DSO Microgrid in
southern Sweden

Control, operation, managementand power quality withina
zero-inertia microgrid
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Background — changes to the grid structure in Europe/US

- New challengesinthe energy market ——

The Grid:

In ruralareas grids can be over-dimensioned and
are expensive to re-invest in.

In other parts with lots of renewablesor growing
demand there can be bottlenecks to deliver
enough power

» Production:

Renewablesin generaland small scale (PV) are
growing and getting more competitive together
with energy storage technologies

Customers:
Customers demand green electricity and are also
interestedin becoming self-sufficient

— European grid

Historically electricity
was delivered from
central power plants

With LES we are trying
to achieve Local
balance




EU’s "Winter package”

Inthe Winter package it is stated that:

1. Member States shall ensure that local energy communities:
(a) are enfitled to own, establish, or lease community networks and to autonomously

manage them:

where relevant, a local energy community may conclude an agreement with a
distribution system operator to which their network is connected on the operation of

the local energy community's network:
If this becomes reality, it would likely mean that Local Communities will be created to:

1. Maximize self consumption

2.  Minimize the cost of energy




Project objectives

The objective of this LES Project is mainly:

e To build and demonstrate capability (technical and
commercial)

¢ Understand the business of LES, cost drivers, barriers,
possibilities etc.

e Develop business cases and business models as well as
identifying potential customers

The vision is to develop new, demanded solutions on the energy
market and bring E.ON closer to the customer 5




Simris — Simrishamn’s Municipality
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https://www.google.se/maps/@55.5336371,14.3311188,3102m/data=!3m1!1e3

Existing circuit at Simris

Connection to EON 22kV grid
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Development of microgrid Connection to EON 22kV grid

system at Simris
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LES Simris — Microgrid components

The microgrid was inauguratedin October 2017

Red = New

Blue = existing Battery system Back-up generator



Building technical capability through INTERFLEX:
Demand side response programs
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Unlocking customer flexibility— InterFlex use cases

LCE-02 Proposal for the Simris case addresses 3 main topics

P2P Energy Platform
Simris
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LES Simris is a micro-grid project with the capability of going islanded
and be powered by 100% of renewable sources. Thisinnovation project
will use its installed assets to enable the execution of the use cases
named below.

Use Case 3 — Transforming passive consumers into active consumers

The focus here is to deploy centralized and decentralized balancing technologies e.g. P2H, P2P
in the island and using this flexibility of the system and enable the creation of a local energy
market.

Use Case 4 — Creating a Local Energy Market

Development of a Peer-to-peer market platform to facilitate increased consumer participation
within the micro-grid by allowing real transactions to elicit an ‘active’ demand side response
and thereby increasing grid-friendly consumption/production behavior.

Use Case 5— Making LES a Smart LES

This use case focus on the development of smart algorithms that will target to improve the

efficiency of the micro-grid as well as improve the operability and use of the inherent flexibility
by the DSO.



Technical solutions for DSR

Solutionsforexistinginstallations

Solutionsfornewerinstallations

(M) Bobbie

( ' k Controls for water heater
vy
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New controllable heat pump

Controllable PV+Battery
solution




Frequency — Results of first islanding tests December 2017
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Fault testing setup (note customers not connected for this test)
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Voltage and current during 3ph fault, 63A fuse — Battery and PV
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Voltage as measured at MV during fuse test
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Island Voltage vs Nordic system 12 April
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Total Harmonic Distorsion — THD 13th April
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THD — varies inversely with wind power




Frequency compared to Nordic system 11th April
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Frequency compared to Nordic system 11th April
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Summary

System has been running in Island-mode for approx. 150 hours
Power quality well within limits (voltage, frequency, THD etc.)
Security of supply maintained througout transitions andisland operation
Fault current behaviour has been tested and is acceptable
A Microgrid running only on Renewable Energy Resources is fully possbile to implement
A zero-intertia (no classical inertia) system is capable of handling big load steps
No virtual synchronous inertia
No rotor model
Demand Side Response is being implemented to extend islanding operation

Additional battery will be added in 2019
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Timeline

Today

DSR development

Commisioning

Test period

Evaluation

2017 2018

2019
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