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Voltages 

 Primary: 

– 4kV to 34.5kV 

– For industrial customers 

– Three phase 

 Secondary: 

– 120/240V  

– Residential/commercial customers 

– Single phase 



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 

 



Components 

Image Credit: United States Department of Labor 
https://www.osha.gov/SLTC/etools/electric_power/illustr
ated_glossary/distribution_system.html 



Advanced Components:  

Advanced Metering Infrastructure (AMI) 

Image Credit: http://emfsafetynetwork.org/wp-
content/uploads/2011/03/DSC_0097.jpg 
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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/X values of a distribution system are much higher.  

– This necessitates the use of powerflow algorithms that are different 
from those used in transmission modeling. 

 



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 

 



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. 

 



Distribution Feeder Taxonomy 

 575 distribution feeder models were collected from 

utilities across the U.S. from the different climatic 

regions 

 

 

 

 24 representative prototypes were developed 



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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