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Introduction to Energy Systems
Key concepts, components, and classifications — concise, easy?to?read notes

1. What Is an Energy System?

Aspect Description
Definition A set of interconnected elements that generate, convert, store, transport, and use
energy to perform useful work.
PUrpOSE Meet societal demand for heat, electricity, mechanical power, and fuels while

respecting economic, environmental, and reliability constraints.

Scope From a single household heating loop to national grids and global fuel cycles.

2. Main Energy Forms & Their Conversion

Primary Form Typical Sources Typical Conversion Path

_ _ _ Combustion ? heat ? steam ? electricity or
Chemical Fossil fuels, biomass, hydrogen _
mechanical work

Th | Solar radiation, geothermal, Heat exchangers ? steam turbines, absorption
erma
waste heat chillers
) Wind, water flow, rotating )
Mechanical . Turbines ? rotary shaft ? generator
machinery
Electrical Generators, photovoltaics, Direct use or conversion to other forms (e.qg.,
ectrica
batteries electric heating)
Radiant . Photovoltaic cells ? electricity; solar thermal
Sunlight
(Solar) collectors ? heat

3. System Boundaries & Levels of Analysis

1. Component level — Individual devices (e.g., a pump, a solar panel).
2. Subsystem level — Collections of components (e.g., a micro?grid, a district heating
network).
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3. System level — Whole energy infrastructure (e.g., national electricity grid, integrated energy
?water?food system).

Choosing the appropriate boundary determines which losses, costs, and emissions are accounted
for.

4. Core Elements of an Energy System

Element Function Typical Technologies
s | Extraction or capture of primary Oil wells, wind farms, solar farms, bio?
u
PP energy refineries
_ Transform primary energy into Gas turbines, internal combustion
Conversion _
usable forms engines, fuel cells, electrolyzers
st Balance temporal mismatches Batteries, pumped hydro, compressed
orage
J between supply & demand air, thermal storage, hydrogen tanks
Transmission & Move energy over distances  Power lines, pipelines, district heating
Distribution (T&D) with minimal loss pipes, HVDC links
. Residential heating, industrial
Demand/Load End?use consumption )
processes, transportation, data centers
Control & Optimize operation, ensure SCADA, energy management systems
Management reliability (EMS), demand?response platforms

5. Classification of Energy Systems

Category Characteristics Examples

Conventional (Fossil High carbon intensity, mature tech, i o
) . Coal?fired power plants, oil refineries
?Based) centralized generation

Low or zero direct emissions, Solar PV farms, on?shore/off?shore
Renewable?Based _ _ _
variable output, often decentralized wind, geothermal plants

Combine two or more primary Solar?diesel micro?grids, wind?

Hybrid _ S
sources to improve reliability hydrogen systems
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Category

Smart/Integrated

Circular

Characteristics

Use digital controls, data analytics,
and flexible assets to optimize

Emphasize recycling, waste?to?
energy, and material recovery

Examples
Smart grids, virtual power plants,
sector?coupled energy?water?heat
networks
Biomass from agricultural residues,
CO? capture & utilization (CCU)
loops

6. Key Performance Indicators (KPIs)

| KPI
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