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Involving consumers in the programmes of consumptio adjustment by
using dynamic tariffing within the European project FLEX4GRID
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POVZETEK

Podjetje Elektro Celje, d.d. je katan mednarodnega konzorcija uspesno kandidiralo na
razpisu evropskega programa za razvoj in inovakliggizon 2020 s projektom Flex4Grid, ki
se nanaSa na reSitve, ki bodo oméaje upravljanje proznosti uporabnikov tako pri pbra
kakor tudi pri proizvodniji elektthe energije.

Evropski razvojni projekt Flex4Grid se osredédma razvoj odprtega tehnoloskega sistema
za upravljanje podatkov in zagotavljanje storitévbodo omogeale upravljanje proznosti
uporabnikov — t.i. prosumerjev distribucijskega e#ja tako pri porabi kakor tudi pri
proizvodnji elekti@ne energije. Proznost uporabnika pomeni, da jealsgosoben prilagajati
porabo ali proizvodnjo potrebam drugih deleznikovsigtemu in bi lahko bil za svoje
prilagajanje nagrajen. Storitev bo potekala vcuaalniSkem oblaku, kjer bodo zbrani
anonimizirani podatki. Razvili bomo nove poslovnedate in predstavili spodbude za
sodelovanje odjemalcev v takSnih projektih.

SUMMARY

The distribution company Elektro Celje d.d. as anber of the International Consortium
has successfully applied for the European Progranieeder on Research and Innovations
Horizon 2020 with Flex4Grid project focusing on wadns that would allow flexibility
management of users — the so-called prosumerseofiigtribution network in the field of
consumption as well as power generation.
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Flex4Grid, a European Development Project, focugamarily on the development of an
open technological system for data management amndce provision which would allow
managing user or prosumer flexibility of the distriion network in respect of their power
consumption as well as power generation. Prosumegitility is a capability of prosumers to
adjust their consumption or power generation to tleeds of other stakeholders within the
system, and could be rewarded for such adjustriidm.service will be offered in a computer
cloud where anonymised data will be collected. Snawve business models will be developed
and some new incentives for prosumer participaitiosuch projects will be introduced.

1. INTRODUCTION

The emergence of diffuse sources, such as photesltwind energy and other sources, has
given rise to new users of electricity, the soarliprosumers’ (i.e. a producer and consumer
as one person), who generate and consume elgctncparallel. Power consumption and
generation of a prosumer is very variable and &b sumay on a larger scale affect the
network and the stakeholders in the electricity kmarHowever, the prosumers may to a
certain extent be flexible and thereby preventrteeentual negative impact [1].

Flex4Grid, a European Development Project, focysm@warily on the development of an
open technological system for data management andcse provision which would allow
managing prosumer flexibility/adaptability of thestibution network in respect of their
power consumption as well as power generation. upnes flexibility/adaptability is a
capability of prosumers to adjust their consumptamial/or power generation to the needs of
other stakeholders within the system. Principahg, prosumer is supposed to be rewarded for
providing such flexibility. Power distribution emggises will be able to use such flexibility to
reduce peak loads of the network and to narrowgtye between the consumption and the
diffuse power generation. Other or new participamtt be allowed in the electricity market
that will offer services based on the data and opégrfaces of Flex4Grid technological
system. The system will be built with the use & #xisting ICT elements which were being
developed by the members of the consortium for re¢éwgears within previous research
projects. This means this project has a lot of adeto be rapidly implemented in practice.

Flex4Grid will include the following:

a) data cloud service with the anonymised intexfadth advance security and privacy
mechanisms designed for data exchange and seraicagement,

b) prosumer flexibility in the field of power gemdion and consumption, and consumer
flexibility in the field of power consumption, and

c) a viable business model that can easily be eqnti practice.
The system validation will be performed in real ieowments - pilot projects in three

European distribution systems with different scesarThe last major pilot project will be
carried out in Slovenia in the distribution area Elektro Celje d.d. with its potential
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participation of 8,700 users or consumers of thegvadistribution network within the pilot
project of dynamic tariffing.

The project was launched on 1 January 2015 wheodhi&act was signed with the European
Commission. Flex4Grid project involves eight partneoming from Slovenia, Finland,
Slovakia and Germany that are a mix of knowledgerasearch institutes, power distributors
and industrial partners. Among them there are tlle@enian partners: Elektro Celje d.d.,
Smart Com d.o.0. and JoZef Stefan Institute. Tlogept value amounts to nearly 3.2 million
euros and is almost entirely funded by the Euroggammission. The duration of the project
is 36 months (finishing on 31 December 2017) andomrdinated by VTT Finnish research
institute.

The Concept
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Figure 1: The aim of Flex4Grid activity

The aim of the activity within Flex4Grid (see Figut) is to assure the system to include new
participants in the electricity market who will be position to provide aggregate data
analyses for forecasting electricity demand. Thénndea is to anticipate the effect of power
consumption and generation in the distribution mekw(most locally in the distribution
network). By using such forecasts we will be aldeatoid any potential power failures
(critical services of the highest priority in cecdl infrastructure of each country) due to
overload and imbalanced power consumption and g&orrin some energy-related critical
points in the network.

Flex4Grid offers a comprehensive system of dataagement with solutions for intelligent
networks, which integrates data exchange betweernigtribution network operator and its
users by incorporating various complementary corepts contributed by other project
partners. The construction of the central cloudesysfor energy management along with a
smart electrical meter, smart measuring and cod@wvices supported by a mobile application
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shall result in an effective network managementhe sense of the so-called intelligent
network at the lowest level, i.e. in households.

2. THE ROLE OF ELEKTRO CELJE D.D. IN THE PROJECT

There will be three main pilot projects establiskethin the project in 2017; two in Germany
and one in the distribution area of Elektro Celj. avith up to 8,700 household consumers of
electricity. Unlike the German pilot project implentations, where prosumers will be treated
in a smaller number, the Slovenian pilot projedt not include prosumers due to regulatory
restrictions that apply to power generated by papveducers. The project will only include
consumers of electricity which will be selectechinelatively large sample (a large scale pilot
project).

Implementation
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Figure 2: Flex4Grid integration of components aexlises

The pilot participants in Slovenia will receive a&asuring and control device consisting of a
central unit Raspberry Pi with the addition of Zweawvireless communicators and two smart
outlets to be used to plug in household appliarfEegure 2). By using this kit, consumers
will be able to control the power consumption aéithhousehold appliances via the mobile
application. They will also be able to control thatal electricity consumption in their
household via the mobile application, and to ma&mmarison which electric appliances
consume more electricity depending on the totaitetety consumption. From time to time,
they will receive a note on their mobile applianteseduce the electricity consumption for a
shorter period of time.

In terms of power management, not all electric iamgkes are of interest. However, of
particular interest are those appliances that dosubstantially reduce the comfort level of
living in case they are disconnected for a shoperod of time, such as refrigerators,
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electrical heating, more recent air conditioningides, boilers and freezers. Those household
appliances are major electrical appliances thatdcbe disconnected for a shorter period of

time and could have a significant effect on thaltetectric consumption. On the other hand,

those electric appliances accumulate heat or avle fonger period of time. For this reason,

their disconnection from the network is not consedeproblematic.

Power distribution company will, within the applbta legal restrictions, provide the
programme on power management in respect of poargsuenption and its adjustment. The
power management programme will be target-oriemtededucing power consumption in
critical moments or in the moments of peak loadh& system, and in improving energy
efficiency.

Consumers may nevertheless not want to participapgogrammes of power consumption
adjustment, since they do not wish to diminishrtieemfort level of living, or they may not
want to be burdened with adjustment of their powensumption. Despite all those
limitations, we believe that if we want for the somers to reduce or adjust their
consumption, they can do so only when they know gensumption really well. Consumers
take such decisions much easier when they learmat abeir consumption after the smart kit is
installed in their homes. However, only knowing abtheir consumption is not enough; they
also need a financial incentive.

3. TESTING THE EFFECTIVENESS OF ACTIVE PARTICIPATION OF
CONSUMERS IN THE PROGRAMMES OF CONSUMPTION
ADJUSTMENT BY USING DYNAMIC TARIFFING

Taking into account that one of the targets of E@npd pilot project is reducing peak loads
by 3% at a specific network point, such objectivi ke hard to achieve. The main limitation
is focusing only on widely dispersed householdsciwiionsume only one third of the total
energy. The limitation is also included in finaridiecentives for consumers. Upon opening
the electricity market and with the EU requiremiret operators and suppliers of electricity in
Slovenia separated. There are only a few incentpesvided by power distribution
enterprises or network operators since this busiaesivity is highly regulated in Slovenia,
unlike the activity of supply, where suppliers aexy flexible when setting their prices for
electricity consumption, and thus can offer more.

Irrespective of the above mentioned restrictioniekto Celje d.d. has used the statutory
opportunity of testing the implementation incentivieich came into force on 1. 1. 2016 when
Act on methodology for setting the regulatory framek and the methodology for calculating
network charge for network operators (Official Gée®f the RS 66/15, 105/15) was adopted
[2]. The implementation incentives are in the catrmegulatory period focused on testing the
effectiveness of active participation of consumersthe programmes of consumption
adjustment by using dynamic tariffing. The approsaFlex4Grid project by Energy Agency,
the network regulator, forms the basis for the afsgilot dynamic tariff from Article 123 of
the above mentioned Act, which is limited solely étectricity consumers who will
voluntarily join the programme of consumption adiosnt within this project.
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Article 123 of the Act applies to a pilot criticakak rate and is intended for a dynamic
redirection of final consumers from the peak systead to the off-peak system load with
regard to the availability of renewable energy sear energy generated in combined heat and
power generation (CHP generation) with high efficye and distributed generation of
electricity.

The critical peak pricing rate (CPPR) [3] is altma&twork tariff for the distribution system
with a special tariff rate of transferred activeeggy (kWh) which deviates from the usual
tariff rate, and is valid during the time of peajstem load (a critical moment). To perform
such tariff, there is a pre-determined limited nembf critical moments in a specific time
period, their duration and time conditions of imfong the consumers about the occurrence of
such critical moments. Power distribution compalglisinform its final consumers about the
occurrence and the time of CPPR at least 24 houradvance. At the same time such
information shall be published on the website @& thstribution company. The number of
CPPR hours in one calender year is 50.

Tariff rates for network charge for the distributisystem of the transferred electricity (kWh)
included in the pilot project are determined in thay that in case of consumption

unresponsiveness of the final consumer in the gesfoCPPR, the network charge for the
period of one year will be equally calculated ashie case of the network charge for the final
consumer based on normal tariff rates. The CPR®R i@ie occurs in the time of critical peak

pricing rate, which can occur in the time of thghear tariff (HT) or the smaller tariff (ST) and

is 10 times higher than the common higher tarifé rddT). Out of the times of critical peak

pricing rates the higher tariff (HT) or the smaltariff (ST) is 13% lower than common tariff

rates.

4. CONCLUSION

Electricity is a specific commodity in its naturgnce it cannot be stored properly or its
storage is related to high storage costs. Forrdason, power generation must always be
implemented in the way to provide or cover therentonsumption. In the times when power
consumption is high, the price of its productioraiso high, since enterprises that gradually,
with increasing load, generate electricity, runirthpgoduction units with higher production
costs [4].

In such periods of time, the power distributionwatk is much more loaded which may give
rise to network failure which can jeopardise theolghsystem stability. Power distribution
networks are planned on the basis of peak powerthe maximum power, which normally
occurs in the network only a few times during tleary New networks and reinforcement of
the existing network belong to demanding investmémtterms of costs, which are borne by
all consumers of electricity, and have quite aificemt effect on the environment.

Consumption adjustment of electricity by consunmesans that consumers adjust their power
consumption to different electricity rates in sfiedime intervals and take decisions on their
consumption adjustment mostly because they areueaged by the programmes providing

lower prices of their consumption in the times @fter wholesale prices (suppliers) or in the
time when the energy distribution system is jeojsad (network operators).
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With the programmes of power consumption adjustiemsumers will adjust their power
consumption only in case they will know their a¢tcansumption well and in case they will
be successfully encouraged by new innovative cheapetricity tariffs. With gradual
introduction of such programmes we wish to esthbhbgyger flexibility of the consumers
when making decisions on their power consumption. te other hand, this is a great
opportunity to explore the potential of dynamicofieity tariffing for household consumers,
and to answer the questions related to consumdingviess to adjust their electricity
consumption, at what price and to what extent. Thialso an opportunity to improve the
dynamic tariffing model in Slovenia based on theults obtained in the project.
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