$ Elektro Ljubljana

Active consumer In
Slovenia
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Elektro Ljubljana

The largest
electricity
distribution
company in Slovenia

891 employees

17,520 km of power lines
5,720 transformer stations
356,102 end-users

3,910 GWh of distributed electricity in 2024
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Consumption of
the electricity

In recent years there has been a
decline in distributed energy,
primarily because of electricity
generation on the distribution
network (solar power plants).

Source of energy delivered to the distribution network
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Number of
approvals issued

In 2024 we issued 12,603
connection approvals, of which
6,362 were for consumption,

5,856 were for self-supply 2 3 i 3
photovoltaic (PV) power plants 2020 2021 2022 2023 2024
and 385 were for generanon B |ssuance of connection approvals for production

M Issuance of connection approvals for consumption
Rejection of connection approvals

All customers who applied for a PV connection by the end of 2023 were still included in the annual net metering. By the end of 2023, there were
more than 6,000 applications for connection. These approvals were issued at the beginning of 2024. The number of rejected connection

approvals is increasing.
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Regulated in Energy law (ZOEE)

> Article 4

Indent 5: “active customer” means a final customer or a group of final
customers who act together and consume or store electricity produced in their

own facilities within limited locations, or self-produced electricity or electricity

shared with other facilities, or who sell self-produced electricity or participate in
flexibility schemes or energy efficiency schemes, provided that these activities
are not their main economic or professional activity.

Indent 77.a: participates in “electricity sharing”.
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Active consumer (Article 23 ZOEE)

» Active consumers have the right to operate on the market directly or through aggregation,
the right to sell electricity from their own production, including on the basis of power

purchase agreements, and the right to participate in flexibility programs and energy
efficiency programs.

» Active consumers must be included in the balance scheme, except in the case of exchanges
of electricity between active consumers belonging to the same balance scheme member,
and in the case of an open contract with a supplier.

» Active clients may delegate the management of devices or the use of data to third parties
(e.g. an aggregator).
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Active consumer (Article 23 ZOEE)

>

Network charges shall be set for active customers that are cost-reflective, transparent and
non-discriminatory.

Active customers may provide multiple services at the same time, if technically feasible.

Active customers who own enerqy storage devices shall not be charged network charges or
other costs for energy delivered previously stored on their premises.

When providing flexibility services to electricity operators, network charges or other costs
shall not be charged for energy delivered or received stored on the premises of active
customers.
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Other articals in ZOEE

> Article 24 ZOEE:
Energy communities are considered active consumers in relation to self-produced electricity

» Article 28 ZOEE
At the request of a final customer wishing to become an active customer, or at the request of
a third party authorised by the final customer, the distribution operator shall provide free
and preferential installation of a smart meter with free or unrestricted physical access to a
standardised interface.

» Article 139.a ZOEE
Connection to a system with flexible operating restrictions (non-firm connections)
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Transition from prosumer to active consumer

Local flexibility
market

Prosumer Transforms to Active consumer d  Aggregators

» Eligible to generate electricity

> Still eligible to generate

and supply into the grid electricity and supply into the communities
» Net metering scheme grid, but flexible (non-firm)
» No requirement to adjust this connection is introduced

generation » Provide flexibility service to

support the grid for financial
compensation
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EVT as national data hub

example as a local market with flexibility and digitalization

Introducing flexibility services into operation and planning (National regulatory authority
requirements) 3 (e R, +

T C M@ 2 mojelektrosi

Prijavite se v naso
aplikacijo

Izberite ponudnika identitete:

~ prijava (Rekono)

(u

MoOj elektro




Z’I\?rocedure for applying to DSO's flexibility teder

Consumer Register
prosumer » flexibility
Authorise

aggregator




Registering Flexibility of consumers

§ Elekt: a_‘ clektro, &\ giextro Ljubljs m |;—|— ‘@ o] elektro

Celie P core Jskai

Merilno mesto 3-

consumer inserts power  of Flexibility

flexibility and contact details about
new tenders R Register Flexibility

Mod proznosti FleX|b|||ty power |n kW
25 o

Consumer can authorize
; ©-mail za obvestio o razpisih E_mgj| for notifications about new tenders
aggregator to apply on DSO’s

Mobilna Stevilka za SMS obvestila o rozpisin GSM nu m ber for SMS nOtlflcatlonS

tender, by selecting aggregator about new tenders
a Aggregator selection

Strinjom se s posredovanjemn podatkov agregatorju Consensus W|th terms

Jam&im za resniénost in pravilnost vn nih podatk aﬂd cgnﬁ FtrrUng 1l i '1:‘._{"1 5 Splosnimi pogoji rozbremenjevanja
omreija z zagotavljonjem proZnosti |\5:|u5'| o0go j ) te v celot "':||C.1 am. Elektro Lj |J ovoljujemn, da obdeluje moje osebne podatke
za namen sodelovanja na razpisu in izvajanja storitve proZnosti v skladu s Splognim EC'_jSJi.
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Z‘T’rocedure for applying to DSO's flexibility teder

Consumer Register
prosumer » flexibility
DSO
{} publish a
tender for
flexibility

Authorise
aggregator




DSO publish tender for flexibility

Interactive map of tenders for flexibility

&3 Number of open tenders: 30

B4 Ljubljana city };'L.-‘!ih"/"l N ' o H«
- 3 ﬂ,‘.x.‘kl‘]tblj;;;-" .'{L'\”" ...... o u 3 : S o
‘ y ..\......l.""."‘ e, o?alq‘\:v\ I",.' :’\ 1 i 8 il " .
Liubljana area e 5 b bimg R }?r.-\'.; '.°C 1\; \"\..,: Ll G RN - g ) N ' i :
- ‘j{ \\.\ S(‘.‘p‘l.\ ;1 hares fizes i W ' Zagreb .y sun ' W \ z
- ESCRNEERTE c L s L R et §
Toole \‘. T R N B W KON R ““""‘
DSO publishes tender where overloads of the network could be solved with
R et Tl flexibility, based on historian load analysis of the grid with parameters:
Select area/unit: @ Crosuglie x v Search by address: = < Erterthe decoed sddrez: v

SHELF-OVEN (205922s) 2023 ® Cros_jp e ® until 01.05.2023 00:00

The network for which the call for tender is issued: POLICA-PEC (2069225) 2023
Type of service: Reducing consumpticn at metering points

Service provision: from 1/11/2023 00:00:00 o 31/03/2024 22:00: 00
Total tendered power: 50 k'

Minimum offered power: 1 kV\

Deadline for submission of bids: 01/03/2023 00:00.00

Service during weekdays: 17:00-22:00

Service during weekends and holidays: 10:00 -22:00

Response time from activation announcement: 15 minutes
Maximum duration of individual activation: 75 minutes

Maximum daily number of activations: 2

TITLES A
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» Area of the grid (MV/LV substation)
Time period of flexibility need (November — March)

Total flexible power of tender and minimum power of consumer's offer

DUE date of tender

v WV V VY

Other parameters of activations (daily schedule of activations for
weekdays and weekends, reaction-ramp time, max duration of single
activation, maximum daily activations)



Z’I\?rocedure for applying to DSO‘s flexibility teder

, Apply to tender
Consumer » Regls.t.er by insetting bid
prosumer flexibility —
DSO .
{} publish a moj elekiro
tend.e.r for Apply on a tender
_ Hlexibility insetting bid for
Authorise — | > authorised
aggregator consumers
EEP




Application to a tender (consumer)

Merilno mesto 3-

Consumers which are in tender area
and have already reg|stered the”' Pocrobnostild  GbraGunaidpodalid  Dnevndstaja  Driewdporaba  Odbird=Iominuinl - Ocbirkd = um m
erX|b|I|ty, receive e-mail and (SMS) registrocia proznost [[EEREE Application to a tender

so that they can insert their bids.

[ e o203 v[Teander selection
Consumer inserts bid (price -offer) for ""; °°°°°°° " Flexibility power in kW

its flexibility energy (EUR per kWh) ot cvestio o prvsc o bt

pela@mal com E ma|I for notlflcatlons of the auction

| case consumer authorize E 2;512;4 - GPS]M ntjsrrl\bér fc;TlefT\nAS nktotllflcatlons about auction
aggregator, agg regator will insert bid POcj-zdbeﬁd&d/E|UoRr|ck:“eh for activated (reduced) energy (€/kWh)
for consumer F':(11;:-22(:?;)02]3Due date of tender

Jm ||Jb”m Cc;)nsqens;s]wyth I’cerms and condltlons "
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Application of an aggregator

» Aggregator inserts bids for the

central electro-energy portal (CEEPS)

. CEEPS Sapks

GEN- D.0.0. - AGREGATOR
Centralni elektroenergetski portal Slovenije

Moj menu

Proznost Proznost o .
Apply on tender Activation overview

Prijava na razpis Pregled aktivacij Mesec

Razpis
4-28NovTest \

Application deadline
Tender name & umentacija

www.elektro-ljubljana.si/razpisi

1 Moc skupna (kW aina (kW vistribucya Ubmoc)e
1;(_a..r.‘..d-ﬁc"'zo 1 ELEKTRO LJUBLJANA, d.d<GRADISCE 20/0.4 G-071

28NovTest 28.11.2022

consumers who

hw‘ Monthly activation overview

DSO and substation name

Set the price for all

total flexible power

Prikazi samo nepotrjene 0:96
Najdenih 11 rezultatov. flex|b|||ty energy price

D)
Id prijave Enotni identifikator MM Moé

53 3414652 fmconsumer |ID 1000

50 3-340849 7 2000
47 3-340848 3000 W
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Flexible power of each consumer

0,90

0,90

0,90

authorised

Pomo& K Profil

Cancel the price

Razveljavi (y

l.

it

N



Z’I\?rocedure for applying to DSO‘s flexibility teder

Consumer

prosumer »

Register
flexibility

7

Authorise
aggregator

Apply to tender

— by insetting bid

DSO
publish a
tender for
flexibility

D

Moj elektro

v

Apply on a tender
insetting bid for
authorised
consumers

EEP

DSO
makes
auction



Z’Eaily and final auction

il

» Once a day system makes price
comparison and consumers or
aggregators with too high price are
noticed with e-mail or SMS, so they
can lower their price

>  After due date final auction is made
and all bidders are informed about
results

19



Z‘T’rocedure for applying to DSO‘s flexibility teder

Consumer

prosumer »

Register
flexibility

7

Authorise
aggregator

Apply to tender

— by insetting bid
DSO 0

publish a moj elektro

tender for

Apply on a tender
flexibility A

insetting bid for

> authorised
consumers

EEP

DSO
makes
auction

=

Signing
contract
with
consumer

Signing
contract
with
aggregator




Z‘?igning the contract

CONTRACT

» DSO sends contracts to consumers or aggregators
which were successful on auction.
With signing contract consumers or aggregators
become flexible service providers (FSP).

» Before start date of contract DSO checks if consumer
have smart meter, which enables reading 15 min
measurements, and replaces if necessary.

» If consumer wants, that their appliances (heating pumps
for example) receive dry contact for activation, DSO
enables that activation signal is send by relay output on
billing meter.

21



Activation of flexibility

SMS activation

Enterprise
service Bus
e
(ESB) Wwe?*

G

Big

message

/Flexibility managem
system with TLS

Request for
sending
activation
signal (option)

\ 4

MQ messages
—Activation of aggregators

—>»Network restrictions

for use of flexibilities (TLS)
—»DSOs to Moj elektro

Meter Data Management

U

\_ MOoj elekir

Ny

Acgregatorl

d

MQ Broker

Aggregator2
MQ Broker

<

Agregator3
MQ Broker

TSO (ELES)
MQ Broker

1min Push measurements

LV sub station

iR
'H

from summary meters in substation

Activation signal to main meter at the customer (option)

i e

== _,m‘
o Ml =e
o

o A

4

v s [V

Summary
meter

onsumer with flexibility

"\
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Activation of flexibility because of transformer overload

300,00
295,00
290,00
285,00
280,00
275,00

270,00
easurements of MV/LV |

265,005 bstation .. N |

260,00
255,00
250,00
24500
240,00
235,00

230,00
22500
220,003 1
215,00
210,00
205,00
200,00

2022-12-
2022-12-18 13:00:00 13:40:C




Z’,\Activation results for consumer in Moj elektro portal

H Ouse hOId S: payment Of the Merilno mesto 3-376999 TESTNO MERILNO MESTO (GSRNMT: 383111589999999988)
reward into @ bank account @Very 3 . i i s o oo
months

Pregled aktivacij

Pogodba Pogodba: PI23123 v

Legal entities: every 3 months,
create an invoice based on the

data from Moj elektro and send it
Activation start time  end time activated energy amout in EUR
to the DSO - | ..
N Konec aktivacije Priznana energija Znesek
20.05.2021 11:30:00 20.05.2021 11:45:00 24,3849 7.8
21052021 M:30:00 21.05.2021 :45:00 12,3849 3.9
22.05.2021 30000 2205202 M:45:00 48,3849 15,6

24



Activation results for aggregators in CEEPS
reports for individual activations and monthly report

»  The Aggregator periodically issue an invoice on the basis of the billing available in CEEPS.

EEP

&

ShLipea
GENH D00 - AGREGATOR

Cantrain sheiciroenerpetski portal Slovenije

MG mienu

Prodrast Proznost

Administracija

Upceabniki B I ok - 5
e Contract D

2 POGKELEK TROLJO5EW-] =

E:' ELEETRED LJUELJAMA, d.0 0312 2030 ZR000 W U3 V2. 20022 30004 203 wivnw eleiro-jubliana. sirazpial {
1. 12. 2022 0B 2682 2023 =
ez 2bATT @aNd enc Number of amount energy
01122022 3122022 Decemiber R_POCHELEETROLMSEW-1_202212  [i] 57,75 1762500
01.01. 2023 31.00 2023 Jariar F_POGHMELEETROLMSEW-1_202301 26 58 08 68110
O 0 (
08.02.2023 10:45:00 08.02.2023 11:00:00 POGXELEKTROLJOSBW-1_20230208-29 3,7500 2,25
08.02.2023 11:00:00 08.02.2023 11:45:00 POGXELEKTROLJOS8W-1_20230208-29 13,5000 8,10
08.02.2023 10:30:00 08.02.2023 10:45:00 POGXELEKTROLJOS58W-1_20230208-29 1,5590 0,93
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Delivered / requested energy with settlement amount
and success rate of activations

Energy [kWh], settlement [EUR]

Delivered and requested energy with seettlement Success rate of activations
300 100%

250 90%

150
100 |
|I i

nov 20 dec 20 jan eb21 dec21 jan22 feb22 mar22 dec22 jan23 feb23 mar23

80%

N
(=]
o

70%
60%
50%

40%
30%

20%

ul
o

o

10%

o
)

0%

-100 . .
I Delivered energy [kWh] El Requested energy [kWh] —Settlement [EUR] First year Second year Third year
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Flexibility of generation: flexible connection

/ ADMS
State estimator

Results of L

Imin (

measurements |

»
Voltage

violations

G
= Javar

state - CIM ESB
estimator ‘

(power flow,

voltage)

Correction of voltage based
on learning
RandomForestRegressor
and Prophet algorithm ¢

I

Smart meter database
(for D-1

15-min P.Q
10-min U,l)

python’

=
L

Request for
sending
activation
signal
(option)

Flexibility

c i/

Voltage at LV optimal
service location for
state estimator

2| management S+ Masterbusof | imin push - o
o system = dynamic data measurements — |
e ] P’ Q’|123’ Uizs i = S— S
o _ MQTT LV meter at
T l activation consumer
message
Message queuing
system
Kafka VT
broker
A

c

> O

MQ

1o
confirmation T

PV
aggregator

~

Active consumer with PV

sending a signal to

J

the inverter to Iich

Changing the billing meter relay output (optional)




Example of reduction

'F | B ||ﬁ Mot dinamicne elektrarne B Napetost na koncu izvoda (Uref) [B% Signal za omejevanje (B Stanje izhodov na MT280

Axis2D ]

Mapetosti [W] [%']

11,00
10,00

9,00

8,00

7,004
6,00
5,00
4,00

3,009

[Signalza umejevanje] Value | Name

- Em Return values,

Reduction
for 40% Pn g

# |SKBT7698523

Value Name

Meritve/U1 na koncu

[Na a koncu izvoda (Uref)|

Meritve/U3- dinamifna FE

e
L f
U1 na koncu U2 na koncu
# U3 nakoncu # U1-dinamiéna FE
2025-02-02 13:04:21 527 U2-dinamiéna FE 4§ U3-dinamiéna FE < >
[Mo€ dinamicne elekirame| value | Name

-360 [ ]| -840 |tems/ES4254513_1682876¢

2025-02-02 13:04:21,527 & ES4254513_168287698523 P_KW

2025-02-02 11:59:55 2:20:00

28

12:40:00 13:00:00 13:20:00 13:40:00 14:00:00 14:20:00

14:40:( 2025-02-02 15:00:04 0:



Example of reduction (smart inverter)

Voltage AC

12:30 12:35 12:40 12:45 12:50 12:55 13:00 13:05
== Sigen UL1 Min: 241 Max: 247 Mean: 243 == Sigen UL2 Min: 244 Max: 248 Mean: 246 == Sigen UL3 Min: 245 Max: 248 Mean: 247

Plant active power

12:30 12:35 12:40 12:45 12:50 12:55 13:00 13:05
== Phase A Min: 110 Max: 2.83 Mean: 2.05 == Phase B Min: 110 Max: 2.83 Mean: 2.01 == Phase C Min: 0.478 Max: 2.53 Mean: 1.74 ==

Battery power

12:30 12:35
== Battery Last*: 0111 Mean: 0.000323




Elektro Ljubljana

e s =y

www.elektro-ljubljana.si

Thank you fpr your attention

Bright networking future"
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Elektro Ljubljana

Boris Turha
Technological Development Department
T + 386 1 230 41 37

M + 386 31 868 186
boris.turha@elektro-ljubljana.si

Elektro Ljubljana, d. d.
Slovenska cesta 56, SI-1000 Ljubljana
www.elektro-ljubljana.si
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