
Electrical Energy Generation, Transmission, and Storage



Sources of Energy for Electric Power



Electricity generators and motors

Wire moving in a magnetic field has a 
restraining force F = IBL.
• I = current (ampere)
• B = magnetic field strength (tesla)
• L = length of wire (meter)

Also, wire moving at velocity (V) experiences an 
electric field (E) in the opposite direction.
E = VB where E is in volts/meter

Combining these equations yields
P = FV = IBLV = IEL (P is in J/s)

The bottom line re the calculations in the 
lower left is that mechanical power input (FV) 
for an ideal generator is equal to the electrical 
power output (IEL).

If we reverse the process, i.e. electrical power 
in = mechanical power out we have an electric 
motor.

By changing the wiring we can produce (use) 
either AC or DC current.



Transformers

𝑉𝑝
𝑉𝑠
=
𝐼𝑠
𝐼𝑝
=
𝑁𝑝
𝑁𝑠

Power (W) = Voltage (V) x Current (I) = J/s

Power Loss = I2R

R = Resistance in ohms
I = current in amps
V = voltage in volts

R = resistivity x length/cross sectional area of wire

N = number of windings on coil

For Al resistivity = 2.65E-8 ohm∙m

For a 500 kV 25mm diameter Al wire transmitting 
electricity over 500 km –
R = (2.65E-8)(500)(1000)/(4.9E-4) = 27 ohm

For a transmission line carrying 1000 MW the loss is 10.8%



Left: Typical transmission pathway. Ignores three wire system used in NA for AC current

Right: Interconnected grids. There are 3 for the US. Increase reliability. For each grid the AC current must be 
synchronized. In order to send energy between grids DC is used. Current is synchronized when its converted back to 
AC. Some renewable energy sources, for example solar cells, generate DC which must be converted to AC before it is 
added to the grid.



Diurnal variations in electricity demand

Base load – daily minimum electricity demand. Supplied by conventional power plants (coal-fired and nuclear 
power) and renewables such as hydro. For maximum efficiency the output from these plants is maintained at a 
constant level.

Middle and peak loads – additional electricity to meet immediate demands. Require systems that are easily 
brought on and off line.

The requirement to purchase electricity from nonconventional sources places a stress on electricity management.

How do utilities manage the variations in supply and demand for electricity?





How do we store energy to meet peak demands

• Electrostatic energy storage using a capacitor
• Magnetic energy storage
• Electrochemical energy storage, i.e. batteries (lead-acid and lithium-ion)
• Mechanical energy storage (pumped hydropower and flywheel)

Type
Energy/volume

(J/m3)
Energy/mass

(J/kg)
Cost

($/MJ)
Efficiency

(%)

Capacitor 4E7 4E4 95

Inductor 1E7 2E3 50 95

Pb-acid battery 3E7 2E5 15 75

Pumped hydro 1E3 1 25 70

Flywheel 2E8 2E5 80



𝐶 =
ε𝑜𝐴

𝑑
C= capacitance (farads)
εo = permitivity of dielectric
A = area of plates
d = distance between plates

Q = CV = charge in coulombs

Storage capacity for various types of storage devices



Diagram of a Zn-Cu electrochemical cell. Zn and Cu metal electrodes are 
immersed in a CuSO4 solution. Electrons flow from left to right and a 
potential is recorded by the voltmeter. With time, this potential 
decreases to zero, the concentration of Zn2+ increases in the left-hand 
half of the cell, and the concentration of Cu2+ decreases in the right-hand 
half of the cell.





Lithium ion storage battery

Half-cell reactions:

LiCoO2 → Li+ + e- + CoO2

Li+ + e- + 6C → LiC6

Total reaction:

LiCoO2 + 6C → CoO2 + LiC6

Battery Type
Energy/mass

(Wh/kg)
Peak power/mass

(W/kg)
Cost

($/kWh)
Efficiency

(%)

Lead-acid 40 250 130 80

Lithium-ion 150 250 200 85

Nickel-cadmium 50 110 300 75

Nickel-metal hydride 80 250 260 70

Sodium-sulfur 190 230 330 85







Pumped Hydropower

P.E. = mass x acceleration of gravity x height

Energy/unit volume = gh/ρ

For an elevation difference of 50 m

Energy/unit volume = (9.8)(50)/1000 = 0.49 J/kg

Storage capacity = 800,000 m3 x 1000 kg/m3 x 0.49J/kg
= 392 x 106J = 392 MW

Typical efficiency = 70%

Assume volume = 40,000 m2 x 20 m = 
800,000 m3



Molten salt energy storage



Hydrogen gas can be produced by various 
processes. Two examples, coal gasification and 
electrolysis are shown below.

Hydrogen gas is stored either as a compressed 
gas or a liquid (cryogenic, must be stored at -
253oC or 20K).

Hydrogen is highly explosive.



Transportation



Fuel consumption as a function of type of transport



Efficiency of air travel



Comparison of Energy 
Efficiency for Various Modes 
of Transport



Fuel Economy Standards – Hopes and 
Dreams versus Reality



Measuring Fuel 
Efficiency – EPA urban 
and highway fuel 
economy tests.

Urban test

Highway test



Improving Vehicle Fuel Economy

• Vehicle Performance
• Reduce vehicle mass
• Reduce aerodynamic resistance
• Reduce rolling resistance

• Engine Performance
• Reduce intake stroke losses in SI (spark-ignition) engines
• Replacing  SI engines with CI (compression-ignition) engines which are 25% 

more efficient
• Supercharging – air compressor increases density of air leading to greater 

oxygen content and more complete combustion of fuel
• Continuously variable transmission
• Engine idle off









Vehicle Emissions







Automobile emissions as a function 
of the air/fuel ratio (AFR)
• Diagram to left normalized to a 

1:1 equivalence ratio.
• Bottom diagram shows 

stoichiometric AFR

A 'Stoichiometric' AFR has the correct amount 
of air and fuel to produce a chemically 
complete combustion event. For gasoline 
engines, the stoichiometric, A/F ratio is 14.7:1, 
which means 14.7 parts of air to one part of 
fuel. The stoichiometric AFR depends on fuel 
type-- for alcohol it is 6.4:1 and 14.5:1 for 
diesel.

There is no “right answer”



Controlling emissions from road-vehicle exhaust streams

• Reduce concentration in exhaust gases
• Precise control of AFR
• Mix input air with exhaust gases in cylinder and recombust

• Exhaust gas system between engine and tail-pipe – catalytic converter
• Platinum or rhodium are used for the catalytic surfaces
• Temperature must be 250oC
• CO and HC oxidized by NO formed by combining N2 and O2

• Must have the right AFR. Very small rangeT


