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Three Electric System Components 

ÅGeneration ς source of electric energy 

ïcoal provides over half of the U.S. electric energy 

ÅLoad ς consumes electric energy 

ïconsumers are in complete control of the switch; 
utilities must supply enough power to meet load 

ÅTransmission and Distribution ς the wires that 
carry the power from generation to load 

ïOperating at voltages up to 765 kV (kilovolt), with 
500 kV, 345 kV and 230 kV common 
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Major Power Grid Components 

3 



Power and Energy 

ÅPower is the instantaneous transfer of energy; 
expressed in watts (W), kW, MW, GW 

ïUS installed generation capacity is about 1000 GW 

ÅEnergy is the integration of power over time; 
expressed in units of joules (J = 1 W-sec), kWh 
(3.6 x 106 J), or btu (1055 J; 1 MBtu=0.292 
MWh) 

ÅU.S. electric energy consumption is about 3600 
billion kWh (about 13,333 kWh per person; 1.5 
kW continuous per person on average) 
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AC System Analysis 

ÅThe power grid is an ac system, operating at 
close to 60 Hz in North America, 50 Hz in many 
other places 

ÅConstant frequency ac systems are analyzed 
using phasor analysis, which expresses a time 
varying value, such as a voltage or current, as a 
magnitude and phase angle 

ïv(t)  =   Vmax cos( t + v)  Vrms v 

ïPhase angle is always with respect to an arbitrary 
reference angle  
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The Advantage of Phasor Analysis 
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Instantaneous Electrical Power 
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Average Electrical Power 
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Complex Power 
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Power Consumption in Devices 
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Capacitors for Power Factor Correction 

ÅMany electric loads are reactive, which means 
they consume reactive power; i.e., a lagging pf 

ïInduction motors are 
a very common 
example 

ÅCapacitors are  
commonly used to  
άŎƻǊǊŜŎǘέ ǘƘŜ  ǇƻǿŜǊ  
factor 
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Balanced 3 Phase () Systems 

ÅBulk power systems are almost exclusively 3 

ÅSingle phase is used primarily only in low 
voltage, low power settings, such as residential 
and some commercial 

ÅA balanced 3 phase () system has 

ïthree voltage sources with equal magnitude, but 
with an angle shift of 120 

ïequal loads on each phase 

ïequal impedance on the lines connecting the 
generators to the loads  

 



Advantages of Three Phase 

ÅCan transmit more power for same amount 
of wire (twice as much as single phase) 

ÅTorque produced by 3 machines is 
constant 

ÅThree phase machines use less material for 
the same power rating 

ÅThree phase machines start more easily 
than single phase machines 

 
13 



Three Phase Transmission Lines 
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The North American Electric Grid 

ÅOne of the largest and most complex 
objects ever created 

ÅConsists of four large 60 Hz ac synchronous 
subsystems 

ïEastern Interconnect, Western Interconnect 
(WSCC), Texas (ERCOT), Quebec 

ÅSmall amounts of power can be transferred 
between subsystems using AC-DC-AC ties  
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North America Interconnections 
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North America Transmission Grid 
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Generation Summary 

ÅTotal U.S. Generation consists of more than 
10,000 different units with a total capacity 
of about 800,000 MW 

ïƭŀǊƎŜǎǘ ƎŜƴŜǊŀǘƛƻƴ άǇƭŀƴǘέ ƛǎ DǊŀƴŘ /ƻǳƭŜŜ 
(WA) with 7,000 MW of hydro 

ïnext largest are Polo Verde (AZ) with 3,700 
MW of nuclear, W.A Parish with 3,600 MW of 
coal (TX), and Scherer with 3,400 MW of coal in 
(GA).   
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Electric Load 

ÅThe aggregate electric load on the power 
grid varies continuously, with the customer 
having almost complete control 

ïwith daily, weekly and seasonal patterns 

ÅTotal peak US electric demand is about 
710,000 MW, but different areas achieve 
their peak values at different times 
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Example Yearly Variation in Load 
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Most of the time the load is significantly below its peak value 



Daily Load Variation: Very Individual 
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bƻǘ !ƭƭ [ƻŀŘǎ ŀǊŜ άDǊƛŘ CǊƛŜƴŘƭȅέ 

ÅConstant impedance loads are the easiest on 
the grid; but many loads inject harmonics  
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Switched-Mode Power Supply Current 

Source: www.utterpower.com/commercial_grid.htm 
Source: Fig 2.34 of ñRenewable and Efficient 

Electric Power Systemsò by Masters 

Compact fluorescent lamp (CFL) 



Transmission and Distribution 

ÅGoal is to move electric power from generation 
to load with low losses. 

ÅLess losses at high voltages (S=VI* and I2R 
losses), but more difficult to insulate. 

ÅTypical high voltage transmission voltages are 
765, 500, 345, 230, 161, 138 and 69 kV. 

ÅLower voltage lines are used for distribution 
(12.4 or 13.8 kV). 

ÅTypical losses are about 3 to 5% in transmission 
and 10 to 15% in the distribution system. 23 



Transmission & Distribution 

ÅTransmission 

ïnetworked 
connections 

ïpower can be supplied 
from multiple sources 

ïtypically higher 
voltages, above 100 kV 

ïmostly overhead, with 
some underground in 
urban areas 

ïOften source of large-
scale blackouts 

ÅDistribution 

ïradial connections 

ïpower moves in one 
direction only 

ïtypically lower voltages, 
below 100 kV 

ïthe source of most  
blackouts, but these are 
local 

ïMost new construction is 
underground, especially 
in suburban and urban 
locations  24 



Transmission Lines and the Elements 
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Ike in Beaumont, Tx 

Quebec Ice Storm 



Transmission Lines and Trees 

ÅWe like trees, and they grow; but when trees 
get close to lines bad things can occur.   
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Before ñTrimmingò After ñTrimmingò 



Power Transfer in Transmission Lines 

ÅBelow is the full (and more complicated) power 
flow derivation for a short transmission line 
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Approximate Power Transfer 

ÅFor high voltage lines, the reactance (X term) 
dominates so Z has an angle of close to 90 
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Transformers 

ÅTransformers provide an easily means for 
changing ac voltage levels 

ïPower flow through transformers is bi-directional 

ÅHeating is a major concern that can quickly 
lead to loss of transformer life (and 
occasionally explosions!) 

ÅHigh voltage transformers (say 230 kV and up) 
are large, heavy, and difficult to replace 
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A 230/115 kV Transformer 
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Residential Distribution Transformers  

ÅResidential single phase electric service uses a 
center tapped transformer to provide 240/120 
volt service; a separate ground is used for safety 
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Power System Time Frames 
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Power System Operations 

ÅThe next several slides use a power system 
simulation package, PowerWorld Simulator, to 
demonstrate the operation of the electric grid 
over a time period of minutes to hours (quasi-
steady state) 
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One-line Diagram 

ÅMost power systems are balanced three 
phase systems. 

ÅA balanced three phase system can be 
modeled as a single (or one) line. 

ÅOne-lines show the major power system 
components, such as generators, loads, 
transmission lines. 

ÅComponents join together at a bus. 
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! {ǳōǎǘŀǘƛƻƴ ά.ǳǎέ 
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