
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IDEATE — Energy Conversion: The Core 
Concept
All energy engineering is about transforming energy efficiently

Chemical
Energy
(Fuel)

Thermal
Energy
(Heat)

Mechanical
Energy
(Work)

Electrical
Energy

Second Law of Thermodynamics: Energy conversion always involves LOSSES — no process is 100% efficient

• Thermal efficiency of coal plants: 33–45% | Combined cycle gas: up to 60%

• Solar PV efficiency: 18–24% (commercial) | Wind turbine: up to 45% (Betz limit: 59.3%)

• ME goal: maximise useful energy output while minimising heat, friction, and flow losses

• Every 1% efficiency gain in a 1000 MW plant saves millions of rupees annually
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Thermal Power Plants — India's 
Backbone
Coal + natural gas generate over 50% of India's electricity

• Steam turbine cycle: Boiler → Turbine → Condenser → Pump 
(Rankine Cycle)

• Superheated steam at 540–600°C drives multi-stage turbines at 
3000 RPM

• NTPC (National Thermal Power Corporation) — India's largest 
power utility, 72 GW capacity

• Ultra-Supercritical (USC) plants: Higher pressure/temperature → 
44–46% efficiency

• Flue Gas Desulphurisation (FGD) systems reduce SO₂ pollution by 
90%

• Coal handling, ash management, and cooling towers — all core 
ME systems

BOILER
(Combustion)

TURBINE
(Work)

GENERATOR
(Elec.)

CONDENSER
(Cooling)

PUMP

▼ Steam
→ Drives turbine

→ Generates electricity

 Real Example: Vindhyachal Super Thermal Power Station — 4,760 MW, largest in India (NTPC)
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Wind Energy — Harnessing 
Atmospheric Power
India: 4th largest wind power nation globally (~45 GW installed)

• Wind turbine converts kinetic energy of wind → mechanical 
rotation → electricity

• Key ME systems: rotor blades (aerofoil design), gearbox, main 
shaft, nacelle structure

• Blade design uses aerodynamics — same principles as aircraft 
wing (lift & drag)

• Betz Limit: Maximum theoretical efficiency = 59.3% (Albert 
Betz, 1919)

• Tower heights reaching 120–150 m; offshore turbines >200 m 
with 10–15 MW output

• India focus: Tamil Nadu (Muppandal), Gujarat, Rajasthan — 
windy corridors

Rotor Blades

Nacelle

Tower

Foundation
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Solar Energy — Engineering the Sun's 
Power
India receives 300+ sunny days/year — enormous untapped potential

Photovoltaic (PV) Systems

• Semiconductor cells convert sunlight → DC electricity

• ME role: mounting structures, tracker systems (1-
axis/2-axis), thermal management

• Large-scale solar parks need civil + ME expertise

• Bhadla Solar Park, Rajasthan — 2,245 MW, world's 
largest

• Soiling, shading and reflection losses require optical 
engineering

Concentrated Solar Power (CSP)

• Mirrors concentrate sunlight to heat a working fluid 
(salt/oil)

• Heat drives a conventional steam turbine — pure ME 
application!

• Parabolic troughs, solar towers, dish-Stirling systems

• Can store thermal energy for 6–12 hours (baseload 
capability)

• Higher ME complexity: tracking mirrors, HTF pumps, 
turbine design
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Hydropower — Gravity-Driven Clean 
Energy
India's oldest and largest source of renewable electricity (~47 GW)

• Converts potential energy of stored water → kinetic → mechanical 
→ electrical

• Turbine types: Pelton (high head), Francis (medium), Kaplan (low 
head/run-of-river)

• ME designs: penstocks (high-pressure pipes), spiral casings, draft 
tubes, governors

• Pumped Storage Hydro (PSH): World's largest battery — pump 
water uphill with surplus power

• India's PSH potential: 100+ GW untapped; critical for balancing 
solar/wind intermittency

• Tehri Dam (260 m), Sardar Sarovar — mega-projects with intricate 
hydraulic turbine systems

RESERVOIR (Upper)

Penstock

TURBINE

GENERATOR

TAILRACE (Outlet)
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Nuclear Energy — High-Density Clean 
Baseload Power
India's nuclear fleet: 7,480 MW across 22 reactors (NPCIL)

• Nuclear fission: U-235 atoms split, releasing ~200 MeV per reaction 
— 3 million× more energy than coal per kg

• ME systems: Reactor pressure vessels, coolant loops, steam 
generators, turbines

• Thermal efficiency: 33–36% for water-cooled reactors

• Pressurised Heavy Water Reactors (PHWR): India's indigenous 
design — uses natural uranium

• New frontier: Small Modular Reactors (SMRs) — factory-built, cost-
effective, flexible siting

• India plans 20 new reactors by 2031 — massive ME workforce 
demand

ME Safety Systems

• Primary coolant pressure boundary 
(thickest steel vessels)

• Emergency Core Cooling Systems (ECCS)

• Containment structure (prestressed 
concrete)

• Residual Heat Removal (RHR) systems

• Passive safety — gravity-fed systems that 
work without power
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Gas Turbines & Combined Cycle Power Plants
The most efficient large-scale power generation technology available today

AIR
INTAKE →

COMPRESSOR
(raises pressure) →

COMBUSTOR
(fuel burns) →

GAS
TURBINE →

EXHAUST
→ HRSG

STEAM
TURBINE

(extra power)

• Brayton Cycle: Compression → Combustion → Expansion — up to 42% efficiency alone

• Combined Cycle Gas Turbine (CCGT): Gas turbine exhaust heats steam turbine → up to 62% efficiency

• Fastest startup (minutes vs hours for steam plants) — ideal for grid balancing

• Key ME roles: compressor blade design, combustion chamber cooling, turbine vane geometry

• India: Reliance, Torrent Power, and NTPC operate gas power stations totalling ~25 GW
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Energy Storage — The Missing Link of 
Renewables
Storage solves intermittency — allowing renewables to replace fossil fuels

Pumped Hydro

Largest storage: 160 GW globally; gravity-fed; decades of life

Li-ion Batteries

Fast response; modular; EV crossover; 4–8 hour discharge

Compressed Air

Store energy as compressed air in caverns; release via turbines

Flywheel

Kinetic storage; ultra-fast response (milliseconds); grid stability

Hydrogen (H₂)

Chemical storage; green H₂ via electrolysis; seasonal storage

Flow Batteries

Electrolyte tanks; scalable capacity; 12+ hour discharge cycles
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Heat Exchangers & Efficiency 
Enhancement
The art of maximising useful energy while minimising waste heat

• Heat exchangers transfer thermal energy between fluids without mixing them — foundational ME device

• Types: Shell & tube, plate-and-frame, finned-tube, recuperators in gas turbines

• Boiler, condenser, economiser, air preheater — all heat exchangers inside a power plant

• Fouling (scale buildup) reduces efficiency by 5–10% — regular cleaning = millions saved

• Waste Heat Recovery: Capturing exhaust heat boosts overall plant efficiency by 10–20%

• Exergy analysis: Beyond energy quantity — measuring energy 'quality' for optimisation

33–45%  Thermal efficiency
of coal plants

~62%  Max efficiency
Combined Cycle

99%+  Heat exchanger
thermal effectivenessIntroduction/Role in Energy industries 15



PROTOTYPE — Case Study: India's 
Renewable Revolution
Real engineering achievements that are changing India's energy map

Bhadla Solar Park, Rajasthan

2,245 MW — World's largest solar park  •  14,000+ acres of land; 10 million panels  •  ME work: tracking systems, O&M drones, thermal 
imaging for fault detection

Muppandal Wind Farm, Tamil Nadu

~1,500 MW installed; one of India's largest  •  Operates in India's highest wind-speed zone  •  ME work: gearbox maintenance, blade 
inspection, vibration monitoring

Tehri Pumped Storage, Uttarakhand

1,000 MW pumped storage (expansion to 4,000 MW planned)  •  Uses reversible Francis turbine-pumps  •  ME work: hydro-mechanical 
systems, cavitation management
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Global Case Studies — ME Innovation in 
Energy
World-class engineering solving world-scale problems

Hornsea Offshore Wind, UK

1.3 GW offshore farm; 174 turbines; 174 m blades; ME challenges: salt corrosion, subsea foundations, blade fatigue

Ivanpah CSP, California, USA

392 MW solar tower; 347,000 heliostat mirrors; ME: precision mirror tracking, molten salt systems, high-pressure steam

Three Gorges Dam, China

22,500 MW; 32 Francis turbines; largest hydropower station on Earth; 600,000-tonne turbine runner rings

ITER Fusion Reactor, France

International fusion project; 35-nation collaboration; ME: superconducting magnets, plasma containment, first-wall cooling
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TEST — Challenges & Emerging 
Technologies
Where the next generation of ME engineers will focus their careers

Green Hydrogen

Electrolysis using renewable power; fuel cells for transport; ME: electrolysers, compressors, storage vessels, pipelines

Offshore Wind

India's 37 GW potential; floating turbines; subsea cabling; ME: mooring systems, dynamic composites, corrosion 
engineering

AI + Digital Twin

Real-time simulation of power plants; predictive maintenance; ME + Data Science integration

Energy Efficiency

Building retrofits, industrial waste heat, EV drivetrains — demand-side ME opportunities as large as supply-side

 The engineer who solves affordable green energy storage at scale will change the world.Introduction/Role in Energy industries 18



Career Pathways — ME in the Energy 
Sector
From campus to industry — roles that await you

Thermal Plant Engineer

 NTPC / BHEL / Adani

 ₹6–14 LPA

Wind Turbine Engineer

 Suzlon / Siemens Gamesa

 ₹7–18 LPA

Solar Project Engineer

 Adani Green / ReNew Power

 ₹6–15 LPA

Nuclear Engineer (DAE/NPCIL)

 BARC / NPCIL

 ₹7–16 LPA

Energy Consultant

 McKinsey / PwC / KPMG

 ₹12–30 LPA

R&D Scientist (IIT/CSIR)

 IITB / IITM / IISC

 ₹8–20 LPA
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Key Takeaways — What We Covered 
Today
Five insights every ME student should leave with

01
Energy powers civilisation — and mechanical engineers are the people who design, build, and operate every energy 
system on Earth.

02
India is at a critical energy crossroads: the coal-dependent present must transition to a renewable future by 2030 and 
beyond.

03
Every energy source — thermal, nuclear, solar, wind, hydro — relies on core ME subjects: thermodynamics, fluid 
mechanics, materials, and design.

04
Efficiency is everything: even 1% improvement in a 1000 MW plant saves millions of rupees and thousands of tonnes 
of fuel annually.

05
The biggest ME opportunities of your career will be in green hydrogen, energy storage, offshore wind, and AI-powered 
plant optimisation.

"The stone age did not end because we ran out of stones. It ended because we found something better." — Sheikh Yamani (adapted)
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MIND MAP — Mechanical Engineering in the Energy Sector

ME in

ENERGY
ENERGY

SOURCES

Thermal

Nuclear

Solar

WindME SKILLS

Thermodynamics

Fluid Mech

Materials
Heat Transfer

KEY SYSTEMS

Turbines
Heat Exch.

Compressors

Generators

STORAGE

Pumped Hydro

Batteries

Hydrogen

Flywheels CAREERS

NTPC/BHEL

Renewables

Nuclear
Consulting

INDIA &

GLOBAL

500 GW 2030
ITER Fusion

Hornsea

Bhadla Park
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