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The electric industry is in a turning point. Thedatlicity market is being developed to
be more harmonised in the Nordic countries andrtagket model will be more supplier
centric to make it easier to understand for thearners. Then distribution system op-
erator's (DSO) role will be more limited and momcentrated on merely transporta-
tion of electricity. Nevertheless, as the metefinill stay DSO's responsibility the other
market participants are dependant on DSO's reliapdeation. There will be new busi-
ness opportunities emerging with the developingketar

DSOs have an important role in developing the ithistion grid to make it possible
to meet the environmental objectives and to getctietomers active in the electricity
market. A key to achieve these goals is to usetsgnas. Smart grids are a concept of
new grid solutions that basically increase thelle¥@utomation in the grid. The smart
meter that is capable in hourly-based meteringpéshieart of the smart grids and it en-
ables connecting small-scale production and demesygonse; the two example cases
that are examined in this thesis work. The quessidmow to improve the functionality
of the electricity market with smart grids. One thé basic economic definitions of
functioning market is that there should be enoumhpetition and that taking part to the
market is voluntary. With small-scale productioe ttustomers would gain more inde-
pendency from their electricity companies. Eledyidis a basic utility without which
the modern society could not work so the demane ls&s not been flexible in the past.
With demand response that is enabled by the hdna$dgd metering the customers can
choose when to use electricity. The customers cobelgteered with the electricity mar-
ket price signals or with the contractual incendifieom the DSO. Sometimes the sup-
plier's and DSO's aims might be contradictory. Neaducts and services could be de-
veloped around small-scale production and demasybrese. It is not clear who is go-
ing to develop these. The regulation and legishatitso set the limits for the DSO's
actions as the distribution is monopolistic bussnes

This thesis is mainly based on the 25 specialigriews. The conclusions state
that in order to make the small-scale productiath @@mand response improve the func-
tioning of the electricity market the roles of thearket actors need to be carefully de-
fined. When analysing the different incentives $mnall-scale production netting the
consumption and the production was found to beo#st option. The problem is the tax
law that does not allow this. New actors for therket are required to develop the
products for the customers as it will not be pdrD&O's role. Nevertheless, DSO's
should be allowed to invest in smart grids to eaabé market functioning. The regula-
tion should be developed to support the investmmtsmart grids. The new possible
services create an interesting opportunity fortfartstudies as well as the real effect of
the incentives that are planned for small-scalelypcton and demand response.
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Sahkdverkkoala on murrosvaiheessa. Pohjoismaisit&gsahkomarkkinoita yhtenais-
tetdaan ja sahkomarkkinamallia kehitetdan enemmayjavstoiseksi, jotta se olisi asi-
akkaille yksinkertaisempi. Sahkoverkkoyhtion rowliee keskittymaan pelkastaan sah-
kon siirtoon. Kuitenkin mittaus pysyy sahkoverkkagh vastuulla ja muut markkina-
osapuolet ovat riippuvaisia taman tiedon oikeelidesta. Muuttuvat markkinat synnyt-
tavat uusia markkinamahdollisuuksia uusille tointigo

Ympaéristotavoitteiden saavuttamiseksi ja asiakkaidktivoimiseksi sdhkomarkki-
noilla séahkoverkkoyhtididen on kehitettava verkkmadahan tarvitaan alyverkkoja.
Alyverkoilla tarkoitetaan uusia tapoja kayttaa vaalverkkoa, jota on paivitetty uusilla
automaatioratkaisuilla. Moderni sdhkomittari, jokdttaa arvoja tunneittain, on koko
alyverkkoajatuksen sydan. Se mahdollistaa pientunata littamisen ja kysyntajouston,
jotka ovat kaksi tdssa tyossa kasiteltavaa esintapgdusta. Tydssa mietitddn, miten
sahkomarkkinoiden toimivuutta voidaan parantaa eilwilla. Yksi toimivien markki-
noiden tarkeimmista kriteereista on, etta markkiaoon tarpeeksi kilpailua ja etta
markkinoille osallistuminen on vapaaehtoista. Rietdnnon avulla asiakkaat ovat itse-
naisempia sahkoyhtidistaan. Sahko on perushyddggteilman nyky-yhteiskunta ei voi
toimia, joten kysyntadpuoli sahkomarkkinoilla ei gustanut. Kysyntgjouston avulla,
jonka tuntipohjainen mittaus mahdollistaa, asiakkamvat itse valita, milloin he kayt-
tavat sahkod. Sahkon kayttajia voitaisiin ohjaitaisilla signaaleilla kysyntajoustoon.
Signaali voi tulla sdhkdnmyyjélta, jolloin se perus sdhkdén markkinahintaan tai sah-
koverkkoyhtiolta, jolloin sahkoverkkoyhtid pyrkiasoittamaan kuormitusta verkossa.
Valilla ndma ohjaussignaalit saattavat olla ristassa kesken&&n. Uusia tuotteita ja
palveluita voitaisiin kehittaa pientuotannon liittésen ja kysyntajouston ymparille. Vie-
|& ei ole selvaa, kuka naita palveluita tulee kéhtian. Regulaatio ja lainsaadantd aset-
tavat myos rajoja séhkoverkkoyhtion toiminnalle.si@umarkkinatoimijoita tarvitaan,
silla lisgpalveluiden tuottaminen ei kuulu sahkékeryhtion ydintoimintaan.

Tama diplomityd pohjautuu 25 asiantuntijahaastaiiie! Yhteenvetona voi todeta,
ettd markkinoilla toimijoiden roolit pitdd maariteltarkasti, jotta alyverkoilla voidaan
parantaa sahkomarkkinoiden toimivuutta. Kun eri rketinmuotoja pientuotannolle
mietittiin, parhaaksi vaihtoehdoksi muodostui kukgen ja tuotannon netottamista
kayttopaikassa. Ongelmana netottamisessa on,esttirg/kyisin ole verotuslakien mu-
kaan mahdollista. Joka tapauksessa jotta séahkéwegriktyisi mahdollistamaan nama
uudet alyverkkojen tuomat palvelut, sdhkdverkkayin investoitava jakeluverkkoon.
Regulaation ja lainsaddannon pitaisi kannustaseéykojen rakentamiseen. Jatkotutki-
muskohteita ovat muun muassa maarittad, mita kaigkiveluita alyverkkojen myoéta
on mahdollista kehittdd ja mitka ovat parhaat katimet pientuotannon liittdmiselle ja
kysyntajoustolle.
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1 INTRODUCTION

The Finnish electricity market was opened graduglyree competition in 1995. The
electricity distribution and the transmission weseparated from the production and
supply. Even the households could change theitradiég suppliers starting from the
year 1998. (EMV 2010). For the distribution andngiaission the customers cannot
choose the company as they require monopoly adiimgrid Oy} owns the transmis-
sion grid in Finland and distribution network isndéed by about hundred Distribution
System Operators (DSO) with their regional monopd@lgcording to the Finnish En-
ergy Industries (ET) the Nordic electricity markedrks relatively well (Kauniskangas
2010). The reason for this is that there are mawygycers in the Nordic countries.
Nowadays in Finland there are more than hundredoeoias that produce electricity, a
little less than hundred suppliers and hundredgpafer plants. In many European
countries the market has stayed centralised de@tepening of the market as there is
not enough competition. (Kauniskangas 2010)

The smart grids bring new possibilities to the D3@sperate their network and to
exchange information between different actors m ekectricity market. As nowadays
transmission system operator (TSO) creates a matket for production and con-
sumption with its transmission grid the DSO shdwddable to do the same with the dis-
tribution grid to small-scale production and congtion. With smart grids the DSOs
can handle not only the two-way flow of power blsoathe two-way flow of informa-
tion. Smart meters with hourly based metering laymportant part here by acquiring
and dealing the information. Smart grids are smeathy the way for the renewable
energy sources (RES) by enabling the easy conmefttialistributed generation. In this
way the customers can participate to the marketraotively when in addition to con-
suming energy they can produce energy for their asa and sell the rest of it to the
grid when they do not need it themselves.

The objective of this thesis work is to analyse ltber DSO enables the electricity
market in the constantly changing market environnvemere the smart grids play an
important role. The functioning of the market isestigated by analysing two example
cases; connection of small-scale production andadenresponse in Nordic environ-
ment, more precisely in Finland and Sweden. Hrstterms and the working environ-
ment are defined. There is an analysis of the nugtte of the Nordic electricity mar-
ket and examination how well it goes together litlh economical definition for a func-
tioning market. It also has to be defined what $mgads mean in this work and how the
smart grid network is different from the currentwerk. The smart grids are seen as a
key to achieve the European environmental targetthe so called EU 20-20-20 deci-



sion. The current debate about the risks of nuglearer also increases people’s interest
in energy saving possibilities, renewables and sgrads.

From the specialist interviews the suggestions tmowmake electricity market func-
tion better were gathered. The interviews were @begtin Tampere and Helsinki in
Finland and in Stockholm Sweden in the winter 2@hd spring 2011. The group of
interviewees comprises employees from differentsuinmi Vattenfall group and employ-
ees from other companies in electricity branch a#i as representatives of organisa-
tions and energy market authorities both in Finland in Sweden. The questions how
do the regulation and the legislation support teeetbpment of the electricity market
and smart grids are discussed as well as the raeithdentives in developing smart
grids. For example the micro generation owners haveay taxes for the energy they
want to sell to the grid which does not make tleaidf micro production attractive. The
main aim of the work is to analyse the functioryabf the electricity market from the
scope of connecting small-scale production and demrasponse and to identify the
possible regulatory and legislative bottleneckBimiand and in Sweden.

When analysing the two example cases of connestingll-scale production and
demand response the roles of the main market aaterpresented in this context. The
supplier-centric model (SCM) where the supplier thasresponsibility of most of the
contacts and communication with the customer ignaks a background assumption.
Nevertheless, the DSO has an important role heiegaas an enabler for the whole
market where there are several other players. 3@ Das to provide the data acquired
from the electricity meter to the supplier and tiwstomer in order to keep the market
functioning. There could be products and serviagkllaround these consumption val-
ues so that the customers can easily view thertredgy consumption or micro-
production and the price of the electricity durimgertain hour. This could create busi-
ness opportunities for the new market playersefdbnsumer protection issues can be
sorted out. In this way DSO works as a platformtifer market.

Finally the benefits of the smart grids and théiea to market's development are
examined. The aim is to find solutions from thenpaif view of the whole society. The
interviewees’ opinions about the functioning of tlectricity market and issues related
to connecting small-scale production and demanporese are analysed and compared
with each other. Suggestions of how to make thetratgy market function better are
presented.

There are many aspects considered how the DSOdskaable the electricity mar-
ket. Lots of ideas and problems are brought outnotitall the questions are answered
here. The objective is to give an overall pictureaddition to the specialist interviews
that give the main input for this work the litenawand publications of the industry were
also used as material to complete this thesis.

This thesis tries to find the answer for the foliogvquestions using the two exam-
ple cases of demand response and connecting staélqsroduction: How to make the
electricity market function better with smart gffdé/hat is hindering the development?



2 ELECTRICITY MARKET

To analyse the functioning of the electricity marites important to define what market
Is. Markets are based on changing the goods orceerfor money. It is a public place
where buyers and sellers make transactions directya intermediaries. The forces of
demand and supply determine the price of the gaodse market. The market com-
prises the four following mechanisms: determinimge of the traded item, communi-
cating the price information, facilitating dealsdaimansactions and effecting the distri-
bution. (BusinessDictionary.com 2010)

2.1 Economical definition of a market

In the market there are numerous players thatlhedter their own gain. The consum-
ers are after the maximum utility and the produseasit to get as high price of their
goods as possible. This kind of economy is calleckedtralized economy. The decision
making based on the pursuit of the profit is theagpower determining the market. It
brings to the economy flexibility, regeneration lapiand creativity that are the best
benefits of the market economy. To function we# tharkets require rules of institu-
tions. One of the most important principles is tiaking part to the market is voluntary
so that the patrticipants join to the market whes lieneficial to them. Other important
things that are needed are stability of the fingiheconomy, stable regulation and sev-
eral rules that are either unwritten or written.

Prices have three important tasks: They commumittegt information of the change
of the consumer’s needs to enterprises and theynmthe consumers of the changes in
the production techniques. Of course the pricesaadnhcentives, too. The high prices
make the consumers save and enterprises moregmdlindd the supply.

Market mechanism combines the needs of the consuare producers automati-
cally. Markets function best when there is compmtit Then the price is formulated so
that the demand meets the supply: All the consurtitsare willing to pay a certain
price will get the amount of supply that they needye satisfied, and all the producers
that want to sell their product with this price Mgkt their supply sold. In this way the
market is in balance. The market always tries &xhethe balance. If the price deviates
from the balance price there is either excess ddnoarexcess supply situation in the
market that makes the freely changing price set bathe balance state. Excess supply
creates a downward pressure on the price levebaoess demand upward pressure on
the price level (McEachern 1988. pp 62 — 63). @benomy is build of the decisions of
the individual units. The actions of these units expected to be rational and predict-
able as the enterprise units are supposed tohsetl goods with the highest gain they
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can get and the consumer units are supposed tidelnehee maximum utility. (Pohjola et
al. 2007. pp 31 - 37)

The differing views of the consumers and the s@pplare sorted out in the market.
Markets lower the transaction costs such as brintjie buyer and the seller together,
finding what is sold and how the goods compare witier goods. In short, this means
the cost of time and the information required fecleange. The market brings together
the market demand and the market supply curves pohe where the curves intersect
is the equilibrium point as can be seen from tlgufa 2.1. This point defines the price
and the quantity. When this point is reached bbthdonsumers and the suppliers are
satisfied and there is no need for the price orqisentity to be changed. (McEachern
1988. pp 60 — 61)

Price

Demand

Quantity

Figure 2.1. Demand and supply curves (Nolet 2007).

There are also some defects in this kind of sysiém.people with more money are
in a better position than those with little mongyso if the parties in the market only
think about their own interest the consequencey ittgose to other parties might be
neglected. For example a company might produce gg@od pollute and destroy the
environment meanwhile. (McEachern 1988. pp 60 — 61)

2.2 Functionality of the market

The rules of the perfect competition are very stiad it is difficult to make an example
of a market that functions perfectly. For a contpeti to be perfect there have to be
numerous buyers and sellers in the market so lieatarket share is small for every-
one. The goods that are sold should be of the spralty and everybody should know
the properties of the goods perfectly. In this itagoes not matter whose product the
buyer buys. There is only one price for a certandlof product so no buyer is willing
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to pay more than the market price and it would m®twise for a seller to sell with a
cheaper price. In addition there has to be freessto the market and one should be
able to leave the market when ever. The right ergbssibility to produce the goods
should not be limited in any way. In this way thegle gain in some market area attracts
more competitors there which equalises the diffegernn income. In a long run in per-
fect competition in all the fields of the markeetbain is equal. (Pohjola et al. 2007, pp
37)

The basic hypothesis of the economics is that ctitigpeis the key for effective-
ness (Pohjola et al. 2007, pp 116). Neverthelesspetition is not always perfect and
sometimes competition is impossible all togethére public services’ market as public
health care is an example where the competitioisvorking properly. The service is
taken care by the government and is paid with ma@ome. In this kind of market gov-
ernment also gets involved in the market eitheabse it believes that the people do not
make reasonable decisions or in order to improgduhctionality of the market. Some-
times the intervention of the government improves welfare and sometimes not. The
two distinguishable market structures that arefrfamn being perfect are oligopoly and
monopoly. The previous means that there are omlygdearticipants in the market. The
latter means there is only one supplier in the miar¥When there is only little or no
competition at all in the market the sellers caaidke the price of their goods arbitrary.
In this way the market is imperfect and twistedm®&tmes the monopoly is a logical
solution as in electricity transmission and disttibn in which the market is called a
regional monopoly as it would not be reasonableuitd parallel electricity lines for all
the competitors. (Pohjola et al. 2007, pp 31 — 37)

Unlike in competitive market in monopolistic markee producer can gain super-
normal profits. In competitive market in long thenrthese kinds of profits would be
eliminated because the large profits attract morteaats to the market. The price the
consumer finally pays is higher than if the mankaes competitive as the monopoly has
no fear of the possible entrants offering prodwdth cheaper price. A monopolist pro-
duces less than a competitive industry and chaadegher price. (Begg et al. 2005, pp
133 - 135)

The effectiveness of the market can be measurdd Efftcient Market Hypothesis
(EMH). According to EMH in the efficient market tipeices reflect the available infor-
mation all the time. The suppliers and buyers ddjus product price immediately ac-
cording to the new information available. In thisywthe market efficiency can be
measured in how quickly the information is reflecte the price of the product. The
efficient markets are crucial in order to achielre economic goals. The efficient mar-
ket assists in relocating of the resources, pragdetter production and consumption
of goods and services and maximising benefits airmim cost through competition.
By taking this into account it is important to megesthe efficiency of a market in order
to be able to make the market more efficient. (Zhet al. 2005)

EMH can be divided into three cases: weak EMH, s&nong EMH and strong
EMH. In weak EMH the current stock prices fullylesft all the market information as
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historical sequence of prices, rates of return wading volume data. This is public
market information. As all this and security markd@brmation is already reflected in
the market prices the hypothesis implies that itotical market data has no relation-
ship with future rates of return. The semi-stroddHEimplies that security prices adjust
quickly to the release of all public informationhd& semi-strong EMH includes all the
information of the weak EMH as all that informati@public, but it also includes all
the public non-market information, such as the nefwsconomy and political news. In
this way investors who are making decisions basedny important information after it
is public should not derive above average risk stdp profits from their activities. In
strong EMH stock prices fully reflect all informati from public and private sources so
that no investors have monopolistic access to mdbion that could be relevant to the
price changes. Strong EMH encompasses both the arghkemi-strong form of EMH.
This means that in an efficient market all inforioatconsistently incorporates in de-
termining prices. In addition, all information shadue freely accessible to all the mar-
ket participants and all the participants shouldehequivalent resources to analyse the
information and they should follow the developmehthe market as intensely all the
time. Therefore in a long run, no market player ldaarn more than average profits in
the market as the market prices do not follow aystesnatic pattern that could lead to
excess profits for some market participants. (Zaetal. 2005)

2.3  Functionality of the electricity market

Electricity market works according to the same gple as other markets too: The de-
mand and supply define the price. Neverthelessetaee few curiosities related to the
electricity market that other markets do not hauectricity cannot be stored; at least
not yet in a big scale, and electricity is a neagsgommodity. The modern society
could not work without electricity. Modern housesrw with electricity. It is used for
preparation of food, heating and for using varielestric equipment. Industry uses lots
of electricity for manufacturing of goods. In thisy companies and individual custom-
ers need to participate to the electricity markbetler they want or not because other-
wise they could not survive in everyday life withiime standards of the western coun-
tries. The consumer purchases electricity what thesprice is. Nevertheless, this might
come to change in the near future because of thteikdited generation that enables
people to be more independent from their elecyricitimpany as they have the chance to
produce their own electricity. Demand response wlibe customers can move their
consumption to different time according to somesitg signals like electricity market
price or capacity of the distribution network walso bring the electricity market closer
to a normal functioning market where the pricegslsy the demand and supply. Small-
scale production and demand response will be digcli;m more detail in next chapters.
In the Figure 2.2. the picture a) represents ationing market where the price is
determined at the intersection of the demand aedtipply curve. However, in the pic-
ture b) the demand curve is twisted as there isydwdemand for electricity and tradi-
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tionally people cannot choose not to consume ié @lrves intersect there where price
is higher than in the idealistic market. This whg tlectricity consumers do not see the
real price of the goods. They have not had thegsacg technical tools for this or there
has not been any economical incentives to reaekKénen 2011)

Price
Price

Volume Volume
a) b)
Figure 2.2. a) Demand and supply in the ideal market. b) Deinand supply in the
electricity market. (Kekkonen 2011)

In Nordic countries the electricity is exchangedhia common Nordic market Nord
Pool that was founded in 1993 in Norway. Nowaddys participant countries are
Finland, Sweden, Norway and Denmark. The physitadtecity market is divided in
Elspot and Elbas markets. In Elspot the price amhtity curves are set by supply and
demand for the next day, for each day of the y€he smallest unit for trading is 0,1
MWh / h and the bids can be done for one hour bloa of hours. A bid consists of
combination of desired volume and price. Elbas ¢e@tinuous after-market for the El-
spot market. The price for each hour is set oneg hetore the realisation of that hour.
The smallest trading unit is 1 MWh / h. In additimnthe physical market there is de-
rivative market for financial products such as fayj forwards and options. The pur-
pose of the financial market is to hedge agairsstpitice volatility of the physical mar-
ket. The Elspot price is the reference price fer dierivatives market, Over the Counter
(OTC) market and balance market. In OTC marketridding is done between two par-
ties so that the electricity does not go throughd\®ool. The OTC market trade can be
physical electricity trading or trading of deriwads.

Nord Pool’s tasks also include clearing operatiand market information delivery.
In the Figure 2.3. the products of the electricitgrket are illustrated. (Partanen et al.
2005)
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Figure 2.3. The products of the electricity market. (Partae¢l. 2005).

In the electricity market the price varies accogdio the time of the day, month and
year. In 2010 74 % of the electricity is traded\Niard Pool in Nordic level (Nord Pool
Spot 2011). In Finland this number was 55 % in 200% volume in the market is in-
creasing year by year. The rest of the electrigtyraded in OTC market, from the
power plant directly to the local enterprises ohtuseholds. The market price is often
used as a reference price for the deal. The compamyell all or part of the electricity
it produces to the customers with fixed price cacis. If the demand exceeds this the
company can buy the rest of the electricity from dtectricity market. Some of the elec-
tricity companies sell the electricity to the markem where the supplier company of
the same concern buys it for selling to the custsnikhe strategies for selling and buy-
ing vary a lot. The fact that about 70 % of thectleity companies are owned by the
community and work as a solid part of the commutalnomy also bring some peculi-
arity for the market. A communal electricity comgaran have a major role in bringing
income to the community’s industrial policy. (Sa#n 2010)

In overall, the Nordic electricity market works Wwet has been seen as a model for
the rest of the Europe. (ET 2011). Neverthelessetis always place for improvements.
Some of the suggestions that are collected fromiritexrviews are presented in the
Chapter 7.

The demand of the electricity is also very muchemelant of the weather. Normally
during cold winters the price of the electricitges in the Nordic electricity market. The
winter of 2009 — 2010 is a good example of thiseMthe price of the electricity rose up
to 1400 €/kWh for couple of hours. The averagehefyear was 37 €/kWh. The reason
for this price peak was that the cold period hatield exceptionally long in all the Nor-
dic countries simultaneously. The demand for eil@tirgrew faster than the power
plants could produce. The need for heating elestriose suddenly. At the same time
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the half of the Sweden’s nuclear energy capacity e of use and there were faults in
the transmission line between Sweden and Norwaii€n 2010)

As it is difficult to forecast the weather it mighe difficult to foresee the sudden
changes in the electricity consumption and rea¢héon fast. Suppliers can protect the
electricity price with derivatives by locking theying price of the electricity to the cur-
rent price in the electricity market for a certgeriod of time. In this way the price
peaks in the electricity market would not affea #iectricity prices for the customers.
Normally the suppliers protect the electricity thag about to sell only partially. This is
why in a long run the peak prices have some inflteesn the customers’ electricity bill,
too: When the price is high in the market also pihiees of the derivatives get higher.
(Sallinen 2010). This is discussed more in the @ 2.

To smooth down the price peaks additional supplpesded. New power plants
could be built as more there is supply availabke rtiore stabile the prices are. Never-
theless, building power plants is quite slow prec&3n a short term the demand re-
sponse is feasible. That means that the consumisti@tduced temporarily or shifted to
the near future to another period of time. EspBctak industry has used this trick for a
while now. When the price is high in the electgiaibarket the industrial processes are
switched off or the production is temporarily reddcThis way the demand of the elec-
tricity is reduced which cuts down the peak pridethe industrial company has its own
production it is profitable to sell it to the elacity market during the peak hours. The
DSO and the customers should improve their coojperao that the advantage of the
demand response could be increased. (Sallinen 2Z01i®)is possible because the spot
prices for the next day are known. Hourly basedenmag enables the demand response
for the small customers too if the customers hapece tariff that is based on the spot
prices. (Hanninen 2011) If the demand is reducedptiices reduce too. The system is
self-regulating and that is what makes it a market.

As the price adjusts according to the demand apdlgthe efficiency of the market
can be measured how quickly the new informatioecsf the prices. The electricity
market should also work like this so that the peéfeciency benefits all the market par-
ticipants, through the electricity distribution amaup until the customer. The accurate
and fast price signaling encourages the consumgatrwh supply and attracts new in-
vestments. Zhe Lu et al. examined the Australiaotatity market efficiency with Effi-
cient Market Hypothesis (EMH) in 2005. As in thedatticity generation sector the only
variable cost in short run is the fuel cost, thalgsis is drawn based on how fast the
fuel price changes were reflected to the marketegriof the electricity. All the other
costs such as materials, labor, interests, taxanohstockholder capital costs are fixed
over a short run. The Australian electricity suppbnsists of two major parts: the base
load is provided by coal-fired power plants and glas fired power plants work as peak
load providers. The electricity market clearingcpris set by the highest bidding price
of the last part of the electricity supplied. WHhe clearing price is set by the gas-fired
generators the correlation between the gas priogshe electricity price could indicate
the market efficiency. In this way the fluctuatiohthe gas price should largely influ-
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ence the electricity market prices. Positive catieh between the spot prices of gas and
electricity in most occasions was observed in thaysis. Even though the correlation
was weak form of EMH it still can be used for marllesign, operation and portfolio
management which is a common tool for the risk rgan@gent in market environment.
(Zhe Lu et al. 2005)

2.4  Characteristics of the Nordic electricity marke  t

The market model defines the responsibilities @f ¢fectricity market actors. That is
also one of curiosities of the electricity markeattthe roles have to be very clearly de-
termined in order to give a signal that the maiketvorking transparently so that the
customers understand the responsibilities of tiferdnt actors. Clear division of roles
also facilitate the daily operations of the actassthey can work according to the proc-
esses in a cost efficient way and minimise the gxaes in their actions. Different tariff
structures will also create new possibilities ®estcustomers to use electricity in differ-
ent ways in order to cut the consumption peakbenelectricity lines or to influence the
electricity market price peaks. The Nordic eledtlyiecnarket is divided to price areas
because of the bottlenecks in the transmissioresysthe price areas also give some
complexity to the market structure.

2.4.1 Market model

At the moment a dual-point contact model is in is&inland and in Sweden. There
both the supplier and the DSO have a contact Wigthctistomer. Customer also receives
two separate bills from them normally. If the custy does not choose the supplier the
electricity will be supplied by the supplier of thest resort and then the customer re-
ceives only one invoice. Nordic countries are thiy place where the dual point contact
is in use. The Nordics are the early adapters écuttbundling as the rest of Europe is
little behind in adapting the concept of regulatew deregulated part of the market
(Soderbom 2011, interview). The problem with dpaint contact model is that cus-
tomers do not understand the difference betweesupplier and the distribution com-
pany and feel that this model is complicated. Tdenamore simple for the customers
there has been talk about supplier centric modeMp

In SCM the customer would have in most of the cdlsessupplier as the primary
contact. The DSO would work in the background aaddsponsible for purely DSO-
specific questions. There has been a need fokimisof model as some of the custom-
ers in Sweden have changed back to their previopgligr just to receive only one in-
voice instead of the separate ones from the supgmtié the DSO. If the customers buy
the electricity from the same group as where thesetthe DSO they have only one bill.
(Svalstedt 2011, interview). However, for examplatténfall Verkko Oy in Finland
already offers the suppliers the possibility todurce a common invoice to the cus-
tomer. It is not still clear to what extend the rabdill be implemented. At the moment
the energy market authorities in the Nordic coestiNordREG) are considering the
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different market models and nothing has been ddcygé about which model to imple-
ment (Varila 2011, interview). In this thesis worke take the SCM as background as-
sumption as it is likely to come in the future edidt to some extend.

The main advantage of SCM is that it would makeadhkieasier for the customer as
there would be only one interface to contact. Thestomer would receive only one
invoice even though he had changed the supplierth®rother hand, if customers had
only one bill then it would be even harder to ustkend the difference of the DSO and
the supplier (Svalstedt 2011, interview). Still thistribution and supply would be men-
tioned separately in the invoice. For the DSO ttheaatage of this model is that there
would be no need to store and maintain all theiging information of the customers
but only the invoicing information of the supplieis SCM the DSO invoices the sup-
pliers and the suppliers handle the customers’iamvg. In this way in Vattenfall
Verkko Oy's case in Finland the company needs v loaly about hundred suppliers’
invoicing contacts instead of having almost 300 6G§tomers’ invoicing contacts. This
would save resources. (Karjalainen 2011, interviet® well as the customer service
can be of a lighter structure than nowadays. Th® D#l be the primary contact for
only the network specific issues such as new aatgéd connections, technical meter-
ing and network issues or outages. This also ssweg costs. (Rud 2011, interview)

This model has also some challenges from the D®@rspective: The electricity
meter data needs to be reliably delivered and dtsoethat the suppliers can use it for
invoicing. The DSQO'’s role in metering will emphasHill. In the future data needs to be
delivered faster and faster which creates problemalidation of the meter values. In
Sweden the values need to be collected once a namththe reading rate is 99,7 %
which is very good. On a daily basis it might b#idlilt to obtain as high percentage. In
the future along with the harmonisation of the Norelectricity market the metering
values could be stored for central data base frdmarevall the suppliers in the Nordic
area could find them. (Naas 2011, interview)

In the new model it is important to have clear itleav to share the responsibilities.
It could be that the supplier does both the eleityrisupply contract and the network
contract with the customer. Supplier also handhesmoving situations and invoicing.
The rest of the tasks such as tree felling, cabtevég and outage service will be on
DSO'’s responsibility. One thing that could also @lifiy things for the customer is to
have only one contact phone number presented ibillhwith which the customer can
reach both the supplier and the DSO. By clicking niumber one or two on the phone
the customer could choose if he wants to contaistipplier or the DSO. At the mo-
ment because of the obscurity of the roles of thgpker and the DSO the customers
call to wrong numbers from time to time. (Varilala0) interview)

In SCM where the supplier has most of the contecthe customer the role of the
outage service should be defined, too. It is ctub@a DSO will have the role of keep-
ing the information needed what it takes to mamthe network and the outage service.
In some of the considered variations of the moded possible to have the outage ser-
vice and outage message transfer outsourced sd thatild be taken care of by some
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new market player. This new entity would also takee of all the fault services of all
the DSOs. It would not be cost efficient and it wboot help develop the network for
example the outage message transfer or investiagant grids as there would be only a
standard that the service tries to meet in a mimimvay. At the moment the DSOs in
Finland are in a very different level on outagesser so outsourcing the outage services
would be complicated. This would also increase dbsts which could be seen in the
customers’ electricity bills. DSO needs the meteinpinformation in order to handle
the outage service. The outage service brings adaleé to the services of DSO and as
the AMR that is an essential part of the outagairem service it would be rational to
maintain the outage service as one of the respititisgoof the DSO. When having the
point-to-point connection to the customer’'s metee @an see fast if the meter can be
contacted or if there is an outage or the metbraken. (Karjalainen 2011, interview).

2.4.2 Tariff structures

As the electricity supply and the distribution ardundled the customer sees the cost of
them separately in the electricity bill. There @ifferent tariff structures for both of
them. The supplier’s part consists of small fixed find the consumption measured in
kWh. In most of the cases, also the distributigrést includes a fixed fee and the en-
ergy in kWh:s but there are also some companig¢sudepower based tariffs already. In
Finland and in Sweden the fixed part is relativetyall compared to the energy part.
The fixed part varies according to the connectiomip In the rural areas it is more ex-
pensive than in cities because building the griconntry side and maintaining it is
more expensive as the distances are long. The Cf8Qadnhdo regional pricing within
one consistent concession area, a geographicagrated area, the prices have to be
the same for all the customers. However, in nomeoted concession areas the prices
can differ between city and the rural areas. Theams that DSO’s business is so called
discriminating monopoly as the price of the eletlyiis different for different custom-
ers. This goes against the principle of perfeailyctioning market as there the price of
the product should be the same for all the buy@®egg 2005, pp 137). Customers have
difficulties in understanding this and so differgmicing structures have been consid-
ered. For average household customer the coseatldttricity transmission including
the taxes represents 44 % of the total price. 3lhése the customer cannot influence by
changing the electricity supplier. In the Figuré the formation of the price for an aver-
age household is presented.
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Figure 2.4. Formation of the electricity price for a housethoh Finland in 2009
(ET 2011).

In this thesis work the pricing models for the dizition’s share are under discus-
sion as they enable the steering of the customedeinand response. It is very likely
that the future’s electricity tariffs will be moobose to the market prices of the electric-
ity. If the demand is reduced the prices reduceToe system is self-regulating and that
iIs what makes it the market (S6derbom 2011, in¢evyi Still the industry has been in-
terested in having fixed fee for the distributi@ine common Nordic electricity market
drives probably towards more similar price struetun Nordic countries. The extreme
options as having completely fixed distribution teetotally energy consumption based
distribution fee can be difficult to have in thdute. Introducing new price structures
might also be difficult as customers have low iegtiin energy issues, though the recent
debate about the environmental and climate issoels help to raise the awareness of
the domestic customers. (Vattenfall, Framtida mussur 2010)

There are many reasons that speak for fixed fehsinibution. About 95 % of the
DSO'’s costs are fixed so it would be more logit#hé price of using the grid would be
fixed for the customers, too (Hanninen 2011, intaxy. For the customer the advan-
tages of the fixed fee are that it is simple ansiyda understand and also to budget as
the price is always the same. In that way also tstaleding the difference between the
supplier's fee and the DSO’s fee would be easibe friff should be constructed so
that it would be fair for everybody and not disdnating. There are of course defects in
the fixed fee of distribution, too. For examplestanmer cottage customer who stays at
the cottage only part of the year and heats it witlod could feel to be treated unfairly
if he had to pay the same amount of fixed fee asesoustomer in a cottage with elec-
tricity heating and living there all year aroundchel customers need to be classified
somehow in order to make the system fair. Withrtbe smart meters the power limit
could be set in a more flexible way and not just llasic Finnish fuse sizes of 16, 25,
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35, or 50 A for small customers. Then there shdadda “fine” if the customer takes
higher power from the grid than agreed. (Hannin@hl? interview). On the other hand,
the classification of the customers is difficultdathen there is the risk of having too
many classes. The administration and the custoergice would become complicated.
It depends where the customer is living and maykseaasier to handle a tariff that has
two or three parts than numerous categories foromeys. (Rud 2011, interview). In
addition, probably the customers do not want to fpaysomething they do not use. On
the other hand, the nature of the fixed fee inritistion is very much similar as of the
internet broad band. People are not using intezoetinuously but they still pay fixed
fee for it. Customers do not question that at\athy should the electricity distribution
be any different from this? On the other hand, wthenspirit in the electricity branch is
very much pro energy efficiency the fee that alldkes customer to consume as much as
he wants to with the fixed fee seems odd. But tthenpure electricity transmission’s
and distribution’s part form the customer’s elasityi bill is actually about 30 % as can
be seen from the Figure 2.4. so it would not beantradiction with the energy saving
policy. There would still be the supplier’s partialih encourages saving energy as it is
directly connected to the amount of electricityttiseconsumed. The steering signal may
not necessarily be strong enough for all the custsni there is only the supplier’s part
that varies according to the electricity consumadaddition, the fixed fee would be in
accordance with the idea that the DSO’s turnovexukh not be dependant of the
amount of electricity that is being consumed. iis thay the DSO would have a credible
role in advising people in the energy efficiencytiais. It does not encourage trust if the
advising has influence in the turnover of the comypd hese facts support the fixed fee
of distribution or at least higher share of the&iininen 2011, interview).

In totally energy consumption based tariff the adages are that the customer pays
only for the electricity he uses which seems faiha can influence his costs directly. It
also gives more incentive to energy efficiency.t{®afall, Framtida prisstruktur 2010).
This way the customer could be steered with theepaind got to participate in demand
response. For larger industrial customers withtgrethan 63 A fuse they already have
power tariffs and in that way the demand resporstsalready.

Then there has been interest from the DSO’s sidartis power based tariffs rather
than energy based tariffs. The customers wouldfpathe actual use or the maximum
load they take of the grid. The power tariff wosldl include the environmental saving
aspect as the gas or oil fuelled peak power pldatsot need to be used if the load in
the grid is low and the load curve stays more dith energy efficient equipment the
customer could save money and the environment.poleer tariff would be some sort
of time tariff with more variation than just twayie tariff that is currently used in
Finland and in Sweden. For grid’s sake the poweetidariffs seems interesting as with
them the quality of supply could be improved angestments could be postponed or
avoided completely when the overall load is moaé¢ ith grid. The biggest issue is to get
customers approval for this. Power measured in ki¢/sbviously more abstract and
more difficult to understand than energy that isaswged in kWh:s. (Hanninen 2011,
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interview). In Sweden the power tariffs have besstdd in form of measuring the three
highest consumption values in a month and calagatie average from them and there
are even companies, such as Sollentuna Energhéivat been using power based tariffs
for years. The fixed share of the DSO'’s bill forahtustomers is set based on the fuse
size and now the possibilities of changing thisreha more actual power based fee
have been considered. Replacing the fixed feeddpénds of the size of the fuse with
power tariff would be a way to get rid of the olkshioned fuse size dependence. The
fuse is only the protection that prevents the austofrom burning down the house.
(Englund 2011, interview)

Before the high price peaks of the winter 2009 t®there was a shift towards more
dynamic prices but then after the price peaks nflaterate tariffs were wanted. Even
though price peaks do not influence directly to ¢hstomer as they are not completely
exposed, they still have been reacting and movaul Ibo more stable contracts. (Koles-
sar 2011, interview)

The customer researches indicate that people paaiéfis where they can influence
more to the size of their own electricity bill. &aldition, more varied use of the electric-
ity grid in the future with small-scale productiamd demand response requires more
flexible tariff structures. (Vattenfall, Framtidaigstruktur 2010). It has also been found
out that when testing the tariff structures thatsist of totally fixed or totally consump-
tion dependant part it always comes to that of tWioth parts in the tariff is the best
option. (Willerstrom 2011, interview)

2.4.3 Price areas

The Nordic electricity market is divided into priegeas. In Finland there is only one
price area, two in Denmark, five in Norway and Seredhat used to be only one area
will be split to four areas on 1.11.2011. The fumttof this areal division is to solve
bottlenecks in the transmission of electricity.qifdrt 2011, interview). The bottlenecks
are formed when the physical capacity of the trassion lines is not enough and the
production and the consumption are not spread Bguide the area. When there is
scarcity of the electricity in some area it is possible to use the electricity from the
areas where there is plenty of it, as planned enfitist place. This happens because the
electricity cannot be transmitted. It is also pbksthat when there is excess in produc-
tion of electricity in some area there is no cafyaiti the transmission network to ac-
commodate it.

The lack of capacity might be harmful for develagpienewable energy sources if
the energy cannot be used even though it is negldedhere. In Denmark and in Ger-
many the inadequate transmission capacity comtméuk fact that the large amount of
electricity produced with the renewable energy sesirincreases the volatility of the
price have led to negative prices. When the elttrthat is produced with renewable
energy sources is prioritised to be fed in to thd the base power plants like nuclear
power plants that cannot be regulated still haveea@riven with the maximum power.
This leads to excess in supply of electricity fonament. Then the price of the electric-
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ity goes negative as for the producer it is stieaper to pay to the customers to use
electricity than to use the power plants in haffawty or to stop them all together. This
is not cost effective or economically wise to tloeisty. Nevertheless, using the fuel
with non-optimal way or changing the level of usaf¢he nuclear power plants might
damage the equipment. (Koskelainen 2011, interviélepative prices give confusing
signals to the customers. When people are nornaltlyto economise and save the en-
ergy and the resources, now they are paid to coasnare. In addition, giving a nega-
tive price to a valuable product seems very odds¢Nn, M. 2011, interview). In Nor-
dic electricity market the bottlenecks are triedo® solved with splitting the areas to
different price areas. In different price areasshpply and demand decide the price on
each area separately.

There are two solutions how to solve bottlenecksinter trading or market split-
ting. Traditionally in Sweden to avoid bottlenedksm showing in the prices counter
trade within the country was done and export angomnwere used to balance the bot-
tlenecks. In counter trade on the side where tisel@ck of electricity the generators are
paid to generate more. On the other side of theepairea cut where there is excess
amount of electricity the generators are paid todowvn the production in order to keep
the supply and demand in balance. This way thdemeitks are solved artificially by
pretending that there is no bottleneck and in tiek this seems to the market that there
is the same price throughout the country. This gitre illusion to the consumers that
there is no scarcity of electricity. The producsee that because they are paid to act but
the consumers do not. For generators’ side itassime as if the country was split into
price areas but the normal consumers do not seee#thgrices. In addition, if it is not
allowed to turn off the cables to Denmark and wtieme happens to be large demand in
Denmark’s side the counter trade is done in Swesheheventually it will be the tariff
payers who are paying the costs of counter tradingding the country into price areas
gives the right market signals. It increases theeustanding where the more generation
or more consumption is needed. It gives right dgyi@ build more electricity produc-
tion to the south than to the north. This givesraentive to build small-scale produc-
tion to the south of the country where it is needbBlidsson, M. 2011, interview)

The new division of the Swedish area prices haked/@ome conversation. In the
first place it was done because of a decision fidn When Sweden was one price area
and there were bottlenecks in the system the bettks were moved to the borders.
This meant that Denmark had to suffer from the gtaof electricity until the bottle-
neck was solved in Sweden. Because of the Denmedkigplaint that Sweden was not
complying with the competition rules Sweden decitiedorm the four price areas to
solve the situation. In addition, restricting tradenever a good solution as it leads to
non-optimal use of the resources and can causeusedamages to the industry in the
long run (Nilsson, M. 2011, interview). It was Ssk&rKraftnat, the Swedish transmis-
sion system operator (TSO) who decided the cuslfoethe areas according to techni-
cal and geographical points of view. (Kolessarl2@iterview)
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2.5 Summary

Market is formed by a large number of profit driviedividual actors who act independ-
ently. The price is determined there where the daehzand the supply meet. The key of
the functioning market is competition. In orderingprove the competition there ought
to be many producers in the market so that thenéldwoot be any dominant producer
who could affect the price of the good with itsiaas. In the electricity market this
problem could be solved by increasing the elegyrigroduction units by favouring the
small-scale production.

As electricity is a common utility the demand cumkthe electricity market is
slightly twisted. With the help of smart grids thew methods to use electricity for de-
mand response could improve the functioning ofelleetricity market when the demand
side starts to react to the electricity market ggjctoo. To make the demand response
possible the market information should be availdbk customers in a form that they
can react to it. Accurate price signalling is tleg kactor in indicating and improving the
market efficiency because it not only shows howcedht the market is but also encour-
ages new investments.

The purpose of the supplier-centric model (SCMjoisnake things easier for the
customer. The risk is that then the customer wilalty lose the concept of separate
supplier and DSO. New price models are being pldnneorder to simplify the tariffs
for the customer and in order to charge the custermere fairly and so that the tariffs
are more correlating with how much electricity estomers actually use. There has
also been interest towards fixed fee for the distion’s share as it would match more
with costs of the DSO. The price areas also infteethe price the customer pays in the
electricity bill. The price areas are used to haritile bottlenecks of the transmission
capacity. The customers living in different areasento pay different amount of money
of the electricity they use which is in contradictiwith the principle of functioning
market where the price of the good is supposectsame to all the consumers. On the
other hand, it can be seen that there are thepwaiasion costs included in the price of
the electricity and the price areas also give @bmearket signals to build more produc-
tion there where there is more demand.
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3 NEED FOR SMART GRIDS

In 2007 the European Council approved the energymwggrogramme 20-20-20 in or-
der to prevent the climate change. This meansthi@gagreenhouse gas emissions need
to be reduced by 20 %, the share of the energyupexti by the renewable energy
sources should be increased by 20 % and the cornisumgd energy reduced by 20 %
by improving the energy efficiency. (European Cosssian 2011). Energy efficiency is
expected in regulation 2016 in Sweden as incentides/ever, long depreciation times
might limit the effect in showing in the infrasttuce before the year 2020. The direc-
tive suggests that the measures for saving withatehmesponse and distributed gen-
eration should be reflected in the network tari{fSU - Energy efficiency directive,
draft 2011)

The demand for smart grids is undeniable: The wkolgety works with electrical
equipment. Customers want better quality elecyrieiithout interruptions. Climate
change control necessitates more energy efficisatal the electricity. The smart grid
network can anticipate high peaks of consumptiahianan repair itself by using auto-
mation. It is reliable and safe. (Europaeus 2010)

3.1  Smart grids

Smart grid can be defined as a grid that intelliyebrings the consumers and the pro-
ducers together. It allows the power to flow totbdirections. The energy consumption
will be reduced but the electricity consumptionlwilow which is based on the fact that
with electricity many fossil fuels can be replacgdanninen 2011). Smart grids are
needed to integrate increasing amounts of decesgdagieneration, electric vehicles and
heat pumps to the grid. The direction of the pofi@w in the distribution network will
change according to the energy reserves and mpricet In addition, smart grids are
the way to encourage consumers to participate inagiag actively their energy de-
mands. It is not a purpose as itself just to maleegrid smarter because of wanting to
have the newest techniques in the grid but thetsgniais are the key to meet the EU 20-
20-20 objectives (Hanninen 2011, interview). Thagilitate the penetration of the re-
newable and the decentralised generation at the §am as operational security, power
system and electricity market efficiency improvéey provide the customers the possi-
bility to participate actively in the market notlpas more aware buyers but also micro
producers with wind, solar or micro bio-combustipower. The electricity could be
stored to electric car’s battery and the then tietamers can sell back the excess energy
when they does not need the energy for themseSmasut grids will also enhance the
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DSO'’s grid operational tools and eventually redneéwork losses. (EURELECTRIC,
pp. 5; 8)

In order to have smart grids as part of the eleityrisystem there should be these
three drives: regulation, technical development andtomer’s expectations as pre-
sented in the Figure 3.1. These three interactimiheence the changes that are neces-
sary to make to the market function better. Fongpda, a customer could find out about
a new technical solution and decide that he wdmsskind of service or product. Then
the other market participants have to make it weith everything else in the market.
There is also the other connection between theomestand the regulator: If customer
feels that something in the market is not workiegiight consult the regulator and as a
result of this the regulation might change. Thea BSO and the other market actors
have to adapt to this change. The market partitspalmvays have to be able to adapt to
the change of the technology and the regulatiomd@ren 2011, interview)

Regulation

Technical Customers’
development expectations

Figure 3.1. Requirements for developing new network solutions.

The objective is to create an economical, strond) delivery reliable distribution
network. There is already some intelligence indtstribution grid: the modern electric
meter that can measure the electricity consumptadnes in hourly bases already gives
the possibility to optimise the operation of thewwk. In the Figure 3.2. the possibili-
ties for smarter usage of the electricity grid @resented. The smart meter is in the cen-
tre of the picture as it is a prerequisite forta# points mentioned around it. (Hanninen
2011)
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Optimisation of the grid

Small-scale production New ways to use the grid

Energy storages (EVSs) Energy efficiency

New market possibilities Active customer

Figure 3.2. The possibilities smart metering creates (Hanni2ehl).

For the customer the most visible part of the srgad is the electric meter, the
smart meter. It connects the customer to the sgnartnetwork. Changing to smart grid
is a long term process and will not happen in agéatnin 2014 when the hourly-based
metering is taken into use Finland will be the lagdcountry in developing the smart
grids. As an investment the installation of the gmaeter to every household is of the
same order as the electrification of the countdg svas. This will have some influence
on the prices of the distribution but the networduwd need reparation anyway and in-
vestments are necessary for the delivery religb{lEuropaeus 2010)

The smart grids are natural phase of evolutiorha rietwork development. They
have been developed for long already in Finland itha leading country in this matter.
Basically it means adding the level of automatidhe centre of the smart grids is the
smart meter whose roll-out has taken off very vedlér the statement. In addition to
measuring the energies it has an important rotbenoutage service, defining the qual-
ity of electricity and in the compensation of thenthge cases. The development of
smart grids has been necessary here as most tdirttias rural areas where the dis-
tances are long and the automation is neededs Ibéen difficult to send contractors to
the spot to see what is wrong. The developmenhefauitomation and remote control
has been cost-effective and the harmonisation efsgistems is advanced. (Myllymaki
2011, interview)

The smart meter will provide customers with moreuaate information about their
consumption. As the customers become more awayectne use electricity in a more
efficient way. Smart meters can also be used talike the fault as is already done by
some DSOs. A future scenario could be the follgwim hard wind sweeps across the
Northern Europe. The wind power will be distributach common European electricity
network. The smart electricity systems at custosnbousings will react to the cheap
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price of the electricity and start charging thetdxgt of the electric vehicles (EV) and
heat the water in hot water supplies. Meanwhile #ig hydroelectric plants are used to
pump the water to the pools so that after the wiasi passed the hydroelectric plant can
work to produce the maximum power. The househaldshble to sell electricity, too. In
that way the solar panel is useful also duringtiimes when the house is not using the
electricity for itself. The whole society benefftem the smart grids as the energy effi-
ciency improves, the stability of the network irases and the electricity market func-
tions better. (Kauniskangas 2010) A change fromctireventional electricity grid to a
smart grid can be seen in the Figure 3.3. In tvewotional grid the power plants were
big central power plants from where the electrigigs distributed to the consumers first
with high voltage transmission lines, then mediwttage and finally low voltage lines.
The power flow was one-directional, so to spealsnirart grid system the production of
the electricity can be connected to which everagstlevel. The ways of producing
electricity are more varied and more environmefriahdly than in the conventional
system. The operation is based on real time datdrepower flow is multi-directional
and controllable (Soderstrom 2010).

large power

[ station

hydroelectric
power station

130 kV

HHIY

0.4 kV

agﬁﬁ

household industry

household

Figure 3.3. From a conventional grid to a smart grid systéBrandstrom & Soder-
bom 2011)

The ways of using the electricity will change. bed of the traditional energy based
consumption there will be power based consumpfitve. heat pumps are a good exam-
ple of this. Normally they will require only a ligt energy but the grid should be pre-
pared for the peak hours during the cold days.

When customers can monitor their own consumptiamrligghey can also contribute
to the functioning of the electricity market by asling their consumption to the produc-
tion. With the current version of the smart meles is already possible technically. The
customers can be guided to use the electricithabit is beneficial to the functioning of
the electricity grid, too, by shifting their loatls different times of the day so that the
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loads in the electricity lines would be more evespyead in each hour of the day. Then
the customers would react with their demand tosigeals they get from the market.
This is called demand response. The loads thatldoellused in demand response are
first of all, heating, then house electronics aadis, for example.

The future’s distribution grid is a market place foany different kinds of energy
services. It is highly automated and weather secline objective is to modernise the
grid and put more smartness in it. Hourly-basedenm&j on production and consump-
tion information is available for the parties wheed it. Electricity market is handled
with hourly-based power information in a fully aotated environment. In fault situa-
tions the grid will know the fault location and ceolate the faults automatically with-
out disturbing the electricity distribution. Infoation technology is part of the electric-
ity technique and the smart grid will continue &vdlop. (Europaeus 2010)

The potential of the smart grids in reducing thessions is based on the reduction
of the transmission losses, exploitation of theevesble energy sources, usage of the
electric vehicles and load control by following ttreal-time prices. Ministry of Trans-
port and Communications estimates that the smatemneould cut the electricity con-
sumption during the peak hours 3 — 10 %. With srgads the CQ emissions can be
reduced 1 500 000 — 4 400 000 tons per year bubhfextive can be obtained only if
the house holds and workplaces are taken into atcmo. When the power of the cus-
tomer increases, the customers can influence io ol consumption as the system
changes more transparent. (Launonen 2010)

The EVs also play an important role in cutting dawe CQ emissions. According
to Myllymaki the EVs will certainly break througimg market, the questions is only
when. Their number will likely increase dramatigatiround 2015 — 2016 and the de-
velopment will go through the plug-in hybrid velasl (PHEV). In PHEVS there is a
combustion engine that is being used when drivomg Idistances and then there is an
electric engine that is being used in the city @rivhe increasing of EVs will create
many challenges for the distribution network butréates new possibilities as well.
(Myllymaki 2011, interview)

The EVs are easy to take along to the demand respMery likely when the EVs
break through the demand response starts workiog,Tiis is because the batteries of
the EVs can be used as electricity storages. Thiéypevcharged when the market price
of the electricity is cheap and discharged whenpihee is high and the electricity is
needed. In Finland the slow recharge is alreadgiplesbecause of the engine heating
infrastructure. There are plugs in many of the payhkots and there are outdoor plugs
outside the buildings. The speed charging woulduiregsome new techniques and
equipment. In average a car is in the move for2Lheurs per day and the rest of the
time it is still. Why not to recharge it when itnst in use? (Myllyméki 2011, interview)

With EVs there are also the challenges how to leadmeter point that moves.
Somehow the recharging power must be directedctrtain car and not always invoice
the owner of the recharging spot. For example & goes to visit a friend and plugs his
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car for the recharge the charging power must berded to the consumption data of the
car owner and not the house owner. (Karjalaineri 2iterview)

The influence of smart grids in achieving the obyes of EU 20-20-20 is impor-
tant. When the customers have the chance to falh@iv energy consumption and see
how they can make difference in it they will startaim to more energy efficient behav-
iour. In this way the level of C{emissions will decrease as less energy that cugcexl
with the fossil fuels is needed. (Myllymaki 201atarview)

3.2 Smart grids and the functionality of the electr icity
market

Smart grids improve the functionality of the markstwith them it is possible to influ-
ence both the supply as well as the demand of gn8rgart grids enable connection of
more micro production such as wind mills, solargarand micro-CHP plants to the
grid. The smart grids enable the island operatiom,and the customers will have more
options where to buy their energy. The customensbeamore independent and they can
choose when to participate to the market. It isaomhpulsory anymore. The DSO must
have the intelligence in the grid to control alesle new functions. (Karjalainen 2011,
interview)

When the demand side also starts to react to {ygysand the prices the electricity
market that used to have almost fixed demand isbagy to look more like the idealis-
tic market. This brings more flexibility to the nket. In addition when the bottleneck in
the electricity transmission can be prevented wittart grid the electricity market will
benefit from that too. Then the supply of electyigs not disturbed by the insufficient
capacity.

Even now the demand response exists as the twottnfé guides people to cut
down the electricity consumption during the day amdnove the consumption to the
night time when the electricity is cheaper. Thestrguitable load for demand response
is heating. It is the load that one can affect st to one’s individual consumption.
Also warm water supplier and fridge could be comdehautomatically according to
the market price of the electricity. The commandthe limits when the dropping of the
loads should be done should come from the cust@mérnot from the DSO. There
could be service providers developing the systeonsttis. (Myllymaki 2011, inter-
view).

New market actors are needed to offer these smdrsegrvices and products. There
can be a whole new market build around this. Is thay the smart grids create new
opportunities and new innovations.

From the Figure 3.4. can be seen the evolutiom@fsmart grids according to Vat-
tenfall’s vision. The next step would be integratiof small scale production which
should be happening in 1 — 3 years. The realisatiatemand response is further away
in the future, in 7 — 10 years. Before demand respavould be part of the normal eve-
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ryday electricity use having low-voltage monitoriagd electricity storages is neces-
sary.

Integration electric vehicles (EV)
Demand Response

Integration of PHEV
Islanding

Energy storage

Condition based maintenance (Asset Management)

Small pilots for islanding and energy storage
Smart (MV) substation
LV monitoring & control

Energy efficiency (simulation tools)

SmartGridsEvolution

Improved AM and Operation system tools
Integration of small scale generation

Integration large scale wind (/solar) farms
AMI integration with operational system
Environmental friendly equipment
Distribution Automation
Smart Meters for billing

Time
Figure 3.4. The evolution of the smart grids (S6derstrom 2010)

The generalization of smart grids will start byelligent grid management that is
characterised by the increased level of automatidtie by little the decentralised mi-
cro production will increase. Finally the electtycmarket will start to take advantage of
the smart grids. The energy efficiency will improgelanninen 2011) For the industry
the drives to develop smart grids are meeting ther@nmental requirements and sav-
ing in the costs.

3.3 Example of a smart grid system

There are several large scale smart grid pilotga@ng. The smart grids will next be
tested in big scale in Nordic countries in a Swedgisject Smart Grid Gotland where
Vattenfall takes part. Gotland is an island outsBleeden’s eastern coast that holds
about 60 000 inhabitants. It was chosen for thggegot as they already have electricity
meters that can measure the values in hourly bBlsese is also large share of existing
wind power already and the amount will be increasedp to 1000 MW in total. There
have already been many R&D projects on the islanthe people of Gotland are used
to participate in them. (Brandstrom & Soderbom 2011

The Smart Grid Gotland is a full scale integratedhdnstration and R&D project to
demonstrate a future distribution system. The idea turn Gotland to a big test labora-
tory for smart grids. The existing grid will be upded to more modern one that allows
flexible production and distribution. Customer ma@ac will be tested. The market ac-
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tors, customers, producers and grid owners amdmgy @tctors, will interact under real
conditions to gain knowledge of the future eledyimarket. Both market and technical
aspects of smart grids are covered. The drivimgefo for this project are solving the
growing demand of electricity and meeting the dedsaior increasing security of sup-
ply. The assets are aging and would need reinvessnamyway. In addition the green
technology and the EU’s 20-20-20 targets were camed important drives for this pro-
ject. With smart grids the renewable energy souccesdd be integrated on all levels of
the electricity system. There will be charging pdtir EVs and alternative heating sys-
tems such as heat pumps. The project requiresgsparicipation from the customers’
side and one of the objectives is to gather inféinaabout the higher participation
from the customers and the society. With this mtogdso the knowledge about the new
roles of the actors in the electricity market amesvrpossible products and services will
be found out, as well as the new market modelsfainde business cases. The technical
information on how the integration of large amoahtenewables and electric vehicles
works out are important too. One of the main olpjest is to see how this Gotland’s
smart grid model could be adopted to other marketurope. (Brandstrom & Sdder-
bom 2011)

The pre-study was finalised at the end of May 284d the deployment will hope-
fully start in October 2011. The deployment wiltie8,5 years and then the results can
be seen. Though different parts of the project éllanalysed along the way and there
will also be parallel R&D projects that are conmelcto the universities during the de-
ployment phase. The most challenging part is tatlyetcustomers to participate. They
will participate if they can be shown the right béts. The economical and environ-
mental aspects could be a good incentive. The wowler could cover about 50 % of
the load. With this project the better knowledgeuwlthe network will be gained. The
project will not include EVs in a big scale evewough the charging polls are included
in the infrastructure. This project creates po$itgs for universities and other compa-
nies to test smart grids. The existing infrastreetwill be used but some new and smart
features are included such as be new smart subsatiith new protection and control
system. In addition, an energy storage, a lithiombattery will be brought to use. Also
new concepts for solar energy will be tested. Tateby is for dynamic purposes and
not for the electrical market purposes though. Al communication techniques have
a very important role here as many systems nedx toonnected and work together.
(Brandstrom 2011, interview)

The Gotland’s electricity supply is very much dréfat from the traditional Swedish
one. Sweden has a lot of nuclear power and othmeiskof base power but Gotland is
dependent of wind which is quite volatile energynfo That is why Gotland project is
more interesting in the European level than inNloedic level. In Gotland about half of
the energy will be produced with renewable ene@y&es and that is challenging for
the electricity market. The optimum would be if ilnecould be separate price models
just for Gotland that would be connected to thedmamoduction on Gotland. It is not
sure yet if this kind of model can be implement€de separate price models for Got-



26

land are needed as if the price of the electricétsne from the Spot market that is not
connected to the wind production in Gotland it wbabt affect the customer behaviour.
The objective is to get the customers’ behaviouadjust to the wind production on the

island. That is one of the great challenges imtlaeket test. Many things can be learned
from Gotland in customers’ behaviour vice: It ok interesting to see how customers
react to different price models and how they reaafirect steering of their loads and

how energy efficiency thinking can change their ssonption habits. The customers
will be provided by a visualisation tool, steeriequipment and then electricity con-

sumption advices by mail, phone or personally.hils tvay also the different types of

communication with the customer are evaluated. rApartant task is to recruit people

to take part in this test. On private side the @wslrs that consume more that 8 000
kWh per year and who have electric heating arecagk@articipate in the project. Then

also farmers, industries and enterprises will bated to participate, too. (Svalstedt

2011, interview)

The price models considered in Gotland could bé agocombination of different
kinds of tariffs. One part could be fixed, one gartkWh:s and the last part for the peak
load. Then there could be incentives or bonusesieifcustomer manages to keep the
consumption under some maximum load then he wilbd®gonus. The problem still with
the power tariffs is that customers do not undedsthe power as they understand en-
ergy efficiency for example. Flexible time tarifiohh DSOs side is also under consid-
eration. If the tariff is complex from the supplgeside then the DSO cannot have very
complex tariff. Otherwise it will be too complicatdor the customer. One way would
be have some sort of time tariff but with more a&on than just day and night. There
could be day, night, afternoon and evening, fomgxa. (Svalstedt 2011, interview)

3.4 Summary

The main drivers for the development of smart gads customers’ needs, regulation
and technical development. The smart grids areeteedorder to achieve the EU 20-
20-20 objects. With facilitating the connection syhall-scale production with the re-
newable energy sources the emissions of the féssiled power plants can be cut
down.

The change from the conventional electricity gadsimarter grid will go gradually.
The heart of the smart grid is the smart meter tiedisures the values on hourly basis.
The modern electricity meter is already quite smébne hourly based metering allows
the accurate monitoring of the consumption thanhtban be adjusted to the market
prices of the electricity. This is called demandp@nse. Demand response can also be
driven by the capacity of the distribution netwaik that the load of the electrical lines
is being optimised.

Demand response will probably start to be commahetsame time as EVs as the
electricity can be stored in the car batteries madly. Electric heating is the most im-
portant load that can be controlled with demangaase. The demand response already
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exists in small scale in the form of two-time tiitvhere the price of the electricity is
different during the night and day. This encouragesple to move their consumption to
night time. Around smatrt grids there is a markatplfor new products and services.

The smart grids will be tested in big scale in @ad in Sweden where not only the
new technique is tested but the market and pricgéefsdoo, as well as customers’ reac-
tions to these. There are other ongoing projectaitabmart grids in Nordics such as
Bornholm in Denmark and Kalasatama in Helsinki |l
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4 CURRENT REGULATION AND LEGISLATION

As a member state of European Union (EU) Finlanobigged to follow the regulation
and directives that EU imposes. The regulation khba implemented in the law of all
the member state’s law as such. The directivesrdifbm the regulation as the national
authorities can decide the means how to meet thés gbe directive suggests. In each
directive the date when the law should be parthef national legislation is set. The
meaning of the directives is to bring differentioaal laws into line with each other still
leaving space for national regulation as well. @p@an Commission 2011)

Energy Market Authority's (EnergiamarkkinaviradtdV) tasks include the super-
vision that the Finnish Electricity Market A¢B86/1995) is followed. (ET 2011). In
Sweden the role of the EMV belongs to Energimarkmgzektionen (El). EMV and El
have the surveillance action. They take care ti@afXSOs do not abuse their monopoly
position. The authorities suggest improvementshlaw and other requirements but
they do not interfere with the market nor decide tdriffs. (Kolessar 2011, interview)

At the moment the Finnish electricity market is sidered to be one of the most de-
regulated markets in the world. Unbundling the teleity supply business from the dis-
tribution and the letting the customer to choose shpplier are already taken far in
Finland as the process has barely started in sam@pBan countries or on the other
continents. The Finnish energy policy aims for tiowal energy markets, the security
of energy supply and keeping the emissions bel@amithit that is set in international
contracts. However, it is thought that these ainisnat be realised in completely free
market but some regulation is needed. The trangnisand distribution need to be
regulated and supervised as they are monopoligimbsses so there is no competition.
In Finland Ministry of Employment and the Economsythe responsible of the regula-
tion of the electricity market and the implemerdatiof the EU regulation and direc-
tives. The most important directive regarding tiissis work is the Internal Market of
Electricity directive. Its goals are to enhance tloepetition in the electricity market
and to guide to the harmonisation of the Europeactrcity markets. (ET, Lain-
saadanto ja viranomaisvalvonta 2011) In additibe,electricity distribution business is
supervised by Finnish Competition Authority, Congum\gency and Finnish Safety
Agency.

4.1 Relevant legislation

The most important law of the Finnish electricitiaibch is Finnish Electricity Market
Act (386/1995). Other laws give specifications héstlaw. In Sweden the structure of
the electricity market legislation is similar.
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41.1 Laws in Finland and in Sweden

The purpose of the Electricity Market Act (386/1985to ensure the preconditions for
effectively functioning electricity market. The etdcity prices should be reasonable
and the electricity should be of the adequate tyudi order to reach these aims the
working economic competition is ensured both indoiction as well as in retail of elec-
tricity. Maintaining sufficient and non-discrimirat/ service level in operation of elec-
tricity networks is secured. In addition to thisetd is Electricity market decree
(65/2009) that describes the connection of theotosts to the electricity grid and other
DSO related matters. There are also more spedati faom the Ministry of Employ-
ment and the Economy that regulate among othegshimetering and unbundling. Then
EMV can also enact laws that are binding.

In Sweden the system for the laws is almost egentalThe most important law is
the Electricity Act (1997:857). It provides regudaits concerning power installations,
trade of electricity and electrical safety. The sdf directives are valid in Sweden too
and they are fitted to Swedish legislation. Thene@wn also has national electricity
laws too that define the specifications about niegeand reporting the metering values
and accounting and such. The contents of thesedadscts are basically similar to the
Finnish legislation. (El 2011)

In addition to these, there are the European En&egulators: The Council of
European Energy Regulators (CEER) and European|&egl Group for Electricity
and Gas (ERGEG). CEER acts like preparatory bodERGEG. ERGEG is the Euro-
pean Commission’s advisory group of energy regwatBoth El and EMV are part of
these organisations. The organisations were foutaléelp to achieve the objective of
having single electricity and gas market in EU. r(ipean Energy Regulators 2011).
Nordic energy markets have their own regulatorypesation organisation NordREG
where the members are the energy market regulatdh® Nordic countries. NordREG
steers the legislation towards harmonising of tloedid electricity market. The Nordic
electricity market should be integrated for the lglgale and retail market part in 2015.

In 19.9.2007 EU published the third energy marketkage. It includes five propos-
als that are Common rules for the internal markeglectricity and Common rules for
the internal market in natural gas, Establishing\gancy for the Cooperation of Energy
Regulators (ACER), Cross-border exchanges in ét#gtand Access conditions to the
gas transmission network. The directive concernimggcommon rules for the internal
market in electricity 2009/72/EC sets the targetauhbundling.

In addition to these there are some general laassate binding also in electricity
business like the taxation law. The act about Kuese tax of some fuels (Laki s&hkon ja
eraiden polttoaineiden valmisteverosta (1260/1996¢gests that one have to pay taxes
for the energy that is produced. The most imporsatjects to this tax are DSOs and
electricity producers. The tax deals with energntent, carbon dioxide content and
maintenance security tax. This law is based orEledirective 2003/96/EC where the
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energy products and the minimum taxation of thdsfaee being defined. The directive
became valid on 1.1.2004. (Tulli — Customs 2011)

The Nordic retail market should be harmonised astléo some point in 2015. Nord
Pool whole sale market is already common in Noodiantries. The harmonisation is
not a goal it self. The countries are nevertheti$srent and not all the actions can be
handled the same way in all the countries. For gkarthe customer service quality in
Nordic countries is not in as good level as inwlsere in Europe. There is no regulation
considering customer service quality but with tlaenmonisation the quality of the cus-
tomer service will also be defined. In United Kioga for example it is written in the
law the DSO should reply to a complaint within ata® period of time. In Nordics an-
swering is not compulsory at the moment.

4.1.2 Unbundling

The legislation aims for unbundling the distributiand supply. In the Finnish electric-
ity business the electricity supply and the disttitn are unbundled (S&hkdmarkki-
nalaki (386/1995), § 28). Originally it was decidacEU directive 2003/54/EC that was
later repealed by the directive 2009/72/EC. Unbimgdiules how ownership and inter-
action between different market participants shdaéd This means that the electricity
supply is free unregulated business and the cussoca@ buy the electricity from which
supplier ever they choose. Electricity distributierstill regulated by the energy market
authorities as it is monopoly business. As it i$ @onomically wise to build several
parallel lines for the electricity there is onlyeoBSO at each area. It is allowed for the
DSO and the supplier to belong to the same grouphieugrid company has to be sepa-
rated in some ways from the sales company. The B&Co assure that all the custom-
ers are treated equally even though not all of tlaeenbuying the electricity from the
same groups’ sales company. The awareness of ulngirsthould show in the daily
work within the group’s different companies and thkes must be very clear. (Lindgren
2011, interview)

Customers pay for using the electricity network. the customers the unbundling
shows that in the invoice the customer receive®lbetricity supply and the distribution
are mentioned separately. Usually if the custonaesr dhanged the supplier he receives
one invoice from the supplier and another one ftbexDSO. In some cases it is possi-
ble for the customer to receive a combined billleast when the DSO belongs to the
same group with the supplier company. In Finlarel iiggest supplier in a geographic
area is called the supplier with the obligationstgply. The supplier that has the re-
markable market power in the DSO'’s area is theleetaf the last resort (S&hkdmarkki-
nalaki (386/1995), 21 8). This means that this §apps obliged to deliver the electric-
ity to the customer who does not choose the suppjidiimself. In Sweden the supplier
of the last resort is determined by the DSO. The gwner can decide which ever sup-
plier they want to. Normally this is then the suppbf the same group if there is one.
(Lindgren 2011, interview)
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The unbundling might be difficult for small compasito arrange. Having the cus-
tomers in two separate systems both for the supgtié for the DSO part would be very
costly to arrange as well as having different peaplcharge of the supplier and DSO
tasks. They are not so much unbundled as the bmgapanies are at the moment. If
the rule would be too strict in this there is tisi that small players could not act on the
market anymore which would lessen the competitiorihie market. (Svalstedt 2011,
interview) That is why the companies that have thas 100 000 customers do not need
to be fully unbundled in Sweden (Mattson 2011)Finland the number for the custom-
ers in a company that can have some functions camimb0 000 and the annual
amount of distributed energy during last three getiould be less than 200 GWh in 400
V grid (Sahkémarkkinalaki (386/1995), § a&c 34).lumdling means that some of the
functions and processes of the supplier and DSOpaaies within the same group
should be separated. For example the decision mpatiould be independent in both
supplier and DSO companies so that people in theank company's management can-
not have leading positions in companies engagegaoduction or trade of electricity.
The sensitive customer information that can be wsasbmmercial purposes should not
be exchanged between the DSO and the supplier.nidems for example that the DSO
cannot advertise the same group’s supplier in lberecity network invoice. Also if the
DSO makes purchases of services within the samgpdite prices should be market
prices so that the group does not favour the D®Caddition, the network company
management and employees should bear in mind withhair actions the non-
discriminatory behaviour towards other market act@vlattson 2011).

At the moment in many companies the DSO and thplsuside have the same IT
systems and customer services and they are opgratoter the same brand. In the fu-
ture, it can be considered to have a completeferdint brand and logo for the supplier
and the DSO even though they belong to the samgg(Bud 2011, interview)

All in all, the unbundling makes the market mor@ngparent. The unbundling also
helps the market functioning when looking it froletEfficient Market Hypothesis’
perspective. As in a functioning market none ofriierket participants should have the
information that is not available for everybody. &hthe supply and the distribution are
separated inside a group the risk of having privafigmation that could influence the
market diminishes.

4.2  Economic regulation

In the Finnish and Swedish regulatory models therggnmarket authorities set a frame
of expenses for DSOs. Based on the costs of thetipe and capital the DSOs are al-

lowed to have a reasonable return. The distribuginds are in a need of big invest-

ments so that they can be updated to the smaregidDSOs hope that they can raise
tariffs to cover the investments that have to beedsoon.
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4.2.1 Regulation model in Finland and in Sweden

The regulation of the DSOs means that the natimallator sets the maximum level of
profit or revenues for the regulatory asset basemae for the investments and expects
DSO to maintain and to develop the electricity ratw(ET 2011). The regulation
model in Finland is a hybrid of rate of return aiesenue cap regulation. Regulation
period is 4 years as in Sweden too. All networkestimnents are included in regulated
asset base based on their current replacement aagiandard costs. (EURELECTRIC,
pp 25 — 26)

From the year 2012 also the Swedish regulatioroisggto be changed to ex-ante
regulation that is in use in Finland. This mearst thstead of checking the tariff level
after it has been implied the authority approvesrttethodology or the frame of costs
and profit before hand. Before it used to be st tha DSOs set the tariffs by them-
selves and at the end of the year the authorit@ddweview them and see if they were
reasonable. If the tariffs were too high accordimghe authorities the DSO had to pay
back to the customers or lower the prices durirgcttming year. (Kolessar 2011, inter-
view) In Finland it is only the methodology thatapproved before hand by the regula-
tor.

The money that the DSO invests into the grid isduee calculating the frame for
the tariffs. There is often a gap between theireastment and the standard cost that is
given in the regulation model. For example in Swefite some investments it is possi-
ble to get maybe 75 - 80 % of the full investmenthe tariffs because the investment is
standardised. The regulators set the allowed sabiffsed on the capital costs, opera-
tional costs and profit for the DSO. If the capitakt in reality is higher the DSO have
to take the difference from the profit. They canadjust the tariffs in order to get the
same amount of profit as planned. If the incentif@sinvestments are not sufficient
DSO has to use the profit share to cover the invesst costs. On the other hand, if the
DSO is more efficient in operational costs or doesinvest capital as much as planned
so that the cost frames are not fully used, theyget add the profit share. The regula-
tion sets the frame that the DSO is allowed to eaming the four year regulatory pe-
riod and the frame is based on what the regulatimates that is going to be the capital
cost, operational cost and then DSO is allowed a&enprofit for the last part of the set.
(Richert 2011, interview). The situation in Swederilustrated in the Figure 4.1. If the
DSO manages to save in the capital costs from igtarp a) then it can increase the
share of the profit as in the picture b).
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Operational costs
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a) b)
Figure 4.1. The cost frame for the DSO in Sweden. a) anddyent the change in
the capital that can be moved to the profit.

After four years the regulator checks if the revashave been in line with the al-
lowed profit level. In Sweden the requested revefmame has to be reported to the
regulator before the regulatory period begins.

4.2.2 Incentives for developing smart grids

According to EURELECTRIC smart grids need smartfagon. Adapting the networks

to meet the growing electricity demand and new irequents, as well as investing in
necessary replacements will require significanitahpxpenditure from the DSOs. The
current regulation incentivises DSOs to cost-efficly by reducing the operating ex-
penses and thus does not encourage sufficientipdiating the grid smarter. In short of
intermediate term the smart grids may seem expeinmsivin long term they will lead to

more cost-efficient operation of the grid. Eventpa will increase the quality of ser-

vice and bring many benefits to all the market ecto

There are three main shortcomings in European aégual that were identified by
EURELECTRIC. Regulators are often penalising extxgaenditure on smart grids as
they are currently supporting cost efficiency aballeand encouraging the business as
usual approach. However, if the investments on siréals were thought of the sub-
optimal rates of return and the delay in recogmjime capital expenditures when set-
ting revenue allowances are constraints on invesgnén addition, the instability of the
regulation and the lack of clarity in the roles aedponsibilities of market players are
hindering the development. There should be longp teicentives for efficient delivery
and the whole regulation should be more far-sigleed provide fair rate of return.
(EURELECTRIC)

In the third regulation period that will start aetyear 2012 the Finnish energy regu-
lator EMV will allow 0,5 % of the turnover to be et as R&D costs. The company is
obliged to show how much money it has spent on R that is the maximum that
the company can put through the billing. In additio this, EMV suggests that for the
sites smaller than 63 A where the DSO has instaietourly meter and uses it for bal-
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ance settlement the company could get the compensit5 € per site per year in 2012
—2015.

In United Kingdom (UK) the DSOs have been encoulafgedevelop new tech-
nologies for future grids with innovation incentitreat also lets 0,5 % to be invested in
R&D. This is different model than investing in netk. R&D might lead to better
products and better networks in the future butréde investments are the investments
that are made to the grid now to improve it. Actogdo the EI the UK model could not
be implemented in Sweden as the way of financinddR& different than in UK. In
Sweden the funds for R&D are more centrally alledatt is tax payers’ money. In UK
the companies have large R&D departments thatdheyncentivised to use. (Kolessar
2011, interview) There are no incentives for sngaids or R&D in Sweden. The indus-
try thinks that some sort of percentage would bedg&maller operators are in a favour
of applying incentives for well defined smart-ggpdojects. Smaller companies could
apply this money together as a group. (Richert 20ktérview)

Developing the regulation for smart grids is diflicas the companies are different
and have different kinds of networks, differentdgrof customers, different geographi-
cal areas. There are special particularities inngttevorks so there is no single solution
for all the companies that could be adapted ta theiticularities. Applying one single
rule could increase the cost and reduce the bensbtthat is why the authorities try to
focus on the output. They cannot concentrate oaifspsolution investments because it
is not sure if this solution brings more benefasthe customers in the end. (Kolessar
2011, interview)

In the past the regulators have not been veryaativeveloping the market. Before
they made the regulation and then the other mapketicipants had to adapt to it.
Nowadays they are discussing more and asking timeoopof the industry before draw-
ing the regulation models. The relationship betwd#enregulators and the industry is
more interactive now. (Lindgren 2011, interviewheTlregulator is taken more like a
partner with who the DSOs can cooperate in ordefind best solutions. It is not
thought as a counter partner anymore. (Liiri 20fferview). Nevertheless there is still
need for the regulators both in Finland and in Saetb make sure that everyone fol-
lows the rules.

The DSO industry legislation is interesting as itbgulatory period is four years as
the electoral period the parliament in Finland &uwekden too. The political drivers also
influence the development of the electricity indysiNevertheless the network invest-
ments stay in the grid for decades as the timeseffar many electricity line compo-
nents is up to 50 years. So in the political argll&tory decisions it should be taken
into account that the investments are very lonmtevestments even though the par-
liament and the regulation are set for only fousrgeat a time. (Liuhala 2011)
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4.3  Summary

As DSOs have an areal monopoly their operationg hawe regulated by the authori-
ties in order to see that the monopoly positiondsused for drawing excessively large
profits. In Finland the energy market authoritfisergiamarkkinavirasto (EMV) and in
Sweden Energimarknadinspektionen (El). In Finlanidistry of Employment and the
Economy is the responsible of the regulation ofeleetricity market and the implemen-
tation of the EU regulation and directives. The mogortant laws are in Finland Fin-
nish Electricity Market Act (386/1995) and in Swadeglectricity Act (1997:857). The
EU directives are also implied to national leveértwally. The idea of unbundling the
electricity distribution and transmission from h@duction and trading comes form the
directives. Unbundling might be challenging for thrmall companies but all in all it
adds the transparency to the market.

In Finland and in Sweden the regulation periodis fyears. The next period will be
2012 - 2015. In Sweden for the next four yearsDIBs®s estimate the costs they have
and from these the profit that they are allowetidve is calculated. So the regulation is
done before hand with ex-ante principle. The agbuiaks are not regulated before hand.
In Finland only the methodology is ratified befdrand. At the end of the regulation
period the authorities check if the revenues haaenlyeasonable and DSOs either have
to lower the prices for the next regulation perwdhey are allowed to increase them.

The distribution grid is in a need for new investtseto enable the smart grid de-
velopment. This should be taken into consideratvben setting the frame for the regu-
lation. The regulation period is only four yeard the investments in the grid will stay
for decades. The decisions must be of a long témch k
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5 CASES: SMALL-SCALE PRODUCTION AND
DEMAND RESPONSE

In this chapter the roles of all the actors in éhectricity market are being presented
from the aspect of connecting small-scale produactiothe grid and demand response.
In both cases the DSO has the centric role in @mgabie functions.

Demand response is an important issue economitmllthe whole society. In the
past huge power plants that combust fossil fuedsbaing constructed to cover the de-
mand during the peak hours and these power plamig aise only a short period of time
of the year. It would be more rational economicalhd environmentally for the whole
society to make the demand adapt to the produciibe. distribution grid is in a key
role to make this happen. (Hanninen 2011)

51 Actors in the market

The main actors in the Nordic electricity markettla@ moment are DSOs, suppliers,
TSOs, producers, service providers and of coursectistomers. With the developing
electricity market and smart grids there will bereance for the new market players to
break through the market by offering new servietated to aggregating the small-scale
production or demand response offerings or newrnddion services to the customers.

There are about 90 DSOs in Finland and about 1Waden. The amount changes
a little year by year. According to the Electriciyarket act the DSOs should maintain,
operate and develop its grid so that it fulfils tomsers’ reasonable needs. They also
must secure the supply of sufficiently high-staxdalectricity to the customers. This is
called the obligation to develop the electricitgtgyn. The obligation to connect implies
that DSO should provide connection to the customérs request it against reasonable
compensation. The conditions and technical requereasmshould be non-discriminatory
to those who are to be connected. (Sahkomarkkingd&6/1995), 9 §). The DSOs are
responsible of the state of the distribution gnidl ahe quality of the electricity that is
being delivered to the customer. (EMV 2011). In 8@M the role of the DSO will be
emphasized as the delivery of the valid meterirlgasabecomes more and more impor-
tant in order to keep the electricity market fuantng. With monopoly position come
rights but also duties. That are the energy maalétorities that impose the duties and
secure that the DSOs follow the regulation and thta@ty market act in terms of quality
of supply and in tariffs. (Kolessar 2011, intervljew

Transmission system operator (TSO) has the monagfdisansmitting the electric-
ity in high-voltage. In Finland this operator isngrid Oyj and in Sweden Svenska
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Kraftnat. Their business is also regulated andimaRd EMV is the regulator. The re-
sponsibilities of TSO are to develop the transroisgrid and to manage the power bal-
ance between the consumption and production at machent. TSO also does the bal-
ances in national level. TSO also has to improeeftimctioning of the electricity mar-
ket. All the significant connections to the neighbaountries are in the possession of
TSO. (Fingrid 2011). Today the TSO determines thailable transmission capacity
before market players submit their bids to Nord|P®be available transmission capac-
ity depends on the expected production, consumgtiahload flow conditions. These
are not easy to predict and that is why the cajgaciinnounced to the market may be
lower than the actual capacities that could bereffe(NordREG 2011)

Many electricity suppliers have their own local gwetion units, too. In Finland
there are about hundred of these. The supplielesisdo sell electricity to the customer.
Customers can choose their supplier. In the SC¥Mwilblikely be implied the supplier
is often the responsible of billing of the customasth the supplier's share and for the
DSO'’s share. The supplier receives the consumpltada from the DSO once a month
and bases the billing on these values. When coimgestnall-scale production the sup-
plier can be the buyer too.

The customer’s role will also change in the futuFbe customer is not only con-
suming electricity but now he will have the posdiipiof producing electricity as well.
Some customers are more aware than others. Sorsetimecustomers do not even
make difference between the DSO and the suppli@nking about this the supplier-
centric model with the single point contact wouttt make much difference for the cus-
tomers. In average the customers want to contaat ¢fectricity company as rarely as
possible. If they sometimes need to contact the D6the supplier it must be easy. The
security of supply will also be more important e tfuture and customers are more de-
manding when it comes to the quality of electricithe electricity industry also expects
customers to participate more to the electricityketby demand response and by pro-
ducing their own electricity. On the other handréhwill always be customers who are
not interested in getting this kind of informatiahall. They are just happy when they
get electricity from the plug without outages. Mayihey save energy in other ways or
they just are not interested in thinking aboutrtikensumption rate as part of their daily
life. (Lautala 2011, interview)

5.2  Connecting small scale production

There are different ways to define the actual mammkW-limit under which the pro-
duction is considered to be small scale. The sswale production is production that
can be installed to an individual house or in @uenf. The production is mainly used for
the own purposes of the estate but occasionahyight be fed back to the grid if the
production is greater than the consumption in inesk.
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5.2.1 Connection process

The Finnish government regulation (Valtioneuvostasetus sahkémarkkinoista
(65/2009), 1 8) states that from the customer'siestjthe DSO has to make an offer to
the customer about connecting new generator tgrideand about the electricity trans-
mission services. If the DSO declines the conngedtibas to provide the argumentation
why the connecting was not possible. In the offieré must be a detailed specification
of the connection requirements.

The energy authorities are supervising that DSOneots the ones who want it to
the network. If the customer is not satisfied witBO’s terms of connection regarding
tariffs or technical solutions or feels that he bagn treated unfairly in the connection
issue he can contact the energy authorities whioselVe the situation. There are quite
many cases like this. (Kolessar 2011, interview)

It depends of the size of the production unit ikdieing connected to the grid how
easy the connecting is. The process of connectiegsier for a small scale power plant
than for a large scale one. From the DSO's sildastto be verified if the network needs
to be strengthened or if the connection cable aaigh and that the new connection does
not affect the quality of electricity of the otheetwork users. The smaller scale produc-
tion is quite easily connected and the electrioigter can measure the power flow to
both directions. There might be some protectioateel issues as selectivity of the pro-
tection. The DSO should know very precisely whéexé is small scale production that
is connected to the low voltage network as durim@uatage it has to be secured that the
power is not fed to the grid anymore when the wiwkare repairing the fault.
(Myllymaki 2011, interview)

In Vattenfall Eldistribution AB the small-scale phaction up to 300 kW can be con-
nected to low-voltage grid and bigger ones to maewoltage. The production is classi-
fied in three categories according to the sizeroagcale that is up to 43,5 kW and 63 A
maximum fuse size, small-scale that is 43,5 — 1800and large-scale that is for bigger
than 1500 kW units. The tariffs are different fofferent classes. (Nilsson, P.-O. 2011,
interview). In Vattenfall Verkko Oy the small-scgbeoduction is regarded to be less
than 50 kW. For different units the connection psxis different. (Lahdeaho 2011,
interview). It is important to contact the DSO in early stage of the connection proc-
ess. The information that the DSO needs is bagitadl type, size and location. First the
customer needs to contact DSO and after receiviagdata the DSO makes an initial
offer to the customer. After a more detailed analyise customer will receive an offer
that he can accept or refuse. Then the connectist be paid and there must be a bank
guarantee. When all this is clear the DSO confitimesorder and the date when the con-
nection will be ready. Before this only estimatéshe time has been given. There also
should be contact during the building process. TimenDSO advices the customer to
contact licensed electrician to do the installagiamd the electrician can give DSO in-
formation about the protection issues and othehrieal matters that the customer
maybe does not have sufficient knowledge of. Tloesgfor the small-scale production
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if the connection exists already. The connectiothefwind power is free in case there
is no need to do any upgrading for the network. &@mple, if the connection size has
to be upgraded from 25 amperes to 63 the custoagetdpay the reinforcement costs.
If network needs to be built the power unit ownarsinpay all the costs. In Vattenfall
Eldistibution AB there are standard connection femssmall customers. The small-
scale production connecting deals are handled éyctistomer service in Sweden and
the bigger ones will get a personal contact froendbmpany. For time being, there have
been only a few contacts from the customers wha wahave small-scale production
of their own. In Vattenfall Verkko Oy the demand famall-scale production connec-
tions is even lower. It has nevertheless been thoilngt if the demand will increase the
customer service could handle the small-scale mtomu cases as in Sweden. (Lah-
deaho 2011, interview). At the time being therguge a small number of these kinds of
connection contacts in both countries so thereoisieed to add the resources in han-
dling these situations. If the number of the engsiincreases fast the DSOs have to
think how to handle them and the processes shoallchbre refined. (Nilsson, P.-O.
2011, interview). There are no clear rules howdbvéath small-scale production. Some
DSOs have announced that they handle the sma#-geatiuction. (Englund 2011, in-
terview). Finnish Energy Industries have publistzetiandbook for measures for the
connection of small-scale production that can beduss guidelines. In addition to this
the DSOs can have guidelines of their own.

Figure 5.1. presents how the small-scale produat@mection should be modelled
in the supplier-centric model. DSO'’s role is todalare of the electricity delivery to the
customer and from the customer. The DSO can useléatricity that is acquired from
the customer for example to cover the distributiosses as will be discussed later.
Other important task of the DSO is to collect thetening values and deliver them to
supplier. Supplier receives the customer’s consignptata and based on that invoices
the customer. Eventually the DSO invoices the sapplhe supplier buys the electric-
ity from the electricity market and sells it to tbestomer as mostly the customer’s own
production is not enough to cover the consumption.

The numbers in the picture refer to the contraetsvben the actors: First the sup-
plier has to conclude an electricity sale contraith the customer concerning the elec-
tricity supply to the customer. Secondly there teabe a contract between the supplier
and the DSO concerning the meter data deliverythadupplier handling the network
fee billing from the customer. Lastly there is avs® contract between DSO and the
customer aboubn the linking of the place of electricity use teetdistribution system
(Sahkomarkkinalaki (386/1995), 25.8)
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The situation of the renewable larger scale povantp is slightly different when
comparing it to the small scale production. The @oplants built for energy production
are situated a bit farther away from the habitatidncording to Suomen Tuulivoi-
mayhdistys ry. (The Finnish Wind Power Associationg of the biggest problems with
large scale wind power is that when the wind poemmpany makes the contract with
the DSO to reserve a certain capacity availablmfsome area the contract is binding
for two years. The wind power company has two yéarsomplete the project or the
contact will expire. There is the risk that duritigs time there have been other wind
power companies developing their projects arourdstime area and if they have pro-
ceeded further they might reserve the capacity ihaiow available. In addition, the
original wind power company may have to deal whbk grid strengthening payments
even though the capacity goes to another enterprtse two years to complete a large
scale wind project is not enough. For smaller ahasght be. Obtaining all the licences
and other contracts takes too much time. The swiutdr this could be a preliminary
agreement about the capacity reservation. For ebeaiinime wind power project has not
proceeded in a year the contract expires. In tlag there would not be so many con-
tract reserving the capacity even though the owasgsnot seriously in an attempt of
developing wind power. In Britain this was the lgem when the long-term contracts
were made but nothing was really developed in naaegs. (Mikkonen 2011, interview)

The customer is obliged to give the technical detabout the power plant that is
about to be connected. In practice the DSOs redglifierent kind of information about
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the production. Some want really detailed techmspegcifications and for some the ba-
sics such as the size of the power plant are endiikkonen 2011, interview)

The other problem is the obscurity of the costthefconnection. According to Elec-
tricity Market Act (S&hkomarkkinalaki (386/1995),18b) in case of maximum of a 2
MVA power plant the DSO is supposed charge the ywedonly for the costs that are
directly related to the connection and not for teforcements that the grid needs. If
the power plant that is about to be connectedggdsithan 2 MVA all the costs are on
the responsibility of the producer. Nevertheles®m@gnthe small scale producers there
has been some obscurity which costs belong to wkotlzey have the impression that
they are made to pay also the costs that actualonig to the DSO. Some DSO can jus-
tify the division of the costs with a great detmild some do not have proper calculations
made. For power parks greater than 20 MW the afstise reinforcements are reason-
able. The cost per single wind mill is quite smahe problem is with the power units of
2 — 20 MW. Then the cost per single wind mill beesnvery high. (Mikkonen 2011,
interview)

When building the wind power there are numerousghithat need to be taken un-
der consideration. First there are the wind cooddj the shape of the land, the town
planning, the road planning and the electricitydghfery often the wind power plant
cannot be built there where it would be optimahirthe point of view of the grid. This
causes additional costs but it cannot be influermoedh. Single citizens can stop the
building of the wind mills with their complaintaM{kkonen 2011, interview) Normally
people are supporting renewable production but dphwants to have a wind mill on
their back yard. The opinion often changes if thistemer owns the power plant.
(Hokka 2011, interview)

5.2.2 Financial aspects

Investments in wind power are made based on thiezia: the windiness of the spot,
the incentives and smoothness of obtaining the p&rfFinland is in the middle level in
all these criteria. The on-shore applications amenctomplicated to get the permits.
With off-shore wind mills the process is easiereTdountries for more profitable wind
business are Denmark and UK for the big scale mtoimlu For small scale production
there are lots of opportunities in Finland. Nevelglss, in Finnish conditions the wood-
based fuels and bio fuel combustion would be méfreient solution for the micro pro-
duction. In addition, the solar energy is an optiarth considering of. Germany is the
world leader in solar business even though the soladitions are almost equal to Fin-
nish ones (ET 2011).

The wind power is completely depended on the feetuiff. Without that the wind
power would not be feasible in Finland at the mome&he tariff will guarantee that the
wind power producer receives certain amount of pgrer MWh that is not dependant
of the market price of the electricity. This helhe producer to cover the costs of the
investments and the capital. The law that confithes feed-in tariffs became recently
approved after long anticipation so at the momkeete is a huge amount of projects to
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start to build larger scale wind power. The lawgesis that during the three first years
until the end of the year 2015 the producer will glevated tariff that is 105,30 € /

MWh and the basic tariff is 83,50 € / MWh. The e@&d tariff can be obtained three
years in maximum. The power production unit mustarger than 300 kW to be al-

lowed to have these tariffs. (Hallituksen esityd @0

In Sweden the small-scale production is not subsidlas much as in Finland. This
is curious as in Sweden there is more renewabld-soae production than in Finland.
In Sweden there is a certificate system. It is adgsystem for large-scale renewable
production. A 2 MW power production unit or largayuld benefit from it but for small
ones it is not beneficial. In Sweden it is the Emayndigheten, Swedish Energy
Agency that approve the certificates. If the cidie is approved the producer can get
paid. When the customer buys the green certificatectricity a small share of the price
goes to the producer. This system has given gosudltsefor large-scale wind power
producers. It has encouraged people to start goeeeuction of electricity by them
selves. In Sweden this system has existed forearsyalready. (Naas 2011, interview)

As the small-scale production is in so small volume difficult to find buyer for it.
As a solution an obligation to buy electricity Hasen discussed and proposed to come
to the small-scale production up to 300 kW. Mastlly if there will be an obligation to
buy the electricity of small-scale production itlivide the suppliers’ duty. (Nilsson, P.-
0. 2011, interview). Because of the administratiauests for the supplier's obligation
the price that would be given to the small-scatedpcer would be quite low. (Englund
2011, interview)

The small-scale producers can get net-benefit 8@ in Sweden as soon as they
are connected. If they want to sell their eledlyithemselves then they have to handle it
by them selves. The DSO does not handle with tpplgumatters. It is in the Swedish
electricity law that the DSO has to pay net-bendiite net-benefit for micro producers
is 7,5 6re / kwh (about 0,8 eurocents) in VattdnfaBweden. The micro producers are
lowering the network losses and the DSO does ned te buy this electricity from the
market. As the producers are normally also conssirttex micro producers keep the
same tariff as before the so called fuse tarift, fou installations bigger than 63 A the
energy based tariff is used. The production andctiresumption are separately meas-
ured. Normally in small-scale installations the smmption is greater than the produc-
tion. When the production happens to be greateadaéional production is fed into the
grid. In Sweden when there is a site where thepeaduction a meter that can measure
the value by hourly basis is installed. Normally fbe small customers the values are
measured monthly. The DSO pays the meter changethEcelectricity the customer
takes from the grid the normal tariffs are valitheTiixed fee part depends of the size of
the fuse and there is the tariff for the energl\ivhs. The tariff structure is the same as
in Finland. (Nilsson, P.-O. 2011, interview) If tipeoduction is higher than the con-
sumption within a year the customer has to payctists for hourly metering and the
balance settlement that are 600 SEK per year (&8b@). If the customer is selling the
energy he produces to the supplier who acts ayer lu this situation the costs will be
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unreasonably high for the small-scale producer @et to the payment he will get
from the electricity. The supplier needs to do fadance settlement and that adds the
costs for the small-scale producer too. (Naas 2ididrview)

There has been lots of discussion about the nettiegrroduction and consumption
of the small-scale producers. This means that éinswmption and production would be
combined and the final combined value that usuatiyld be some consumption is in-
formed to the supplier for the billing. The smatkake production is stored to the gird
and the producer can use this electricity whendwegs it. In this way the consumption
and production would not be metered separatelys Wauld not even require a smart
hourly based metering. For example, if the constonpdf a household is 1000 kWh
and the production is 50 kWh. Now the customer pghgsnormal tariff for the 1000
kWh and gets the net-benefit for the 50 kWh. Irtingtthe customer would pay only for
950 kWh. The netting is more beneficial for thetouser as then the customer does not
pay the taxes. The subsidy from net-benefit is En#tan the 50 kwh saving from the
normal tariff. The industry also likes this systémcause it is simple. (Nilsson, P.-O.
2011, interview)

The problem with this system is that the tax lawesloot allow netting like this. The
tax must be paid for the electricity that is takerm the grid even though the electricity
was produced by the customer in the first place @lectricity tax in Sweden is 25 %
and the tax for consumption is 0,28 6re / kWh (NZ@EL, interview). According to the
law the taxes must be paid for all the consumptinat is 1000kWh:s. Nevertheless, in
Denmark it is possible to do the netting and ins&éo be going well there. (Nilsson, P.-
0. 2011, interview).

In Finland when the electricity is produced withnaj small-scale hydro power
(maximum 1 MVA), recycled fuel, biogas or wood chifhe producer can apply for
subsidy for the electricity that has been produéed.wind and wood chips the amount
is 0,69 eurocents / kWh, biogas and small-scalechgdwer 0,42 cents / kWh and recy-
cled fuel power 0,25 cents / kwWh. (Tulli — Custo?@d.1)

The DSOs can charge a singe connection point witeeaof approximately 0,07
euro cents per kWh in a year of the electricityt isabeing fed into the grid. (Sah-
komarkkina-asetus 65/2009). In Sweden the largeepgiant owners must pay for
DSO for using the grid. If the power plant is sraabhan 1500 kW the owner does not
have to pay the network charge when feeding thetredety to the grid. (Nilsson, P.-O.
2011, interview)

In Finland 50 MW is the limit of being obliged t@yptaxes from the energy that is
produced. The smaller producers do not need tagajrom the energy they produce.
At the same time if the energy is taxable the pcedihas to do the balance manage-
ment. Administration of the balance management id@somore costly than the benefits
from selling the electricity of so small proportighdhdeaho 2011, interview)

From the point of view of the customers that artergsted in having small-scale
production of their own it seems that the DSOsnrartetoo willing to cooperate. For the
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customer it would be best if there was a clearslagjion behind the connection process
so that the process would be the same with alD®@©s. (Hokka 2011, interview)

For DSO the increase in the amount of small-scaddyztion is also a challenge as
the existing medium and low-voltage grid are natigieed to receive distributed genera-
tion. There already are connection points thatpaoblematic. (S6derbom 2011, inter-
view). In addition, along with the increase of thecentralised production there will be
new challenges in how to store all the data, howalidate it and finally how fast it
should be transmitted. (Hanninen 2011)

5.3 Demand response

Traditionally the electricity production has beemtolled to meet the consumption. In
the case of a power shortage the peak power pihatsise oil or gas as fuel or some
other expensive and pollutant fuel were switched@mly in the emergency cases the
dropping of the loads has been put into actionthénnetwork where there is renewable
micro production the flexibility of the consumptias needed. With load control during

the peak hours the consumption can be partiallyrotbed to meet the production avail-

able at that time. In this way when both the constion and production are flexible the

best market-based economic power balance is obtaineach situation. This is feasible
for both the consumer and the energy supplier.qgagus 2010).

5.3.1 Handling of demand response

In Norway almost all the electricity that is soldeg through the electricity market so
the people are used to actively follow the pricéshe electricity and are interested in
demand response and the saving they can maketwithkinland demand response is
not that much known yet and in Sweden the developrisdacking behind even more.
To make demand response more common smart meterseeaded so that the regular
household customers can see their hourly consumptid the market price. The proc-
ess of having an hourly metering in every houseloKinland should be completed by
the beginning of the year 2014. (Sallinen 2010)SWweden there are no decisions taken
regarding the hourly based metering for everybody.

In the Figure 5.2. the relations between the maakétrs in demand response case
are presented. The electricity is physically tramsg from the power plant first to
transmission grid, then to distribution grid anakfly to the customer, the end-user. The
power plant sells the electricity to the market vehthe supplier buys it and sells to the
customer. The customer has a type of tariff thabisnected to the market price of the
electricity. The DSO handles the operation of tleeteicity meter and sends the values
to the supplier. Supplier is responsible againrgoicing the customer both for its own
part and for DSO's part. The customer can see lgutrieity prices and his own con-
sumption from an internet application that is pdad by the DSO for example. In this
picture the successful information flow is a preniege. The numbers reflect the con-
tracts that the market actors have in SCM.
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Figure5.2. Schematic picture of demand response in suppdietric market.

When thinking about the ways to execute demandrespthe question is choos-
ing if it should happen automatically or not. Thealso has to be so that the customer
can decide about his own consumption. In additorvpuld not be fair if the customers
were exposed to the market prices directly becthesenarket prices include all the en-
vironmental issues and scarcity values. It is batieexecute demand response in con-
tractual way. The contract could say that if thetomer is needed to be cut off he will
get compensation for that. For small house holdsnaatic equipment would be neces-
sary. Many of the customers would not bother tadigaate manually as the savings are
quite small. The most interesting part here isthettechnology but rather the contrac-
tual part and who can make these contracts andllitise needed equipment. (Nilsson,
M. 2011, interview)

One way to guide the customer to spend electnglign there is plenty of it avail-
able and to avoid consumption when there is a ageris to have colour codes in the
display of the smart meter. For example, red reprssa peak hour when the price of
the electricity is high and the green colour téllat the price is low according to the
price limits set by the service provider. Then thustomer could switch the heating off
of reduce it. In France this has been tested witicesss. This service could be integrated
to the internet service too, but maybe the additia@evice is more likely. Nevertheless,
automation could be a better option. Then somesleaould drop automatically when
the price goes above a certain limit. In the lomg, it is quite unlikely that if the display
would have colour codes the customer would startchmmg the devices on and off.
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People might loose interest eventually. Heatintpésmost typical load to be controlled
in this way but other types of loads can also besitered. In USA they tested smart
washing machines that were loaded in advance andwould start washing when the
price was low enough. On the other hand, all tteeldocannot be controlled like food
preparation for example, as people have to eat ey are hungry. Nevertheless, it
will not happen that the DSO switches the devigesmd off for the customer but it has
to be customer’s decision what devices to use amehw(Sihvola 2010, interview) The
customer could set the parameters for the autondgethnd respond device himself.
Customer can have a contract with the DSO thatvallDSO to control some of cus-
tomer’s loads. These kinds of contracts alreadsgtexi

The loads that are the best to be controlled watmahd response are heating, heat-
ing of the water. There could be a button thatahgtomer pushes when he leaves the
house and then the house automation would red@chedhting and switch off all the
lights and other equipment and put the house iortac$ stand by —mode. (Willerstrém
2011, interview)

If the demand response reaches the normal houghseleictric heating it could
work with having classified the loads in the houser example, there could be three
groups of loads that are used for demand respdimes. could be switched off one by
one according to the price of electricity. If eledty reaches some certain price all of
the loads in group one would be switched off. & tbrice is even higher group two
switches off automatically and so on. Then the gsooould be formed for different
seasons as winter and summer. It could work withileghone application: the cus-
tomer receives a message that group one shoulitihed off now and the application
asks if the customer wants to do this. It is stilportant that customer can decide him-
self if he wants to react or not. The mobile phooald be kind of remote for demand
response. (Richert 2011, interview)

The demand response could also be executed byngpsdtifts. For example, if there
is a shortage of electricity in some area, the acedd be divided into three smaller ar-
eas in case DSO is giving the signals for demaspgomse. Then in one of these areas
the loads could be cut by 10 % for an hour. Theeran hour the second area should
cut down the loads for 10 % and then this continu@sd the shortage is solved. The
DSO should then have a contract with the custorttersmakes this rotation possible
and the customers should be informed in time betoeg are expected to cut the loads
and they will be incentivised to do this. (Rich20tL1, interview)

There has been discussion if the option for dermagponse should be given to eve-
rybody. The equipment is expensive and also therapat customers cannot contribute
that much to make it beneficial to participate. Wiwenstructing new buildings the en-
ergy efficiency and demand response should be takenaccount. The equipment is
much cheaper when installed to buildings while they constructed rather than in old
ones. It has been suggested in Sweden that treisigmers who have higher electricity
consumption than 8000 kWh per year would get hebdged metering as the smaller
customers’ values would continue to be collecteceom month. (Svalstedt 2011, inter-
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view). There are more choices to offer productshi® customers when they have
hourly-based metering. The customers’ interestise ane thing that influences if the
hourly-metering should be given to everybody. I€ tbustomer is living in a small
apartment and has a very low consumption of el@ttrdividing this consumption per
hour might seem useless. The customers with aetdudating are rather the target group
of the small customers. (Lindgren 2011, interview)

5.3.2 Steering the customers for demand response

In the past there have existed tariffs that engmrdao use demand response. Demand
response has been discussed as it was a new ththg market even though it has its
roots in the beginning of 1970s. Though before delm&sponse used to be more like
demand side management or load control. Nowaday<ubktomers are wanted to be
more active and participate actively to the markeSweden there exist old special tar-
iffs for the electrical boilers. The tariff has @u price because the DSO is allowed to
disconnect them. This tariff is not so much in teiay. In Sweden there has been some
talk about peak shaving but nothing practical adbiins going on except among con-
sidering new tariff structures. The reason is thathourly metering is still quite rare in
Sweden. On the network side the main point of @gers having lower maximum de-
mand. This is starting to interest DSOs more ancem@lilsson, P.-O. 2011, interview).
A simple example of demand response is the dua-tamff that is in use in Finland.
During the night hours electricity is cheaper. ime8len there are time tariffs as well but
the time is set according to the seasons like wimigtead of the Finnish day — night
dual time tariff.

If there is big fluctuation in the hourly pricestibustomers could change their con-
sumption pattern. The peak could be shifted alittlthout any remarkable inconven-
ience to the customer. The prices must fluctuateertttan now at the electricity market
so the customers would be willing to invest in tloeise equipment and pay for the new
systems to invoice. It is important that the custsparticipate voluntarily. There must
be the option to choose if to participate or ndte Dld fashioned load control would not
work for small customers. (S6derbom 2011, interyiew

One of the greatest obstacles for demand respenfigai there are no products
available for it. At the moment it is obscure whamoffer the products and the services
related to this. When the supplier offers the patsiithe customer can choose the sup-
plier that has the most suitable products and wdqgpéns to operate in that area. The
suppliers have to decide different tariff structutbat will be connected to the market
price of the electricity. There are some issuestlier market participants to be able to
give the customers the products the customers twaahoose in order to get full de-
mand response products portfolio. There is stdbant for development. For DSOs this
means challenges in delivering the data neededdorand response and to make the
demand response technically possible to supporptbéucts the supplier offers. First
the products need to be defined. DSOs have a mggriant role here as the whole idea
of demand response is based on the hourly-based srater values. Depending of the
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resolution of the metering values there are differgptions and products that can be
given to the customer. Also the DSO could develogdpcts for demand response as
DSO also has interests in levelling even the laadke electricity lines by steering the
customers’ use of electricity. Grid side produats eonnected to what kind of installa-
tion it is in question. For small apartments thedorcts will be different than from an
industrial installation. (Lindgren 2011, interview)

There are examples of contracts that are done batiye industrial customer and
the DSO. There the DSO is allowed to cut the custooff five times per year and the
customer gets a cheaper contract. Then the custisnggven a short term notice with
the information about the duration of the plannei@rruption of the distribution. An-
other example of a contract is of controlling th& Wwater boilers where the boilers
could be cut off for the four most expensive hoofrshe 24 hours of the day. Most of
the customers want to have the control on their bamds though. (Willerstrom 2011,
interview)

If both the supplier and DSO have a dynamic tdah# risk of having contradiction
between the different steering interests is possibhis might happen when the lines are
highly loaded but at the same time the electripitige is low because there is lots of
production available. When there is lots of windwveo in the grid the customers are
encouraged to consume more for example in thedutyrcharging the batteries of the
EVs or heat their hot water supplies. At the samme tif the industry is working full
speed there will be high load in the net. Then ¢batradiction is ready. The DSO
wishes lower load but the market signal encouragensume. This situation has not
been seen yet but it is possible in the futuredéBdom 2011, interview). In the Figure
5.3 the area price of electricity and the load ofiedium voltage cable are presented as
a function of time. During the first price peak tlead is quite low. At this point the
price signal from the supplier indicates to cut dawwe consumption but for the DSO it
would be better if the customer changed some olohe of the 22 o’clock to the morn-
ing. On the other hand, in the evening the cableeasyily loaded but the electricity price
sets to its minimum. The customer might get mislegadignals. In this way the tariff
structures of the supplier and the DSO can affeetelectricity market functioning in
total.
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Figure 5.3. Example of the contradictive DR needs of DSOthacktlectricity mar-
ket (Belonogova et al. 2010).

If the network charge was completely fixed the DS@wild lose the possibility to
optimise the network use. There could be situatwinere the market price of electricity
is low and the load on the network becomes too bigrause customers think it is wise
to consume electricity at that moment. The netwarif should include parts that are
energy or power based too. The fuse based fee teulthanged somehow so that the
fixed fee was low and the energy charge or the pdaeed charge high. (Nilsson, P.-
0., 2011, interview)

A way to get demand response working without dgyelp new price model is to
give customer an incentive. The customer might lzatraditional fixed price agreement
for one or two years but when the electricity piicéhe spot market gets really high the
supplier sends a signal to the customer informirad how it is good to cut down the
consumption. If the customer follows the advicedam get reimbursement that was
mentioned in the electricity contract in the neldceicity bill. This might be more
likely method to steer customers in demand respaaiber than having contracts that
follow the volatile electricity market price. (Se&tdt 2011, interview) This could even
be done without hourly based metering and thathyg iwvis considered in Sweden. The
customer could be informed with mobile phone fcaraple.

The biggest challenge in the realisation of demaasghonse is the productisation.
The supplier or some new market player should he tabdevelop the products and the
technical service for the customers by using the déthe smart meter. Before having
the right products or services for demand resptmseustomer’s will not go for it and
then on the other hand, if the customers are ietaated no-one will invest in inventing
the products enabling the demand response. (Hamg2el, interview)
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There might be space for service providers in delmaspond field. In Sweden de-
mand response still seems so futuristic that ths ot been thought much. First there
must be the technology and a real customer neexlebifese are going to be developed.
(Lindgren 2011, interview)

5.4  Summary

The roles of the actors have to be clear for ssle production and demand response
to work. The DSOs have different kinds of protodatsv to operate in the connection
situation and they require different informationtbé& production equipment in the con-
nection situations. For larger renewable producti@process of obtaining all the per-
mits is not easy and even an individual citizen jeam the small-scale building process.

There are some incentives planned for small-saaléygtion but they are not really
working well at the moment. The feed-in tariff immly for larger scale production and
netting the consumption and the production is rEsfble because of the taxation law.
The lack of subsidies is hindering the small-sgaleduction to be more common. As
the demand for small-scale production connectisriuite low the DSOs can handle it
with low resources. If the number increases thegss should be refined.

Demand response means that the consumption isegdhycthe customer during the
peak hours. Demand response and the benefitshaizé been known in some form for
decades in the industry already but now also th&llssustomers are wanted to partici-
pate. For them the demand response should worknatitzally. Both the supplier and
the DSO have interest in steering the customensSwmption behaviour. The demand
response can be steered by the supplier on basis efectricity market prices or by the
DSO who is aiming for optimising the grid by lewed) out the high loads in the grid.
Sometimes these two objectives can be in a cowctradiwith each other. There are
many possible variations of the contracts thatademcourage for demand response.

The lack of products is keeping demand response breing used to its full poten-
tial now. Hourly based metering already enablesatehresponse.
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6 BENEFITS OF THE SMART GRIDS

In the future the distribution network will work @smarket place that provides to the
customer a flexible connection for buying and sellelectricity. The grid will work in
cooperation with the customer without long intetramps in the distribution. The intelli-
gent connection interface will enable the load prmtuction control. (Hanninen 2011)
For the DSO the smart grids offer as in a formm&g meter a way to operate the grid
automatically. With remote disconnectors and cirtueakers the outage times or the
outages all together can be minimized in the rarabs. Traditionally the information
about the outages of the low voltage network asrivethe DSO by a call from the cus-
tomer. Smart meters supervise the distribution agtvand can report automatically the
low voltage faults they register so that the meas@an be taken before the customer’s
call. (Europaeus 2010)

At the moment it seems that the DSO does all tiveldpment work for the smart
grids and still all the market players will shahe benefits. Nevertheless, the benefits
for DSOs are remarkable (Hanninen 2011). Still hbeefits of the smart grids are the
greatest for the customer. They will get electyieitith better quality. The outages will
be fewer and they will be shorter. The custometsraceive detailed consumption re-
ports with outage information. In overall, the @mers will get more added value to the
service and more reliability to the delivery.

In addition, the smart grids increase the attractess of the whole electricity indus-
try. The electricity distribution is no longer thght to be poles and cables but a rapidly
developing interesting business. The society wehéfit from when there will be new
business opportunities for developing systems amdufiacturing devices for smart
grids. There will be more enterprises and then jobs. (Myllymaki 2011, interview).
Considering the two cases of small-scale produdciioth demand response the benefits
are presented below. The need for new service geoavis also reflected.

6.1  Benefits of the small-scale production

The customers would participate more in the eleitgrimarket in the future, especially
when they have energy production of their own. Ttiero producers would be highly
interested in using the new services where theydceee their own consumption and
production and other data (Lautala 2011, intervieW)e customers with small-scale
production will gain the feeling of being indepentdehen producing part of their elec-
tricity by themselves. They are also saving mongyhey do not have to buy all the
electricity from the supplier.
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DSOs can use the small-scale production to covefasses of the network and the
local consumption. In the Figure 6.1. the smallesqgaoduction is presented in more
detail. This picture can be compared to the Figute In the Figure 6.1. there is a place
for an aggregator who collects the small-scale pedn and sells it to the market. The
customer has a smart meter that sends the consunmgtid production values to the
data hub of the DSO. This hub can be maintainesoinye other market actor too. From
the data hub the parties that need the informatonget it easily. The supplier and the
aggregator fetch the data from there. Customérstd the contract with the supplier as
the customer’s production still is not enough teeracall the consumption. The supplier

could take care of the aggregator’s role but thgregator could be some new market
actor as well.
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Figure 6.1. Schematic picture of small-scale production wighw market actors.

In the future the hub where the DSO’s smart meteviges the data should include
just neutral information without anything extra aheén all the market actors who need
this information should have access to it. This data could then be refined and fed
back to the customer's display systems so the m@gstoan easily read the data. In SCM
the monopoly part of the DSO should be limited Isat it is just the basic information



53

the DSO provides that is needed for the marketitetion. (Richert 2011, interview).
The hub should also include the customer regidieutathe metering point identifica-
tion numbers and finding the customer should bg &asn it. This kind of service is
really needed. (Liiri 2011, interview)

In Germany the services for connecting small-spabeluction were needed so they
had to develop them fast. As in Nordics there t@sren such an exponential increase
in the small-scale production there has not beemyrsarvices developed around it yet.
There is a market place for the new service progided aggregators. Aggregator is a
market actor who aggregates or collects the smalesproduction and acts in the mar-
ket with it handling the trading and the balanc#iement issues. There is need for new
low-cost solutions for customers to sell electyidid the grid. New metering concepts
should be developed and this would be DSO’s resbpitis (S6derbom 2011, inter-
view).

At the moment aggregators are not needed as thesodew small-scale producers.
If the number of the producers would increase d@henh there could be a need for some
market party to take the aggregation business itdloem it could be handled by the sup-
plier.

It can be thought that the people do not take uplvaroduction or any renewable
production for economical reasons. They are rdibrer runners and early adapters who
are interested in energy business or saving thieamaent and have passion for energy
issues. Many of them want to gain independency ftioeir electricity company. Still
the lack of incentives or any pay when feedingléfieover electricity to the grid gives
the impression that the renewable production isuedtimated and the administrational
process to get the possible incentives or certdias complicated. (Willerstrom 2011,
interview)

If the small-scale producer does not see the inenteasible he can try to sell his
electricity by himself. At the moment it is quitéfatult to find a supplier that is willing
to buy small amounts of electricity like this. Atet moment suppliers can decline as
most of them do if they do not want to buy the piicbn but recently suppliers have
started to buy these small proportions too. It banseen as a marketing opportunity.
They promise that they can buy the small-scale yston if the customer makes a deal
with them to purchase the electricity from themisTis also good for the imago of the
supplier. (Nilsson, P.-O. 2011, interview)

If the small-scale producer decides to use thetraddgg in the house without selling

anything to the other parties he can still save egoithe small-scale production affects
to the energy related part and the power relatetlipahe tariff. The customer needs
less kWh:s and the maximum load decreases. (Nil$360. 2011, interview) As many
houses have recently started to have cooling devarethe summer it would be good if
the small-scale production generated with solare|safor example could be used to
cover that load. (LAhdeaho 2011, interview)

The benefits for the environment are the main drigesmall-scale production. The
electricity can be produced locally when it is netessary to transport it for long dis-
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tances. This also decreases the need for impdeettieity. When the electricity is pro-
duced with renewable energy sources the need $sil filuelled power plants decreases.

As Germany has managed to turn itself as the pemriend for the renewable pro-
duction with its incentives that encourage for tbeewable production the manufactur-
ing business of renewable energy equipment isfalsgsed in the country. In this way
also the society is benefiting from the developn@rfor example solar energy systems
as the own market is pulling investments to thentgu too. (Myllymaki 2011, inter-
view) This effect will increase in the future asr@any recently decided to renounce
the nuclear power and replace it mainly with wirmvpr and other renewable energy
sources.

6.2  Benefits of the demand response

The peak prices tell that the markets work. It asls that there is not enough supply in
the market and more is needed. On the other hamd th some development to do in
the timing the flexibility of the demand. The derdashould be flexible during the ac-
tual price peak and not only when the peak is faralecady. (Sallinen 2010)

The Figure 6.2. presents the demand response i@\ with the new features.
The customer has an automated system in the hbas&dndles the demand response
signals and does the disconnection of the loadsnaatically. It is connected to the
smart meter where it can get information of thestwnption and it receives the electric-
ity market’s price information. The power flow frothe producer via TSO and DSO is
the same as in the Figure 5.2. The supplier otfegscontract to the customer that in-
cludes the demand response services. This couwdalslone by some new market ac-
tor. The DSO could also steer the customer to cwindthe load in order to optimise the
distribution network. Supplier handles the invogifor both the supplier's and the
DSO'’s part from the customer. Eventually DSO inegi¢che supplier. Again the well-
functioning flow of the metering values has an egakmeaning. The invoices that the
supplier sends to the customer are based on thmetering values that are provided by
the DSO.
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Figure 6.2. Schematic picture of demand response with newkehaossibilities.

DSO will benefit largely from the demand responBee peak shaving and moving
consumption to different time of the day or weekmoonth decreases the load in the
electricity lines. In this way DSO can postponeawoid some investments all together.
The stability of the grid will also improve. In tlieture charging and discharging of the
batteries of EVs can be used as peak shavers.

The suppliers can plan better how much electritigy have to buy from the elec-
tricity market if they can expect customers to tea@ certain way. Nevertheless, then
there is the risk that if the customers do not d@atwthey promised and the forecast of
the supplier are all wrong. (Hanninen 2011, intemw)i

Customer will be able to participate in the maitetter and their knowledge about
the market will increase. The customers will getrenpossibilities to use the electricity
grid. For example they can cover a share of theursk heating needs with heat pumps.
The intelligent homes are not far away from beiaglity. Electricity can already be
stored in small scale which enables the demandnsgp In Nordic countries the elec-
tricity can be stored in hot water by nights. Thka energy is used when the market
price for the electricity is high and stored agaimen the electricity is cheap. EVs will
increase the possibilities of storing the eledlyicThis also increases the customers in-
dependency form the electricity companies and coste can be more satisfied. (Han-
ninen 2011). There have been signs of frustrattomfthe customer’s part that they
can’'t respond to high prices. (S6derbom 2011, wer). With demand response they
could participate more.
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The customers that go for demand response in stte gain the most. The ones
that come along in the later stage will not gaimagh. This is because the price peaks
will already be flattened because of the effecthef ones that started to do the demand
response earlier. All the customers will eventubipnefit from demand response but for
the ones that start to participate later the paylmeriod for the investments becomes
longer. (Sievi 2011, interview)

Demand response will eventually have influencendlectricity prices in the mar-
ket. Very likely demand response will be executedrat the customers do not need to
follow the spot prices by them selves but the D8®@,supplier or the service provider
make contracts with them where so that they haegytssibility to do the demand re-
sponse for the customers when the price is high.ekample the event of high price
peaks of the winter 2009 — 2010 and the lack omtlve the next winter prove that the
market actors have learned. As the forecasts labe made events like this are taken
into consideration. The demand response of theoest does not turn up in the prices
immediately as the prices have been decided thaoue day. In the long run it will
show in the prices as the suppliers have to ddatezasts how much electricity will be
consumed. There will be a reaction outside the etalWhen the products of demand
response come to use the suppliers will learn Hmvcustomers react if there will be
high prices or low prices and they are aware & thiif the temperature goes low and if
the customers really do the demand response whegnptiomise. The contracts play an
important part here. If the retailers have bouglt much electricity from the market
next time they will buy less in an equivalent siio@. Then there will be less electricity
in Nord Pool and the prices will be lower. Thisaiglynamic process. A single house
hold will not directly affect the prices but dynamaily he will because somebody must
buy the electricity from the market that they usethis way it is not necessary to have
the house holds connected to the market diredttyjust a question of retailers under-
standing that they do the forecasting with lotscofsumers with real time metering.
And understanding how those consumers react ieréifit areas. (Nilsson, M. 2011,
interview)

As demand response cuts off the price peaks tbdtedirections the risk of nega-
tive prices decreases. It eases the situationhiaibaise load producers in the network
where there is lots of renewable production thatdases the volatility. The producers
can operate their power plants in more optimal wdnen the demand side acts too.
With demand response there will be fewer bottlesdokthe transmission too which
helps the functionality of the electricity mark@€oskelainen 2011, interview)

6.3  New market opportunities

The more detailed the information that can be effeio the customers the more it at-
tracts people. The services that can be conneothdurly-based metering are possible.
The information needs to be refined in order to ipuh the form that customers can
benefit from it. It could be possible that therer&veome new players in the market tak-
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ing care of this as meter operators or data ammlysithis way the DSO enables more
players to participate in the market by providihgrh the data that is obtained from the
smart meter. This will mean new partnerships toRI®. There could be a completely

new service provider that offers a hub where thia @& stored and maintained. DSO

sends the metering data to this hub and the suplcthe other market players can use
the data. (Karjalainen 2011, interview)

Very likely the data measurement will stay as goesibility of the DSO as natu-
rally the electricity meter is property of DSO. Thew services that use the data of the
meter could be more detailed consumption inforrmaod a comparison of the con-
sumption to a consumption of certain group of peoflhese groups could be seg-
mented e.g. according to the type of heating. A&oconsumption data from the previ-
ous year could be interesting as well as the outiatge and the alarm services. The cus-
tomer could set the alarm to work when the levet@isumption surpasses certain per-
centage level or kWh level or the alarm could infahe customer when the electricity
price in the market is above some high level. Tiramer could get the notification of
this to the mobile phone and could reduce the aopsion by switching off electric
devices and heating also remotely via mobile phéiso providing a monthly report
about the consumption data summary could be arestiag service to offer. An SMS
could be sent to the customer that the report ediolnd from the e-mail now. (Lautala
2011, interview)

Demand response could also offer space in the mBokéhe new players. It is still
unclear who informs the customer that now he caulddown the consumption or re-
charge the battery of the EV and via which media ttotification should be given.
There could be external displays that are conndctélde smart meter. With the current
version of electricity meter this kind of connectiof a display is already possible. In
this separate display in addition to the consunmptette there could be the electricity
market price presented as a function of time. (@@a2011, interview)

In case of Vattenfall Verkko Oy the electricity mehas a Mbus connection port
available already. Some standardisation for thplalysis needed though. The services
via this device should be developed constantlydepkthe customers interested. One
option is to provide scenario models: For examg@sed on the consumption and the
temperatures of the previous years the consumpmtiowe prospect of 12 months is
shown to the customer. Then if the objective isubdown the electricity consumption
with 5 % the new consumption curve is shown with theans to be taken in order to
achieve the objective. (Sihvola 2010, interview)

Before the services will be offered the provides tabe sure that there is a need for
those. One should ask the customers if they aeeastied and if they are willing to pay
any extra fee for the services. The services shootde pushed forward to everybody
and to make all the customers pay for them. Paoplee electricity industry often think
that the electricity business is so interestingverybody even though customers are
mostly interested about minimising the electridil. The extra services-hourly based
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metering enables do not interest all the custoraedsthus are not necessary for every-
body. (Englund 2011, interview)

6.4 Summary

The smart grids offer benefits to all the markatipgants and the environment. With
small-scale production a larger part of the eleityriwill be produced with renewable
energy sources which decreases the need of fostd &nd the imported energy. Cus-
tomers can be more independent from their elettradmpany as they produce part of
their own electricity. This increases the custorsatisfaction as they can participate
more actively to the market and it also offers g ¥eat them to save money.

With demand response the DSO can optimise the metWéhen the peak loads are
lower in the network the DSO can avoid or postpsome investments of making the
grid stronger. The supplier can make better fotsoafsthe electricity they buy from the
market. This decreases the risk of their operation.

The smart girds offer the possibility for the nevarket actors to enter the market.
Many services such as data hubs and aggregativiteiare needed when the smart
grids are fully integrated to the electricity gridroviding the equipment itself for de-
mand response and the energy efficiency monitasraggood market opportunity. Nev-
ertheless when developing the sophisticated salsitfor the smart grids it has to be
thought what the customers really want.

Eventually the whole society will benefit from thell-functioning market and the
development of the smart grids. If the Nordic comsttake the leading role in the de-
velopment the area will attract new enterprises iarthat way there will be more jobs
and tax income for the states.
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7 RESULTS

As already mentioned before the smart grids carramethe functionality of the elec-
tricity market. In the Figure 3.1. the regulatiorddegislation were mentioned as one of
the drivers for smart grids. In this chapter theugfhts how the regulation can incentiv-
ise to develop smart grids are presented. In anidihie opinions of how to remove the
obstacles from smart grids way are analysed.

The opinions of the interviewees were sometimesointradiction and sometimes in
accordance with each other. In this chapter theiops of the specialists about the func-
tionality of the electricity market, connecting dhstale production and demand re-
sponse are collected.

7.1  Findings of the interviews

First the opinions about the functionality of therdic electricity market are reflected,

and then the issues and incentives related to soalk production and then demand
response are discussed. The results are showrefrirbtable form and then analysed in
more detail below. Lastly there is some reflectadnout the role of the DSO in partici-

pating to develop the new services that smart gndble.

7.1.1 Opinions about the functionality of the elect  ricity market

Mostly the opinions were supporting the view the electricity market works. Techni-
cally it seems to be working but the lack of custosh understanding decreases the
points a little. The interviewees had varied opmsidvow to define the working of the
market. Some had economical approach and otheepproach from the customers’
point of view. The results are shown in brief ie fhable 7.1.

Table 7.1. Factors that describe the functioning or the maidtioning of the electricity
market.

Functioning market Mal-functioning mar ket

Enough competition Too little competition

Activity in changing the supplier Customer’s do notlerstand the market
Majority of the electricity exchanged inThe processes should be more refined in
Nord Pool the regulated market, too many exceptions

The price in the market is set according to
demand and supply

High and accurate meter reading valueg
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One of the main points in defining the functionalif the market was the competi-
tion. The number of the participants in the eledlyimarket was adequate to most of
the interviewees. On the other hand it can be turesi what is a sufficient number of
the participants in the market to make it functngni According to the chapter 2 the
definition is that no single supplier can affea fhrice of the electricity by its actions.

The electricity market in Finland is quite conceted. The four largest energy pro-
ducers produce 60 % of all the electricity and thegsess 80 % of the most feasible
energy sources such as nuclear and hydro powere Bheuld be more competition in
these fields. The big companies can influence taeket price which is against the prin-
ciple of functioning market. (Koskelainen 2011,eiview). In addition, the electricity
market is supposed to be open for everybody. Nasvapen to the buyers but it should
be open for the sellers, too. It is quite trickyetater the market when selling electricity.
(Sihvola 2010, interview). In the chapter 5 thelgpeons of connecting small scale pro-
duction were presented.

One proof that electricity market works well is thaost of the electricity in Nordic
level is exchanged in Nord Pool which gives the keahigh liquidity. It can also be
seen that high demand or lack of generation mdieglectricity market price increase.
That is a sign of having functioning market. (Séaen 2011, interview). In Nordic
level 75 % of the electricity is exchanged in N&uabl. In Sweden the percentage is 90,
57 in Finland and 65 in Norway. The reason forhilgh percentage in Sweden was that
the energy companies wanted to show outside tlaelidctricity market functions. In
order to do that they decided to push as muchralggtthrough the market as possible
instead of the OTC market. Before the decision 6@f%he Swedish electricity was
exchanged in Nord Pool. Before the customers thiothgtt the companies are not put-
ting the real price for the electricity but makipgpfit with the high prices. By adding
the volume in the market the industry wanted teghansparency to the price forming
and improve the imago of the business. After thesllig companies sell the electricity
to the market and the supplier division of the sammpany buys the electricity from
the market with the market price instead of buyiingtraight from the producer with
cheaper price. The production is not unbundled ftbensupplying business by any di-
rective but this was done for the imago reasorsder to prove to the customer that the
electricity market works as it defines the price tloe electricity. (Richert 2011, inter-
view)

When adding the number of small-scale producti@retwould be more actors in
the market even though the customer would probablybe selling their micro produc-
tion straight to the market. The supplier or sortteeomarket actor could do this. One
of the principles of functioning market is that jbening to the market is voluntary. Be-
cause electricity is a common utility that peopéea to purchase in order to live up to
the standards of modern society the customer chalte not been able to choose
whether to participate to the electricity marketnot. Along with the small-scale pro-
duction of their own they gain more independenoyrfitheir DSO and the supplier.
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There is a risk that the SCM is harmful to the neaitkecause then the participation
to the market for some small actors will be mor#adilt. The level of administration
for the suppliers will increase and it might be twmavy for small suppliers to handle.
There would be pressure to put the costs of addedngstrative costs to the tariffs.
(Nieminen 2011, interview). For example handling #ituations of changing the sup-
plier might be too much work for a small supply gany when the number of these
situations is expected to rise in the future. A&t thoment even finding a customer in the
system requires lot of manual work and that makesobst of a single change very high.
The supplier companies should increase the levaltdmation (Liiri 2011, interview).
The small suppliers could have to sell their opergtto some other party or they have
to merge with another small supplier. At the montbete are about 500 suppliers in the
Nordic market so if the number is reduced to 2@ilitis not a big problem to the func-
tioning of the market. There might be some supglibat do not want to operate in the
Nordic market anymore. They want to concentrateh@ir own area. Within their area
most of their customers are very close where thepamy is situated. For example in
Sollentuna, Sweden the company has maybe 90 % @utomers in Sollentuna and no
customers outside. Almost no other companies haaeaged to penetrate the market
there. The SCM model can also be problematic ire ¢hsome customers choose a
cheap and small supplier that suddenly goes ohtisihess. What happens to the DSOs
money then if the supplier was supposed to harittbkeabilling? This increases the risk
for DSOs too when letting somebody else do thenkilfor them. (Richert 2011, inter-
view). If in the future the market is difficult famall companies to penetrate is it bad
for the functioning of the market if the smalleshgpanies that have problems in han-
dling all the administration are left out?

The whole idea of SCM is a bit contradictory witbvdloping the smart grids and
especially the demand response. It is the DSO vasotie major interest to move the
loads to different time and in SCM the DSO would have the direct connection to the
customer. Supplier or even the third market actbo wakes care of the demand re-
sponse do not necessary have the interests toedeathe as DSO. Then the DSO will
lose the incentive to act in the market where theepvolatility is increasing. It would
be complicated if the DSO would have to tell thétgrbetween DSO and the customer
to make the customer to cut down the consumptiorafehile. The SCM model has
other advantages as being simple to the custonteit puts too much burden on the
regulators which they should not have. Smart gtehiis having the actors being active
in the market and the SCM limits the innovationstby strict role division. (Nilsson,
M. 2011, interview)

One of the opinions that suggest that electricigrkat obviously does not work is
based on the fact that as the customers do notstadd the working of the electricity
market and the separate roles of the supplier la@dS0O. When the customers whom
the electricity market really is developed for dat mnderstand the market the market
cannot work. (Svalstedt 2011, interview). The costcs' activity in changing the sup-
plier can be seen as an indicator of the functipnidvel. The number has been about
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8 % in Finland during the past two years and tleic@entage was considered to be high
enough (Varila 2011, interview). The customersautive in Sweden too. The possibil-
ity of choosing the supplier is important for thestomer and the possibility to choose in
what way the electricity is produced makes theausts feel that they can participate
and influence in the electricity market. The custosmeed the alternatives such as buy-
ing green electricity. They are willing to pay mdar environmentally friendly pro-
duced electricity. (Hokka 2011, interview). Whee ttustomers’ awareness of the mar-
ket and their own possibilities to influence thelectricity bill increases the demand
response also becomes possible. The problem isthh@glucate people to understand
the electricity market better. Electricity is nbat interesting to the customers as indus-
try often thinks. (Rud 2011, interview)

The model of having more price areas has also ememd some criticism. With
more areas there will be more administration wiaidtls the costs and in addition, there
has to be more balance settlements done. Thewidlkise higher for the suppliers and
the hedging possibilities are limited. This migéad to reduction in the number of the
suppliers in some areas which means that theredwoelless competition which is
harmful to the functioning of the electricity matk&he role of the large supplier em-
phasises still and then they can affect the maskiees. Eventually electricity compa-
nies might suffer from reduced willingness to irtvdge to lower returns. In addition,
the risk of the possibility of the negative pridesreases. (Thorstensson, 2011). The
suppliers will have to handle the risk. If there about hundred electricity suppliers in
the whole country now it is not sure if all of themre going to operate in all of the areas.
In Sweden majority of the customers are in the s@othern areas. The density of the
population in the two northern areas is lower tianhe south. (Richert 2011, inter-
view). The further the market goes from counteditrg the more risk there is on the
supplier. In the counter trade the risk is on @r@ftpayers. When going to the market
splitting the risk is removed from the tariff paygdo the suppliers. The risk for the sup-
pliers is geographical. In the north there arel#rge hydro reservoirs and the hydro
power is easy to control and predict. In the soaththe other hand, there are the wind
power parks and other forms of electricity productthat are not so easily predictable.
In this way it is easier to predict the prices orth than in the south. In south there are
more customers but the risks for operation aredrighhe risk might realise when the
supplier operates in different areas: For examplenithe supplier buys a lot of electric-
ity in the north and wants to sell in the southeiflit might happen that the demand in
the south is larger that the amount of electrithigt was bought from the north and to
cover the need the supplier has to buy the experedectricity from the southern mar-
ket. When living in some area where some goodadywred it is logical that the price of
the good is cheaper there. Then regulation andl&gn should be developed to get the
hedging possibilities for this. TSO could sell thedging instruments and then there
could be liquid hedging market too. (Nilsson, MD12, interview)

These price areas will make the electricity masetn more complicated for the
customers to understand. It seems unfair for therpaty different amount of money
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according to the place they live within the samentoy. (Englund 2011, interview). On
the other hand, it could be discussed if it is faat the Danish pay more than the Swed-
ish only 20 km away. Sweden is a large countrgolhparing the distance of the points
that are the most southern and the most northerrdidtance is the same as between
Hamburg and Milan. Demanding that Sweden shoulck stiith only one price area
would be equivalent in demanding that the peoplelamburg should pay as much of
their electricity as people in Milan if the distanand infrastructure should not matter.
The price of the service should be set accordirteaunderlying infrastructure. If there
are bottlenecks they should be shown in the pri@dégsson, M. 2011, interview). In
addition, the whole system where the price areliswiahe national borders could be
reviewed. The new lines could be set to their rtplaces, according to the infrastruc-
ture instead. Having the northern parts of FinJé&aeden and Norway and then a dif-
ferent price for the southern parts of the coustpis Denmark could be one option.
Like this the liquidity could be improved. (Kosk&lan 2011, interview)

Market splitting has also been seen to be in cdidtian with the forming of the
common Nordic electricity market. The prices wid different than when counter trad-
ing but the price movements are to the same dimecti can also be asked if the Euro-
pean market needs only one price. The price diffee in different areas just take the
transportation cost into account. There is the @lgivice but the prices vary locally.
Having only one price isolates the customers amdstippliers from the issue where
they are consuming. (Nilsson, M. 2011, intervieie areal division also gives the
correct signal that as electricity has more demantthe south, the production should
also start to concentrate to the south. Price dresto make price forming in the mar-
ket more perfect. At the moment almost half of #mergy production is in the two
northern areas even though the majority of the lgecgn be found from the south. Be-
fore there used to be a quite good balance but sbeme nuclear power plants were
closed down and now the production is unequallgagpracross the country. Because of
this transporting electricity from Northern Swedienthe customers costs and that is
why electricity is more expensive in the south @feSen than in the north. (Richert
2011, interview)

Finland remains with one price area for now andetldoes not seem to be acute
reason to split Finland in two parts. There have been as serious bottlenecks as in
Sweden. (Richert 2011, interview) On the other hawtording to M. Nilsson there
starts to be pressure to split Finland in two paoeas as well. Northern Finland would
belong to the same price area as Northern Swedelang has been exporting less and
less electricity over the border to Sweden. Thildates that there might be bottleneck
problems in the inner land that are being pushdtdgdorders. The counter trade is not
done when it should be. (Nilsson, M. 2011, inteww)

When people understand the reason of the price éneg might change their opin-
ion about being against building the new transraisdines. There will be the public
pressure to build a better infrastructure. Evelhyualr the customers the market split-
ting is cheaper option than counter trading as theg do not have to pay for the export
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and import. (Nilsson, M. 2011, interview). When tbastomers in Sweden see their
electricity bill with the new areal prices startifigm the November 2011 there will
surely be some reactions.

7.1.2 Small-scale production and incentives

There are no major technical problems that keeplsoale production from getting
more common in the Nordic countries. The few tecainproblems might be that the
equipment that is about to be connected does ifdtthe requirements or if some area
has very much of small-scale production then ithhige problematic for the network.

In the Table 7.2. the advantages and the obstatke®all-scale production are pre-
sented. In this case also the opinions were varied.

Table 7.2. Advantages of small scale production and reasdnstivere is not more of it.

Advantages of small-scale production Obstacles for small-scale production

Way to achieve 20-20-20 target Difficulties in t@nnection process

No need for new central power plants Difficultiadinding the buyer

Increases the independency of the ¢uSustomers becoming too independent and
tomers DSO becomes obsolete

New business opportunities for aggregddore fluctuation to the market price
tors

Protection of the grid (more trouble for
the DSO)

Expensive equipment

Lack of incentives, not economically prof-
itable

Mainly the advantages of the small-scale productienrelated to the environment.
Small-scale production also gives a chance fom#he market actors to enter the mar-
ket. This is good when thinking the functionalitiytbe market.

For the DSO the increase in the amount of smalkgmaduction creates new situa-
tions. There can be some areas where the produstitbrrenewables starts to increase
fast. One of these concentrations can be seen ppdemranta, in Finland. There the
DSO has to deal with the increasing costs becausenmecting the small-scale produc-
tion. Is it fair that some DSOs who happen to hawerea where the customers are in-
terested in building lots of distributed generatgrould pay all the costs? Should the
DSO get some compensation for this in form of iasneg the distribution prices? At
the moment this is not a big issue but in the fitithere will be a lot more small-scale
production these questions have to be thought afidilgson, M. 2011, interview)

As the energy from the renewables is not alwaydlabla for example then when
the wind is not blowing, the electricity marketgaiwill be very high. In the future the
volatility of the electricity prices will be muchrgater than nowadays because of this.
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When there is lots of wind energy available theggimight go even negative. These
price peaks will surely attract some players tortteeket who want to earn money with
them but the competition is possible only if theg allowed to compete on equal terms.
Nordic countries where there is lots of hydro pow@l not suffer from this as badly as
England, Netherlands and Germany who rely on gaslaFge industry customers hedg-
ing against these price peaks will be difficultilfidon, M. 2011, interview)

In order to make small-scale production more comtherincentives can be consid-
ered to smoothen the way. Many incentive systeras baen thought but none of them
seems to be working now. In the table 7.3. the aidgges and the disadvantages of
some incentive methods are presented and analgded.b

Table 7.3. Pros and cons of the different incentive methods.

Incentive Advantage Disadvantage

Feed-in tariff Fast way to kick it off Not goodtie long run
Twists the market

Too heavy administration
Decision of the law is top

slow
Netting Simple Taxation law makes it im-
possible
The most beneficial wayThe electricity does not go
for the customer through the market

Suppliers cannot get their
own production sold

Obligation to buy Solves the problem |dNot a market based solu-
finding the buyer tion

Certificate Environmental Not for the smaller produ
ers

Subsidy to buy the equipment Encourages custoneers t
take the opportunity
Has worked with alterng
tive heating systems

The feed-in tariff has recently been taken intoindéinland. During the first three years
until the end of the year 2015 the producer will gievated tariff that is 105,30 € /
MWh and the basic tariff is 83,50 € / MWh. The eltad tariff can be obtained three
years in maximum. The bottom limit for obtaininge$le tariffs is 300 kW. (Hallituksen
esitys 2010). At the moment for feed-in tariffsbi® beneficial the producer should own
a whole wind park (Ld&hdeaho 2011, interview). Theel of the tariffs is good for
windy spots. It steers to build the productiontie toasts. It is a good way to get proc-
esses started but it is not enough to cover thes @dthe production that is build to in-
ner land or the off-shore wind power plants. Thevated tariff encourages building the
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power plants fast but getting all the permits Isva process and if the elevated tariff is
stopped in 2015 there is not much time to benadinfit. The limit should be lower so
smaller producers could benefit from these tatdts (Mikkonen 2011, interview)

Almost unanimously the interviewees of the indusi@re supporting the netting
when it comes to the ways of promoting the smadlesproduction. It is the most simple
and most cost efficient way. For the customer @vtes more money than any planned
feed-in tariff or certificate system. In the elédty bill there could just be listed how
many kWh:s the customer has consumed and how meidbchinto the grid. Then he
would pay the difference of these. It would onlythe net energy that is announced to
the supplier and for the other market actors. Abtube hourly-based metering would
not be necessary when doing the netting in mortthbis but the values could still be
measured only monthly and the administration of gystem would be light. (Englund
2011, interview). On the other hand, hourly-basedeming offers more accurate way to
count the difference between the consumption aagtbduction. The price of the elec-
tricity is very different during the night and tltay. In this way monthly metering
would not be reasonable. Netting by hour is seererfar for some parties. (Mikkonen
2011, interview)

If the netting was introduced then suppliers cawt sell as much electricity to the
customer as before. Nevertheless, suppliers’ dditowards netting has not been nega-
tive. The simplicity of the system interests thdustry and it is better option than obli-
gation to buy the electricity. (Nilsson, P.-O. 20irterview). Perhaps in the future they
could have higher tariff for the small-scale proehscwho still mostly are consuming.
(Englund 2011, interview) The suppliers would shké interested in selling some
amount of electricity at least. Netting would not ghem out of the business as the pro-
portions that are fed back to the grid are stilssmall. This could even be a possibility
for them to show good will that they are willingtke the small-scale producer as their
customer without problem even though they prodummes of their own electricity.
(Richert 2011, interview)

Nevertheless, netting will not be possible in tleamfuture because of the tax law.
Netting is in contradiction with the EU law and inatl legislation in Finland and in
Sweden. There have been investigations if thisdawd be changed but it is not likely
going to happen any time soon. The state would ilkseme if the law was changed.
The industry and especially the DSOs favour thishioe as it is not their money in the
stake and it would be very simple for them to han{Kolessar 2011, interview). On the
other hand, the tax authorities would gain more @yoim the form of VAT that they
would get from all the equipment that is sold foe small-scale production. In the long
run the netting would be best for them too. Bywllay netting the small-scale produc-
tion business would have such a boast that thdrtem the equipment would surely
cover the electricity tax from the very small prajan of electricity that the small-scale
producers occasionally store to the grid. For th&t@mer this is also the simplest way
and the customers appreciate that they can protheoeelectricity by them selves. In
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this way it is emotional and technically most simpblution at the same time. (Richert
2011, interview)

Some people can see that netting distorts therigiégtmarket. Then the people
who have production of their own are in a bettesifan than those who do not have the
possibility to produce electricity. On the othentathey produce the electricity by them
selves and they have a right for it. Allowing nedticould be a way to support small-
scale production. (Nilsson, P.-O. 2011, intervieW)the energy system should be
greener and politicians would promote this, thes tietting could be a good incentive
for green production. (Naas 2011, interview). Theh®uld be a limit in MW:s for
whom the netting is allowed. The netting systemusdhde only for the small household
producers. (Englund 2011, interview)

The authorities’ opinion is that nothing stops drmsable producer from selling their
energy if they find a buyer for it and when the Braeale production is used in the
house, beyond the electricity meter. This stillrdases the amount of energy that has to
be bought from the grid and in that way the custooa® save money. The problem is
made bigger than it really is. The netting is & solution if the goal is to increase the
amount small-scale production. The feed-in tanfisuld work better. Feed-in tariffs
would increase the problems in administration amdild/ require more investments to
the grid from the DSOs. It has to be thought ift tisawhat is really wanted. This is
rather political question and that is why the egerggulators will not take part in this.
(Kolessar 2011, interview)

When the production of electricity in some energynfs is incentivised it means
that some other energy sources and other markatsattat could have been in the mar-
ket by their own merits are pushed out of the nmiafkeentually renewables like wind
power have to survive in the market by their owrritegetoo. Some opinions suggest
that it is already a competitive energy form evetmowut the subsidy system. If the wind
power still needs a subsidy system in 20 — 35 ygasuld be considered again if that
kind of power form is wanted or should the systemrégulated. Regulation is always
more expensive in total than working market. Tisatvhy the electricity market was
deregulated in the first place. (Nilsson, M. 20higrview)

The Swedish certificate system could be reacheéde@mall-scale producers too. In
this way the structure of the certificate systerd #re administration do not have to be
changed. The certificate is less than the Finregld{in tariff. Still, it is more beneficial
to use the electricity for the own purposes thaedibit to the market. When using the
electricity for the own purposes the producer asqdrchasing the electricity from the
supplier and also can avoid the taxes. From sa@aelg the installation allowance can
be obtained. This allowance comes from the govemiraed not from the DSO. (Nils-
son, P.-O. 2011, interview)

It has to be thought what the objective is. Ifstjust to push as much renewable
power to the market the supplier's obligation tg tmould then be an option to consider.
The system like this would nevertheless be heawadtainistrate compared to the small
aggregated volume of the small-scale productio@d@\2011, interview) The opinion is
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that it would be better to let DSO handle the sraadlle production as they have the
losses in the net. (Englund 2011, interview) Sugsfdi obligation to buy electricity
would also make the market more complicated. Tlhenrisk is moved from the pro-
ducer to the supplier. They will have difficulties hedging against the risk. It is diffi-
cult to predict where it winds and how much thegrttshould be paying according to
the obligation. (Nilsson, M. 2011, interview)

The situation might get chaotic if all the smallpstducers are let to connect where
ever and they are highly incentivised which seembd the situation in Germany. On
the other hand, it is not good if connecting srsalide production and benefiting from it
is made excessively complicated and expensive e isituation in Finland. (Nieminen
2011, interview)

7.1.3 Demand response and the challenges in it

Demand response is seen as very good new thingtleeagh its roots are in the 1970s.
In the Table 7.4. the advantages and the sceptioaghts about demand response are
shown.

Table 7.4. Advantages and challenges of demand response.

Advantages of DR Challengesin DR

Optimisation of the network operation|®ifficult to get the customers understand
Peak shaving

Equalises the price fluctuation in the maReople are not ready to cut down their
ket (that renewables add) consumption or follow when somebody
tells them to.

Environmental (no need to start peaRisk that the customer does not do what
power plants, reaching the 20-20-20 olre promised
jective)

Way for the customers to save money Lack of praduct
Deciding good price tariffs

In Sweden installing the smart meter|to
every house is thought to be expensive

The wanted influence to market can |be
obtained with only the biggest customers

The hourly-based meter reading enables the denespbmse. In Sweden demand
response seems to be further away as for the nyafrithe customers the electricity
meter is read only once a month. Sweden is nevesgheoing more towards Finnish
model. The lack of interest in hourly-based metgrsdue to the fact that there just was
a new roll-out of the electricity meters. Swedenvatw from yearly-based metering to
monthly-based metering only two years ago so itsdo@ seem reasonable to change
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the meters again after so short period of timendqgren 2011, interview). The idea of
demand response is considered but it seems ashingieery abstract and far away.

Nevertheless, there are examples from many cosnivleere demand response is
implemented without hourly based metering or adednsystems and it seems to be
working fine for the big industrial customers. Derdaesponse is in that case handled
with contracts that state that the big customertmeduce the consumption during the
critical peaks. This is the way demand response&svoow in Sweden and in Finland.
The question is how to get the small customerske part in demand response and if
that actually is necessary. There should be cadsti&e this also between DSO and the
small customers in order to lower the loads by ements. Then DSO could control the
loads in order to optimise the network. It has égosbmehow a win — win situation. To
make customers act they have to gain something.nWhe amount of renewables in-
creases the volatility for the system will increas® and that might create problems in
balancing. The DSOs have to build and reinforcelitres or they have to make more
use of the demand response. This works only wittadyc prices. If the customers have
a flat rate tariff they will not be exposed to f{eaks and will not be incentivised to re-
act to fluctuations. The problem is that dynamicgs are needed but then it has to be
sure that the customers understand the importématefthey promise to act they really
have to do that. If the customers do not reacsthpplier will have to buy more electric-
ity from the market to cover the extra consumptiwet was not supposed to happen and
the DSO will not gain any benefits for the syst@rhis makes everything more expen-
sive for all the parties. (Kolessar 2011, interjiew

Suppliers’ interest is to minimise the risk. Thdgoaneed the demand response.
Suppliers could aggregate the demand responses @lffet sell them to those who need
it, the DSOs for example. If the customers haviaiaréte tariff with incentives for de-
mand response they could be activated to act atithinrway the supplier could reduce
the risk. On the other hand, if the customer hélataate tariff it already includes the
risk share in it so the main gain would be for Bl&0s. (Kolessar 2011, interview)

As the home automation systems that enable the memesponse for household
customers are expensive it is not cost efficierthudd them to old houses. The wiring
should be renewed from the start and a new eldgthoard is needed. The automation
could be handled wirelessly too, but still new @quent is needed. The price for the
demand response equipment becomes lower when tifgneent is installed at the con-
struction phase of the new building. Then ownerghef old houses do not have the
equal possibilities to participate to the demargppomse as the cost for them would be so
much higher compared to the owners of the new Isoud@s puts the customers in dif-
ferent position which is not fair. In the vision thle Omakaotiliitto (Finnish House Own-
ers’ Association) in the year 2050 half of the hemushat exist then are already build
before 2011. One incentive for this situation cookdthe tax credit for domestic help.
The system seemed to work for encouraging peopievest in alternative heating sys-
tems instead of oil and direct electric heatingoKkh 2011, interview)
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7.1.4 DSO'’s role in developing new services

The services that require sophisticated house aitomare quite expensive and diffi-

cult to develop so they would probably cost sonmgthor the customer. Having an ex-
ternal service provider other than DSO to take adréhis business would be a good
option even though as the meter belongs to the @S@uld be quite natural for the

DSO to own the external displays and the systeaws, Ih addition, the market model

expects all the activity to be competed so therddcbe separate companies providing
these display devices. (Sihvola 2010, interview)

The opinion of the regulator both in Finland andSwveden is that these extra de-
vices or services should be offered by some thardyp There will be problems if DSOs
starts to develop their own services and producisould be harmful to the neutrality
and indiscrimination aspect. In addition, this exé business should be open for the
competition. From a company that acts as monopa$ydrucial to have similar service
neglecting the location where the customer livdger€ is a risk that if the DSO starts to
develop the services and only some of the custoosrghem, the cost of the develop-
ment and using will be added to the tariffs foralstomers to pay. If there were many
different extra services would the DSO drift tooahwaway from the core business that
is actually the distribution of electricity? If DSGtill want to develop these extra ser-
vices they should be unbundled from the normalribistion operation and the costs
should be taken only from those who use the semicknot put the costs in the tariffs.
(Varila 2011, interview) DSO should be an enablewling the structure, platform and
infrastructure so these extra services would bsiplesbut it should not take the leading
role. DSO can still be reimbursed from the senpoaviders who use DSO’s grid and
metering data. This could lead to lower tariffsevEéhe DSOs can and should develop
the grid that can help them to run the networkdrditit they cannot take part in the par-
allel activity and make money with it. (Kolessarl2Qinterview)

Some discussions have indicated that customersdwwefer that it was DSO who
offers these products or services rather than gmpglhe customers do not want any
other party to have access to their consumptioa et is regarded as private somehow
and as DSO already has access in it because ttteicie meter belongs to DSO, it
would be natural for DSO to have the role. In additas DSO has the monopolistic
role and one cannot choose the DSO it seems lietteave the DSO providing these
services. If it was the supplier and then you warthange supplier it would be difficult
to decide how to handle the changing of the equipinoe services. (Svalstedt 2011,
interview)

Peak shaving and demand response functions aresasething that DSO surely
wants to control but these functions should nanbegrated to the electricity meter. The
devices that handle these could be plugged inaotlie other market actors could pro-
vide devices for the customers too and not only DiEthere were real time displays for
showing the consumption values they should be atiedeto the electricity meter di-
rectly. If the data had to be collected and vaédaby the DSO in between it would
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never be real time information. To have it in reale the values should be taken from
the meter and displayed immediately. The connectiomd be the form of USB or
something equivalent so that the raw metering datdd be obtained by any service
provider. The demand response products should enotdnopolist's role. The products
should be out in the market and for clients to deowhat they want and they can
choose if they want to pay for the products. Thaselucts should be available for any-
one to provide and not only for the supplier or Bi&O. It could also be DSO but not as
part of the network business. Then the extra bssirshiould be unbundled somehow
from the network business at least from the acéognThe core business of DSO will
be more limited in the future when the SCM is iragli (Richert 2011, interview)

There already exist service providers. For exarmmplae DSOs have outsourced the
metering to another company. They pay that theie@mprovider maintains the meters
and collects the values. In addition, there exgsime alarm services already. For DSO
this starts to be already a lost opportunity. Txiemal service providers can offer their
services cheaper and then there would not be taeta if this should fit to DSOs role
offering services like this. (Englund 2011, intewi. At the moment the supplier com-
panies do not have the technical competence thdé@nterface to the customer in de-
mand response matter. The data of the smart nsetereded and the steering knowledge
that the DSOs have. The information between th@lgrpand DSO should flow very
fluently to make demand response possible. (Wiliéns 2011, interview). Anytime
there is a player that is artificially put betwettiose who have the real interest in the
transaction the transaction costs will increasénals to be thought who have the real
incentive in the market. So adding third marketiparjust to get more competition to
the market might not always be the best option. DBE®’s role is still unclear. Should
DSO act just as a platform for the other markebracor actively develop services?
(Nilsson, M. 2011, interview)

The DSOs could be referred to a transportation @mplt has to have the logistics,
the capacity and it has to be in time. There masd good back up system for delivering
the values to the supplier and providing the goaality electricity to the customer. This
is enough. Developing the products around the nmeteralues can be done by some-
body else. The role of DSO is complicated in theettgping market. The DSO has the
key to lead the development with smart meter buhadusiness is regulated because of
the monopoly position it is difficult to steer tldevelopment of the smart grids when
they have a leading position in it. This is why #tate’s promotion and positive attitude
towards developing is necessary. It has to be tmoafwhat should be the minimum
that DSO should provide in developing the smardsyrif other market participants are
investing a lot and others not at all it will befidult for smart grid markets to develop
if the “transportation” cannot be trusted. Theth# basics do not work what is the point
of developing products or services? This would baartiul for the smart grid invest-
ments. DSO does the investments but the profitgili those will be splitted to the
other market participants too. (Willerstrom 20Xterview)
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If the DSO puts really good equipment for automdeeand response they need to
be let to earn money with it. Otherwise they woodd have the incentive for it. Volatil-
ity of the prices that has increased in Denmark @edmany has put huge values at
stake. The customers should neither be obligedydqr the equipment. The obligation
would give the signal that it is not valuable foe tcustomers but the DSO has decided it
is valuable. (Nilsson, M. 2011, interview)

One risk for DSOs is also that when they make #sfige to connect small-scale
production they give the customers too much inddeeay. There could be other ser-
vice providers with electricity storages and snsieering systems that make the DSO
obsolete. Then DSO only has to provide the backyspem and that system has still to
be maintained so it works exactly then when iteeded. It could happen that if DSO
invests in wrong places now there will be some tiegaonsequences because the de-
velopment runs over DSO. (Willerstrom 2011, intew)

7.2 Conclusions of the interviews

At the moment the incentives are not enough to ntkesmall-scale production eco-
nomically attractive. A person who takes up smedlls production has to have passion
for it and not think of the profit as the paybaakipd becomes so long. The equipment
is still expensive. Most of all it is a favour teetenvironment but hopefully in the future
the small-scale production will survive on its oamd be competitive alternative in the
market. In addition, the connection process shbeldhade easier and harmonised more
in the Nordic countries. For a small-scale produtas difficult to find out what is
needed in order to start up small-scale productfopractical way to advice the cus-
tomer who is thinking of these questions would b&inaple To Do -list that could be
easily found from the web page of the DSO. At trmmant DSO's sites include connec-
tion contracts and terms of network services thmatreot so easily understandable for
normal customers. From the sites of ET and Suomelivbimayhdistys ry. (The Fin-
nish Wind Power Association) proper instructionsvhibe customer should proceed if
he wants to start small-scale production can beddhough. It would be easier if this
information was available at the DSO's site to®8&€ is the preliminary contact for the
customer in this process.

In United Kingdom the atmosphere has been pro sgnat$ for years. Some prob-
lems have also occurred as the regulation suggéséédhe metering roll out is man-
aged by the supplier. The best way is that DSO leant (S6derbom 2011, interview)

The industry is in the point where we have to dmasolutions for the distribution
grid in order to provide solutions for smarter giithndling wind power or demand re-
sponse and things like that will require certaivestments that are fairly difficult to get
back. Regulatory bodies should allow these investsnand enable tariff increases for
example. (Séderbom 2011, interview) It is a bettay to give the incentive for each
smart meter installed rather than force the DSOmgtall the meters to every house.
The result will be that the roll-out is done in rhumore smarter way than if it was
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obliged. In the long run the DSO would be backhe hormal profits and could scale
down the tariffs. (Nilsson, M. 2011, interview) Otieng that also should be considered
is the cost of the renewable production for the ielsociety. DSOs need to invest to the
network so the small-scale production can be caedewshen wanted. DSO has to bear
the costs by itself or then it might show in thefts. How are the costs shared? Eventu-
ally somebody will pay the costs of updating thiel giLadhdeaho 2011, interview)

All in all, it seems that in Sweden the industryidnees more to market driven de-
velopment. If there is a chance to earn money thdiebe products and development
without having the need to push the developmerit veigulation. In Finland on the con-
trary, the industry is waiting for the regulatiom draw the rules before decisions are
done. They are more afraid of having developed smmgin vain if finally the regula-
tion suggests that the responsibility of develodietpngs to somebody else. The feed-
in tariffs in renewable power are an example dof.tiiihe industry was waiting the feed-
in tariff law to be legitimate before any furthewvestigations were made. The Finnish
law of having 80 % of the sites among hourly-basedering in 2014 is also an exam-
ple of this. In Sweden they are not following the 8irective so strictly but it has been
suggested to introduce the hourly-based meterinigetaites where the yearly consump-
tion is more than 8000 kWh or when the site haslgpeton of its own. Another sugges-
tion has been to let the customer choose if he svanget a smart meter regardless of
the consumption. The rarity of the hourly-basedemey has led to that that the demand
response does not seem as attractive as in Fiawiftdvould definitely require hourly-
based metering. In Sweden the DSOs are questiomimgthey should invest huge
amounts of money to something that is not necdgsaeded. For a big customer the
hourly-based metering is reasonable but not forctlstomers living in flats. Collecting
the metering values costs money and the maintaioiirige meter too. (Englund 2011,
interview)

In Finland Vattenfall Verkko Oy decided to instathart meters to all the sites be-
fore there was a law that obliged for it. The chamgas made voluntarily. At the mo-
ment practically all the sites are being measuseddurly basis. In Sweden on the other
hand when considering the next step after estimatwoicing there was a law that
made the DSOs install the monthly reading meteinss furned out to be a wrong ap-
proach. The meters that were installed in 2010cateof date already. As the meters
were changed so recently it would be too expernsigart to change them now to more
modern meters. People are thinking that hourly dasetering does not bring so many
benefits to the small customers and that they cawith the old meters as well. Never-
theless, customers cannot need or claim smart snétkey do not know what functions
and services it enables. The faster the metershemeged to new ones the better. Smart
meters create the platform for smart grids andisesvthat may have not been even
thought of. Even though they do not bring instagnddits it is good to be prepared at
least to this extend. The hourly based meteringlikély become compulsory in Swe-
den too but being a pioneer and acting before atiigs might be a smart move.
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Being the pioneer in the DSO field is an advantagesn the company is a step
ahead compared to the others and can plan its topesdor longer term while others
are still busy with surviving the previous stepirastalling the smart meters. This posi-
tion brings credibility and in that way it is easte make one's opinions taken into ac-
count when negotiating with other parties of théustry such as regulators. The deci-
sion to change to hourly based metering in timegddo be a good move for Vattenfall
Verkko Oy. The meters could be tested in action thiglwas also useful for defining
the asset base for the regulation model.

When considering purely demand response and natttiex possibilities the smart
meter brings it can also be thought that in ordegdt the wanted results to the market
by demand response it is not necessary to geteltustomers to participate. If the ob-
jective is just to get rid of the high peaks it Wibie enough to get response from
maybe 5 — 10 % of the consumers. The biggest cestoare enough as the small ones
cannot contribute that much to the electricity neahrices or the loads in the electricity
lines. (Nilsson, M. 2011, interview) In addition tois, the equipment for demand re-
sponse would be quite expensive so there wouldnbetbe very interested small cus-
tomers that would take up demand response andtwanstall the equipment. To have
decent equipment it would cost more than 100 € wisaeally the minimum for having
some sort of display, metering, computer for stptime data and the device for receiv-
ing and sending the signals. A proper set of thes@ld cost maybe around 500 €. To
earn this money by demand responding the pay laekwould be so long that it is not
really economically wise. (Richert 2011, interview) addition getting all the smallest
customers to react could be a bit difficult. It kbbe hard to make them all watch the
Nord Pool prices when the savings they can makes@small when they have so small
consumption. For example, when the parents comk fvtam work they still want to
play console games with their children rather teave a euro or two. So getting maybe
10 % of the customers active is enough. These kfb%d get some sort of incentive
from the DSO. Still in the market there would bewegh price volatility to encourage to
the demand response because of the large amowvindfpower. (Nilsson, M. 2011,
interview) So in case of the small customers denrasdonse is rather for fore runners
who are interested in energy efficiency and follagviheir consumption. On the other
hand from the environmental perspective the demasgonse option should reach all
the customers in the long run because that is ¢lyetd energy efficiency. The energy
efficiency concept should be introduced to normalideholds. When the people get
their mind set for energy efficiency the demangoese can be build into the system.
(Willerstrom 2011, interview). At least the possili for demand response should be
offered to all the customers and when providing hberly based metering DSO has
already done its share. The rest is up to the mete activity and the services that are
offered by the supplier or some third market party.

One of the worries is that the regulatory orgamsat the government and the in-
dustry want to define smart grids too soon in a whirying to foresee what happens
next in their development. It can be a restraintti@ development of smart grids. One
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should rely more on the historical fact that whitwere is a change to earn money people
will start to be more innovative and with this meirlbased development there will be
better solutions and products than if the develogmes conducted by the regulation.
So instead of guessing what will happen if the tel@ty market prices will be very
volatile or if there will be many EVs whose batésrican be used for storing electricity
the network must just be prepared for multi-direcéil power flow. The top-down ap-
proach is that the solution is needed before. Thevations are happening rather in the
laboratories and in the field rather than in thedsiof the bureaucrats or the top man-
agement. So when they try to decide and regulaalitection of the development the
best possible results are not always obtained. régalator institutes both in Finland
and in Sweden are understaffed. They do not haweeithnical expertise or the R&D
that the companies have. Exaggerated by generafisaicould be said that the regula-
tors should not act like engineers telling the stdg what to invent but rather they
should be economists who will decide about thentiges and the economic enabling
of the market. The engineering should be left ® ¢bmpanies who have interests and
resources for making new inventions. Then the haipgeof the innovations would be
market driven. (Nilsson, M. 2011, interview). Irhet words the important thing is to
think how the grid can receive and transmit infotiora and handle the power flow to
different directions and not to think what the attunventions will be like. The avail-
able market opportunities will finally take care what sort of products and services
there will be. The task of DSOs it to enable theefl@dment by providing a functioning
network and offering market place to others.

7.3 Summary

In general the electricity market works well. Then® enough participants to ensure
there is competition though some of the largestpecers can still affect the prices too
much. Most of the electricity that is sold in Naraiountries is exchanged in Nord Pool.
This gives the market transparency and shows lieaptice is set in the market and not
by the companies themselves.

Supplier centric model is seen somewhat as a oisthe functionality of the market
if it makes it too difficult for small suppliers mpete. SCM is simple for the custom-
ers to understand and for the sake of the fundiignaf the electricity market it is im-
portant that the customers understand how the markks. The price areas also in-
crease the understanding of the customers abowtiteforming. In addition they give
correct signals where the production should coma&ntThis is important for the small-
scale production.

To support the small-scale production differenteimive methods are considered.
Netting the consumption and the production wouldhHgemost beneficial and the most
simple way to contribute small-scale production betause of the taxation laws this
will not be possible in the near future. In additio the incentives there should be clear
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instructions how to proceed if one wants to beca@ramall-scale producer. Now the
DSOs work in different ways in this matter.

The small-scale production or demand responsenfiail customers is not economi-
cally paying off. These are more for forerunnersoveine really interested about envi-
ronmental issues or electricity business. The baystrial customers have been using
demand response for years already.

Instead of taking the leading role in developingvreervices with smart grids the
DSO should concentrate in its core business anchtgpas a transportation company of
the electricity. Nevertheless, the electricity ggdn a state that it needs investments to
bear all the new connections and functions thasthart grids require. DSOs should be
encouraged to do these investments to secure Wedogenent of the smart grids.

The development of the products and services shioelltet to happen through a
market. If there is demand for some specific seraied a chance to make money with it
there will surely be supply for it sooner or latdtarket based development leads to
better results than the development with regulation
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8 CONCLUSIONS

There are many ways to define the functionalityhef electricity market. In this thesis
the smart grids are presented from the perspetdiveake the electricity market func-
tion better. The smart grids are also needed ta theeEUs environmental 20-20-20
objective of cutting down the energy consumption20y%, increasing the production
with the renewable energy sources to 20 % andasarg the energy efficiency by 20 %
by the year 2020. The supplier centric model whieeemajority of the contacts would
happen through the supplier and where DSO wouldnatite background creates new
challenges to the smart grids. With SCM the rolethe actors will change. The regula-
tion also has an important part in supporting thers grids.

In this thesis work the two cases of small-scatelpction and the demand response
are considered. The material is based on the 25adis¢ interviews that were executed
in Finland and in Sweden. The findings from themtews suggest that at the moment
the small-scale production is not profitable foe ffroducer. That is why several incen-
tive systems are considered though in the longthensmall-scale production should
live in the market with its own merits without imteze systems. Some incentive sys-
tems were seen working better than others. For pkathe obligation of the supplier or
the DSO to buy the electricity produced by the veat@des did not seem like a good way
to promote small-scale production. Most of the tieity the small-scale producer pro-
duces is used to cover the own consumption of tiseomer. The left-over electricity is
fed to the grid. All the interviewees were suppuatthe netting method. There the cus-
tomer could store the extra production to the gmd use it later without paying the
taxes of it. This would not work because of the leax both in Finland and in Sweden
even though it is the best way for the customertaerdndustry and it could make peo-
ple more interested about the small-scale prodaciibe feed-in tariff that will be paid
in Finland starting from July 2011 is a good wayirtoentivise to larger-scale produc-
tion with renewables but it will not work for smatale producers. On the other hand,
small-scale producers are not only after profit they are rather pioneers or early
adopters who have the passion for environmentaegssr are after independency from
the electricity grid. Nevertheless, the distribatgrid is needed for the back up.

Another case that was studied in this thesis isatehresponse. Traditionally the
electricity consumption has not been adapting éopttices in the market and it has been
only the supply that has regulated the consumpiidith the help of smart meter that
can measure the values on hourly basis and servigktsaround it the customers have
the possibility to follow their own consumption. &main problem that hinders the de-
mand response is the lack of products. It is nearclet who is allowed to develop
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products and services around demand response.oldweaf the DSO, the supplier and
the third market parties need better definition. t&a other hand it would be good that
the parties who really have the interest in reguigthe demand would be those that can
offer the services. The national regulation autiesiboth in Finland and in Sweden
nevertheless want to keep the role of the DSO &g the electricity transporter who
does not make profit with these extra serviceshis way it would be logical if it was
the supplier who would build the products and s&wibut sometimes the goals of the
supplier and the DSO can be contradictory. Thishinfigappen in a situation when there
is lots of renewable production available so trecticity price is low and encourages
increasing the consumption but at the same timeskbetricity lines might be heavily
loaded. Then DSO has the interest to steer peopterisume less but the market gives
the signal that it is good to consume and loadbttéeries of the EVs for example. To
steer the people towards lighter load consumpten@SOs are developing the price
tariffs to more power based direction. The tarifelitionally consist of a fixed fee that
is set according to the fuse size and the secortdopahe tariff is based on the con-
sumption and it is measured in kWh:s. In the futine fixed fee at least could be re-
placed with the power based part that would be oredsn kW. These power tariffs are
already in use for the industrial customers. Thenish dual-time tariff is an example of
a simple demand response system.

These two cases of connecting small-scale produaimd demand response both
help in making the electricity market function leettWith small-scale production the
customers have the possibility to choose whethey Want to participate to the market
and there will be more participants in the elediicnarket. Demand response makes
the electricity price adjust there where it is elot the real price of the product as the
demand side adapts to the price. In addition, wihenload is lower the peak power
plants that use fossil fuels are not needed torctheepeak consumption which makes
demand response an environmental act too. Allithigossible because of the hourly
based metering of the smart meter that is provijethe DSO.

DSO enables the electricity market by offering tineart meter and by developing
the grid so that connecting smalls-scale producéind demand response is possible.
The market opportunities decide what kind of pragulere finally will be around these
two cases. It is important that the market base@ldpment is not restricted by the too
strict decisions of the authorities. DSOs shouldebéo invest to the network in order to
get the smart grids fully implemented.
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