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Overview (1)

* High-fidelity modeling of electricity networks
— components + control systems

* JSON format to capture the required fidelity
— useful for operators and optimization software
* Real test cases coming from RTE
— |largest transmission operator in Europe
* Transformation tools and scripting
— node breaker, bus breaker, bus branch

— per unit transformations
— rollback
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Overview (2)

* Validation, quality control, and metrics
— validation of modeling and parameters
— characterization of problem complexity

* Synthetic test cases
— graph manipulation, exploiting the structure

* Disaggregation and obfuscation

— preserving privacy in time series
* Repository

— replicable research
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JSON Format

e Capture electrical power system with high fidelity
— components, constraints, corrective actions, ...

* Cognizant of computational issues
— the distance to solvers must be small
— the translation should be efficient computationally

e Extensibility

— the format can easily accommodate new components,
attributes, ...

e Standard, modern, and reusable technology
— JSON is becoming ubiquitous
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Targeted Audience

* No unique audience

— operators running the system

— developers of the underlying solvers
* Operators

— would like to see the physical organization of the network
* A substation is a meaningful concept and should be preserved

— would like to see actual units for
e e.g., voltage magnitudes
* Tool developers

— would like to start from a representation which is as close as
possible to the solver needs
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Philosophy

4 N\

GRG-ND ! | GRG-BBCH
\ J |
Node Breaker Bus Breaker Bus Branch
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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-NB: The Physical Network
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GRG Formats

Node-breaker Bus-breaker Bus-branch
Topology

Breakers

Disconnectors

Bus type logical bus

* GRG-NB and GRG-BB
— topology optimization
— NB: planning studies
— BB: operational studies
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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)

viKEQ: 63KV ¢ 13 Wy
m

B

v FYDF: 63KV 102 g

4
viC: 63KV —

;
2Q =Q 5Q
129

—C O * O O—
dig dil@
di1l H SZ?‘
0"—?:1(S> EI] 9:8_;» 1
——— =)brd —
bbro 196 bbrl
'), o vIABI: 150KV
trl "

vl ACM: 63KV

m@fﬁy A ¢ |IEEE



Real-Life Networks (at RTE)
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Key Concepts of the Format

e Electrical abstractions
— e.g., admittance

 Component references
— JSON pointers
* Explicit distinction between
— parameters and decision variables
* Logical buses
— abstraction of busbars in bus breaker representation

e Substations
— with voltage levels
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Variables versus Parameters

* Key motivation —
“anale;difference": {

— one network description "var*: {

"1b": -@.5235987755982988,
"ub": ©@.5235987755982988

— multiple uses (opf, ots, ..) )
* Assignments ]
— specializes the networks
— specific examples of transformations
* Basic philosophy
— one physical network
— separate sections describing configurations,

setpoints, solutions, ...
@’Ef A 9 IEEE
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JSON 101

- Primitive types Recursive Types

— string

array
— number (int or float) —O J =] l O—
—
— boolean (true, false) ~

\L/
— null

@ | String [ ; Jmm—y{ value D
7\

o/

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

@’Ef o & IEEE



JSON Schema

e Specify the format formally

e Can we use to check whether a file is valid

{"required": ["link", "demand"],
"properties”": {

"type" :{
"type":"string",
"pattern":"load"

}o

"link":{"type":"string"},
"demand" : {"Sref": “#/.."}
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GRG Network: Hierarchy

Network
A GRG network is organized as:

¢ A set of substations
e A set of transmission lines

substation A substation B
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GRG Network: Hierarchy

Substation
A substation is a collection of:

e \/oltage Levels
e Transformers

substation B
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GRG Network: Hierarchy

Voltage Level

A voltage level is a collection of:

e Buses (busbars, logical buses, buses)
¢ | oads

e Synchronous Condensers

e Generators

e Switches

e Shunts

substation A

gnl 1dl
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GRG Network: Hierarchy

{

“grg-version”: "1.08.@",

"network™: {

“components™: {
“substation_A"™: {

“voltoge_level _C"
“GN1": {

-
Iy

1

"assigrments™: {

6 ES

A GRG document is composed by:
*A "grg-version” field;
¢ A "network” object;

¢ A "mapping”object.

OFES  oammmmmmmmmmmmmmms $ |IEEE



Electrical Values
Current Limits

"current_limits": { Amount of current: [, ["max)
llt n : n n R
“items™: {0 the branch can safely carry for
"type": "object", .
propertiest: { a duration d.

"min": {"$ref": "#/values/extended_number"},
"max": {"$ref": "#/values/extended_number"},
"report": {

|lenumll: [llo_Ffll’ ||0nll]

1, -
"duration": {"$ref": "#/values/extended_number"} I GRG name | Symbol | Unit l
! min ™" | kiloAmpere (KA)
} max mes kiloAmpere (kA)
duration d Minutes (min)
"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”}
1,

w@:ﬁ A ¢ |IEEE
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Network Components

AC Line

voltage level 1

}

"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": {"$ref": "#/admittance_rectangular"}; G +jBi
"shunt_2": {"$ref": "#/admittance_rectangular"}, G- +iB
"impedance": {"$ref": "#/impedance_rectangular"}, 2Hb2
"angle_difference": {"$ref": "#/abstract_value"}, R +jX
"current_limits_1": {"$ref": "#/current_limits"},
"current_limits_2": {"$ref": "#/current_limits"}

@i‘is

wac} & Energy Society®

voltage level 2

link_1
"AC_line": {
"properties": { Il 1
"type": {"enum": ["ac_line"]}, — @
"id": {"type": "string"}, A

//

G+ B,

link 2
R +jX 2 |,
®
A
G+ JB, v
1
L=Y, i+ (Vi-V2)
1
12=Yz'V2+Z(V1—V2)
S;=1,-V; Ge{1,2})

A ¢ |IEEE



Network Components

voltage level 1 voltage level 2

Two Windings Transformer link 1 link 2

"ewo_wirdings_trosaformmr”: [ l, ) N ;

"type: [Temm": [“line"]}, - :"’Y;’ —_—
g ["type": “string”}, . P . .
"description”: [("type". “serimg”), . .
"Tink_ 1" (“type": “sering”), }\:;h tap:
"Tink_2%: [(Mtype": “serimg”),
voltum_ evel _L_id": {Ttype™: “string”),

) "voltage_level _2_id": {Mtype™: “string”), v

G e shunt”. ["Sref": “slodeiteance™),

K+)X irpedonce”: ["Sref": *8/impedance”},
orgle_difference”: [("Seef”. “8/abstract_valuwe™},
"ourrent_lismits 1% [("Seef”. "8/current_Llimies"),
"ourrent_lisits 2% [("Seef": "8/current_Llimits"™),
"wap_changer®: ( -
poaition”: {"Sref": “Nidbstroce_value™),
oLTCT:
status®: [("SeefT. Ca/stotus”™),
"regquloting_side”: {"eum™: [1, 27),
"varges_voleage®™: ["Sref": *2/volues/abstract_valuwe™)

g 1= ol ¥V + HZg (V' Va)
}.
"steps”: { 1= 12V - V')

"type": “oarray”,
"ttems”: {
R viX, "irpedonce”: ["Sref: *8/impedance”},
v 18, "shunt”: {"Sref": “sodeiteance”),
- "eap_rotio”: ["Sref": *#/abstract_wvalw"},
0, "orgle_shife™: [("Seef”. "8/abstract_value™)

V)'=pi-Vi

AIEEE

PE <€ IEEE
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Network Components

voltage level | voltage level 2
SAQ.WMIOQ&‘EPMWMQC.H‘A : { link 1 link 2
type” : “two_windings_ transformer” m INK 2
"ud” 1 oTtrl, -,
LNk 17 w11, p Le R+ X 2
"link_ 2" @ "3", /s "-‘
"voltage_level_l_ld" Y] Pl - i "
"voltage_level_2_1d" : “vl13~, B 4 4
“"angle_difference” : {“var": {"lb": -30.@, “ub": 30.0}}, o an-
“current_limits_1° @ [ l\‘lh tap:
{"duration”:"Inf", “max”:1@29, “min":0, “report”:“off"},
{"duration"”:1209, ‘max':134z, “min”:1029, “report”:"off"},
{“duration”:309, mx 11796, "min”:134Z, “report”:"off"} v v G+j8 V.
{"duration”:60, “max":"Inf", "mn”:1799, “report”:“off"} -
)‘
"impedance”: {"reactance”: 60.1, “resistance”: 1.512},
"shunt”: {"conductance”:®, “susceprance”: o},
“"tap_changer™ : {
"OLTC” - {
a "regulatmg_sme": 1, O =
"status®: {"var":["off", “on” ]}
“target_ voltage {“var AU T-Inf", “ub":"Inf"}}
b,
"position”: {"var”: {"Lb":@, "ub":Z}},
“steps”:[{
"impedance” : {"reactance” : @, “resistance” : 0}, e AV V.V
“shunt” : {"conductance” : ®, "susceprance” :@ @}, L= pe(YeVii+ Hik(Viy- V2)
“"tap_ratio” : 1.@11, "angle_shift”: @ I'= Zi(Vs=V'y)
}, { 2
"impedance” : {"reactance” : 0, “resistance” @ @}, V;'=pA'V;
"shunt”™ : {"conductance” : §u§cgp§qo;g T e},
“tap_ratio” : 1.@, "angle_ shl t" e,
"{npedance {"reactance” : 0, “resistance” @ 0},
"shunt” {conductmce 10, su_sceptance T @}, . .
"tap_ratto : ©.988, "angle_shift” : © }) S:=1;-V; (i€ {1,2}]

AIEEE
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Network Components
Generator

"generator": {

"type": {"enum": [“generator"]},

"subtype": {"enum": ["hydro", "wind", "thermal", "other", "nuclear",
"id": {"type" : “str‘ing"} ,

"link": {"type": “string"},
"voltage_regulation": {"$ref": “#/abstract_status"},

(P +jQ)
"startup_cost": {"type": “number"},
"shutdown_cost": {"type": “number"},
"output": {"$ref": “#/power"},

"PQ_curve": { P +jQ

"type": “array", "items": {

"activ~"* {"type": “number"},
"react P ": {

solar"]},

"unnar limit": {"type": “number"}, Q 02
vam _limit": {"type": “number‘”}} 1
3

Qma.x
3

m—————0
min
So-eQ,
min mvt mv
01 QZ Q3
"generator_vll_gnl" : { ] | R L .
"type" : “generator”, o
"subtype" : “solar", Pz P:3 e Pn =]
"id" : “gnl”,
"1inkl' : “5"’
"voltage_regulation" : “off", b.
"PQ_curve" : [
{"active":0, "reactive":{"lower_limit":0@, "upper_limit":0}},
{"active" : 20.7, "reactive":{"lower_limit":0, “upper_limit?:03}}],
"output" : {
“active": {"var": {"1b":0, "ub": 20.7}},
"reactive": {"var": {"1b":0, "ub": 0.0 }}
}
}
L=
/( PES
Power & Energy Society®
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——————— ~

{
_“gra-version”: “1.0.0",

Assignments

“network™: {
“components”: {
“substation_A": {

“voltage_level _C”
“GN17: {

¥
}
i
¥

:

A GRG document is composed by:
* A “grg-version” field;
¢ A “network” object;

¢ A “mapping’object.

“assignments”™: {

}

5

“mappings™: {

}

m@misw A ¢ |IEEE
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GRG Network: Assignment

Example

"assignment": {
"switch_vl1l_brl": {

"status": "on"
}’ ( ' T .
"pusbar_v1l bbri" : An aSS|g.nment describes
"voltage" : { value assignments for network
"angle" : 4.23, components’ objects.

"magnitude" : 63.12

¥

w@:s& AT ¢ |IEEE
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Networks

apply apply AT [P -
mapping mapping | & i‘%ﬁé_yﬁi
» e - o _% .
L3 -
£
Assignment 1 Assignment 2

N\ / \ Y,
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GRG Scripting Language

"grid_version": “©.1.000",

"script":

{

"scope”: “/./input_networks/",
"network_filencme": “demo_net”,
"steps™: [

}’

@ PES

A
Power & Energy Society®

"nome": “net_@7",
"type": “load",
"status": “on"

"nome": “net_17,
"type": “transform”,
"subtype": “assign”,
"status": “on",

"apply_assignment"”: "disconnectors_agssignrent

"nome": “net_27,

"type": “transform”,

"subtype": “nodebrecker_to_busbreaker",
"status": "on"

"nome": “net_37,

"type": “transform”,

"subtype": “assign”,

"status": “on",

"apply_assignment": "breakers_assignment"

"nome": “net_47,
"type": “transform”,

"subtype": “busbrecker_to_busbranch",
"status": “on"

t "nare": “net_ 5",
“type": “transform",
“subtype”: “per_unit™,
“nmorinal_power™: 100.03,
“status": “on”

"nare": “net_g",
“type": “solve",
“subtype": “ac_opf",
“status": “on”,
“solver": “ipopt”,
“reloxation": “ACPOL™,

“starting_points™: {“apply_ossignvent™:

“nare”: “net_7",
“type": “rollback",
“target": “nel_0%,
“status": “on”

“type": “output",
“subtype”: “network”,
“status": “on”

“starting_"}

“file_out™: “/_Soutput_networks/demo_net™

A ¢ |IEEE
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Loading

"grid_version": “©.1.000",

"script":

{

"scope”: “/./input_networks/",
"network_filencme": “demo_net”,

“steps T T

1

"nome": “net_@%,
"type": “load",
"status": “on”®

I
{
"nome": “net_17,
"type": “transform”,
"subtype": “assign”,
"status": “on",
"apply_assignment"”: "disconnectors_agssignrent
B
{
"nome": “net_27,
"type": “transform”,
"subtype": “nodebrecker_to_busbreaker",
"status": "on"
B
{
"nome": “net_37,
"type": “transform”,
"subtype": “assign”,
"status": “on",
"apply_assignment": "breakers_assignment"
B
{
"nome": “net_47,
"type": “transform”,
"subtype": “busbrecker_to_busbranch",
"status": “on"
B

IEEE

ES

Power & Energy Society®

t "nare": “net_ 5",
“type": “transform",
“subtype”: “per_unit™,
“nmorinal_power™: 100.03,
“status": “on”

3,

{

"nare": “net_g",

“type": “solve",

“subtype": “ac_opf",

“status": “on”,

“solver": “ipopt”,

“reloxation": “ACPOL™,

“starting_points™: {“apply_assignvent™: “starting_ "}

{
“nare”: “net_7",
“type": “rollback",
“target": “nel_0%,
“status": “on”

3,

{
“type": “output",
“subtype”: “network"”,
“status": “on”
“file_out™: “/_Soutput_networks/demo_net™

}

A ¢ |IEEE
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GRG Script: Load

substation A

inl
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vi1: 63KV

*

bbr2

6 PES

Power & Eﬁergy Society*®

A ¢ |IEEE

¥

_o_
di9

—Cr
di7

di5

o
di3 8

vi2: 63KV

brs

4

or4
5

)

br3
]

sh2

shl

brz 9

did
Ay

di4

dil 0 diz 1

i

D: . p
bbril bbr2

substation B

? brl 9r2§ .-3
trlé bbr2

bbrl

11

vI3: 225KV




—_— 7
Assignment of Disconnectors

:g;ig;:ﬁfs}on": “@.1.8a00", { “nave": “net 5",
- g LU “ "
"scope”: “/./input_networks/", type”: _transform’,

i “subtype”: “per_unit”,
::téggfg_gtlename": “demo_net”, “no?ile_powzr”: 102.03,

“status": “on”

"nome": “net_@7", {
"type": “load",

" " "nare": “net_g"
status": “on” = '

“type": “solve",

%’ “subtype": “ac_opf",

i, W . “status": “on”,
"nome". “net_; . “solver": “ipopt”,
"Lype : "trgnsfqrm", “reloxation": “ACPOL™,
,subtype”: "assign”, “starting_points™: {“cpply_ossignrent™: “starting_"}
status": “on", }
"apply_assignment": "disconnectors_gssignrenl” {’

- “nare”: “net_7",

{ " I " “type": “rollback",
"name": net_2", . “target": “net_@%,
Ltype": “transform”, ~status": “on”
"subtype": “nodebrecker_to_busbreaker", }
"status": “on" {’

i “type": “output",

{ " " . “subtype”: “network”,
nome”: “net_37, “status": “on”
'Lype : "transfgnn", “file_out™: “/_Soutput_networks/demo_net™
'sublype": “assign”, }
"status": “on", ]
"apply_assignment": "breakers_assignment" }

B

{ }
"nome": “net_47,
"type": “transform”,
"subtype": “busbrecker_to_busbranch",
"status": “on"

B

m@misw A ¢ |IEEE



GRG Script: Assignment

%voltage level_v11" :

"id" V11"
voitage level”,

vo?tag'
"Lower_limit" : 59.0,
"nominal_value" : 63.0,
gnl Id1 "upper_limit" : 68.0
"Qoltage_level_components"
{ “v11_bbrl” : {“link”: @, .. %,
“v11_bbr2” “link”: 1 y
1d2 "vll_gnl" : {“link”: 5, ,
WIITIdL  felinke: &) )
5 4 In1 "\\fﬁjgrg" : ;;}lﬂt %;;:’3, ’{mt 22, -3,
"vl1l_br2" : in 9, 1in 8, .t
r4 r 9 "vl1_br3" : {“linkZ1”: 7, “link’2”: 6, ..
i 3 " o N | e 3 ko 31
vl1_br : {“link_1”: 4, “link_2”: 3, .},
(TYUTYW 7 "w1ll_dil" : {“link_17: @, “link_2”: 1, .1,
t s R o g
"v i3" ink_1”: ink_2”: -
br3 ) "w11did" i {“link_1”: 6, “link_2”: 1, .},
brl br2 1
)
asgi ts
° SHgMeRe oo v o
2 8 “voltage_level_components”:
"vll_dil": status = “on”
"WIIZdiz": I status = “off*},
. . dia "vl11_di3": { status = “on”%,
di2 di3 "V11_d14"j status = “on
( 5 }
0 }
1

bbr2

bbrl <:>_<:>

dil

€ PES & IEE
EPES . ¢ IEEE
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GRG Script: Node-breaker To Bus-breaker

"grid_version": “©.1.000", { “nare": “net §”
"script": { - "o Uepmefrmtt
"scope”: “/./input_networks/", type”: _transform’,

“subtype”: “per_unit”,
"network_filencme": “demo_net”, unayizzl_powgr"? 102.02,

steps™: [ “status": “on”
"nome": “net_@”, i,
" ", «@ " _ . .
";{gtug"'lggg", “narve": “net_6”,
’ type": “solve",
¥ “subtype": “ac_opf",
{ “status": “on”,

:nome:f :net_i', ) “solver": “ipopt”,
type": “transform”, “reloxation": “ACPOL™,

.subtype™: “assign”, “starting_points™: {“epply_assignrent™: “starting_"}

"status": “on", }
"apply_assignment"”: "disconnectors_assignrent” {’
t’ “nare”: “net_7",
i . e " “type": “rollbock”,
"ngz": “:i;EErérm" “target”: “net_@%,
. 1, - LI ]
"subtype": “nodebrecker_to_busbreaker", } status™: “on
"status": “on" {’
%' “type": “output",
L “subtype™: “network”,
"nome": “nel_3 , 'statzg"' “an”
" ", « " .
"Lype ) "tPO"Sf?"“"' “file_out™: “/_Soutput_networks/demo_net™
subtype": “assign”, }
"status": “on", ]
"apply_assignment": "breakers_assignment" }
}, }
{
"nome": “net_47,
"type": “transform”,
"subtype": “busbrecker_to_busbranch",
"status": “on"
B
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GRG Script: Node-breaker To Bus-breaker

;voltage level_v11" :

nld" RVEY
? : voitage level”,
vo tage"

"Lower_limit" : 59.0,
"nominal_value" : 63.0,
"upper_limit" : 68.0

’

voltage_level_components”

{ “V{%—BBF%” . %«}inllin: ?’ %’
((V | r. » : [(3 .Ln ”: s . ,
a2 fes S
"1 Td1l" ink”:
5 4 In1 "wIIZld2" & felink”: 7] 735
" W R e 8 )
"vll_br2" 1in : 9, in H
bra s 9 L) e L e o AR A T
3 "v11_br5" “link_1”: 4: “link_2”: 3: :
(7Y57YW 7 "w1l_dil" : {“link_1”: @, “link_2”: 1, s
"v11Zdi2" : {“link’1”: 2, “linkZ2”: O, s
"v11_di3" : {“link_1”: 8, “link_2”: 0, s
br3 ) "vll_di4" : {*link_1”: 6, “link_2”: 1, s
brl br2 1
0551 nments
6 gltage 1e$e1 v11”:
2 8 “voltage_level_components”:
"v11_dil": status = “on”
"w11_di2": { status = “off”},
. . dia "vl11_di3": { status = “on”%,
di2 di3 "V11_d14"j status = “on
}
0 }
1
bbr2
bbrl

dil

s

Power & Energy Society®
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GRG Script: Node-breaker To Bus-breaker

;voltage_level_vll" :
"id s vl

xty?e" :""voitage_level",
voltage" :
"lower_limit" : 59.0,
"nominal_value" : 63.0,
gnl Id1 "upper_limit" : 68.0
;ooltage_level_components" :
“v11_bbrl” : {“link”: @, %,
“v11_bbr2” “link”: @ ,
1d2 "vll_gnl" link”: 5, s
5 WITdLy | felinke: 4, O
_ ink”: .
4 In1 ..VH_BF%" : ::'{inlé_%:::’g, ﬁ{int_%:: g -},
"v11_br2" : ink_1”: 9, ink_2”: 8, .},
ra r 9 (000 "vI1Zbr3" @ {“Iink’1”: 7, “link’2”: 6, ..
b brs "v11brd" : {“link_1”: 5, “link_2”: 3, .1,
3 "vl1l_br5" : {“link_1”: 4, “link_2”: 3, ..},
(TY6TYW 7 "vll_di2" : {“link_1”: 2, “link_2”: @, ..},
"vl1Zdi3" : {“linkZ1”: 8, “link22”: @, ..},
"vll_di4" : {“l1ink_1”: 6, “link_2”: @, ..},
br3 }
brl br2 e
assignments: {
6 ..“yoltage_level v11”: { Y
2 8 voltage_level_components
"vll_di2": status = “off”},
"v11_di3": status = “on”i,
"v11_di4": status = “on"
di4 }

di2 di3 }}
0
0

bbr2

s
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4
GRG Script: Node-breaker To Bus-breaker

;voltage level_v11" :

"id" V11"
voitage level”,

vo?tag'
"Lower_limit" : 59.0,
"nominal_value" : 63.0,
gnl Id1 "upper_limit" : 68.0
;ooltage level_components” :
“v11 lbusl” : {“link”: 0, .. },
"vll_gni" “link”: 5, ..},
Id2 "y11_Td1" “link”: 4, .},
wvll 1d2y o {€link”: 7, .}, . .
5 4 Inl vll_brl" : {“link_1”:"3," “link_2”: 2, R
Vi e 8 s g
"v11l_br3" : 1in 7, 1in .o, ,
rd r 9 "vI1Zbrd" : {“Iink_1”: 5, “Iink’2”: 3
b brs "v11i_br5" “link_1”: 4, “link_2”: 3: :
"vll_di2" “link_1”: 2, “link_2”: 0, R
(500 7 "I17di3" : {“Tink_1”: 8, “link 27 0, -1,
3 "v11Z d14" : {“IinkZ1”: 6, “link’2”: 0, s
br3 1,
brl br2 0551gnments {
“voltage level_v11”:
6 “voltage_level_components”:
2 8 "vll_di2": status = “off”},
"vll_di3": status = “on” %
"v11_ d14"j status = “on"
. . i4 }
di2 di3 d }
0

GPts
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4
GRG Script: Node-breaker To Bus-breaker

R .

brad br5 9 (09
3 Q11D
?
bri br2
.> .
di3

lbus1

;voltage level_v11" :

"id" V11"
voitage level”,

vo?tag'
"Lower_limit" : 59.0,
"nominal_value" : 63.0,

"upper_limit" : 68.0
Qoltage level_components"

“v11 lbusl” : {“link”: 0, .. },
"v11l_gnl" [«Tink”: 5, .
1d2 "vl1_Td1" ©I“link”: 4, ..},
w1l _1dzv @ {<link”: 7,
"vi1Zbrl" i {“link_i”:

.

_ 3,7 *1ink_2”: 2, ..
"vl1_br2" : {“link_1”: 9: “link_2”: 8: - :
"vl1 br3" : {“link_1": 7, “11nk_2”: 6, ..},
W e S e
vll_br : {“link_1”: 4, “link_2”: 3, ..},
"vl1l_di3" : {“link_1”: 8, “link_2”: @, ..},
7 ) "vll_di4" : {“link_1”: 6, “link_2”: 0, ..},
}
br3 ’
0551gnments {
oltage_level_v11”:
6 voltage level_components”:
"vl1_di3": % status = “on’ %,
"v11_d14"£ status = “on"
1
. }
di4

@PEE E
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GRG Script: Node-breaker To Bus-breaker

%voltage level_v11" :

"id" V11"
voitage level”,

vo?tag'
"Lower_limit" : 59.0,
"nominal_value" : 63.0,

"upper_limit" : 68.0
Qoltage level components"

{ “v1l lbusl” : {“link”: -},
"w111d2" : {“Tink”: 7 2
1d2 "v11Tbr2" : {“link_1": 9, ‘link_2”: 8, ..},
w1l br3r o {<link_17: 7, “link_2”: 6, .},
Inl vl1Zdi3" : 1inkZ1”: 8, “linkZ2”: @, .I,
) "vl1i_di4" : {“link_1”: 6, “link_2”: 0, .},
9 b
(YY6TYW 0551gnments {
7 “yoltage_level v11”: {
“voltage_ 1?veT comporients”:
br3 "v11_di3": E status = “on”%
br2 "v11_d14"§ status = “on"
}
6 }
8
. i4
di3 d

lbus1
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GRG Script: Node-breaker To Bus-breaker

%voltage level_v11" :

nld" RVEY
? : voitage level”,
vo tage"
"Lower_limit" : 59.0,
"nominal_value" : 63.0,
"upper_limit" : 68.0
b
voltage_level_components”

{ “v11_lbusl” : {“link”: 8, .. },
"11Z1d2" : {“Iink”: 7, .
1d2 "v11_br2" : {“link_1”:"9, “link_2”: 8, ..},
wvll br3r o {€link_ 13' 7, “link_ Zz 6, ..},
In1 ) vilZdi4" : 1inkZ1”: 6, “linkZ2”: 8, .},
9 L D omenter £
o— assignments:
vgltage level_v11”: {
(TY6TYW 7 “voltage_level_components”:
"v11_di4": { status = “on"}
br3 }
br2 }}
6
did
8
Ibus1
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GRG Script: Node-breaker To Bus-breaker

%voltage level_v11" :

nld" RVEY
? : voitage level”,
vo tage"
"Lower_limit" : 59.0,
"nominal_value" : 63.0,
"upper_limit" : 68.0
b
voltage_level_components”

{ “v11_lbusl” : {“link”: 8, .. },
"w11T1d2" : {“Tink”: 2
1d2 "v11_br2" : {“link_1”: 9, ‘link_2”: 8, ..},
wvll br3r o {€link_ 13 7, “link_ Zz 6, ..},
Inl ) vilZdi4" : 1inkZ1”: 6, “linkZ2”: 8, .%},
9 L D omenter £
o— assignments:
vgltage level_v11”: {
(TY6TYW 7 “voltage_level_components”:
"v11_di4": { status = “on"}
br3 }
br2 }}
6
di4
8
Ibus1
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GRG Script: Node-breaker To Bus-breaker

;voltage_level_vll" :

"id s vl
xty?e" :""voitage_level",
voltage" :
"lower_limit" : 59.0,
"nominal_value" : 63.0,
"upper_limit" : 68.0
)
voltage_level_components™ :

{ “v11_lbusl” : {“link”: 6, .. },
nvll 1d2" o {“link”: 7, .},
1d2 "vll_br2" : {“link_1”:"9, “link_2”: 6, mi,
3 "vl1i_br3" : {“link_1”: 7, “link_2”: 6, ..},
In1 3,
9 klejl) assignments: {
._ ..“voltage_level_v11”: {
(TY6TYW “voltage_level_components”:
7
}
br3 }
br2
6
Ibus1
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GRG Script: Assignments of Breakers

"grid_version": “©.1.000", { “nare": “net §”
"SCI‘ipL": { - w. u P
"scope”: “/./input_networks/", type”: _transform’,

“subtype”: “per_unit”,
"network_filencme": “demo_net”, unayizzl_powgr"? 102.02,

steps™: [ “status": “on”
"nome": “net_@”, i,
" ", «@ " _ . .
";{gtug"'lggg", “narve": “net_6”,
’ type": “solve",
¥ “subtype": “ac_opf",
{ “status": “on”,

:nome:f :net_i', ) “solver": “ipopt”,
type": “transform”, “reloxation": “ACPOL™,

:subtypgf:““afsign", “starting_points™: {“cpply_gssignrent™: “starting_"}
status”: “on", }

"apply_assignment"”: "disconnectors_agssignrent {
i “nare”: “net_7",
{ “type": “rollback",
“target": “nel_0%,
“status": “on”

"nome": “net_27,

"type": “transform”,

"subtype": “nodebrecker_to_busbreaker", }
’

"status": “on {

“type": “output",

“subtype”: “network"”,

“status": “on”

“file_out™: “/_Soutput_networks/demo_net™

e o
-

"nome": “net_37,
"type": “transform”,
"subtype": “gssign”, }
"status": “on", ]

"apply_assignment"”: "breakers_assignment }

i

"nome": “net_47,

"type": “transform”,

"subtype": “busbrecker_to_busbranch",
"status": “on"

}’

m@fﬁy A ¢ |IEEE
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GRG Script: Bus-breaker to Bus-branch

"grid_version": “©.1.000",
"script": {
"scope”: “/./input_networks/",
"network_filencme": “demo_net”,
"steps™: [

"nome": “net_@7",
"type": “load",
"status": “on"

B
{
"nome": “net_17,
"type": “transform”,
"subtype": “assign”,
"status": “on",
"apply_assignment"”: "disconnectors_assignrent”
B
{
"nome": “net_27,
"type": “transform”,
"subtype": “nodebrecker_to_busbreaker",
"status": “on"
B
{
"nome": “net_37,
"type": “transform”,
"subtype": “assign”,
"status": “on",
"apply_assignment": "breakers_assignment"
31
{
"nome": “net_47,
"type": “transform”,
"subtype": “busbrecker_to_busbranch",
"status": “on"
}s

t "nare": “net_ 5",
“type": “transform",
“subtype”: “per_unit™,
“nmorinal_power™: 100.03,
“status": “on”

"nare": “net_g",

“type": “solve",

“subtype": “ac_opf",

“status": “on”,

“solver": “ipopt”,

“reloxation": “ACPOL™,

“starting_points™: {“cpply_gssignrent™: “starting_"}

“nare”: “net_7",
“type": “rollback",
“target": “nel_0%,
“status": “on”

“type": “output",

“subtype”: “network"”,

“status": “on”

“file_out™: “/_Soutput_networks/demo_net™

m@ﬁisw A ¢ |IEEE



T ———
GRG Script: Bus-breaker to Bus-branch

Evoltage_level_vll" :

mid s w11
"ty?e" : "voitage_level",
1d2 "Voltage" : 4
"lower_limit" : 59.0,
Inl "nominal_value" : 63.0,
"upper_limit" : 68.0

9 kjlgjlj %Qoltage_level_components" :
(7Y67Y\ “v11_lbusl” : {“link”: 6, .. },
7 "v11_1d2" : {“link”: 7, m}z
"vll_br2" : {“link_1”:"9, “link_2”: 6, m%,
| 1 "v1i_br3" : {“link_1”: 7, “link_2”: 6, ..},
3:'[nl”: {“link1”: “9”, “link2”: 3, .}
assignments: {

..“voltage_level_v11”: {
“voltage_lgvel_components”:

“v11_br2”: g“status”: “on”&,
“vll_brf“: “status”: “on”

br3

| br2

lbus1
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GRG Script: Bus-breaker to Bus-branch

Evoltage_level_vll" :

mid s w11
"ty?e" : "voitage_level",
1d2 "Voltage" : 4
"lower_limit" : 59.0,
Inl "nominal_value" : 63.0,
"upper_limit" : 68.0

9 kjlgjlj %Qoltage_level_components" :
(7Y67Y\ “v11_lbusl” : {“link”: 6, .. },
7 "v11_1d2" : {“link”: 7, m}z
"vll_br2" : {“link_1”:"9, “link_2”: 6, m%,
| 1 "v1i_br3" : {“link_1”: 7, “link_2”: 6, ..},
nl”: 1nk1”: s in 3, .
}(1- 1!! {(('L 4 k ”» “9” ‘('I- 4 kz!! 3 }
assignments: {

..“voltage_level_v11”: {
“voltage_lgvel_components”:

“v11_br2”: g“status”: “on”&,
“vll_brf“: “status”: “on”

br3

| br2

lbus1
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GRG Script: Bus-breaker to Bus-branch

Evoltage_level_vll" :

mid s w11
"ty?e" : "voitage_level",
1d2 "Voltage" : 4
"lower_limit" : 59.0,
Inl "nominal_value" : 63.0,
"upper_limit" : 68.0

kjlgjlj %Qoltage_level_components" :

-_-(TYGTY\ “v11_lbusl” : {“link”: 6, .. },
7 "v11_1d2" : {“llnk”: 7, -3,
"vll_br3" : {“link_1”: 7, “link_2”: 6, ..},
br3 | | ¥

kinl”: {“link1”: “lbusl”, “link2”: 3, .}
assignments: {

..“voltage_level_v11”: {
“voltage_level_components”:

“vll_br}”: {“status”: “on”}

lbus1
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GRG Script: Bus-breaker to Bus-branch

Evoltage_level_vll" :

mid s w11
"ty?e" : "voitage_level",
1d2 "Voltage" : 4
"lower_limit" : 59.0,
Inl "nominal_value" : 63.0,
"upper_limit" : 68.0

b
kjlgjlj %voltage_level_components" :
-_-(TYGTY\ “v11_lbusl” : {“link”: 6, .. },
7 "v11l_1d2" : {“link”: 7, -3,
"vll_br3" : {“link_1”: 7, “link_2”: 6, ..},

br3 |

3
l'[nl”: {“link1”: “lbusl”, “link2”: 3, .}

assignments: {
..“voltage_level_v11”: {
“voltage_level_components”:

“vll_br}”: {“status”: “on”}

lbus1
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GRG Script: Bus-breaker to Bus-branch

Evoltage_level_vll" :

mid s w11
"ty?e" : "voitage_level",
1d2 "voltage" :
"lower_limit" : 59.0,
Inl "nominal_value" : 63.0,
"upper_limit" : 68.0
kjlgjlj '001tage_level_components" :
-_-(TYGTY\ “v11_lbusl” : {“link”: 6, .. },
"v11_1d2" : {“link”: “lbusl”, ..},

kinl”: {“link1”: “lbusl”, “link2”: 3, .}

assignments; {

..“voltage_level_v11”: {
“voltage_lgvel_components”:

¥

lbus1
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GRG Script: Bus-breaker to Bus-branch

Evoltage_level_vll" :

mid s w11
"ty?e" : "voitage_level",
1d2 "voltage" :
"lower_limit" : 59.0,
Inl "nominal_value" : 63.0,
"upper_limit" : 68.0
kjlgjlj '001tage_level_components" :
-_-(TYGTY\ “v11_lbus1l” : {.. };
"v11_1d2" : {“link”: “busl”, .},

kinl”: {“link1”: “busl”, “link2”: 3, .}

assignments; {

..“voltage_level_v11”: {
“voltage_lgvel_components”:

¥

busl

PEs . < IEEE



"grid_version": “©.1.000",

"script":

"scope”: “/./input_networks/",
"network_filencme": “demo_net”,
"steps™: [

}’

@ PES

N
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GRG Script: Per-unit transform

{

"nare": “net_5",
{ “type": “transform",
“subtype”: “per_unit”,
“norinal_power™: 103.03,
“status": “on”

"nome": “net_@7",
"type": “load",
"status": “on"

e

"nare": “net_g",
“type": “solve",
“subtype": “ac_opf",

" " epet 17 “status": “on”,
name : net.:., “solver": “ipopt”,

"type": “transform”, “reloxation": “ACPOL™,

:subtypgf:u“afsign", “starting_points™: {“apply_assignvent™: “starting_ "}
status”: “on", }

"apply_assignment"”: "disconnectors_agssignrent {

“nare”: “net_7",
“type": “rollback",
“target": “nel_0%,
“status": “on”

"nome": “net_27,

"type": “transform”,

"subtype": “nodebrecker_to_busbreaker", }
’

"status": “on {

“type": “output",

“subtype”: “network"”,

“status": “on”

“file_out™: “/_Soutput_networks/demo_net™

"nome": “net_37,
"type": “transform”,

"subtype": “ossign”, }
"status": “on", ]
"apply_assignment": "breakers_assignment" }

}

"nome": “net_47,

"type": “transform”,

"subtype": “busbrecker_to_busbranch",
"status": “on"

A ¢ |IEEE
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GRG Script: Per-unit transform

input output

// Component // Component
{ {...1}
"subtype" : "solar",
"type" : "generator", // Assignments
"voltage_regulation” : "off" {
"link" : 5, "output" : {
"output" : { "active" : {
"active" : { "var" : {"1b" : @, "ub" : 0.207}
"var" : {"1b" : @, "ub" : 20.7 } y
, llr,;J:l.; " - 14}
"reactive" : { "var" : {"1b" : @, "ub" : 0.0 }
"var" : {"1b" : @, "ub" : 0.0 } }
} ;
3, "PQ_curve" : [
"PQ_curve" : [ { "active" : 0,
{ "active" : 0, "reactive" : {"lower_limit" : @, "upper_limit" : 0}
"reactive" : {"lower_limit" : @, "upper_limit" : 0} ,
3, {"active" : 0.207,
{"active" : 20.699999999999999, "reactive" : {"lower_limit" : @, "upper_limit" : @}
"reactive" : {"lower_limit" : @, "upper_limit" : 0} }
ks 1
1 1
¥ .
// Mappings
// Assignments target_points: {
{1} "output" : {
"active" : @, "reactive" : @, "voltage" : 1.0435667}
// Mappings 1,
target_points: { starting_points: { it
"output" : { output” : {
"active" : @, "reactive" : 0@, "voltage" : 65.744705} "active" : @, "reactive" : 0}
starting_points: { }
"output" : {
"active" : 0, "reactive" : 0}
3
1

w@ﬂisw A ¢ |IEEE
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GRG Script: Solve

ridrsion’ “o.1.0 C s e,
- g LU “ "
"scope”: “/./input_networks/", type”: _transform’,

i “subtype”: “per_unit”,
"network_filencme": “demo_net”, «n:?iﬁzl_powzrn;u1oo_oe,

steps™: [ “status": “on”
"nome": “net_@7, i’
" ", «@ " - i » N
";{gfué"-lsgg"’ “nare’: neL_Gn,
’ type": “solve",
b “subtype": “ac_opf",
¢ "status": “on”,

:name:E :021_1', ) “solver": “ipopt”,
type": “transform”, “reloxation": “ACPOL™,

"subtype": “cssign”, Sgtartin ints®: {“appl iarment®: “starting "
"status”: “on", starting_points™: {“apply_assignrent™: “starting_"}

"apply_assignment"”: "disconnectors_assignrent” 1

v

i “nare”: “net_7",

{ “type": “rollback",
“target": “nel_0%,
“status": “on”

"nome": “net_27,

"type": “transform”,

"subtype": “nodebrecker_to_busbreaker", }
"status": “on" {'

e “type": “output",

{ “subtype”: “network"”,

“status": “on”

“file_out™: “/_Soutput_networks/demo_net™

"nome": “net_37,
"type": “transform”,

"subtype": “ossign”, }
"status": “on", ]
"apply_assignment": "breakers_assignment" }

}, }

{

"nome": “net_47,
"type": “transform”,

"subtype": “busbrecker_to_busbranch",
"status": “on"

},

@Ef e ¢ IEEE
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GRG Script: Rollback

"grid_version": “©.1.000",

"script":

{

"scope”: “/./input_networks/",
"network_filencme": “demo_net”,
"steps™: [

}’

@ PES

A
Power & Energy Society®

"nome": “net_@7",
"type": “load",
"status": “on"

"nome": “net_17,

"type": “transform”,

"subtype": “assign”,

"status": “on",

"apply_assignment"”: "disconnectors_agssignrent

"nome": “net_27,

"type": “transform”,

"subtype": “nodebrecker_to_busbreaker",
"status": "on"

"nome": “net_37,

"type": “transform”,

"subtype": “assign”,

"status": “on",

"apply_assignment" : "breakers_assignment

"nome": “net_47,
"type": “transform”,

"subtype": “busbrecker_to_busbranch",
"status": “on"

{

"nare": “net_ 5",
“type": “transform",
“subtype”: “per_unit™,
“nmorinal_power™: 100.03,
“status": “on”

3,

{
"nare": “net_g",
“type": “solve",
“subtype": “ac_opf",
“status": “on”,
“solver": “ipopt”,
“reloxation": “ACPOL™,

“w 5 »., “ - n, « 3 "

oy gl

“nare": “net_7",
“type": “rollbaock",
"target": “net_0%,
“status": “on”

—— Ny

Type . routput’,
“subtype”: “network"”,
“status": “on”
“file_out™: “/_Soutput_networks/demo_net™

}
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Overview

* Overview

* Desired Fidelity
* GRG Format

* Transformations
* Case Studies
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Four Networks

Network Components Summary

Marseille France EHV Lyon France
Substations 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
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Validation

e Validation of every component model
— unit tests from load flow results
— accuracy around 103
— validation is not performed in the per-unit system

e load flow results are in nominal values
* may be an interesting thing to add
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Four Networks

Network Components Summary

Marseille France EHV Lyon France
Substations 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
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Metrics (Marseille Sous Realtor)

Network Components Summary

Generator Summary

Substations 285
Total 177

Voltage Levels 365 Switch Summary

Solar 76

Busbar 4781 Total 9223
Wind 5

Lines 452 Breaker 2142
Thermal 15

Transformers 122 Disconnector 7057
Nuclear/Hydro 81

Synchronous 0

Condensers Other 0
Loads 594
Shunt 42
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Metrics (Marseille Sous Realtor)

Line Impedance

Impedance (Ohms)

Reactance avg 3.12

Network distances

min 0.00
Load to Generator

max 31.93
Distance avg

sd 3.57
min

2.23
max

Resistance 0.89

sd
0.00
median

6.98

0.94

0.64
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Metrics (Marseille Sous Realtor)
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Metrics (Marseille Sous Realtor)
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. 4
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 validation
— Load flow
— Optimal power flow
* Working on stressing the networks
— creating interesting challenging test cases



