Harnessing Smart Meter
Insights for Enhanced Grid
Transparency and Capacity

Management at Elektrilevi
Case Study | 2024

— envelio.com (Penvelio



Customer Portrait
\

Elektrilevi OU is the largest distribution grid operator in
Estonia and belongs to the Eesti Energia Group. The company
maintains and repairs around 64,000 kilometers of power
lines and more than 23,000 substations, with its medium
voltage and low voltage grid spanning 95 percent of Estonia’s
surface area. Elektrilevi's grid area comprises approximately
650,000 grid connection points.

Elektrilevi OU: elektrilevi.ee



Overview

,From a microproducer's perspective, we
can make the validation process faster. In
case electrical calculations are ‘green’, this
means no thresholds have been exceeded,
and we can forward the connection
requests directly to project managers for
calculating the price and sending out the
offer. We expect that this will reduce the
decision-making timeframe from around 5
days to 2-3 days.”

Kaido Vaade

Business Project Manager
at Elektrilevi

The issue & what
Elektrilevi set out to achieve

For some time now, Elektrilevi has been executing a strategy
of deploying digital solutions based on cutting-edge techno-
logy in order to make the distribution grid future-proof for
the energy transition. The smart meter rollout in Estonia, for
instance, is already complete, providing data on consumption
and production, as well as on both active and reactive power,
for almost all connected users. Given the rapidly increasing
numbers of new consumers and distributed generators,

the next focus lies on accelerating mass processes in DER
connection to the grid and grid planning in order to:



Speed up the integration of renewables into the grid

Make sure new connections won’t lead to severe grid capacity
constraints

Gain a comprehensive understanding required to identify
grid areas where reinforcement and expansion measures are
needed most

Ultimately, cope with a high number of connection requests
without the need for additional personnel

Project results

Self-service portal for end customers to perform pre-application
research of the available network hosting capacity
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Background

Renewable energy is experiencing a tremendous boom in Estonia. In 2022,
the Estonian Parliament decided to achieve a 100% share of renewable
energy in the electricity sector by 2030. The interest in renewable energy is,
therefore, noticeably high in the country, and with that, so is the number of
connection requests for new distributed generators as well as consumers.
Elektrilevi currently has more than 21,000 PV installations in its systems,
including 11,000 micro-producers.

As a result, it has become increasingly challenging for Elektrilevi to rely on
the existing processes to handle this large number of requests with the
current manpower in due time.

At the same time, in some regions, the distribution networks are already
reaching their limits. Therefore, it is important for Elektrilevi not only to have
current information about the available capacity in the low-voltage network ,
where a new asset is connected to, but also to consider the impact the new
connection will have on the overlaying MV- and HV-grid levels.

Last but not least, especially due to the expansion of renewable energies,
grid reinforcement measures are nowadays more required than ever. Ideally,
in order to make sound investment decisions, these measures should be
defined in conjunction with the connection requests. This way, Elektrilevi can
prioritize the locations where network expansion or reinforcement is most
urgently needed.



Project objectives

\/

Reducing the number of non-binding requests through the introduction
of a self-service portal for microproducers of up to 15 kW

Improving customer service by enabling
end customers to get not only the
nearest favourable connection point
but also estimated project duration and

costs

Accelerating the connection request evaluation for micro-
producers through process automation with real-time data

Eliminating a bottleneck in the rollout of new consu-
mers and generators through the automation of plan-
ning processes en masse — and without the need for
additional personnel




Intelligent
Grid P|atf0 M short: IGP

The Intelligent Grid Platform (IGP) is an assistance system that supports

a variety of technical processes in the planning and operation of electrical
grids. The focus of our collaboration with Elektrilevi is on grid connection and
planning applications.

Basis for the grid connection &
planning

Grid Transparency Providing computable and electrotechnically
validated grid models by linking previously
isolated data systems and using machine
learning algorithms to identify and correct
data errors automatically.

Online Connection Check Customizable customer portal integrated into
the grid operator website for fully automated
customer feedback on non-binding connec-
tion requests.

Connection RequeSt Digitalizing and largely automating the entire
technical evaluation process for new connec-
tion requests for power generators and loads.



Application

Grid Transparency &
Data Integration

The application Grid Transparency provides an overview about
the current grid situation and the available grid reserves — fully
automated and with no manual data processing.

Challenges

The high number of new connection requests requires an increasingly
detailed analysis of available grid capacities

Automation of planning processes that include grid reinforcement and
expansion measures requires the incorporation of geographical data

The increasing likelihood of capacity constraints necessitates an exami-
nation of the grid's state across both low and medium voltage levels

Technical evaluation of new connection requests call for a detailed
analysis of potential risks for current and voltage limit violations

@ O O @



Problem solving>

Integration of smart meter data with grid information data
for precise determination of available grid capacities

To enrich the grid model with geographical data, integ-
ration with the Estonian Land Board (est: Maa-amet), a
geoinformation data provider, was ensured

Creation of a full and central grid model that incorporates
both medium and low voltage levels

Data for short-circuit current calculations were provided by
Elektrilevi and integrated into the grid model in the IGP to
more precisely determine one phase short circuit current
limit violations
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Smart Meter Data

In the scope of this project, existing smart meter data was made available for
grid simulations and all grid planning processes. Based on these and other
data, a digital twin of the real grid was created in the Intelligent Grid Platform,
which enabled Elektrilevi to achieve a high transparency of the actual condi-
tions in the grid as a basis for all planning processes.

Geographical information was also considered in the grid model and in all
planning processes to enable fully automated planning of new connections
and required grid reinforcement measures in the future.

S
e

The advantage of smart meter data is that they provide high-
quality insights due to the sheer amount of valuable informa-
tion they contain. With the focus on the grid state, this allows
to accurately identify what actually happens in the grid at a
given moment.

Furthermore, this allows to use the measurements from indi-
vidual households in the calculations of the distribution grid
without the need to distinguish between individual connected
elements based on their load type. Knowing actual measure-
ments eliminates the necessity of using synthetic load profiles
for individual consumers.

N /




Application
Online Connection
Check (OCC)

Customizable customer portal integrated into the grid operator
website for fully automated customer feedback on non-binding
connection requests.
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@ ( Prospective connection point )

@ ( Rough project duration estimation based on
\_Preset conditions

@ (" Rough price indication based on standard
9 connection conditions

Already within the scope of a non-binding inquiry for small-scale produ-
cers, Elektrilevi‘s customers can not only determine the most favourable grid
connection point, but also receive a rough estimation of the project duration
and costs.

After determining the next favourable grid connection point via OCC, end
customers can request the connection bindingly through the grid operator’s
internal request submission portal.

Advantage

The implementation of OCC is expected to lead to an improved customer
experience and, at the same time, a reduction in the number of connection
requests, as only feasible projects are submitted for processing.



+ elektrilevi

Vaata liitumise voimalusi
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Application

Connection Request

The Connection Request application enables users to largely
automate the technical connection request process for power
generators and consumers.

13

@ C Microproducer (up to 15 kW) >

Challenges

As Elektrilevi receives an extremely high number of requests for new grid
connections, particularly for PV systems, the effort required for the evalua-
tion of the available grid capacity and ensuring secure power supply has also
increased significantly.

Considering the high number of connection requests, it will also become
increasingly important to include already approved but not yet installed
assets in future grid calculations for subsequent requests. The reserved
connections were, however, saved only in the requests management tool
“ELLI” and therefore had to be always manually included in the processing of
new grid connection requests.

Furthermore, the sheer number of new connection requests call for an
increasingly detailed analysis of available grid capacities. To enable this,
Elektrilevi wants to assess the impact of connected micro-producers on
potential current and voltage limit violations in the medium voltage grid to
avoid potential grid capacity constraints.

%
Due to the solid data foundation, Elektrilevi can directly asso-
ciate a request for PV connection with the respective household,

thereby automatically determining the connection point. This is
another factor that allows to completely automate the connection

\evaluation process, as long as no limit violations are detected. /




/Acomplete process integD

tion ensures that connection
requests for small genera-
tors of up to 15 kW, which
are submitted through the
request portal, are automati-

{Problem solving>

Kcally forwarded to the IGP/
ﬁhe yet-to-be-imple- \

mented connections are
imported into the IGP with
the “reserved” status, so
that the reserved capacity
is already factored in during
the connection evaluation

mith the Fast-Track func-\

tion of the IGP, connection
requests are then processed
automatically. Should any
current or voltage limit
violations be identified, the
responsible network planner
is notified so that they can
initiate the next steps for the
necessary grid expansion

\planning. /

process. At this point, the IGP
helps gain a clear picture of
the changes in the grid that
arise due to the high expan-
sion of renewable energies
and take them into account
when calculating the avai-

lee capacity. /

.

/The calculations for the new\

connection requests are
carried out in the IGP across
grid levels: not only for the
low voltage but also for the

14

!verlaid medium voltage w




Project highlights
& further
milestones

-

.
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Project highlights

The integration of smart meter data for the modelling of the
low and medium voltage networks at Elektrilevi

Approved, yet not connected requests are taken into account
during the calculation of available grid capacity

Requests evaluation is carried out across both LV and MV
grid levels to prevent potential capacity constraints

Utilizing geospatial data to enable automated routing deter-
mination for new reinforcement measures

As part of non-binding connection inquiries, end customers
get a rough estimation for the project’s duration and costs
together with the nearest favourable connection point



Further
milestones

» Thanks to the Intelligent Grid Platform, Elektrilevi has been
able to partially automate the approval processes for small-
scale PV connections. As a next step, the connection evalua-
tion will be extended to household connections, larger PV
projects and wind turbines, battery/power storages etc.

Furthermore, the planning for reinforcement measures in the
case of new connections will be fully automated with the Grid
Reinforcement Feature of the IGP. By integrating geospa-

tial data into the grid model, construction conventions and
restrictions such as streets, roads, nature reserves or bodies
of water can immediately be taken into account in the future.
This will enable the automated determination of line routing
based on specific ,go’ and ,no-go’ areas.

Fully automated grid planning is a key enabler for Elektrilevi’s
goal to reduce response times for grid connection application
from 30 days to mere minutes and thus significantly improve
customer satisfaction.

Additionally, Elektrilevi aims to provide precise cost calcula-
tions for grid expansion in the price indication for new inqui-
ries, based on the specific required reinforcement measures.

Extending the self-service portal and grid connection
evaluation for demand-side applications

Extending the cost indication functionality to cover more
complex calculations that would e.g. factor in potential grid
reinforcement or expansion measures

Automated calculation of the most favourable route for new
grid reinforcement or expansion measures as part of grid
planning activities

The inclusion of short-circuit current calculations to fully
automate current and voltage limit evaluations

© © © ©
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