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Overview	(1)	
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• High-fidelity	modeling	of	electricity	networks	
– components	+	control	systems	

•  JSON	format	to	capture	the	required	fidelity	
– useful	for	operators	and	opCmizaCon	so[ware	

• Real	test	cases	coming	from	RTE	
–  largest	transmission	operator	in	Europe	

• TransformaCon	tools	and	scripCng	
– node	breaker,	bus	breaker,	bus	branch		
– per	unit	transformaCons	
–  rollback	



Overview	(2)	
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•  ValidaCon,	quality	control,	and	metrics	
– validaCon	of	modeling	and	parameters	
– characterizaCon	of	problem	complexity	

•  SyntheCc	test	cases	
– graph	manipulaCon,	exploiCng	the	structure	

•  DisaggregaCon	and	obfuscaCon	
– preserving	privacy	in	Cme	series	

•  Repository	
–  replicable	research	



• Capture	electrical	power	system	with	high	fidelity		
– components,	constraints,	correcCve	acCons,	…	

• Cognizant	of	computaConal	issues	
–  the	distance	to	solvers	must	be	small	
–  the	translaCon	should	be	efficient	computaConally	

• Extensibility	
–  the	format	can	easily	accommodate	new	components,	
aOributes,	…	

•  Standard,	modern,	and	reusable	technology	
–  JSON	is	becoming	ubiquitous	

JSON	Format	

6

Technical Apprach 



Targeted	Audience	
• No	unique	audience		

– operators	running	the	system	
– developers	of	the	underlying	solvers	

• Operators	
– would	like	to	see	the	physical	organizaCon	of	the	network	

•  A	substaCon	is	a	meaningful	concept	and	should	be	preserved	

– would	like	to	see	actual	units	for	
•  e.g.,	voltage	magnitudes	

• Tool	developers	
– would	like	to	start	from	a	representaCon	which	is	as	close	as	
possible	to	the	solver	needs	
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Overview	
•  Overview	
•  Desired	Fidelity	
•  GRG	Format	
•  TransformaCons	
•  Case	Studies	
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Philosophy	

9	

GRG-ND GRG-BB GRG-BBCH 

Node Breaker Bus Breaker Bus Branch 



GRG-NB:	The	Physical	Network	

1
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GRG-NB:	The	Physical	Network	
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GRG-NB:	The	Physical	Network	
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GRG-NB:	The	Physical	Network	
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GRG	Formats	

• GRG-NB	and	GRG-BB	
–  topology	opCmizaCon	
– NB:	planning	studies	
– BB:	operaConal	studies	
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Node-breaker	 Bus-breaker	 Bus-branch	

Topology	 yes! yes! no!

Breakers	 yes! yes! no!

Disconnectors	
	 yes! no! no!

Bus	type	 busbar! logical bus! bus!

Technical Approach 



From	GRG-ND	to	GRG-BB	
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From	GRG-BB	to	GRB-BBCH	
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Real-Life	Networks	(at	RTE)	
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Real-Life	Networks	(at	RTE)	
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Overview	
•  Overview	
•  Desired	Fidelity	
•  GRG	Format	
•  TransformaCons	
•  Case	Studies	
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Key	Concepts	of	the	Format	
• Electrical	abstracCons	

– e.g.,	admiOance	
• Component	references	

–  JSON	pointers	
• Explicit	disCncCon	between	

– parameters	and	decision	variables	
•  Logical	buses	

– abstracCon	of	busbars	in	bus	breaker	representaCon	
•  SubstaCons	

– with	voltage	levels	
2
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Variables	versus	Parameters	
•  Key	moCvaCon	

– one	network	descripCon	
– mulCple	uses	(opf,	ots,	..)	

•  Assignments	
– specializes	the	networks	
– specific	examples	of	transformaCons	

•  Basic	philosophy	
– one	physical	network	
– separate	secCons	describing	configuraCons,	
setpoints,	soluCons,	…	

2
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JSON	101	
• Primi;ve	types	

– string	
– number	(int	or	float)	
– boolean	(true,	false)	
– null	

Recursive	Types	

Key	benefit:	JSON	can	be	parsed	into	a		
dicConary-like	data	structure	in	any	language	

2
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JSON	Schema	
•  Specify	the	format	formally	
•  Can	we	use	to	check	whether	a	file	is	valid	

2
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{“required": ["link", "demand"],
 "properties": {
  "type":{
   "type":"string",
   "pattern":"load"
  },
  "link":{"type":"string"},
  "demand":{"$ref": “#/…”}
}



GRG	Network:	Hierarchy	

2
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A GRG network is organized as:!
• A set of substations!
• A set of transmission lines!

Network!



GRG	Network:	Hierarchy	
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A substation is a collection of:!
• Voltage Levels!
• Transformers !

Substation!



GRG	Network:	Hierarchy	
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A voltage level is a collection of:!
• Buses (busbars, logical buses, buses) !
• Loads !
• Synchronous Condensers !
• Generators!
• Switches!
• Shunts!

Voltage Level!



GRG	Network:	Hierarchy	
27	



Electrical	Values	
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"current_limits": {
  "type": "array",
  "items": {
  "type": "object",
  "properties": {
  "min": {"$ref": "#/values/extended_number"},
  "max": {"$ref": "#/values/extended_number"},
  "report": {
   "enum": ["off", "on"]
  },
  "duration": {"$ref": "#/values/extended_number"}
  }
  }
}

Current Limits!

"current_limits_1" : [ 
{ "duration" : “Inf", "max" : 563,   "min" : 0,   "report" : “off" },
{ "duration" : “Inf", "max" : 746,   "min" : 563, "report" : “on”},
{ "duration" : 6300,  "max" : “Inf", "min" : 746, "report" : “off”}

],

Example!

Amount of current: [Imin, Imax) 
the branch can safely carry for 
a duration d.



Network	Components	
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"AC_line": {
   "properties": {
  "type": {"enum": ["ac_line"]},
  "id": {"type": "string"},
  "description": {"type": "string"},
  "link_1": {"type": "string"},
  "link_2": {"type": "string"},
  "voltage_level_1_id": {"type": "string"},
  "voltage_level_2_id": {"type": "string"},
  "shunt_1": {"$ref": "#/admittance_rectangular"},
  "shunt_2": {"$ref": "#/admittance_rectangular"},
  "impedance": {"$ref": "#/impedance_rectangular"},
  "angle_difference": {"$ref": "#/abstract_value"},
  "current_limits_1": {"$ref": "#/current_limits"},
  "current_limits_2": {"$ref": "#/current_limits"}
  }
}

AC Line!
link_1 link_2

G1 +jB1

G2 +jB2

R +jX

voltage level 1 voltage level 2



Network	Components	
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Network	Components	
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Network	Components	
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"generator": {
"type": {"enum": [“generator"]},
"subtype": {"enum": ["hydro", "wind", "thermal", "other", "nuclear", “solar"]},
"id": {"type": “string"},
"link": {"type": “string"},
"voltage_regulation": {"$ref": “#/abstract_status"},
"startup_cost": {"type": “number"},
"shutdown_cost": {"type": “number"},
"output": {"$ref": “#/power"},
"PQ_curve": {

"type": “array", "items": {
"active": {"type": “number"},
"reactive": {

"upper_limit": {"type": “number"},
"lower_limit": {"type": “number”}}

}
}

}

Generator!

P + jQ

Qmin

Qmax

P

"generator_vl1_gn1" : {
"type" : “generator”,
"subtype" : “solar",
"id" : “gn1",
"link" : “5",
"voltage_regulation" : “off",
"PQ_curve" : [

{"active":0, "reactive":{"lower_limit":0, "upper_limit":0}},
   {"active" : 20.7, "reactive":{"lower_limit":0, “upper_limit”:0}}],
"output" : {

“active": {"var": {"lb":0, "ub": 20.7}},
"reactive": {"var": {"lb":0, "ub": 0.0 }}

  }
}



Assignments	
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GRG	Network:	Assignment	

3
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"assignment": {
  "switch_vl1_br1": { 
      "status": "on" 
   },
  "busbar_vl1_bbr1" : { 
     "voltage" : {
         "angle" : 4.23,
         "magnitude" : 63.12
     }
  },   
}

Example!

An “assignment” describes 
value assignments for network 
components’ objects.!



Networks	
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Assignment 1 Assignment 2 

apply 
mapping 

apply 
mapping 



Overview	
•  Overview	
•  Desired	Fidelity	
•  GRG	Format	
•  TransformaCons	
•  Case	Studies	
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GRG	ScripCng	Language	
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Loading	
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GRG	Script:	Load	
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Assignment	of	Disconnectors	

4
0	



bbr1	
bbr2	

di1	

di3	di2	 di4	

br3	
br1	 br2	

br5	br4	

gn1	 ld1	

ld2	
ln1	

0	
1	

6	
2	 8	

3	

5	 4	
9	

7	

"voltage_level_vl1" : 
{
  "id" : "vl1",
  "type" : "voltage_level",
  "voltage" : {
    "lower_limit" : 59.0,
    "nominal_value" : 63.0,
    "upper_limit" : 68.0
  },
  "voltage_level_components" : 
  {
    “vl1_bbr1” : {“link”: 0, … },
    “vl1_bbr2” : {“link”: 1, … },
    "vl1_gn1" : {“link”: 5, …},
    "vl1_ld1" : {“link”: 4, …},
    "vl1_ld2" : {“link”: 7, …},
    "vl1_br1" : {“link_1”: 3, “link_2”: 2, …},
    "vl1_br2" : {“link_1”: 9, “link_2”: 8, …},
    "vl1_br3" : {“link_1”: 7, “link_2”: 6, …},
    "vl1_br4" : {“link_1”: 5, “link_2”: 3, …},
    "vl1_br5" : {“link_1”: 4, “link_2”: 3, …},
    "vl1_di1" : {“link_1”: 0, “link_2”: 1, …},
    "vl1_di2" : {“link_1”: 2, “link_2”: 0, …},
    "vl1_di3" : {“link_1”: 8, “link_2”: 0, …},
    "vl1_di4" : {“link_1”: 6, “link_2”: 1, …},
  }
},

assignments: {
..“voltage_level_vl1”: {
   “voltage_level_components”:

{
    "vl1_di1": { status = “on”},
    "vl1_di2": { status = “off”},
    "vl1_di3": { status = “on”},
    "vl1_di4": { status = “on"}

}
 }
}

GRG	Script:	Assignment	
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GRG	Script:	Node-breaker	To	Bus-breaker	
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"voltage_level_vl1" : 
{
  "id" : "vl1",
  "type" : "voltage_level",
  "voltage" : {
    "lower_limit" : 59.0,
    "nominal_value" : 63.0,
    "upper_limit" : 68.0
  },
  "voltage_level_components" : 
  {
    “vl1_bbr1” : {“link”: 0, … },
    “vl1_bbr2” : {“link”: 1, … },
    "vl1_gn1" : {“link”: 5, …},
    "vl1_ld1" : {“link”: 4, …},
    "vl1_ld2" : {“link”: 7, …},
    "vl1_br1" : {“link_1”: 3, “link_2”: 2, …},
    "vl1_br2" : {“link_1”: 9, “link_2”: 8, …},
    "vl1_br3" : {“link_1”: 7, “link_2”: 6, …},
    "vl1_br4" : {“link_1”: 5, “link_2”: 3, …},
    "vl1_br5" : {“link_1”: 4, “link_2”: 3, …},
    "vl1_di1" : {“link_1”: 0, “link_2”: 1, …},
    "vl1_di2" : {“link_1”: 2, “link_2”: 0, …},
    "vl1_di3" : {“link_1”: 8, “link_2”: 0, …},
    "vl1_di4" : {“link_1”: 6, “link_2”: 1, …},
  }
},

assignments: {
..“voltage_level_vl1”: {
   “voltage_level_components”:

{
    "vl1_di1": { status = “on”},
    "vl1_di2": { status = “off”},
    "vl1_di3": { status = “on”},
    "vl1_di4": { status = “on"}

}
 }
}

GRG	Script:	Node-breaker	To	Bus-breaker	
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"voltage_level_vl1" : 
{
  "id" : "vl1",
  "type" : "voltage_level",
  "voltage" : {
    "lower_limit" : 59.0,
    "nominal_value" : 63.0,
    "upper_limit" : 68.0
  },
  "voltage_level_components" : 
  {
    “vl1_bbr1” : {“link”: 0, … },
    “vl1_bbr2” : {“link”: 0, … },
    "vl1_gn1" : {“link”: 5, …},
    "vl1_ld1" : {“link”: 4, …},
    "vl1_ld2" : {“link”: 7, …},
    "vl1_br1" : {“link_1”: 3, “link_2”: 2, …},
    "vl1_br2" : {“link_1”: 9, “link_2”: 8, …},
    "vl1_br3" : {“link_1”: 7, “link_2”: 6, …},
    "vl1_br4" : {“link_1”: 5, “link_2”: 3, …},
    "vl1_br5" : {“link_1”: 4, “link_2”: 3, …},
    "vl1_di2" : {“link_1”: 2, “link_2”: 0, …},
    "vl1_di3" : {“link_1”: 8, “link_2”: 0, …},
    "vl1_di4" : {“link_1”: 6, “link_2”: 0, …},
  }
},
assignments: {
..“voltage_level_vl1”: {
   “voltage_level_components”:

{
    "vl1_di2": { status = “off”},
    "vl1_di3": { status = “on”},
    "vl1_di4": { status = “on"}

}
 }
}

GRG	Script:	Node-breaker	To	Bus-breaker	
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"voltage_level_vl1" : 
{
  "id" : "vl1",
  "type" : "voltage_level",
  "voltage" : {
    "lower_limit" : 59.0,
    "nominal_value" : 63.0,
    "upper_limit" : 68.0
  },
  "voltage_level_components" : 
  {
    “vl1_lbus1” : {“link”: 0, … },
    "vl1_gn1" : {“link”: 5, …},
    "vl1_ld1" : {“link”: 4, …},
    "vl1_ld2" : {“link”: 7, …},
    "vl1_br1" : {“link_1”: 3, “link_2”: 2, …},
    "vl1_br2" : {“link_1”: 9, “link_2”: 8, …},
    "vl1_br3" : {“link_1”: 7, “link_2”: 6, …},
    "vl1_br4" : {“link_1”: 5, “link_2”: 3, …},
    "vl1_br5" : {“link_1”: 4, “link_2”: 3, …},
    "vl1_di2" : {“link_1”: 2, “link_2”: 0, …},
    "vl1_di3" : {“link_1”: 8, “link_2”: 0, …},
    "vl1_di4" : {“link_1”: 6, “link_2”: 0, …},
  }
},
assignments: {
..“voltage_level_vl1”: {
   “voltage_level_components”:

{
    "vl1_di2": { status = “off”},
    "vl1_di3": { status = “on”},
    "vl1_di4": { status = “on"}

}
 }
}

GRG	Script:	Node-breaker	To	Bus-breaker	
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"voltage_level_vl1" : 
{
  "id" : "vl1",
  "type" : "voltage_level",
  "voltage" : {
    "lower_limit" : 59.0,
    "nominal_value" : 63.0,
    "upper_limit" : 68.0
  },
  "voltage_level_components" : 
  {
    “vl1_lbus1” : {“link”: 0, … },
    "vl1_gn1" : {“link”: 5, …},
    "vl1_ld1" : {“link”: 4, …},
    "vl1_ld2" : {“link”: 7, …},
    "vl1_br1" : {“link_1”: 3, “link_2”: 2, …},
    "vl1_br2" : {“link_1”: 9, “link_2”: 8, …},
    "vl1_br3" : {“link_1”: 7, “link_2”: 6, …},
    "vl1_br4" : {“link_1”: 5, “link_2”: 3, …},
    "vl1_br5" : {“link_1”: 4, “link_2”: 3, …},
    "vl1_di3" : {“link_1”: 8, “link_2”: 0, …},
    "vl1_di4" : {“link_1”: 6, “link_2”: 0, …},
  }
},

assignments: {
..“voltage_level_vl1”: {
   “voltage_level_components”:

{
    "vl1_di3": { status = “on”},
    "vl1_di4": { status = “on"}

}
 }
}

GRG	Script:	Node-breaker	To	Bus-breaker	
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di3	 di4	

br3	
br2	

ld2	
ln1	

6	
8	

9	

7	

"voltage_level_vl1" : 
{
  "id" : "vl1",
  "type" : "voltage_level",
  "voltage" : {
    "lower_limit" : 59.0,
    "nominal_value" : 63.0,
    "upper_limit" : 68.0
  },
  "voltage_level_components" : 
  {
    “vl1_lbus1” : {“link”: 0, … },
    "vl1_ld2" : {“link”: 7, …},
    "vl1_br2" : {“link_1”: 9, “link_2”: 8, …},
    "vl1_br3" : {“link_1”: 7, “link_2”: 6, …},
    "vl1_di3" : {“link_1”: 8, “link_2”: 0, …},
    "vl1_di4" : {“link_1”: 6, “link_2”: 0, …},
  }
},

assignments: {
..“voltage_level_vl1”: {
   “voltage_level_components”:

{
    "vl1_di3": { status = “on”},
    "vl1_di4": { status = “on"}

}
 }
}

GRG	Script:	Node-breaker	To	Bus-breaker	
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"voltage_level_vl1" : 
{
  "id" : "vl1",
  "type" : "voltage_level",
  "voltage" : {
    "lower_limit" : 59.0,
    "nominal_value" : 63.0,
    "upper_limit" : 68.0
  },
  "voltage_level_components" : 
  {
    “vl1_lbus1” : {“link”: 8, … },
    "vl1_ld2" : {“link”: 7, …},
    "vl1_br2" : {“link_1”: 9, “link_2”: 8, …},
    "vl1_br3" : {“link_1”: 7, “link_2”: 6, …},
    "vl1_di4" : {“link_1”: 6, “link_2”: 8, …},
  }
},
assignments: {
..“voltage_level_vl1”: {
   “voltage_level_components”:

{
   "vl1_di4": { status = “on"}

}
 }
}

GRG	Script:	Node-breaker	To	Bus-breaker	

4
8	

8	



lbus1	

di4	

br3	
br2	

ld2	
ln1	

6	

9	

7	

"voltage_level_vl1" : 
{
  "id" : "vl1",
  "type" : "voltage_level",
  "voltage" : {
    "lower_limit" : 59.0,
    "nominal_value" : 63.0,
    "upper_limit" : 68.0
  },
  "voltage_level_components" : 
  {
    “vl1_lbus1” : {“link”: 8, … },
    "vl1_ld2" : {“link”: 7, …},
    "vl1_br2" : {“link_1”: 9, “link_2”: 8, …},
    "vl1_br3" : {“link_1”: 7, “link_2”: 6, …},
    "vl1_di4" : {“link_1”: 6, “link_2”: 8, …},
  }
},
assignments: {
..“voltage_level_vl1”: {
   “voltage_level_components”:

{
   "vl1_di4": { status = “on"}

}
 }
}

GRG	Script:	Node-breaker	To	Bus-breaker	
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"voltage_level_vl1" : 
{
  "id" : "vl1",
  "type" : "voltage_level",
  "voltage" : {
    "lower_limit" : 59.0,
    "nominal_value" : 63.0,
    "upper_limit" : 68.0
  },
  "voltage_level_components" : 
  {
    “vl1_lbus1” : {“link”: 6, … },
    "vl1_ld2" : {“link”: 7, …},
    "vl1_br2" : {“link_1”: 9, “link_2”: 6, …},
    "vl1_br3" : {“link_1”: 7, “link_2”: 6, …},
  }
},
assignments: {
..“voltage_level_vl1”: {
   “voltage_level_components”:

{
}

 }
}

GRG	Script:	Node-breaker	To	Bus-breaker	
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GRG	Script:	Assignments	of	Breakers	
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GRG	Script:	Bus-breaker	to	Bus-branch		
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"voltage_level_vl1" : 
{
  "id" : "vl1",
  "type" : "voltage_level",
  "voltage" : {
    "lower_limit" : 59.0,
    "nominal_value" : 63.0,
    "upper_limit" : 68.0
  },
  "voltage_level_components" : 
  {
    “vl1_lbus1” : {“link”: 6, … },
    "vl1_ld2" : {“link”: 7, …},
    "vl1_br2" : {“link_1”: 9, “link_2”: 6, …},
    "vl1_br3" : {“link_1”: 7, “link_2”: 6, …},
  }
},
“ln1”: {“link1”: “9”, “link2”: 3, …}
assignments: {
..“voltage_level_vl1”: {
   “voltage_level_components”:

{
      “vl1_br2”: {“status”: “on”},
      “vl1_br3”: {“status”: “on”}

}
 }
}

6	
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"voltage_level_vl1" : 
{
  "id" : "vl1",
  "type" : "voltage_level",
  "voltage" : {
    "lower_limit" : 59.0,
    "nominal_value" : 63.0,
    "upper_limit" : 68.0
  },
  "voltage_level_components" : 
  {
    “vl1_lbus1” : {“link”: 6, … },
    "vl1_ld2" : {“link”: 7, …},
    "vl1_br2" : {“link_1”: 9, “link_2”: 6, …},
    "vl1_br3" : {“link_1”: 7, “link_2”: 6, …},
  }
},
“ln1”: {“link1”: “9”, “link2”: 3, …}
assignments: {
..“voltage_level_vl1”: {
   “voltage_level_components”:

{
      “vl1_br2”: {“status”: “on”},
      “vl1_br3”: {“status”: “on”}

}
 }
}
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{
      “vl1_br3”: {“status”: “on”}
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 }
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"voltage_level_vl1" : 
{
  "id" : "vl1",
  "type" : "voltage_level",
  "voltage" : {
    "lower_limit" : 59.0,
    "nominal_value" : 63.0,
    "upper_limit" : 68.0
  },
  "voltage_level_components" : 
  {
    “vl1_lbus1” : {“link”: 6, … },
    "vl1_ld2" : {“link”: “lbus1”, …},
  }
},
“ln1”: {“link1”: “lbus1”, “link2”: 3, …}

assignments: {
..“voltage_level_vl1”: {
   “voltage_level_components”:

{
}

 }
}
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"voltage_level_vl1" : 
{
  "id" : "vl1",
  "type" : "voltage_level",
  "voltage" : {
    "lower_limit" : 59.0,
    "nominal_value" : 63.0,
    "upper_limit" : 68.0
  },
  "voltage_level_components" : 
  {
    “vl1_lbus1” : {… },
    "vl1_ld2" : {“link”: “bus1”, …},
  }
},
“ln1”: {“link1”: “bus1”, “link2”: 3, …}

assignments: {
..“voltage_level_vl1”: {
   “voltage_level_components”:

{
}

 }
}

GRG	Script:	Bus-breaker	to	Bus-branch	

5
8	



GRG	Script:	Per-unit	transform	

5
9	



// Component
{
   "subtype" : "solar",
   "type" : "generator",
   "voltage_regulation" : "off"
   "link" : 5,
   "output" : {
  "active" : {
   "var" : {"lb" : 0, "ub" : 20.7 }
  },
  "reactive" : {
   "var" : {"lb" : 0, "ub" : 0.0 }

}
   },
  "PQ_curve" : [ 
  { "active" : 0,
  "reactive" : {"lower_limit" : 0, "upper_limit" : 0}
  },
   {"active" : 20.699999999999999,
  "reactive" : {"lower_limit" : 0, "upper_limit" : 0}
   }
   ]
}

// Assignments
{ }

// Mappings
target_points: {
   "output" : {
  "active" : 0, "reactive" : 0, "voltage" : 65.744705}
   },
starting_points: {
   "output" : {
  "active" : 0, "reactive" : 0}
   }
}

// Component
{ . . . }

// Assignments
{ 
   "output" : {
  "active" : {
   "var" : {"lb" : 0, "ub" : 0.207}
  },
  "reactive" : {
   "var" : {"lb" : 0, "ub" : 0.0 }

}
   },
  "PQ_curve" : [ 
  { "active" : 0,
  "reactive" : {"lower_limit" : 0, "upper_limit" : 0}
  },
   {"active" : 0.207,
  "reactive" : {"lower_limit" : 0, "upper_limit" : 0}
   }
   ]
}

// Mappings
target_points: {
   "output" : {
  "active" : 0, "reactive" : 0, "voltage" : 1.0435667}
   },
starting_points: {
   "output" : {
  "active" : 0, "reactive" : 0}
   }
}

input	 output	

GRG	Script:	Per-unit	transform	
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GRG	Script:	Solve	
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GRG	Script:	Rollback	
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Overview	
•  Overview	
•  Desired	Fidelity	
•  GRG	Format	
•  TransformaCons	
•  Case	Studies	
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Four	Networks	
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Network Components Summary!
Marseille	 France	EHV	 Lyon	 France	

Substa;ons	 74	 1174	 2376	 4749	

Voltage	Levels	 100	 1523	 2951	 5742	

Busbars	 196	 3305	 5842	 11644	

Lines		 112	 1968	 3775	 7662	

Transformers	
	 43	 558	 937	 1688	

Generators	 53	 692	 1202	 2197	

Hydro	 22	 433	 645	 792	

Nuclear	 0	 59	 59	 59	

Solar	 31	 90	 269	 643	

Thermal	 0	 65	 74	 112	

Wind	 0	 43	 152	 587	

Loads	 142	 2184	 3750	 6993	

Shunt	 15	 196	 214	 381	

Switches	 1396	 24818	 41050	 76461	

Breakers	 553	 8733	 15003	 28889	

Disconnectors	 840	 15832	 25380	 46404	



ValidaCon	

•  ValidaCon	of	every	component	model	
– unit	tests	from	load	flow	results	
– accuracy	around	10-3	
– validaCon	is	not	performed	in	the	per-unit	system	

•  load	flow	results	are	in	nominal	values	
•  may	be	an	interesCng	thing	to	add	
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Busbars	 196	 3305	 5842	 11644	

Lines		 112	 1968	 3775	 7662	

Transformers	
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Loads	 142	 2184	 3750	 6993	

Shunt	 15	 196	 214	 381	
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Conclusions	
• High	fidelity	modeling	

– network,	models	
–  targeted	to	the	needs	of	industry	

• Novel	flexible	and	extensive	format	
–  JSON	+	suite	of	tools	

• Real	test	cases	
– unit	validaCon	
– Load	flow	
– OpCmal	power	flow	

•  Working	on	stressing	the	networks	
– creaCng	interesCng	challenging	test	cases	
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