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Who arewe?

* One of the 5 DSOs in Slovenia
* Electric energy distribution
* Since 1913
* Mid-size DSO
* We supply:
* 3 regions
* 40 municipalities
» 383.000 people (19 % of population)
e 4.345 km? (22 % of Slovenia)

www.elektro-celje.si



http://www.elektro-celje.si/

Who are we?

* Grid assets:
* 20 primary stations
e 3.500 secondary stations
 HV lines (110 kV): 89 km
* MV lines (10, 20 kV): 3.603 km
e LV lines (1, 0.4 kV): 12.774 km

* End users:
* 3.400 DERs (PV, water, wind...)
* 174.000 metering points

* Smart metering:

* 94 % smart meter coverage
* 100 % coverage by end of 2021




R&D, H2020 projects @

ouw,
0 ®
Flex4Gr|d ) @
ol S.uwwmm 'X FLex.

o ! L 4 Uporabljou
\. .’ pame Nno

Nl

1 Ve

one network for Europe

‘? BD4OPEM

C om p] ] e Strategic R&D partner
| OO0 Joief
Stefan

® 0 Institute
®




Summary

Smart meters... more than it looks like

Data services... leverage that data

Upgrade with machine learning & Al



What to do withthat data? ?‘@7

* What is the added value for the company?
* Develop use cases
* Check the data (integrity, accessibility, validity...)

D t I .
evelop data services Everything you‘re about to see was

developed in Python and SQL.
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e Get insights
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Basic services — reports & customer segmentation
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Data services— MV/LV station level (overloading) ?‘?7

~ TPSEDLO 127

Secondary station load profile

P [kW]

* Line plot visualization
e Geographic visualization
* How can we gain more insight?




Data services— MV/LV station level (overloading)
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A MY stzlon
— LV feeder

& Consumeéens with no outage svents
® Consumers with outage events

Affected smart meters on each LV feeder

Assat Affoctad SM Affocted SM Installed
This consumer called | \“ m |SM
at: 5.4.2020 13:00 Feed 1 6 100 6
Check if it has smart meter? Feed 2 0 0 3
YES feed 3 [V 0 )
Pull this consumer’s events for last 24h and | TRstation. | 6 333 18
filter only outage related events

4.4202023:37 ) | MissingV_L1
5.4.202004:25 | | MissingV_L3
5.4,2020 11:16 Power Down

A MY siion

= LV feeder

®  Consummrs with no autage evants
® Consumers with outage events

For these timestamps +/- Smin pull events
from other smart meters on this MV/LV station

Filter only those that are outage related

Affected smart meters on each LV feeder

Affected smart meters on each LV feeder
Asset Affected SM  Affected SM  Installed A

Asset Affected SM  Affected SM Installed
: l 1% M ; l 1] 5™
Feed 1 1 16.6 6 Feed 1 6 100 6

| Feed 2 0 0 3 Feed 2 3 100 3
| Feed 3 l 0 0 Q Feed 3 9 100 9
| TRstation | 1 ‘55 18 TRstation |18 100 18

A WV Lot A WY stilon

- WV feader - LV feeder

® Cornumers with no outage events

® Comsumers sith no outage events
® Consumers with outage svents

® Consumnéers with outage events




Data services— MV/LV station & customer level (FF regs) W

* Smart meter FF registers— contain smart meter internal errors

Errors per meaning @ 2021-01-15

* Collected at industrial and station transformer meters (7.0004)  rrosram memory eror
. - . Parameter checksum error
* Plans for meter prescriptive maintenance "
Number of watchdog activations exceeded
o
'% Low battery
g Load profile memory (FLASH) access error, possibly corrupted measurements
E’ Load profile 1 checksum error
Invalid power down
Errors @ SMM=2172835 Error not listed by manufacturer!
Mo BFTOr .
EEPROM write commands exceeded
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Data services — consumer |level (load decomposition) ?‘?/7
A

Recognizing consumer load trend

Consumer load profile
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Data services — consumer level (segmentation) ?‘?7
A

Simple segmenting of consumer profiles Detecting heat pumps

Weekly load profiles
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Clustering— load profiles

* Profiles recorded by smart meters
* Each consumer has its own load profile
* Different but yet similar

e Clustering to ,subsidary” profile curves.

* Use cases:
 Customers with no smart meter
LV load flow, state estimation
 Other ADMS operations
 Non-technical losses




Clustering—load profiles @7

Example 1 of simple k-shape clustering
Important TEMPORAL COMPONENT

AMPLITUDE COMPONEN/
Cluster 0: 5.0% Cluster 2: 3.0%
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Clustering—load profiles (examples) ?‘TJ]

* Normalized profiles It all comes down to plying with different combinatinos!
* Segmentation (season, days) And there are many of them.

e Clustering with appropriate parameters, metric PCA reduction, k-means clustering (Weekly normaiized profies)

e Dimensionality reduction

Profiles 100 customers
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Clustering— load profiles (ADMS)
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I.FTVisnaﬁzer - Consumer_LoadT)
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Forecasting— example primary station load forecasting i”]
e — N

- Duration: 4 years
Original dataset Resolution: 1h

Primary substation load
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Forecasting— example EVALUATION

Asses the solution validity

2017-4
. A | —— Frea n — Pred
: A\ NN ~- ‘ ,‘N \ . \ | A\ . d &
# s & ——

20164 . 2019-1
i 1y T e 1 R T e T

| S " \| Wl T 1 Lu
15 v # v g *
e ir ; | Wy .
,: L \ ‘ g\ - ' X Vv 9 7 v
e ” h




Forecasting— ADMS @




Forecasting— Load in flexilibity area

LSTM nerual net

g = -

Flex4Grid @

Prosumer Fexibility Services
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Forecasting— Flexilibity response

Pilot users consumption mean and control groups means on 2017-09-20
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BigData & DevOps— LAMBDA environment ?‘?4/7
o O

Admins Developers

Unstructured

Preprocessing Common data model Visualization
ETL/ELT MPP tools Sharing
: CLOUDZ=RA
~otalend | | 4 @)
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Power Bl Grid user Retailer
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