ELECTRIC DISTRIBUTION SYSTEMS
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Contents

= Overview
— Voltages
— Components
— Network topologies

= Modeling
— Introduction to GridLAB-D
— Prototype feeder networks
— Modeling of components
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Voltages

= Primary:
— 4kV to 34.5kV
— Forindustrial customers
— Three phase

= Secondary:
— 120/240V
— Residential/commercial customers
— Single phase
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Components

= Substations—facility that acts as junctions in the distribution system
= Distribution Feeder Circuits—connects substation output to primary circuits

= Protective Equipment
— Relays, Fuses, Disconnect Switches, etc

= Primary Circuits—circuit that carry power from substation to load area

= Distribution Transformers—device that alters voltage level

= Secondaries—three one phase lines extending from distribution transformers
=  Services—the wires extending from secondaries to load
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Advanced Components:
Advanced Metering Infrastructure (AMI)

Smart Meter
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Network Topology
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Modeling Distribution Systems

= Similar to transmission modeling, but with more detail.
= Loads are unbalanced on a distribution system.
= Single and double phase lines exist.

= The R/Xvalues of a distribution system are much higher.

— This necessitates the use of powerflow algorithms that are different
from those used in transmission modeling.
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GridLAB-D

Open source software

For Power System Modeling and Simulation

Developed by Pacific Northwest National Laboratory

Funded by the U.S. Department of Energy

ECE ILLINOIS

ILLINOIS



What is unique about GridLAB-D?

= Provides a taxonomy of distribution feeder models that are representative
of those operating in the U.S.

= Accurately models end-use loads using a multi-disciplinary approach (vs
treating them as ZIP loads). Eg: Waterheater

= Focus on distribution network (vs transmission).

= Accurately models the physical properties of power distribution
infrastructure. Eg: Line spacing, Overhead/Underground lines, Transformer
connections (3 phase and split-phase), etc.
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Distribution Feeder Taxonomy

= 575 distribution feeder models were collected from
utilities across the U.S. from the different climatic

regions
S

| 1
120 Feeders

= 24 representatjye. prototypes.were developed
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Distribution Feeder Taxonomy (2)

= “Represents the first collection of models that is openly
available and presented in the level of detail that is
necessary to evaluate the effects of smart grid

technologies.”

= Models are all available only in GridLAB format

(resembling C++ class syntax).
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object overhead_line_conductor 1
thame OHL1O00
geometric_mean_radius 0,044
rezistance 0,306

¥

object overhead_line_conductor o
niame OHL101:
geometric_mean_radius 0,00814:
resiztance 0,592:

¥

object line_spacing {
hame L5200
distance_AB 2,5
distance_BC 4,5
distance_AC 7,0
distance_AN 5,B56354 ¢
distance_BN 4,272002+

) distance_CH 5,0

object line_configuration {
hiame LC300*
conductor_A OH100+
conductar_B OHLOO*
conductor_C OH100+
conductaor_M OH101:
zpacing L5200
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object transformer_configuration 1
hame KFC4003
conhect_type 2%
power_rating BOOOE
primary_woltage 12470
zecondary_voltage 41603
resistance 0,01
reactance 0,063

¥

object transformer_configuration {
hame PoleTop:
connect_type SINGLE_PHASE_CEWMTER_TAPPED:
power_rating 400
powerA_rating 400%
primary_wvoltage 24001
zecondary_voltage 1203
resistance 0,01:
reactance 0,063

i

object node 1
hame Model:
phazes AIBIC:
woltage_A +7199,558+0, 000
woltage B -2583, 779-6220, 0005
voltage [ -3093, F73+E230, 000
) nominal _woltage ¥1939,558:

object overhead_line 1
hame Linkl2:
phazes AIBIC:
from Model:
to NodeZ:
length 2000+
configuration LC300:
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Thermostatically controlled loads

Waterheater Properties

Property Name Type
tank_volume double
tank_UA double
tank_diameter double
water_demand double
heating_element_capacity double
inlet_water_temperature  double
heat_mode enumeration
location enumeration
tank_setpoint double
thermostat_deadband double
meter double
temperature double
height double
enduse_load complex
constant_power complex
constant_current complex
constant_admittance complex
internal_gains double

Unit
gallons
BTU/hour
feet
gallons/minute

Watts

degF

degF

degF
kilowatt-hours
degF

feet

kilowatts
kilowatts
amps

1/0hm

kilowatts
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Description
The water volume of the water tank.
The product of the U-value of the tank's insulation and the surface area of the tank, assuming R values of about 13.
The diameter of the water tank, influences heat loss calculations.
Hat water consumption. Constant unless controlled by a Player object.
The rate at which the waterheater heating element will dump thermal energy into the water tank.
The temperature of the cold water entering the bottom of the waterheater to replace any hot water drawn out the top of the tank.
"ELECTRIC" or "GASHEAT". Determines the method that heat is added to the water tank.

"INSIDE" or "GARAGE". Placement determines if thermal losses from the water heater wind up heating up the house, and if the outside temperature influences the
effective temperature for heat loss.

The target temperature at which the heating elements will click on and off in the waterheater.

The number of degrees to heat the water when needed. Influences when the water heating element will turn on and turn off.
The total power consumed by the water heater during the simulation.

The temperature of the hot water in the tank.

The height of the hot water tank.

The current power draw of the water heater. Required by the house to attach the water heater to the circuit panel.

The constant power draw of the water heater. No effect ~ modify the heating_element_capacity.

The constant current draw of the water heater. No effect.

The constant admittance of power across the water heater. No effect.

The heat loss for the current timestep from the water heater to the water tank's location.
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