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Problem

« Substations status was only visible from SCADA level system
* No backup to this system

« Required higher-level of access and to physically be on-prem
* No remote access to overall substation status

« Missing substation information prevented getting an overall picture
of the health of a wind project at any given time.
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S0, what's a substation anyway?

» Equipment that collects all wind turbine
electricity, and connects it to the grid

 Steps up and regulates voltage
* Protects turbines from surges

0Slsoft.
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Requirements

POl Voltage
AVR Status
Breaker Trips

Data Quality

Circuit Visualization
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ORCA Platform

Operational Readiness and Contextual Aw

Real-time

Normalized AF structure
Visualization rich
Details at all levels
Access for everyone

deliver a complete, current and historical, operational
picture of all EDF’s major assets

7 0Slsoit
#PIWorld  ©2019 OSisoft, LLC 8

Pl\World san FRANCISCO 2019



ORCA - Enterprise Level
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ORCA - Project Level
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ORCA — Turbine Level
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CA — Visual

zation Example
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ORCA - Visualization Example
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Substation Dashboard
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Challenges

 Physical structure

 Scattered, inconsistent line diagrams
« Tag naming conventions

 Data availabllity

* Voltage schedule methods

« Large amount of substations
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Challenge - Snowflakes!

AVR Status Tag Examples

WSUB001_AO 0015 AVR
WSuUB001_MPPC_MPPC_Mode
WSUB1QSE_STVautoAVR

WIND VEST AVR_STATUS
NSUBOO1MV_MPPC Bad Data Input Alarm
VSUB001_MV_STATCOM_ENABLE
NSUBO001_AVRStatus
N_N_UNIT1_Calc_AVR_St
WSUB001_MV_STATCOM.ENABLE
VSUBO001_StV_AVR _OEM
WSUBO001_VIZ.ENABLE
'"WSUBO0O1_AVRStatus
/SUB001_STV_AGC_Status_WCS1_2
WSUBO001_S&C.ENABLE

0Slsoft
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HEEEEEEEEEEE. AT YYA R AR S
Solution

* AF Implementation — “Structure Convention”
« Element template family
« Element naming convention
« Structural metadata
 Table lookups

* Display Creation
« Substation display automatically rendered in ORCA

! OSlsoft.
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B (2] Category: <None>
2 L] ) Active Power | 57.78 MW 3/19/2019 9:44:07.914PM

= 6 » e E] ) AR Status Dsabiec 3/1/2017 1:59:06.021 PM
[fJ & Mets /s = il Inverted Folse 1/1/1970 12:00:00 AM
'fJ 6 POC . L] [£] PITag ' AWSUB001_Stv_AVR_WRG1_Vestas 1/1/1970 12:00:00 AM
[ﬂ 'w 'l Substation s ® & Raw Disabled 3/1/2017 1:59:06.021 PM
[ﬂ & Turbines B | @ ) ereaker Qualty 100 % 3/15/2019 11:28:00 AM
tee (§ Weather ¢ W& G Comm Status Faut 1/16/2019 9:55:00 AM
) ] Reactive Power 0.637 MVAR 3/19/2019 9:37:15.916 PM
@ | ] Toerance Algwent 8% , | 3/19/2019 9:44:08.524 PM
g, = = Voltage 355.67kv 3/19/2019 9:44:08.524 PM
& | & enforced rve 1/1/1970 12:00:00 AM
] 21 Maximum 362,61k 1/1/1970 12:00:00 AM
] 1) Minimum 3489k 1/1/1970 12:00:00 AM
L] 2] Target 35,5k 1/1/1970 12:00:00 AM
E =1 Voltage Limit Alarm |Normel 3/19/2019 9:44:08.524 PM
- 2] Voitage Target Deviation 0.047 % 3/19/2019 9:44:08.524 PM
i_El (=) Category: Desplay
om () Asset Name | Substaton | 1/1/1970 12:00:00 AM
& | ) AmetType | substation | 1/1/1970 12:00:00 AM
o 8 | Display Stats |Enabled | 1/1/1970 12:00:00 AM
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Name: Asset Name

Description:

Properties: <None > v
Categories: Display =

() 02BR — PCB345—1 oo cones

L | Value Type: String
/I i \ Value: ~—J) PCB345-1
Data Reference: | String Builder v

Arrangement Order Asset Type Asset Name

Display Digits: -5

Mid{%eElement%s:,8);

0Slsoft.
P| WO rId SAN FRANCISCO 2019 #PIWorld  ©2019 OSlsoft, LLC 22



I 2 ¢ 8% 8 Name vake Site | Breaker Name Status Tag Mame
. PCE3S-S WSUBOO1_St¥_Brkr_Pos_F4
B (2 Category: <None>
: PCE3S-6 WSUBOD1_SEY_Brkr_Pas_FS
8- = =] Status Close PCB35-7 WSUBODL_StY_Brkr_Pos_Fé
V4 =1 Inverted False PCB35-8 WSUB001_SEY _Brkr_Pos_F7
a- & Status Tagval y PCB35-9 WSUB001_StY_Brkr_Pos_Fg
£ PCB35-1 WSUB0OD1_StY_Brkr_Pos_PCB_35_1

£ =] PITag WSUBOD1_StY_Brkr_Pos_T1_345
i PCE35-10

. WSUBOD1_StY_Brkr_Pos_PCB_35_10
B (=] Category: Display

- =] Asset Name PCB345-1 PCE345-2 WSUBOOD1_StY_Brkr_Pos_T2_345

=] Asset Type Breaker 161-1 WSUB001_I03.015].161-1.52a
s B 2] Spare False 311 W3UB001_F11_STvBreaker_Closed
' ' : 34-12 WSUB0O1 F12 STYBreaker Closed

B (2] Category: Lookup Fle !
34-13 WSUB0O1_F13_STYBreaker Closed
1150 -

| ! 34-14 WSUB0O1_F14_STvBreaker_Closed

. =1 Project Abbreviation 52-M1 WSUBOO1_STYMB_S2M1_Stakus
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Element Template Family Attributes

W' Substation - Oneline - Base |23 # 8 ame Defaul: Value

B (@ Substation - Base = taegory By @

@ (G Substation - Breaker - Base =4 Asset Type I -
------ (@ Substation - Capacitor - Base H Bl Blank

B (G Substation - FeederInput - Base =4 150 b

@ (G Substation - Oneline - Group Zm Project Abbreviation ::Z:mr

------ (% Substation - Oneline - Interconnect
i [ Substation - Reactor - Base

Feeder Group

Feeder Input

@ (G Substation - Switch - Base Interconnect
@ (G Substation - Transformer - Base e
Substation

Substation Group
Swikch
TransFormer

Transformer Group

Sork By 3
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AF Structure Line Diagram
ER- G 01GP - Transfrmer Group TR1
b G DLSW - SWES
(3 0ZBR - R&O
i (& 03TR - TR1
B (045w - 5118 -SW
[E- (& 01GP - Feeder Line
EE [ OLFD - Feeder & R0
------ [ 013w - §9F11 .
------ [ 0ZBR - 52F1 \.'..1)1?1
------ [ 035w - 89F12 mm
I 04F1 - Feeder Input Swiia
- (G 0ZFD - Feeder B
------ [ 015w - 89F21

...... ( 02BR - 52F2

...... (3 0O3EL - Blank.

B (3 04FI - Feeder Input

E ﬁ DIGP - FEEdEr LirIE BIF41 89F31 89F21 a9FN
L (@ 015W - 89F23 " ) | ..

= 52F4 52F3 52F2 52F1
B~ ) 03FD - Feeder C - -

...... ﬂ DISW ° SQFSI \BDFAZ 89F32 89F12
------ & DZER - 52F3

------ G 035w - BIF32 ‘
------ (J_04FI - Feeder Input FescarD FeodarC Fescer & Feeder &
B (J 04FD - Feeder D i it gt it
------ G 015w - 59F41
------ () 02ER - S2F4
------ & 035w - 59F42

------ (G D4FI - Feeder Input

80F22 BIF2.
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Visualization — more snowflakes
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Visualization - Requirements

 Leverage AF templates and hierarchy

* Build SVG graphics on demand

» Design elements to behave in real-time

« Use minimal external JavaScript libraries
« Keep with the standard ORCA theme

! 0Slsoft.
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Step 1 — Server Side AP

0Slsoft.
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AF

F Mets
- @ poC
- (@ Substation
= (J 0D1GP - Transfrmer Group TR1
L @ 015w -SWe3
(5 02BR -R60
§ 03R-TRL
- () 045W -SW118
Ei () 01GP - Feeder Line
[=} [ 01FD - Feeder A
- [ 01SW -89F 11
- [ 0D28R - 52F1
(@ 035w -83F12
e (G 04FI - Feeder Input
[=} (G 02FD - Feeder B
(F 015w -89F21
- (J 028R - 52F2
[ 038L -Blank
[ (J 04FI - Feeder Input
- (G 03FD - Feeder C
- [ 01SW - 89F31
& 02BR - 52F3
- [ 03SW - 89F32
- [ 04FI - Feeder Input
[ 04FD - Feeder D
e () 015W - 89F41
- [J 038R - 52F4
- (G 035w - 89F42
e (G 04FI - Feeder Input
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Step 2 — Layout using D3.js Tree Layout

{
"data": ["mame": "Al"},
"x": 266.66,
i

"Thildren": [
{

"data": {"name": "B1"},

“data": {"name": "Al"}, "x": 288,
“children”: [ “y"o 188,
{ "children": [
"data": {"name": "B1"}. { » A1
"enildren”: [ APPLY atas SonameTs T JOIN DATA
data® {"name": "C1"}, TREE netoga TO DOM
1. LAYOUT 1. ELEMENTS
i i
} “data": {"name": "C2"}, :dﬁta;ée{'name": gy, . B1 * B2
. x .
{ Yyt o208
“data": {"name"; "C3"}, I,
}
1 "data": {"mame": "C3i"},
1. "x": 333.33, sC1 " C2 = C3
"yt 288
"data": {"name”: "B1"}. }
) 1 {Use x & y to position elements)
Iz
t {

“data": {"name": "B2"}.
"x": 333,33,
Uyt 188

Source: https://d3indepth.com/layouts/
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Step 2 Con“nued Calculate Values

POC ID: 001

D3 Code
root = d3.hierarchy(data.data) )
treeLayout = d3.tree() e
treelLayout.size([width, height])
treelLayout(root)
r‘links = proot. 1inkS ( ) 89F41 89F31 89F21 89F11
rdesc = root.descendants() - y - -

Active Power Active Power Active Power Active Power

OF22 9F23

- 0Slsoft
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Step 3 — Elements and Lines

Final Graphic
SVG Elements Using D3

SW63 ’ TR1 ]

R60 ‘ 88888 l ‘ ggggg

* | BOF42 + + % +
) Lo W

FFFFF
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HEEEEEEEEEEE. AT YYA R AR S
Results

“This solution gives the EDFR team greater mobility
for awareness of our substation equipment to provide
a better picture of plant status”

- Bob Sullivan, OCC

« Substation insights now available to entire company
 Substations added quickly and easily, no front end action required
« Room for improvement: Streamline backend construction

0Slsoft.
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Other Use-Cases

 Other practical use-cases this could be applied

* Any place where there are assets that are interconnected and
data is in a Pl System

» Networking equipment associated with a Pl system, interface
nodes, edge devices, servers, routers, etc...

* Process, like water/water systems, utilities such as gas, and
electrical

! 0Slsoft.
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Links

Visual Power Presentation

https://www.osisoft.com/Presentations/Transforming-the-Data-Culture-by-Optimizing-the-PI-System-at-EDF-Renewable-Energy/

Data Quality Presentation

https://lwww.osisoft.com/Presentations/Monitoring-Data-Quality-with-Asset-Analytics/

D3 Library

https://d3js.org/
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Thanks for Listening!

David Rodriguez

Analytics & Intelligence Engineer
EDF Renewables
David.Rodriguez@edf-re.com

Lonnie A. Bowling
Data Interaction Expert
Diemus, Inc.
lonnie@diemus.com
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