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PSA Model Use Case in TRANSITIO



TRANSITION/LEO Timeline - 3 Trial Periods

2021Q1 | 2021 Q2 2022 Q2 2022 Q3 2022 Q4 2023 Q1

2021 Q3 2021 Q4 2022 Q1 2023 Q2 and Q3

Development

Integration

Testing

O, )

p 4 I \
Trial Period 2
(Summer)

Project Close

L 4

Preparatory Trials Full Trials
Early field trials to demonstrate limited end-to-end Large trial to demonstrate end-to-end service delivery across a variety of variables using real assets electrically connected
service delivery. i to the shortlisted Primary Substations. Includes ENWL simulated trials.
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PSA network model use case in TRANSITION/LEO

The network model and PSA tool are used at several stages during the flexibility trials, with different
functionalities required from the PSA tool depending on the timeframe and output required.

« Peer-Peer MEC capacity trade approval

« DSO flexibility requirements and contracting

« DSO flexibility dispatch

Dispatch Monitor Impact

Approve P2P “ Perform - select Lf:-a.s.t Cost Flexibility from Assessment of
: > “Needs Analysis” — » Flexibility —> ; —> o
Capacity Trades DERs in Real- Flexibility
Contract Offers

for DSO Services Time Dispatch
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ngh Level Design of the TRANSITION Systems

O Operational Forecasting: provides a view of demand/generation
profiles at granular nodal level for 0-10 days ahead of real-time

Operational

Q Distribution Management System (PowerOn): Provides control Industry Actors Forecasting
room view of live/real-time network connectivity and power flows

O Power System Analysis (PSA): Computes anticipated power flows
under different near-term topology change and forecast scenarios

O Whole System Coordinator (WSC): Provides the core intelligence for
flex market decision making, allows an input interface for control room,
and manages automated data flows between sub-component DSO
systems

Distribution
Management
System (DMS)
PowerOn

O Neutral Market Facilitator (NMF): Provides a user interface portal for
DSO interaction with the Industry Actors to enter/accept their available
flex service volumes/costs, and for them to request approval for peer-
to-peer (P2P) capacity trades

Connectivity

model
(Connectivity++)

O Connectivity model (Connectivity++): The master model that holds L BT
the network and how customers relate to it and master repository for Analysis (PSA)
key network parameters (e.g., impedance, ratings and normal running
arrangement). It enables load to the designated and as well as being.
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Network Model Development

O An accurate and functioning PSA model of the system network, operating in real time, is key to
supporting the future of DSO Flexibility markets

O Integrated PSA network models that include various voltage levels (132/33/11kV) in the system are

important to support DSO flexibility market analysis, considering the contribution from assets connected
lower down in the network
O A particular focus of LEO project is on the “small and many” flexibility sources, and these are mostly HV and LV
connected in the system, areas where full PSA models are not well established
O The work on the PSA network modelling to date has taken a simplified approach to LV modelling, (e.g.

representing all LV feeders as one node, and ignoring technical issues like 3-phase modelling and phase
imbalance etc)

O The later Trial Periods will explore more detailed LV models

Q Integrated model input data may come from various sources and models may be used in different
applications — CIM interoperability is a key enabler
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Network Model Development é
i -400/132kv

Power System Analysis (PSA) tools
« PSSE and DIgSILENT PowerFactory [ H e
* OpusOne GridOS

« Common Information Model (CIM)

BSP
132/ 33kv

Input from multiple teams within SSEN:
« System planning PSSE (132/33kV) —
« Outage planning
* New load/generation connections

* Network planning (11kV) — 11kV

« Connectivity+ project — — Feeders

» Cartographers (PowerOn) — Secondary
—

11/0.4kV
-

External support from: LV
* RINA consultants Feeders
* Open Grid Systems (OGYS)
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Network Model Development — Process Overview

Pl historian Generators Flexibility
data 11kVv assets
GIS data for Aggregated Assets
132/33kV demand ratings

PSSE export (.seq

and .raw) ! |
, No
|, PowerFactory Quality check Run power
Import flow
A 1
CIM 15 to CIM 16 ves
conversion and Poweron
re-processin,
presp . extracts
Opus One
Run power P rF r
RUEPOWET < Quality check < Gridos < oo
Import P
No i
Export SLD v
and power Sia Partners Export SLD
flow results Operational Forecasting and power
Demand and flow results
Generation
\ 4
Results
» comparison
Network model and validation
can be used for «
trials
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Building 11kV Feeder Power Flow Models

Electric Office

Physical world

PowerON

Real-time connectivity
Schematic representation
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Common Information Model - TRANSITION use cases

0 SSEN'’s 11kV network data is stored and maintained [ Secondary substation }
within the Geographical Information System (GIS), —
Electric Office (EO)

= Eas\eﬁnm Lo

O EO, is capable of exporting connectivity data in CIM
v15, and so these exports were identified as a
potential source to build the 11kV network models for
use in TRANSITION.

O Several pre-processing and conversion stages
were needed in order to convert the CIM exports from
Electric Office into network models suitable for power
flow analysis

~——_Ihe Oid Station Nursery Q

‘\{A‘rv
attemore BrOOYT o
.

LI

O Open Grid’s Cimphony suite was used to pre-
process and convert the CIM exports. Cimphony is
capable of directly importing a CIM network model into ~ )
its Network Model Management (NMM) environment T
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Use of Cimphony as a CIM Translation Tool

O Open Grid’s Cimphony supports several versions of CIM (v10 to 16), including all extensions
for ENTSO-E CGMES v2.4.15;

O It also supports the import of data from a number of PSA tools through its DGS format,

including:
d PSS/E
O DigSILENT PowerFactory, @
0 In TRANSITION we used Open Grid’s Cimphony for: f\
O Importing and visualising CIM files in a GIS format L@\

d Conversion from v15 into v16 I T i

O Fixing connectivity problems L -9

O Adding electrical parameters (impedance, ratings, etc.) Co @
O Assigning UUIDs compliant with the CIM standard X ‘_’ l

0 Packaging GML and XML

") .
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Common Information Model - TRANSITION Use Cases

O Electric Office exports individual 11kV feeder as CIM v15
files with an accompanying GML file [ Electric Office
psse || |

0 The TRANSITION network model was developed in connectivity

DIgSILENT PowerFactory and exported to the WSC & @ -

0 Both PowerFactory and GridOS (PSA used in the WSC)

can import and export network models in CIM v16 PowerFactory
0 The current target yersion of CIM for TRANSITION is _ Validation
CIM v16, as this aligns with the CGMES v2.4.15

standard and currently has the widest industry support.
. WSC(Gridos) |

O It is expected that the CIM-based data used in
TRANSITION will be able to move to CGMES v3.0.0 with
minimal changes
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Challenges



Problems and Issues - Invalid Classes, UUIDs and GML

0 Some classes and relationships in the data were incorrectly marked as being
IEC standard and so produced errors, for example:
0 EnergyServicePoint — this class appears to represent a load, and should
have been EnergyConsumer or one of its subclasses (ConformLoad or
NonConformLoad).

O The CIM objects from Electric Office do not have any impedance, susceptance, @

or ratings data on them. A step was added to populate that information from a
separate database from SSEN and calculate the total impedance.

O The EO exports have identifiers that are not compliant with the IEC CIM
standard. OGS created compliant UUIDs and used a persistent object registry
when converting CIM v15 to CIM v16 that maps the EO identifier to the new
UUIDs, stores the mapping, and then allows this to be re-used during any
subsequent conversions to ensure the same UUID is kept.

O EO exports all geographical data as a separate Geographical Markup @
Language (GML) file. This GML file was parsed, converted into CIM Location and D:Ld

PositionPoint instances and matched with the corresponding CIM data elements, to
produce a CIM dataset that contained the network and geographical data.
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Problems and Issues — Substation Connectivity

O Fundamental issues with how Electric Office represents internal
substation connectivity with its CIM export that needed to be l Cable 27143338 l Cablo 2714307
corrected in order to make it compliant with the IEC standards

46169779

wet70077
‘

O In the CIM data exported by EO, the busbar (represented by a
CIM BusbarSection) essentially acts as a node

48700345 48700328

O There were several occurrences of substation internals where
multiple ConnectivityNodes and BusbarSections with the same
identifier were present in the file. This then cause issues with
connectivity

O There are unnecessary objects, BusbarSections and @ oo
ConnectivityNodes, that represent elements in the drawing which
serve no electrical connectivity purposes.

O Topological analysis of the network was required to identify
where busbars and switches were in parallel, remove the buses,
then merge together all ConnectivityNodes and BusbarSections

48698672

" .
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Problems and Issues — Substation Connectivity
[ CIM representation J

} [ Full CIM representation ]

Internal representation

[ Electric Office

l Cable 27143388

46170077 '

83372582

48698655

Era

46169779

aaaaaaaaa

aaaaaaaaa

48700328

|
.

o
\l
L)
o
\J

48700345

ConnectivityNode

BusbarSection

0

48698672
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after correction

Cable 27143388 Cable 27143073
46170077 29113585 46169779 29113575
Hn] 71
48698666 29113595

48698672
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Interoperability Results - Validation

O High risk of data been “lost in translation” when converting
between different versions of CIM and when using different
profiles (e.g., CGMES v2.4.15). This may be an ongoing concern,

as there are several conversion stages. For example: [

U PowerFactory only supports the ENTSO-E CGMES

s } [ Electrlc(?ﬂflce }
connectivity

standard, which was developed to support the exchange of
balanced, transmission network models.

O As such there are some aspects of the distribution data that
are not compatible

O Imbalanced characteristics are lost when
importing/exporting from PowerFactory

0 The PSA used in the WSC (GridOS) has a different modelling
philosophy than PowerFactory

O This translates into a requirement to compare power flow results
of the same network model in different PSA tools

Scottish & Southern
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Key Learnings



Key Learnings
0 The CIM files exported from SSEN’s GIS will be constantly evolving, as the physical network changes.
U The process of converting and pre-processing these CIM files into network models that are usable by a

PSA software like PowerFactory needs to be as automated as possible to allow for constant
updates

O Data can be lost when converting between different versions of CIM, depending on the profile being
used (e.g., CGMES). This is an ongoing concern, as there are several conversion stages

O For instance, when converting from CIM 15 to CIM 16, the imbalance characteristic of certain parts of
the network had to be changed to allow PowerFactory to recognise the data.

O The process required to validate and integrate the 11kV feeders (i.e., CIM 16 files) into PowerFactory is
time consuming, especially because the CIM files are exported as individual feeders

O Exploring the option of automating the “bundling” process of 11kV feeders into Primaries as part of the
CIM conversion process, to speed up the process.
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Thank you for your attention
For more information on TRANSITI

https://ssen-transiti

https:


https://ssen-transition.com/
https://project-leo.co.uk/
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Generator in PowerFactory - Example

@ Synchronous Machine - KENMN_EELS\SANDFORDHYDRO_HYD_SP5249601797.ElmSym

Basic Data General Operational Limits ~ Advanced Automatic Dispatch
Description Reactive Power Operational Limits
Load Flow Capability Curve v =
Short-Circuit VDE/IEC [] Use limits specified in type an - Prated (ratEdS)
Min. pu. |04 Mvar _goalingeet0TTmn,) 100, %
Max. p.u. |'D.4 | Mvar  Scaling Facter (max.) %
—
Active Power Operational Limits o Capability Curve
Quasi-Dynamic Simulation Min, MW
Simulation EMT ' - max ratingP
Pr(rated) 0.4 MW \ ' (maxOperatingP)
Protection
: : Active Power: Rating
Power Quality/Harmonics 0 2333
Relabilty Vi ww
| . [0.00/ 0,00} omig
Generation Adequacy Rating Factor -1.000 0.222 0222 1.0 00

“1ixd
Prirated] 0.4 MW

Optimal Power Flow
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Generator in PowerFactory - Example

@' Synchroncus Machine - KEMM_EEL3\SANDFORDHYDRO_HYD_SP324%601797_F.ElmSym

Easic Data General ~ Operational Limits ~ Advanced  Automatic Dispatch
Description Reactive Power Operational Limits
Load Flow Capability Curve bl
short-Circuit VDE/IEC L] Use limits specified in type Bn Prated (ratEdS)

Min. |-'I.'I | L. |-'D.44 Mar call in. 100. | %

Max. |'I.'I | p.u. |'D.4-'-1 | Mwvar  Scaling Factor (max.) %

—

Active Power Operational Lirnits oy Capability Curve

Cuasi-Cynamic Simulation Min, MW
. . iRl 1.10 — 0
Simulation EMT — S | \ (maxOperatingP)
Protection }-
Power Quality/Harmonics Active Power: Rating = 0.33331
Renbitty ik "
. . { 0.00/ 0.00) phig
Generation Adequacy Rating Factor -1.000 0333 0223 1.00900
-1d
Prirated) 0.4 MW

Optimal Power Flow
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CIM export from PowerFactory - Example

rdf:ID="_446dd082-14e9-4e6f-82cf-61b1d32da997"
rdf:resource="# 79593ed8-07c1-4811-824c-
446dde82-14e9-4e6f-82cf-61b1d32da997
SANDFORDHYDRO_HYD_SP5249601797
rdf:resource="# 738a408cB-1f42-24e
0.4 : Prated (ratedS)
11
0.4
-8.4

rdf:resource="http://iec.ch/TC57/CIM1B@#SynchronousMachineKind. ge

‘:

Relation

rdf:ID="_ 738ad40cO-1f42-24e8-5f97-ad42abd@9556 Pmax
rdf: resource="#_7belbdba-8bcb-449a-9epQ@-92347b80379 (maxOperatingP)
8.4
a
rdf:resource="# f0c7e732-27f3-b505-7cdc-944e981763b5"
rdf:resource="http://iec.ch/TC57/CIM1@8#HydroEnerg)
738a40c@-1142-24e8-5197-ad42ab6de@9556
SANDFORDHYDRO_HYD SP5249681797
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CIM export from PowerFactory - Example

rdf:ID="_6892ffcd-6801-44fc-8755-767¢ef
rdf:resource="# 79
ESQEFch—EBBl—dch—S?SS—?E?EBCFBBESE
SANDFORDHYDRO_HYD SP5249601797 F
rdf:resource="# 1b9+9163-0Bccd-7

1 Prated

o4 (ratedS)

11
8.44
-8.44

Relation rdf:resource="http://iec.ch/TC57/CIM188#SynchronousMachineKind. ge

rdf:ID="_1b9f9163-0cca-7003-bAda-b274682Fcd39" Pmax
rdf:resource="#_7belbdba-8bcb-44¢ 0-92347b80379 (maxOperatingP)
e.44
e

rdf :resource="# e2eldd34-6d5c- LJJJ db2e-
rdf :resource="http:// .chf ;:f a1 ydroEnergy
1b919163-8ccd-7003-bdda-b274682fcd39
SANDFORDHYDRO_HYD SP52496081797 F
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CIM export from GridOS - Example

rdf:ID="_6bc94cd7-aac2-443c-b250-8341c5645aef™
SANDFORDHYDRO_HYD_SP5249601797
-100000.0

0.0 }
1.0
400000.0 }

11024 .173593243251

6e-bc2510e36fba"™

5 A
Yolade

rdf:ID="_A{B8c4195-7010-41a0-a457-4ab233
SANDFORDHYDRO_HYD SP5249601797 F
-1060600 .0

0.9
A40000.0 ’

11824 .173593243251
rdf:resource="http://i

rdf:resource="http://iec.

rdf:resource="4
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