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EXECUTIVE SUMMARY - Stakeholders involved in the
deployment of microgeneration and new end-use technologies

TASK XVII:

INTEGRATION OF DEMAN D SIDE MANAGEMENT, D ISTRIBUTED

GENERATION, RENEWABL E ENERGY SOURCES ANDENERGY STORAGES

Task extension:

The effects of the penetration of emerging DER technologies to different

stakeholders and to the whole electricity system

Background

Objectives

Energy policies are promoting distributed energy resources such as energy
efficiency, distributed generation (DG), energy storage devices, and renewable
energy resources (RES), increasing the number of DG installations and especially
variable output (only partly controllable) sources like wind power, solar, small
hydro and combined heat and power.

Intermittent generation like wind can cause problems in grids, in physical
balances and in adequacy of power.

Thus, there are two goals for integrating distributed energy resources locally and
globally: network management point of view and energy market objectives.

Solutions to decrease the problems caused by the variable output of intermittent
resources are to add energy storages into the system, create more flexibility on
the supply side to mitigate supply intermittency and load variation, and to
increase flexibility in electricity consumption. Combining the different
characteristics of these resources is essential in increasing the value of
distributed energy resources in the bulk power system and in the energy market.

This Task is focusing on the aspects of this integration.

The main objective of this Task is to study how to achieve a better integration of
flexible demand (Demand Response) with Distributed Generation, energy
storages and Smart Grids. This would lead to an increase of the value of Demand
Response, Demand Side Management and Distributed Generation and a
decrease of problems caused by variable-output distributed generation (mainly



Approach

Results

based on renewable energy sources) in the physical electricity systems and at the
electricity market.

The first phase in the Task was to carry out a scope study collecting information
from the existing IEA Agreements, participating countries with the help of country
experts and from organized workshops and other sources (research programs,
field experience etc), analyzing the information on the basis of the above
mentioned objectives and synthesizing the information to define the more detailed
needs for the further work. The main output of the first step was a state-of-the art
report.

The second phase (Task extension) is dealing with the effects of the penetration
of emerging DER technologies to different stakeholders and to the whole
electricity system. The second phase concentrates on DER at consumer
premises.

The main subtasks of the second phase are (in addition to Subtasks 1 i 4 of the
phase one):

Subtask 5: Assessment of the DER technologies and their penetration in
participating countries

Subtask 6: Pilots and case studies

Subtask 7: Stakeholders involved in the penetration of the DER technologies at
consumer premises and effects on the stakeholders

Subtask 8: Assessment of the quantitative effects on the power systems and
stakeholders

Subtask 9: Conclusions and recommendations

The figure below describes the concept of this extension.
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The report discusses different stakeholders involved in the penetration of
microgeneration and new end-use technologies, as well as effects on the
stakeholders. Microgeneration includes e.g. solar power (photovoltaics and



concentrated solar power), small wind turbines and micro-CHP; new end-use
technologies include heat pumps and electric vehicles with smart charging. The
characteristic for these technologi e:c
premises and generate power mainly for the consumer himself. We also
considered the rough power limit for microgeneration to be 50 kW..

We identify a number of stakeholders to whom microgeneration and new end-use
technologies can present significant effects. Most importantly, the consumer
himself, network companies and electricity supplier (retailer) are involved.
Network companies may either benefit or suffer from the introduction of
microgeneration, heat pumps and EV, depending on the specific technology and
how it is used. The consumer can contract an aggregator to sell the
microgeneration or reprofiled consumption to competitive energy market
participants or network companies. Manufacturers strive to develop more
affordable and more efficient generating units, normally with the help of subsidies
provided by governments.

The scope of this report is indeed wide. The report reviews the various questions
the stakeholders have to consider related to the introduction of the new
generation and end-use technologies. Examples include operation of the
microgenerators and EV charging systems, communication, effects on power
quality, network stability and network capacity, emissions, energy efficiency, etc.
In some cases, the questions can turn out to be serious barriers.

It is difficult to draw general conclusions about the costs and benefits to each
stakeholder. In each case they depend on the details of technologies and their
methods of control, as well as on the stakeholders themselves and the details of
contracts between them. Also electricity market rules, regulations and subsidies
have a large effect.

The appendices provide some examples of stakeholder involvement from four
different countries. Appendix 1 introduces some elements of business models
related to EV and smart meters in Spain. Appendix 2 introduces business models
for EV charging in Austria. Appendix 3 contains a more detailed analysis of
different power-based tariffs from the point of view of the DSO in Finland.
Appendix 4 contains a detailed analysis of different stakeholders involved in EV,
PV and smart meters in France.
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BRP
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CHP
CSP
DER
DG

DR

DS
DSB
DSI
DSM
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FCL
HAN
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of abbreviati ons

the European Agency for the Cooperation of Energy Regulators
Advancedmetering management

Automatic Meter Reading

Ancillary Services

Balancing Mechanism

Balancing Responsible Party

European Committee for Electrotechnical Standardization
Control area manager

Combined Heat and Power
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Distributed Energy Resources

Distributed Generation
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DistributedStorage

DemandSide Bidding

DemandSide Integration

DemandSide Management

Distribution System Operator

European Standard (developed by European Committee for Standardization
European Network of Transmission System Operators for Electricity
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Home Automation Network

High-voltage

International Energy Agency

International Electrotechnical Commission
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PV
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STATCOM
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VTT

HCHP

International Electrotechnic&locabulary

Low-voltage

Point of Common Coupling
Photovoltaic (power generation)
Renewable Energy Source
Reattime Pricing

Static SynchronousCompensator
Time of Use

Transmission System Operator
Unified Modeling Language
Unified Power Flow Controller
Vehicle to Grid

Virtual Power Plant

Technical Research Centre of Finland

Micro Combined Heat and Power



1 |l ntroducti on

Microgeneration is the safi-scale generation gfower by individuals, small businesses and
communities to meet their own needs, as alternatives to traditionalayntected powett is

a subcategoryf distributed generatiorwith the distinguishing featuref low power output

(in this report we assumeraughlimit of 50 kW, inspired bythe EU Directive 2004/8/EC
which defines this limit for micr®CHP) and the power is largely spent by the generator
himself. The microgeneration technologies have been discussed in subtask 5 of IEA DSM
task 17, and include.g. microoCHP (fuel cells, microturbines, stirling engines, internal
combustion engines etcricro combined cooling, heating and power@ECHP), small wind
turbines, photovoltaisolarpanels and micrgcale hydro poweNew enduse technologies in
this report includalifferent types oheat pumpsand plugin electric vehicles, both of which
significantly change o n s u eeetricky@emand patterns.

In this task we have prepared separate reports about the different microgeneration
technologies, heat pumps, electric vehicles and smart meters. These provide an overview of
the current status of thesechnologies. The current situation and future scenarios in the
participating countries is also reviewed. In this report we thus do not pay too much attention
on the technology aspects. Instead we take a different point of view and try to see what
consumes, networkcompanieselectricity suppliers and other stakeholders wish to take into
consideration when more and more of these new technologies are installed.

There are many actonsvolved in dstributed energy businessd new endise technologies
all of which have their own goald-or examplegndusers look for the cheapest means to
satisfy their energy need®n the other handof DSO it is importanto ensure employee
safety, network reliability and power qualifijhe effects oficrogeneratiorand new endise
technologieson different stakeholders are also differeand they depend on ttepecific
technologyas well as thédusiness modelshich are applied ifinancing the investment and
sharing the risks and benefifBhis report discussedifferent stakeholders involved in the
penetration of microgenerati@amd new endise technologie§ he stakeholders include:

endusers of energy

retailers and aggregators,
distribution system operato(®S0O),
transmission system operatofsSQ),
fuel suppiers,
technologymanufacturers,

system integrators,

telecom companies,

remote monitoring and maintenance service providers,
real estate develeps

installers

A A -8-9_-9_-9_-9_-°9_-45_-°5-°

These are stakeholdemho take part in the business activities related to microgeneration and
new enduse technologies. There are stakeholders which do not take part in business but are
otherwise involved. These include



1 regulators/energy agcies/governmental agencies,
1 standard developers and
1 society as a whole.

The risks and benefits in installirend operating microgeneration can be arranged in different
ways. This leads us to the concepthafsiness modelBy "business model* we mean a
description of the partners, main transactions, sources of value, andvies@fta business
interactiong Akkermans, Gordijn 2006 he interactions between differestakeholders ara
component of business modelheyare not simple value chains but value constellations in
which enterprises are collaborating in networks. The introduction of changes intgstki® s
can have a negative positive effect on the welbeing of different actors. Negative effects to
some actor can jeopardize or delay the foltbwough of the changes

This report describes the issues which each stakeholder should consider duetradiperof
microgeneration and new emnde technologies, as well as the involved risks and benefits.
We start by consumers @hapter2, study the position of tailers and aggregators €hapter

3 and 4 continue with system operators (DSO and TSOJhapters5 and6. These are the
key stakeholders involvedower exchages are briefly mentioned in Chapter 7, regulators in
Chapter 8 and governments in Chapter 9.

Appendix 1 of this report introduces some elements of business models related to EV and
smart meters in Spain. Appendix 2 introduces business models for EV charging in Austria.
Appendix 3 contains a more detailed analysis of different pdased tarik from the point

of view of a FinnistDSO. Appendix 4 contains an analysis of different stakeholders involved

in EV, PV and smart meters in France.

2 Endisers of energy

We concentrate on eagsers who connect to the lewltage grid.They include residetal
consumers such as singlmily houses, row houses or apartment buildings; hospitals, retail
stores or office buildings; or small industrial customdns.this report we use the term
comrsumeralsofor consumers who have installed or are consideringstall microgenerators

or distributed storages such as EV.

The motivationsand responsibilities of the enger aralifferent depending othe ownership

of the building, apartment or office. The easer can owrthe premise®r bea tenantThe
tenant nay berespomsible for energy billsin some cases, however, there is no separate
electricity meter for the tenant. In this cdBe electricity consumption is estimated e.g. based
on the floor area which the tenant occupugbkich reduces the incentives fenergy saving or
demand responselhe owner of the building ultimately makes the decision to install
microgeneration units, heat pumps, or support for -ptuglectric vehiclesnto an existing
building. If the owner himself is not thenergy eneuser, sich as in case of landlordsg does
not have the incentive to save enetggwever, the EU idective 2002/91/EC concerned with
energy efficiency of buildingsspecifically mentions rented buildings with the aim of
ensuring that the owner, who does notmally pay the charges for energy expenditure,
should take the necessary action.

The primary goal for energy enders is tohave an energy supply (hew, cooling and
power), which is



affordable,
reliable,

1
1
1 simple toinstall andmanage
1

environmentallyfriendly,

1 producinga high-quality indoor environment

Microgeneration technologies usually cannot reach grid pésitgcessfullycompete with

grid power)at this moment, thus they cannot increase affordatwfitgnergyas suchThis
statement should baken as aeneral guideline. For example PV is expected to reach grid
parity from the consumer point of view in Germany in a few years. This situation can occur in
countries with high retail rates and high level of insolaf©tson, Jones 2012fombinaion

of the building load profile and fuel andeetricity prices will strongly affececonomic
benefits.End-user incentives during peak houmich as redime pricing or critical peak
pricing can increase the attractivene&uiildings with high heatingoads are the most
attractive for JCHP installation from economic point of viegfMorwood et al. 2010)Those

with cooling loads are economically less attractive because of the high cost of CCHP systems.
In any case, the investor can significantly berfeditn an indepth analysis of the installation,
including heat and power consumption profiles, building characteristics, readiness of
consumers to sacrifice comf¢dgU DEEP 2009)

However, different support schemes are used to increasebehefits of renewable
microgeneration and micr@HP. These deperah the type of technologgize of the uniand

the time whenit is installed and of course on the country in questidhe different support
schemes are discussed in context with government ageBcegtypessubsidiessuch as

feedin tariffs, may not help with the required initial investment, which can be quite high.

new buildings more options are available for installing microgeneration or heat pumps. But
especially private home builders areamally short of funds and avoid additional debt, so any
additional investmentare scrutinizedhoroughlyand should be very attractivA. different

business model, where another party takes care of the investment and takes part of the savings
of energy Ui or revenues of energy sale, could be a remedy.

Heat pumps on the other hamdn in many cases be profitable without subsidi€be
profitability depends on the alternative heating system to which the heat pump is compared,
as well as the type of heaumpp, and local climate conditiondhe consumer evaluates
profitability of electic vehiclesmainly from the point of view of transportation, i.e. compared

to traditional vehicles with internal combustion engine, although they can also contribute to
the bulding energy supplyand provide ancillary services to the grid.

One aspect of affordability is the space requirement of heat pumps or microgeneration units.
Residents or users of the building must find the space for the equipment, as well as the
possibé fuel storage. The space requirement should be compared to that of the system which
is replaced. For example, retwp solar panels do not require any additional space and the
power conditioning equipment take only little space. MaryHP units of 1 kW power , for
example, are equal in size to a dishwasher. In caseGH R which feeds on biomass, a
sizable fuel storage is needéar example in subarctic climates a wood pellet storage bin for
singlefamily house should hold up to 15m

An important development trend in the building sector is the increasing energy efficiency, and
thus reduced need for heating and cooling. In enreffigient buildings,warm and cool
spaces (such as supermarkedtigeratorcases)are better insulated arftee energy such as



solar radiation and waste heat are better utilizBafortunately, this decreases the
attractiveness of {CHP installation because during large part of the year there is no heating
load (or cooling in case of CCHP), which theCP coutl satisfy. This has been illustrated

in Figure 1, which shows that in cool climates the need for purchased energy is reduced
drastically when energy efficiency incssss.If the building is electrically heated, high energy
efficiency decreases power consumptiand thus the need for locally produced electricity

B purchased energy

M utilized heat loads

kWh/m?
=
a

20

15 B purchased energy

M utilized heat loads

10

Month

Figure 1. According to this simulation the need for purchased heating energg reduced
to 3i4 months a year in the energefficient building (lower graph) in the climatic
conditions of southern Finland. The upper graph shows the heating energy demands for
a reference building(Simila 2009)

Microgeneration, especially dispatchalézhnologies, together with small energy storages
can increase the reliability of energy supply. At times when grid power is not available, power
can be supplied from theionogeneration unit or local energy storage, though normally at
higher cost than gt power In other words, they can act as bagkgenerators and replace
possible existing diesel generators. Of course, this requires thequimment required to set

up a working system for an efiie-grid generatiorhave beernstalled. These includat least

an inverter and a transfer switthreconnecelectric power source from its primary soutce

the a staneby source so that a local generation or storage unit can replace a utility source.
Quiality of the power supplied by the inverter shouldsb#icient to prevent various electrical
appliances from suffering from the effects of e.g. harmonic frequencies.



Naturally, increased reliability does not come without cost: fuel supply and maintenance for
the microgeneration units should be secuBsmine equipment such as solar panels and small
wind turbines may attract thieves, and theft cases have been reported in some cAlsdries.

if consumers rely more and more on local generation and purchase less power from the grid,
there is a risk that thaddribution grid is allowed to deteriorate, thus decreasing reliability of

energy supply.

Microgeneration and new ende technologies are in many cases more complicated to
manage than traditional utiltsupplied power and heat. They introduce additigretes of
equipment, whichliequire learning and maintenanddis depends on the specific technology
though. For example, it has been estimated that grsoucte heat pumps require less
attention from the residents than natural gas boilfgh aging poplation in Europe,
simplicity of operation should bamongthe primary goals. User interfaces slibbe easily
understandable and intuitive. The equipment shqeédorm selmonitoring and when
possible, inform the users about maintenance needs ahea of t

Installation of microgeneration can hmmplicated Consumers are not well aware of
microgeneration, its advantages and cobtsa recent study it was found that customer
knowledge is critical for bringing DER to the markets with the help of aggregampanies
(EU-DEEP 2009) The consumer should bat least summarilyaware of the regulations
concerning installationf microgeneration and heat pumps, as well as available subsidies and
the procedure to apply thertt. is then important that thesgulations and procedures are
simple to avoid overloading the average consumer with bureacracy.

Also many HVAC installers are not very experienced with these syst€orssumers are
understandably cautious and also vulnerable to poorly installed sy3teenproblem of lack

of skilled installers has alsarisenin some countries due to soaring popularity of heat pumps.
Installation ofespecially HCHP and ground source heat pumps can be problemagidsting
buildingsbecause a&ertral heating system uginwatercirculationis preferredlt is possible

to install these in buildings with fordeir heat distributiorbut in this case #arger heat
exchanger is neededhe installer should be aware of the procedure which the DSO requires
in installation of merogenerating unitsThis procedure should be simple and uniform from
one DSO to another.

Especially private consumers are not driven solely by economic motivations. They also wish
to pursue environmentally friendly ways of living. This includes attengpteduce amounts

of waste, energy use, and various emissions. During the past decade the media has
emphasized reducing G@missions. Yet many people remain unaware of how they could
make changes in their own lives to reduce emissions (Environment Cab2@)a Enabling

people to generate clean, affordable energy in their own homes and businesses allows them to
understand their own energy use and be proactive in reducing their emissions (CRC
Research).



Figure 2. A microgeneration unit (G)can gener ate power for the
use or for export to the grid (E). These sum to total energy generatedgEln the picture,

energy E is purchasel from the grid. Metering requirements for Eg, Ec and E, can vary

among countries and consumer types.

However, some {CHP technologiesfor example those combusting wood pellgtsnerate
emissions including nitrogesxides, polycyclic aromatic hydrocarbons and particulate matter.
These pollutants can be muclomra efficiently controlled in large power stations, which also
spread the pollutants on large, partly uninhabited argais also possible that-@HP
increases emissions, in case when the carbon intensity of power generation in the electrical
system is ery low. Fuel cells produce less carbon monoxide and much less nitrogen oxides
than gadired condensing power plants. Heat pumps do not produce emissions.

The enduser ultimately controls the operation of the dispatchable microgeneration unit, heat
pump or EV charging and discharging (in case of V2G operation). To make the control
schedules coherent with the needs of energy markets and the grid, theeemaday receive
different types of incentive signallsom his retailer or aggregator. Direct contrdltioe units

is sometimes performed by an aggregator but to better account for the local conditions the
final control decision should be done by the -eisdr. In all cases the ender should have

the possibility to override even direct control signals.

Different operating strategies are possible for especially rdetB units. Heated operating
strategy tries to meet onsite heat demand using the direct thermal outpoicod-&HP unit.

The presence of a heat storage adow running the pCHP closer tdts optimal operating

point, for example reducing the need to run an integrated conddrsieg Electricityled
operating strategy is defined as dispatching the unit with the intention of meeting as closely as
possible the onsite electrical loaxces thermal energy is stored in the heat storage or
dumped as a last resort. If heat output is not enough to cover the heating load, the heat storage
is discharged first, followed by the stamh of the possil@ integrated condensing boiler
(Leach Hawkes2007). Of course, a heat pump, when present, can also act as a heat source in
the electricityled operating strategysinally, the leastost operating strategy minimizes the

cost of meeting the heat load subject to technical constraints of the systemciBlestn be
imported and exported and heat storage charged and discharged according to fuel prices and
electricity import and export pricedt is also possible to devise an emissipimimizing
operating strategy, or include emissions as one cost comipameleastcost operating
strategy.
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Figure 3: Pathways of energy conversion with {CHP .

Regardless of the strategy, the ers#r should set suitable limits for the temperature comfort
zone to which he is accustomed. The user interface of the control device should provide an
intuitive way of doing this. A simple slider control, which allowsremoomfort in the one end

and more temperature variatidmst more savings in the other end has been suggested.

Indeed, healthy and comfortable indoor environment is important foused. They will
consider the fact thasmall wind turbines and some-QHP types produce noise, which
reduces living comfort. Regarding 4g-air heat pumps there has been some discussion about
the detrimental effects to air quality when they are used for codiimgre can be dust and
moisture buildup inside the unitproviding conditions for mould growthlhis again reminds

us of the fact that consumers should learn to maintain the new types of equipment.

3 Retaillsamppl i er s

Retailer( we use the word as.is thg deccgulated povwer sfiskem p p | i
participant whosells the electricity to the engser. He receives the revenue from electricity
sales to endisers, and on the other hand, has to procure the electricity from the wholesale
market, usually on hourly or haffourly basis or generate the electricity himkeRetailer

thus communicates with a passive consumer and on the other hand the power wholesale
market.In some market models the retailer can even be the single point of contact for-the end
user, so that in most matters he deals with the retailer arg watie the DSO.The retailer in

turn relays the matter to the DSO, acting as a middleman between thsezrathd DSO. In

other market models the consumer contacts the DSO directly for various matters. Nordic
regulators association Nordreg has set thglsipoint of contact model (but not in the pure
form) as the target model for Nordic countries.
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Figure 4:.The consumer may deal with both the DSO and the retailefleft) or only the

retailer (right).

A retailer has to considerfetts of the new energy technologies on the following topics:

9 sales volume,

1 retail and wholesale prices,

9 retail volumes

1 energy imbalancesnd balancing costs

1 ICT systems.

Microgeneration makes consumers more ssiffficient and decreases the amount of

electricity which consumers need to buy from the guich d

t hus

al so

Independent retailers normally operate with small profit margins and lean organization.
Decreasing sales could cause problems to many independent reflaleds s
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In the future local generators may be able to sell their excess production in the market via

ectri

ci

ty

consumption
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retailers.The retailer would then procure electricity not only from the market but also from

consumers themselves. Undoubtedly the retailer could charge a margin from the consumer

who acts as producer for selling the excess energy on the market.

In many European countries the retailer has to cover the deficit or surplus bal#mee
between powr generation, trade, and consumption by-esers, by buying or selling

balancing power. The prices of balancing power are set less favourable than prices on

organized electricity markets by the balance settlement responsibleapdrtigus the retailer
suffers an economic loss for any imbalance. This means that it is very important for the

retailer to be able to accurately forecast the level of consumption of his contracted customers.

This forecast should be accurate on hourly,-halirly, or 15 minutesesolution depending

ret a

e



on country. Consumption forecasting is an established branch of science but microgeneration
and new endise technologieequire new models to be added in the forecasting tools.

4 Aggregators

The traditional retailer cannot fully serfea ct i v e sOc o nwshuomeaan provi de
installed microgeneratoror energy storagetsuch as EV) Current research suggests that
empowering electricity consumers by giving them financial rewards for changing their
consumption behaviour requires néypes of business functions. The purpose is to enable
consumer exposure to electricity markets in an efficient way. These functions can be taken
care of by an independent organization or an existing market participant, e.g. an electricity
supplier (retagr). In each case, we call this organizatioraggregator We also use the term
retailer-aggregatorwhen we want to emphasize the case that the aggregator also acts as
retailer. The termslemand aggregato(collecting together DR) ogeneration aggregator
(collecting together DG) can also be us®¢e thus define the aggregator in the following
brief way:

An aggregator is a company who acts as intermediator between electricity end
users, who provide distributed energy resources, and those power system
participants who wish to exploit these services.

There are many synergies between retailer and aggregator activities; aggregator and retailer
can be the same compamggregators are deregulated power system participants with the
main role of bringing DER on migets for the use of the other players, and on the other hand
providing market access to DER. Here distributed energy resources (DER) include demand
response, distributed generation and energy storages.

I n the foll owing t he eaegplpines qral aftertiéatswe cae praceed s i b i
to discussing how the introduction of microgeneration and newusadechnologies affects
aggregators and retaileowards consumers and the aggregé@ethomme et al. 2009)

1) studies which consumers or DER owsean provide demand response, distributed
generation or distributed storage capacity in a profitable manner,

2) promotes and informs the aggregation service to consumers and DER owners,

3) provides financial incentives to the consumers or DER owners to provide
distributed energy services and

4) in some caseacquires and/omstalls the control and communication devices at
consumer's premises.

Firstly the aggregator has to develop deep knowledge about different types of consumers and
their potential as providerd demand response or distributed generation. He has to know the
magnitude and cost of demand response that different appliances can provide, as well as other
parameters such as time span, storage characteristics and usage constraints (e.g. how many
times per week control signals can be sent) of Hpmpliances, storages and generators
Consumers themselves usually have poor knowledge of the flexibility they can {Elver



DEEP 2009) In addition the aggregator must study how much inconvenience the control
actions cause to the consumers and what kind of compensation the consumers then require.

The aggregator has to make his offer known to the public in an easily understandable way.
This is especially true when demand response provision is still a novel dsisiraer the
aggregator does not have to educate consumers about the activity itself, but instead he will try
to distinguish himself from other aggregators. If he can make a better offer to a certain group
of consumers, it will be of benefit if he infornteem about it in an efficient way. The
advertising function of the aggregator then benefits the society as a whole.

Consumers should receive signasntrol appliancegeneratorsand sendmeasurements in

an automated manner. The aggregator can take ofamestalling the proper control and
communication equipmentind, depending on the business models, even microgenerators
Smart meters along with their communication gubsibleload control features can be
exploited in this function. However, these ifgats have not been standardized. Also the
measurement resolution may not be high enough and time delay of load control calls may not
be low enough for the aggregator's purposes.

Finally the aggregator provides financial incentives lhe@ tonsumers to pacipate in
demand/generatioresponse. These could take many forms and there are many ways to set up

the business. The consumers could be rewarded by being offered an availability payment, call
payment (payment for flexibility energy provided), or perceatafjthe aggregator's profits.

The aggregator monitors the consumeros perfo

Towards power system participants and the electricity market the aggregator

1) provides distributed energy services in different forms (diffeiergftames, power
curve shapes and locations),

2) forecasts the needs for different types distributed energy services on different
markets,

3) makes sure (together with DSO) that that the provision of services complies with
the operation of distribution grids.

The aggregator actively offers the distributed energy resources to the disposal of other power
system participants. This cdake placethrough on ondo-one basis by making bilateral
contracts or through organized markets by submitting offers to theseetsarke buyers
include regulated participants such as TSO and D%0& deregulated participants such as
retailers, generators, traders and BRP'® requests can be send directly to the aggregator if
it has made a bilateral contract with the buydternatively the aggregator can receive results
from clearing of organized markets, for example spot market for electricity, or he can monitor
the bids on organized markets with open order bodkee benefit for an individual consumer

or DER owner fromrading on organized markets would probably be too low compared to the
costs. Currently the market operators have also set rubes thie minimum bids and offets

limit their transaction costdzigure5 shows electrical and commercial connections between
some of the power system participants mentioned.

The aggregateretailer, in the case when they are the same company, could also need demand
response for his own powses. He may have to monitor his own power balance, i.e., that the

! Organized markets where the best bids and offers (asks) are publisiettading is orgoing
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power purchased and generated match the amount of power sold and consumed within his
portfolio of supply (retail) and trading contracts. This balance is calculated in different ways
in different countries. Deviation from zero imbalance normally leads to obligation to pay

imbalance charges. The aggregator can in some desgegch microgenerators or activate EV
chargingto reduce the imbalance charges and thus create added value for himasétie

customers.

balancing
responsible

party

aggregator

Figure 5:.The aggregator, who connects consumers to the electricity market, is shown
with both its upstream (buyers of its services) and downstream communication
(consumers). The dashed blue lines show soragisting information and economic links
Black lines show the electrical connections, blue lines show information and economic

supplier

wholesale

links (not in an exhaustive manner)

marketplace |

|
|
T
|
|

customer

Microgeneration and EV equipped with smart charging introduce plenty of load and

generatiorflexibility . This is the feedstock on which aggregators live on. Without flexibility

there cannot be aggregators. Moreover, the flexibility (ability of loads and generation to

respond to various control signalsust be affordable enough so that it carekploited by
power system participants for their needexmility provided byEV can be estimated to be
among the cheapest forms of flexibility provided by small consumers. Thutemttin of
EV with smart charging enable more and bigger aggregatbish leads to more competition

and decreasing overhead cdsten economies of scale.

Whenthe penetration of microgeneration and new-ese technologies ian aggregatér er

i ncr eas es, behaviorrgf thesa generators
and appliances. The retailer must be abl®tecastmicrogeneration, power consumption of
heat pumps, as well as chargingetéctric vehicles as a function of time. The aggregator must
be able to do this, and in addition he shou&l dble to forecast the responses of these
generators and appliances ddferent control signals (such as price signal$hus their
forecasting tools must have the proper madehponerd for these technologies.

retaile® s

portfolio
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5 Distribution system operators

DSO owns andperates the distribution grid, to which microgeneration and newusad
technologies are connectésl.t r i ct |y speaking we can say t ha
but distribution network operators (DNO). The difference between DNO and DSO is that

DNO opeates the network hardware. Voltage control and congestion management, on the
other hand, belong to DSO. Ownership and operation of the network are also often separated.

In the following we do not make a distinction between DSO and DNO.

DSO is in a cemmal position whenintegrdion of microgeneratioris discussedConnecting

these generators and #ppces to the grid creates variodschnical and economic
consequences to the grid company. On the other hand, the relationship with the DSO is
crucial to theconsumer because the DSO provides a reliable gateway to the electricity market
and guarantees a reliable supply of power when local generation is not used or insufficient to
cover local consumption.

Microgeneration can be installed to act as bagksourceof power, so that it is run only in

case of power outagesf(diesel backup generators), dn parallelwith the public network

so that part of the generated power can be fed into the network. There are also islanded
installations which are natonnectedo the public grid. This task is mostly concerned with
installations which can be run in parallel with the public network, and which are also of
greatest concern to the DSO.

When penetration of microgeneration and new-easel technologies increas&SO will have
to consider theffects on thdollowing topics

powerquality,

network protection

occupational safety

network planning and constructign

metering,

= =4 4 A4 A4 -2

economic performance,
1 customer relationand public image

Power quality pertains to theolage level and symmetry across phases as wellthees
frequency and themagnitude ofharmonics of thebase frequencyDifferent pieces of
electrical equipment casuffer effects from harmonics ithe power systenVoltage issues

are probably the main technicancern when increasing DER penetrafitin DEEP 2009)

In the presence of local generation the voltage profiles can increase and decrease dynamically
along feeders depending on load and generafmving away from the primary substation
DSOG6s n o rconddctbry of desreasing cressctional area. This leads to higher input
impedance in the network, which in turn leads to variation of voltage due to the export of
generated power from microges®rs and distributed storageBhe problem is especially
relevant to weak networks.

However, a large proportion of distribution networks have sufficient margins and are able to
operate satisfactorily in the presence of significant amount of microgene(BtibidDEEP

2009) and EV with smart charging-or example n Finland distribution networks have
already been built considering tiroé-use tariffs, which may lead to large swings in power
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demand when the tariff changd$.the amount of microgeneration (or larger DG units)
increases furthenarious devices and epation techniques are used to maintain the voltage
on the distribution lines within the tolerance ran@gnamically changing voltage at the HV

MV substation mayprovide a partial solution. This however requires that load shapes of
different feeders exhib similar voltage characteristics.However, existing methods of
voltage control may prove inefficient when the voltage fluctuates with the output of PV
generatordMatsumura et al. 2009)The requirements regarding reliability of distribution
systems arbecoming increasingly strict, and existing methods of voltage control may require
revision.Possibilities include controlling microgeneration and distributed stores according to
system needs

Microgenerationincrease the needs for voltage quality momiwg. However, an adequate
overall view of the voltage quality can be obtained by permanent measurements at some
critical points in the power distribution network. There is no need to install power quality
monitoring instrumerst to a large number aforsuners In the first part of this task some
power quality standardsere already listedsuch ashe European standaiN 50160.

An issue related to voltage levels is reactive power compensation. Induction generators
consume reactive power, which increases losses in the network. This may need compensation
in some cases. The European standardSBKI38 sets limits for the power factof the
microgenerator. The required band is between 0.95 leading and 0.95 lagging, provided the
output active power of the micigenerator is above 20 % the rated output power of the unit.

Any power generator which is connected to the public grid needsagbive equipment. Tir
purpose is tgrevent disturbances spreading into the public grid when faults occur at the
generatorand to ensure that the connection of a migenerator unit willnot impair the
integrity or degrade the safety of the distribatinetwork. On the other hand prevent
disturbances in the grid from damaging the generator. Installation of DG into the grid may
also require rethinking of protective equipment in the grid. Adding DG into the distribution
network can create a multidireatial power flow situation on parts of the distribution
network which were originally designed for unidirectional power flow only. This fundamental
change can restrict the operation of the protection system causing false tripping of feeders or
blinding of piotection (inability of protection relays to issue trip commands in fault
situations) In presence of large amount of microgeneration in the distribution grid, excessive
fault currents can present a problem. One solution is to add fault current limitdrts (FC
devices) into the gri@Maki 2007) These can limit t fault current or interrupt it.

The DSOsets the requirements for the protection of the-grickogenerator interface. There

are also standards such as the European standar80EBB, whichspecifiestechnical
requirements for connection and operation of fixesdtalled micregenerators and their
protection devicedt includes both generic requirements and national supplements for several
European countries. This standard applies for small microggnerr s (O 16 A pe
CENELEC is also working on a standard which conceeqgsiirements for the connection of
microgenerators above 16 A per ph§SENELEC 2010)The conclusion can be drawn that a
clear and harmonized set @quirements for connechcand operation of mickgeneratorss

not yet availableln North America, IEEEL5472003is the relevant grid connection standard
for DG up to 10 MVA powerDifferent European countridsave also developed their own
technical requirements for connectiand operatiorof microgenerators. However, it will be
troublesome for manufacturers if each country implements their own requirements.
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In European Union the ENTSP proposed requirements for all genera({@STSOE 2012)
concern al so DS@$ once atdeptes, witl evterrule hational laws and
standar ds. Nati onal exceptions ar e all owed
compatibility of a microgenerator with the rules. They are also entitled to specify a certain set

of requirements but shitd report to the respective TSO about them.

New enduse technologies can also cause power quality problems. Compressors in heat
pumps draw a considerable starting current, causing voltage flicker in thdlgsds most

often shorlived and insignificant. However, if the number of heat pumps installed in the
same area is large, problems can occur. For example, when power is restored on a feeder line
after maintenance work, the simultaneous starting current spikes can trip proteciisnirela

the grid.Motor soft startes in the heat pumps can solve this problem.

Microgeneration should be taken into account by DSO and its subcontractors when working
with normally energized parts of the grid. When microgeneration has been installeceinto th
grid, there is a danger of dual supply: it is not enough to isolate the site from the mains side
but from all points of supply. Grid technicians should therefore learn the new safety rules.

As the DSO operates as a monopoly, iasmally subject to spaal regulation.The DSO is

often required by law to connect microgeneration, whidfils the set technical requirements,

into the distribution grid. There are oftesstrictiors for the price, which the DSO can charge

for connecting the equipment andopiding a pathway for the produced electricity. These
vary from country to countryror example,ttere are several connection charging approaches
tha are currently used in EU These are generally <c¢classed
combination of the two. t&llow charging relates to those cases wherectimsumerpays
simply for the cost of the equipment to make the physical connection to the grid network at
the chosen connection voltage. Tb@nsumerpays no contribution towards any upstream
network reinfocements that are needed as a consequence of the generator beeaiecbn
Deep charging includes those cases wheredhsumeipays for all costs associated with the
connection, including all network reinforcement cag€aight et al. 2005)For examplen
Germany the shlw charging approach is used) pther words, theconsumeris not
responsible for theosts of upgrading the network due to the installed microgenerator.

In any case, to facilitate theonsumed s i nvest ment shiowddngive they , t he
consumeilan estimateof the connection cost$he DSO also has to decide the procedure for
connecting new units to the grahd inform theconsumerabout it In some countries the
Ainform and fito appr oac hforcenheetmgethemeneratar top e r mi
the grid is not needed, is allow&al smdl microgeneratorsHowever, theconsumeishould

inform the DSO afterwards, and the DSO may reqewatractual modifications of the

existing connection agreement with the customillowing the installation of the
microgenerator

Microgeneration and heat pumpan have effect on network planning and expandthin

large amounts certainly will have an effelet.the European contexttecle 147 of the EU
Directive 2003/54#C, which concerns the internal electricity market in Eéjuires DS@

to consider DG, together with energy efficiency measures and demand response, as an
alternative to network expansioWWhen controlled in a suitable way, microgeneration
similarly to DR, can reduce peak loads in the netwoflhe Address project estimated
potential reductions in network investments if peak loads could be cut with load shaping
(ADDRESS 2012)
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Microgeneration and EV froduce new requirements for metering. Since in manysdaS©®

is the metering responsible party, this should be taken into consideration. For example, there
may be a need for smart meters witfferent registergor generation and consumptiddSO

should follow the rules set by local laws, regulators and plyssoluntary associations of
network operators when installing smart meters and recovering their costs. Smart meters can
also be used to implement simple DR actiahg€onsumer premisesenabled by the DSO.

The advantage of such DR implementations &srtlow cost.There is a separate report about
smart meters prepared in this task.

Microgeneratiorand in some cases heat pumps in the distribution grid redac@mount of
energy supplied by the DSO, leading to reduction of total amount esftssestemcharges.

This can lead to the need of defining the-assystem charges in a different way. They
should reflect the cost incurred to provide the network user with the network transport and
system service, and on the other hand ensure full recovery f$®6s t ot al ackno
costs(Cossent, Gomez & Frias 2008 aturally the effect of heat pumps on the need of
increasing or changing the structure of distribution network tariffs this depends on the current
penetration of electric heating in the netwdfor examplen the Finnish contexthe effect

would be smal(Tuunanen, Honkapuro & Partanen 2Q10heat pumps replace e.g. gired

boilers, the DSO must supply more eneogythe annual leveAir-to-air heat pumps cannot
decrease the peak load ma climates due to poor performance in low temperatures.

In which business models, where microgeneration and newusndechnologies play a

central role, is DSO involved®™Wh i | e DSO0O6s suffer or benef i
microgeneration and new ende technologies merely because they are connected to the
di stribution grid, DSO6s can alneeded boethedi r ect

operation. DSO can assunwwo different roles in relation to the services which the new
generation and endse technologies can provide. O bne handDSO can act as buyer of
these servicesand on the other hand, DSO can act as validator of the service provision to
guarantee th safe operation of the gritfalidation is a concept presented in the ADDRESS
project (Belhomme et al. 20099nd refers to the process where DSO checks the technical
feasibility of the service provision from the point of view of the safe operation @jritheln

this role the DSO is not a direct participant in the supply chain of the service

Figure 6 shows a sequence diagram of such a validation. The aggregatmmegkls to

provide a service using microgenerators, DR, and EV/V2G, asks for permission for sending
incentives to consumers. DSO forecasts and calculates the effects to the grid and based on that
sends a full acceptance or a set of curtailment factors reply to the aggregator. The
aggregator can then send incentive signals to consumers. DSO can also involve the TSO in
the validation process when the service deployment could have noticeable effects on the
transmission grid.
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Figure 6: A simplified sequence diagram of the validation process where DSO can allow
or disallow dispatching of microgenerators or smart charging of EV, depending on the

state of the distribution network.

Various costs of DSO related to the introductionnatrogeneration and EV which can
respond to system needs must in the end paid by the consumers. Consumers may protest
increasing usef-system charges and the result can be deterioration of the relations with
consumersAlthough as a monopoly provider of andispensable good this is not as serious

for DSO as it would be for a competitive actor, it is still an effect to consider.

6 Transmi SSi on

Microgeneration and new ende technologies present both challenges and opportunities for

mi crogeneratio
turbines can disturb power balance by producing unpredictable power stlggs.are

technical challenges, which may occur at different time scales fromsepbind to more
pronounced intearea oscillations (0.1 to 1.0 HAYERC 2010) It is likely that the effects of

new technology on system stability will reduce their penetratioless new methods and

tools are developed, e.g. for frequency and voltage cor@ol.the other hand, some
microgeneration and EV technologies esenhelp mitigating problems in the power system.

TSOO6s. On t he one

Transmission system operatonmanage the followingrespamsibilities for operating
interconnected power transmission systems:

systemmanagement

hand,

system operators

)l
1 system balancing / frequency stability
)l

voltage stability

1 system restoration after a disturbance.

TSOs 0 r e siptoensurelsystem gegurity with a high leekteliability and quality.
As part of System maprepaye Saaintyt gnalydisSf@ @resenh ane d
forecasted situations. They needdoecast congestions and prepare remedial actimrghis

purpose they need to knqENTSOE 2012)
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1 the aailability of generatingunitsto produce power and to provide ancillary services
(actual and forecasted),

1 their technical characteristics and capabilities anddoinformed of temporary
limitations (e.g.reactivepower supply limitations, inability to changactive power)
and

1 the actual active aneactivepoweroutput from thegeneratingunits.

Currently this does ndully apply to microgenerators because their number and total effect
on the power system is still sthal'SO does not need to follow the power output of every
microgenerator. However, if an aggregated group of microgenerators can respond to power
output request, then they may be able to provide ancillary serVicese are services which

can ensure the sere operation of power systems, most notably power reserves, voltage and
reactive control and black stkCER 2011) Currently microgeneration and DS has little
contribution to the ancillary services. For example, in EU member states their contribution
was very low as of 2008Cossent, Gomez & Frias 200&Iso, the contribution of DG in
general was mostly limited to reactive power control and energy balancing. The capability of
DG to contribute to congestion management to save network investments w&s har
recognized in EU.

T S Oxdesd ancillary services maintainng the realtime balance between power generation

and load demand (including grid losses). The necessary control and balancing power is
provided by reservegfrequency containment and restavat reserves and replacement
reserves)which mayinclude power generation units and controllable lodtiss necessary

that these reserves are able to increase or decrease their production or consumption quickly
and that margins are available in bothedtions. Again, if an aggregated group of
microgeneratorsr distributed storages such as Edh respond to power output request, then
they may be able to participate in reserves. individual microgenerators this is currently

not possible because of tlmgh transaction costs involvethdeed, if the penetration of
microgenerators and EV reaches a high level, they have to participate to system control and
provision of reserves similarly to conventional power stat(&$ DEEP 2009)

Another problem in implementing DR especially for heat pumps is that the current products
cannot normally receive an automated control signal, such as temperature setpoint. Thus
implementing DR is more complicated for heat purtipas for electric heating.

T S O often use the balancing mark@egulating power markebalancing mechanignto
maintainng the realtime balance between power generatemd demand. This can be
understood as a grey area between electricity markets and ancillary sehlvicgsme
countries, e.g. Germany and the Netherlands, DG can participate balamrkegs through
aggregatorgCossent, Gomez & Frias 2008)his is possible also in Finland, as long as the
total portfolio offered to BM is large enough and near-tieaé measurenrgs are available.
Different implementations of the balancing market exist in different countries in terms of
pricing, timing and requirements for the participants. For example in the Netherlands and
Finland, a response time of no more than 15 min is redidrom the participating resources,
whereas in Great Britain the requirement is even more dtticimum power limits have also
been set in different countried’he requirements naturally affect the possibilities of
aggregated microgeneration and E\p#stidpate in the balancing market.

The effects of microgeneration on the balancing market depend on several things, most
important of which are the types of microgenerators and the way they are controlled. The
buildings and existing heating systents which they are installed also play a rddecause
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they determine the heat and power demand and heat storage capacity. As was noted in

chapter, ;-CHP can be opetad according to the heat demand, local power demand, or to
minimize total heating and electricity costs. The power supplier can also be given the
authority to control LFCHP operation directly or by power price signéfsFigure 7 the effect

of large amount of microgeneration on especially the Dutch balancing market has been
evaluated. The assumption in this study was that 30 % of all consumer households have
installeda microgenerator with 1 kWapacity. As expected, PV microgenerators (without
energy storage) have a negative effect because of the unpredictability of power generation.

p-CHP had a positive fct, especially when operated by the power supplier.

20

15 ~

10 ~

-5 4

PV cells

-10

Heat-led p-CHP  Power-led p-CHP  Power-led p-CHP
operated by the
supplier

Figure 7: Qualitative effect of large amount ofdifferent types of microgeneration on the
Dutch balancing market (De Vries, Van der Veen 2009)Positive values mean positive
effect in terms of network stability, accuracy of production and consumption schedules,

liquidity in the balancing market and five other criteria.

A well-known fact is that microgenerators have reduce frequency stability of the grid.
Microgenerators, which are often connected to the grid through pele&ronic based
inverters, differ significantly from the conventional generator types, particularly in terms of
their impact on electromechanical stability. Titodationalinertia of synchronous machines
plays a significant role in stabilizing the frequency duringaadient load and generation
imbalance.For microgenerators the inertia is usually much smaller. However, the rotational

inertia can be emulated in some types of microgenerators using a suitable control system.

For TS OO0 sto maintaib the valtade e acceptable ranges throughounetinork and
to prevent the transmission systems from voltage collapseggettezationunits have to be
able to providereactivepower to thenetwork within a definite rangeShortage ofreactive

power can lead to unacceptpbbw voltage levels and finally to a voltage collapse of the

system.If microgeneréion replaces a large shaoé larger synchronous generatotbere
could be a lack of reactive power capacitiie impact o DG on TSO reactig powermarket
will be driven by many different variablehough and requires further studi{@apic et al.

2006)

Technical requirements for grid connectionnof cr ogener at or s

ar e

a l

Although these generators are connected tailoligion networks, in large numbers they can
also affect the transmission grid. InrBpean Unioncommon rules are being prepared. In
2010 he European Commission asked the association of European energy regulators (ACER)

to start preparinga common Europgn network codeln 2011 ACER published framework
guidelines for preparing the network cad@eCER 2011) The practical work is being carried
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outbyhe associ ati on,ENTSOE inrActpma20t2 ENTS@Essibmitted
the final draft toACER. ACER will further submit it toa comitology committeehaired by
the European Commissionhe network code will come into force earliest in 2013.

This network code concerns both microgenerators connected to distribution grid as well as
conventional powestations connected to transmission gitNTSOE 2012) Generators

have been divided into four cl&ssAi D according to power output.l&s A starts from 400

W power.Thus the network code applies to almost all microgenerebpecial attention has

been @id on cases when generators should remain connected to the system. In case of
contingencies microgenerators, when their penetration is high, should remain connected to the
system to avoid further Adriveeforiths rulehissibeemtheo f t h e
disturbances in the central European electricity grid in 2006 and increasing penetration of
microgenerationThe network code developed by ENT&Ospecifies required behavior in

case of frequency and voltage variations (including low voltagethrough requirement) but

the requirements are not uniform across Europe.

To achieve the integration of large amounts of microgeneration, research still needs to be
done.R&D in transmission grids plays a crucial role in achieving gbal of integratng

significant amouts of renewable energy sourcéacluding microgenerationyhile also
maintaining the security of supplyt is also necessary fantegratingelectricity markets
across countries. B oTthhu sg r el SAOdrs citeg aneseoaintyrh Ta @
driven by microgeneration or electric vehicles but they are one dfwethe European level
thefollowing topicswill require further studigENTSOE 2010)

1 Novel approaches to develop a gauropean grid

1 Power technology: fiordable new technology components that can significantly
improve the operations of the interconnected transmission systerdsflexible
utilization of smart grids applications for services and to balance the transmission
grid;

1 Network management and controlritical building blocks to operate the
interconnected transmission system in real time and reliably

1 Market rules: dsigning new markets for balancing and ancillary services at
European levehnd simulating markets with DER.

Some of these topics are alsdigt for other regiongxcept EU

New power technology can help to reduce the extra costs that will come from the variability
of some types of micgenerationas well as largscale wind powerTechnologies such as
flexible AC transmission system devic@sACTS, including various types of compensators
such as unified power flow control), wide area monitorinfWAMS), control and
protection systems, and energy storages will be of intdiettvork management incled

e.g. more robust and accurate assesgnof the security limits. This could be done by
devel oping new simulation techniques taking
but also neighbouring network¥he topic of narket rules include alsproposing market
mechanisms to ensure a suf#fict capacity reservélodeling and simulations are needed in

all the topics. Models should be developed to find out the effects of microgeneration and new
end use technologies as such blsoof the dynamics of WAM&nabled monitoring and
control.
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In which business models, where microgeneration and newusmdechnologies play a

central role, is TSO involved®Whi | e TSOO6s suffer or benefi
microgeneration and new ende technologies merely because they are connected to the
subgrids® t he transmission network, TSO6s can al

needed for their operatioccording to the ADDRESS project, TSO could also validate
aggregator 6 s gdwhishpcauldchave & signicant dffecison the transinis

network. In other words, according to the ADDRESS cona@&#lhomme et al. 2009)¥he

TSO first has to give acceptancedoncertedcontrol actionsof microgenerators and smart

|l oads. As mentioned TSO6s can buy ancill ary
Aggregators are important because they naalezge number dDER visible tothe TSOatan
acceptable cost.

7 Power exchanges

Power exchages facilitate power trading by maintaining organized markets for pdivey.

can provide a referem price for the sales and purchases between microgenerators and
aggregators. Retailers and aggregators toaderganized power markets. Power exchanges
normally maintain lower power limits for bids as well as participation fees, which prevent
individual microgenerators from directparticipating the organized markets. However, it is
possible that these will changetirefuture.

Partly due to increase oémewable power generatioBuropean Council has concluded that
the EU needsninterconnecteénd integrated internal energy markeusin Europe power
exchangesare currently in an integration process. This involves mergers and acquisitions
among existig power exchanges, growth into new ayeas market coupling initiative$he

fiPrice coupling of regiomsproject aims to implement price coupling in the -@énead market

in central western Europe, Iberian peninsula, Great Britain and Nordic couNiiesPool

Spot, EPEX, GME, OMEL, Belpex and APENDEX are participating the projecihe
benefit can be better load and generatdistribution across Europe and better network
utilization.

As part of the price coupl i trapsmissibrs €@pasitiesal s o
between dayahead market areasee Figure 8). The price coupling process has been
described in an ENTS@ Network Code on Capacity Allocatiomnd Congestion
Managementwhich is under preparation at the time of writing and should be approved by
ENTSOE in September 2012.

Power exchanges should also think about developing products for microgenerators and
demand response. For example Nordpool Iaaached the flexible hour bid product in its
day-ahead market (Elspot), which is suitable for e.g. DR. The seller can offer to sell power on
the hour of the highest price of the day, if the price exceeds the ask price (energy price) set by
the seller. Ths the time of the offer is not fixed. A further idea could be to include also the
estimated payback peak into this flexible bid.
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Figure 8 Thepri ce coupling process of power excha
common grid model, which can be used to calculate transmission capacities.

8 Reqgul aatnodr sener gy agenci es

Regulatorssupervise the pricing oflectricity transmission, distribution and other network
servicesThey also promotefficient competition in the electricity trade, by intervening in the
terms and prices of the network services that are considered to restrict compdgtothey

take part in the preparation of new regulasionhey follow the development of the dhagty
sector internationally and coordinate regulation harmonization efforts in their own country.
Regulators often administer different support schemes designed for renewable geardation
micro-CHP. They sometimes reduce the administrative burdeselttyng a lower power limit

to the installations which are eligible for support. This is the case for example for tha feed
tariffs in Finland. Naturally, this creates a problem for microgeneration.

Energy agencies promogdficient and sustainable usé energyby providing information

and influencing attitudes and consumer hafiteey can have an important role in informing
endusers about the costs and benefits of microgeneration, heat pumps and EV, as well as
about the available subsidiesstallaton procedures, et@hese roles can also be assumed by
national associations, which promote certain technologies, such as heat pumps, PV or small
wind generators.

9 Gover nmentusp paorcd esme s
Governments make decisions on support and taxatbemedased on estimates on how

they benefit the industry, fiscal goals and society as a wBolgport schemes can be seen as
differentiation in how competing technologies are treaB®ehsons behindupport shemes
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include mitigation of greenhouse gas emissiom$;roduction of new sustainable technology
with improved energy efficiency, and support for local industry.

As noted in the Introduction, there are stakeholders which do not take part in the business but
who are otherwise involved, and society itselioree of them. We already concluded that
support schemes are often important, maybe even crucial, for investors in microgeneration or
new enduse technologiesor support schemes society is the main stakeholder, as the support
schemes exists because sqgcibas a desired behavior in mind and wantsgtide the
business accordinglySupport schemes enable the proliferation of energy producing
technologies before they reach grid parity. For example, nowandd be interested in
photovoltaics at the currenbst level without subsidies, except in-gfid applications

Society has several other tools to use than just FITs or similar support schemes. By inserting
restrictions or regations the power system (and thussiness mods) is guided towards the
desireddirectionand can be seen as support to some stakeholders amdken the position

of other stakeholders

Stakeholders are deeply influenced by the different fiscal suppottindrance systems that
exist. Taxation andax exemptions have traditionally been important drivers, but nowadays
more and more new influencing forms arise and are in use, for exampim feerdfs and
green certificateBelow we list someypes of support schemeshey can be compared based
one.g. the following criterigKildegaard 2008)

1 quantity of energy production stimulated as a direct result of the policy;
1 total cost of the energy produced (including the incentive cost);

1 the degree to which investment and ownership in the new industonisolled by
the local population and contributes to local development objectives;

1 how the domestic manufacturing industry has been stimulated to supply power
generation equipment.

Different support schemes are already established in many countries fferendi
microgeneration technologies. These have been mentioned in the technology report country
annexes. Support schemes could also be necessary for small customer DR.

9.1 Feed-in tariffs

Feedin tariffs (FIT) are in use to support new renewable oergy eficient power
production The owner/user of the new production facility is support¥tioever pays the
producer according to the FIT, he has to be remunerateah lhe all tax payers, all electricity
users, or all users except energy intensive industry.

One big variable with FIT schemeis pathway of the generated power on the electricity
market. If it is no party is obliged to purchase the powemn it is up to the producer to sell it
to the market (and incuhe resulting imbalance costdj.the systen operator is obligated to
purchaselte power, as a neutral party hdlwiansferit to the market as such and take care of
the imbalances

As FITés are not very cosdffective, more and more often there are differmiffs for
differenttechnologiese.g.a wind power plant might get a lower support than a PVTdte.

tariffs can also vary according to the strength of the site resource, such as windiness of the
areaThi s is societyds way to dominate over the
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Powerwhich is used orsite may have a different fedal tariff than power which is fethto
the grid. PV in Germany is a good example. Households get a higinfesadf for PV that is
fedto the grid, but they get a FIT for PV consumed at site Alaturaly this requires that the
generation is metered separately. Although the taritfwer, together with the avoided costs
of purchasealectricity it is more profitabléo the household.

9.2 Tradable green certificates

Tradable geen certificates(TGC) for rerewable energy productioman be usedby
governments to dictate that a certain portion of electricity consumption must be renewable
energy. For example, retailers can be required to supply a certain percentage of their
electricity from renewable sources. éijh can demonstrate compliance to this rule by
presenting green certificates, which they can buy from certificate markets. Produces on the
other hand are credited green certificates for every MWh of renewable energy which they
produce and act as sellerstbe TGC market.

TGC are usually considered more markeéented than FI& (Kildegaard 2008) They
usually let the market decide on what to do to achieve the certificate, tahyet gives more
costeffective solutions an upper han@hereas FITs mighehd to extraordinary fast results,
such as the introduction of P Spain orGermany the last years, it is usually hesathey
are so cosinefficientthat the profits for the stakehold&re overwhelming. Green certificates
are in use for example in Sden, where they have performed well despite their slow start.

9.3 Taxes and tax rebates

Taxes arenot only about gatherinfiscal revenues to the state ornicipality, they arealso

used to guide the market into the desired direction. Set up high taxes on fuels sold to end
users and they might not be so eager to invest in AAEMB, but if the taxes are put more
heavily on electricity purchases, then the shoe is on the other Different taxes for
different producers/fuels/production forms/investments all affect individual choices. If the
enduser has taleclareVAT or pay some other cumbersome tax for his production to the
grid, thenit is a hindrance.

Tax r ebat eagoddexampie\obhew thesender can be manipulated. Instead of

FI TOos, renewabl e power production cothéd be
EU, for example, has set up a system where large producers of electricity or heat (boiler
capacity >20 MW) have to have emission rights, which have to be bought. This gives an
advantage to producers with smaller emissions and to small producersengearpt from

the emissions trade

9.4 Investment support

In many case consumers are offered direct invedtreapport if they install PV panels,
micro-CHP, heat pumps, or other forms of microgeneration or newsadechnologiesio
some extentnvestmat subsidies may raise equipment sales prices.

9.5 Other regulations
The regulations can be supportive, for e that power production from renewabdées to

have grid priority.Net metering is another example of regulations. It means that thesend
can also inject power into the grid and benefit from it economically. Depending on if the net
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metering concernsnly the network or also the retailer, they are affected.-iSsis are
beneficiaries, as they can reduce more of their purchases through their esite on
production. Net metering on a | arge scale ce
supplied by the distribution grid will decrease, and to increased imbalance costs for retailers.
DSO6s may have t o -welghtes tariffs ihthatgasec onsumpt i on

An example is thathie existing regulation scheme for DSO monopolies in Finland does not
consider investments in storage and local generation as network investments and the DSOs
are not allowed to own DG. Thus the network operators cannot use DG and storage in
situations where they are technically the most cost efficient means to remove network
capacity bottlenecks.

10 Summar y

There are many different parties which are affected by the introduction of microgeneration

heat pumps and E\Most important are end s er s, SDOOG0,s ,r eTt ai lamdr s, ag
manufacturers. Other parties includendardization bodies, installermarket operators
regulatorsand governmentsThe stakeholders need to consider maspects of the new
technologies, which are specific to each type of stakeholdeese include installation,
legislation and permissisn communicationgontrol, DR capability,power quality, network

stability, etc.

For consumers savings and simplicity afeenthe most important things. Thus subsidy and

i nstallati on procedur es shoul d be simpl e a
installation report of a unit, which has been compliance tested according to certain set of
requirementsf r om a quali fied installer. DSO6s shou

income when the number of microgenerators and heat pumps increaseplément DR

with the new technologies, manufacturers should add matbimachine communication

ability using widespread standards. Regulators should develop rules which allow
microgenerators to sell their excess power to the grid atafairpriéeOdaad TSO6s s ho
also cooperate internationally to harmonize tbehnical requirements for connection and
operationof microgenerators as far as possible.

In eachcase the costs and benefits to each stakehdéfesnd on the details of technologies

and treir methods of control, as well as on the details of contracts between stakeholders. For
example, microgeneration may some casebenefit DSO in the form of reduced peak load

but the negative effect on revenue may be much larger. Thus the specifiagpliéd has a
crucial effect. Similarly, the financial incentives applied between an aggregator and consumer
have a crucial effect on the benefasd behaviourof both partiesAlso electricity market

rules, regulations and subsidies have a large efteist.important that in each case the key
parties involved should find rules, tariffs and incentives, which allow all stakeholders to
benefit, or at least not suffer, from the introduction of the new technold@afieerwise it will

be difficult to formsuccessfubusiness models on voluntary basis.

The appendices provide some examples akedtolder involvement from foudifferent
countries. Appendix 1 introduces some elements of business models related to EV and smart
meters in Spain. Appendix 2 introduces business models for EV charging in Austria.
Appendix 3 contains a more detailed analysis of different pbased taffs from the point
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of view of the DSO in FinlandAppendix 4 contains an analysis of different stakeholders
involved in EV, PV and smart meters in France.
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Appendix 1 Spanish business casder EV and smart meters

Asier Molto-Llovet

A 1.1 Electric vehicles business cases

In the process for the integration of distributed resources within thethgd are different
levels of maturity depending on the technology. Electric vehicle has been a very important
field of activity in the regulatory framework and therefore the stakeholders positioning is
more mature than in other technologies like distedwgtorage for instance.

In fact in Spain it is not possible the demand aggregation and therefore the regulatory
framework has to evolve to enable the new market role of aggregation.

However in the EV this evolution in the regulatory framework have beee dod the
Electricity Sector Act (ley 54/1997) has been modified in order to include a new actor, the
ALoad managero (therefore the regulatory fr
and a consumer with the capability to resell energy for chakirgy and a new activity, the
ACharging serviceso.

This law consider load manager aglaisers enabled to resell energy only for charging EV

and for storage for a better management of the electric systsnfunction cannot be done

for any regulated cop any . On the other hand the fdfchar
provision of energy services to EV or storage units enabling the integration of renewal
energies In addition, his new player has to implement DSM programs and to communicate

with control center form grid operatarhis is a very promising point in Spain because it
should drive many of the future devel opments

In the case of EV, an aggregatdrelectric vehicles is the commercial middleman betwaeen
collection of PEVsand electric syem agents (TSO, DSO, retailerd=rom the TSO
perspective, the aggregator is seen as a large source of generation or load, which can provide
ancillary services and can also participate in the electricity markktsujy and demand

energy bids, as indicates in the following market model.

DSM product Information

Figure A-1. Market model for Spanish DSM provided by EV users
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Currentlythere are 3 new stakeholders that are starting their activities as load manager in
Spain, one created by a Regional Energy Agency and the other two created by the retailers of
big utility companies.
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Figure A-2: Examples of load managers in Spain.

A 1.2 Smart Metes business cases

In Spain there is a National Pl&or Meters Substitution which involved the obligation for
distribution companies to change 26 millions of meters in the residential sector in Spain for
2018.Figure A3 shows the percentage of additional (not cumulative) metering points to be
installed by 2014, 2016 and 2018.

Consumers can choose between buying the meter or pay a rent (most used option) which
implies to pay around 15 % more each month for the smeigr rent since the moment that
they have a new meter.

Updated February 2012 35% 35% 30%
IET /290/2012

This plan means the substitution of 26 M meters

Figure A-3: Spanish Smart Meters Substitution Plan

In Spain there are two types of smart meters that are being installed, the meters under the
alliance METERS&IORE (Same as in Italy and in the future it will 40% of Spanish market)
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and meter the alliance PRIME (same as France and Portugal and in the future it will be 60%
of Spanish market)

In this technology, there is not the possibility of the aggregation, kmglistribution
companies responsible of the installation.

A lack of regulatory definition is needed in order to define what services are going to be
provided using this smart meters and how distributors are going to give information to the
retailers abut end user data. In fact, this is not only a Spanish debate but also European and
Spanish companies are helping to define the European model of interaction between
stakeholders regarding smart meters.
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Appendix 2 Stakeholders for integration of electric vehiclesnto
the Austrian energy system

Maximilian Kloess
Wolfgang Pruggler
Rusbeh Rezania

A 2.1 Introduction

A high penetration of EVs (electric vehicles) in an energy system leads to an interaction
between two different businesses: the energy and transport sectoccéssful integration

will be affected by driving patterns and the distribution of charging points. The EVs will add
new loads to the power system with a potential for offering storage capacity through V2G
(vehicle to grid) and G2V (grid to vehicle) applicams. Also a large number of EVs
connecting in one area might cause negative influences on local grid (low and medium
voltage grid) restrictions (transformers, line overloading and voltage stability issues). In this
conjunction the EVs, with appropriatbarging and discharging strategies, could be used for
providing different power system services such as:

1. Providing grid services for a distributed system operator (DSO) such as load leveling
and PVtbased charging and

2. Participating in alternativelyesigned energy and control energy markets.

The high penetration of renewable energy sources particularly PV in low voltage grids will
result in high power production during sunny days. To deal with this problem, the DSO has
generally two solutions. One the grid reinforcement by using transformers and cables
tolerating higher capacities. An introduction of devices, which store the energy during high
generation periods, could be the second option. The mentioned second solution can also be
realized with P\felated charging strategies of storages.

The EVs could be used for power system services as well. They could provide ancillary
services which are contracted by Transmission System Operators (TSOs). The services are
provided by contracted tertiatysecondey and primary reserves. To ensure the mentioned
reserves different control energy markets have been settled and organized by a balance group
coordinator and TSO in the liberalized Austrian electricity market.

Thus, this report focuses on the integratmnelectric vehicles into the Austrian energy
system. The aim is the description of framework conditions for a high penetration of EVs and
their integration and encouragement for Dem&8mtk-Management (DSM) applications. In

the context of their usage f@SM-application, the interactions between the needed actual
und new stakeholders in electricity sector builds up the main part of the report.

The report starts with an overview about the EV penetration in Austrian energy system based

on different influenmg factors (fossil fuel prices and policies with adaption of different car
taxes, registration taxes and ¢é) and a gene
market. The discussion of different EV business models, resulting use cases and|teel i

market Agents based on various charging station distributions takes place in the fourth and
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fifth part of this report. A qualitative comparison betweke use cases is provided ihapter
5. The summary and corresponding conclusion including qpestions close the report.

A 2.2 Penetration of EVs in Austria

To estimate future fleet penetration of plug in hybrid (PHEVs) and battery electric vehicles
(BEVS) in Austria the ELEKTRA scenario model was used. This model was developed to
analyze the impact cfconomic and politic framework conditions on passenger car transport
in terms of energy demand, energy carriers and greenhouse gas emissions. A schematic

overviewof the mode is given in
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Figure A-4. Scheme of the ELEKTRAmModel.

The model combines top down and bottapmmodeling approaches and consists of four main
modules:
1 Module 1: The first module is the vehicle technology model where different
vehicle powertrain options are modeled bottopn to capture the influence of
technological progress on their costs.

1 Module 2: The second module derives market shares of technologies based on
their specific service costs considering different levels of willingness to pay. The
heterogeneity in consumer preferences is modeled using arlodel approach with
specific service costs as the main parameter. The techrgpagyfic diffusion
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barries that arise from limitations in performance characteristics or lack of
availability etc. are modeled by predefined constraints of maximal growth in market
share of each technology.

1 Module 3: The third module includes the top down models that capture the
influence of income, fuel prices and fixed cost on the demand for passenger car
transport and transport service level.

1 Module 4: The fourth module is a bottonp fleet model of the Austrian passenger
car fleet. The fleet is modeled in detail considerigg structure, user categories and
main specifications of the cars (e.g. engine power, curb weight, propulsion
technology, specific fuel consumption, greenhouse gas emissions etc.). The settings
are based on a data pool including detailed information d@belkeet today and time
series of its historic development between 1980 and 2008. A detailed description of
the model can be found in [1] and [2].

The model can simulate effects of technological development and changing political and
economic framework cuditions on the passenger car fleet. The impact of changing fossil fuel
prices and different fueland vehicle taxation schemes on the passenger car fleet in terms of
fleet size, vehicle specifications, efficiency, vehicle use and diffusion of technotzgidse
analyzed through scenarios for the time frame 220%D.

Figure A5 shows a fleet development scenario for the time frame -20%0. In this
particular caseambitious policy measures implemented up to 2020 are assumed. Together
with a reduction of battery costs due to learning effects, these measures lead to a considerable
diffusion of PHEVs and BEVs up to 2050. The main policy instruments, assumed in this
scenario are higher fuel taxes and higher taxes on acquisition of cars with low efficiency. Fuel
tax on gasoline and diesel is assumed to be increased stepwise between 2010 and 2020 which
makes electrified cars more competitive. For tax on acquisition atéespstem is assumed

that gives more financial incentives to buy fuel efficient and hence electrified cars.

7.000.000
6.000.000
5.000.000 Conventional Drive
= Micro-Hybrids
(%)
2 40000007  Mild-Hybrid
T 3,000,000 & Full-Hybrid
z PHEV
2.000.000 -
BBEV + REX
1.000.000 - mBEV
2010 2015 2020 2025 2030 2035 2040 2045 2050

Figure A-5: Fleet development 2012050 in the "Policy-Scenario".

The results point out, that considerable effectdleet diffusion of EVs (PHEVs & BEVS)
can only be seen in a long run. This is mainly because of the slackness of market adoption of
new technologies and the generally slow fleet modernization. Up to 2020 the share of EVs in
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the fleet is only 1 %. Howevein the following decade there is a strong increase that leads to
a fleet share of around 35 % in 2030.

This scenario should demonstrate that a transition toward electric propulsion technologies can
be achieved in a long run if the way is pave by implemgndippropriate policy gasures in
the upcoming years.

A 2.3 Electricity actors and their role in liberalized Austrian electricity
market

The Austrian electricity market has been operated by the cooperation of all market players
since the full marketiberalization on 1 October 2001. The processes, relationships and
cooperation between these market participants are established by special market rules. The
Austrian electricity market consists of:

Control area managers (CAMs)

Clearing and settlemeagents (APCS)

Transmission system operators (TSOs)

Balancing group representatives

ok~ w0 DbdPE

OeMAG (settlement agent for green electricity) (German: Abwicklungsstelle far
Okostrom AG)

Distribution system operators (DSOSs)
Suppliers

© N o

Generators
9.  Electricity wholesalers, retailers and traders

The description of the mentioned players/Stakeholders is based on information of the Austrian
regulator, EControl [5].

A 2.3.1 Control areamanager(CAM)

Control area managés an independent entity which is resgible for the supervision and
regulation of power flows in a specified area (control area). The European interconnected grid
(SYNCHRONOUS AREAS) is divided into a large number of control areas. Each control
area describes generally the area within a ggunith some exceptions like Austria (two
control areas) or Germany (four control areas). The existing power lines which cross the
border between the neighboring coriaoéas are equipped with power smart meters. They
transmit the collected data to thesponsible CAM. The CAM calculates beforehand how
much energy electricity must be cross the border in order to fulfill the supply contracts.
Therefore the power stations are operated according to the resulted production schedules.

CAM tasks [5]:

1 Continuously measure demand within their control areas.
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1 Transmit these meter readings to the clearing and settlement agent, which calculates
the amount of balancing energy required on the basis of the difference between
forecasts and actual supply and datha

1 Bill the clearing and settlement agent for the balancing energy required.

A 2.3.2 Clearing and settlement agents

Clearing and settlement agematre individuals or entities with official licenses to operate a
settlement agency. This agent is called APCS P@&hearing and Settlement AG in Austria.

APCS tasks [5]:

1 Calculate the difference between the balancing group representatives' forecasts and
actual flows metered by the system operators.

1 Bill the balancing group representatives for the balancing energyedqui
1 Pay the control area managers for the balancing energy required.

1 Obtain offers of balancing energy from generators and compile merit order lists on
the basis of these bids.

A 2.3.3 Transmission system operators

Transmission system operat¢& are responsike for performing the functions of a network
operator and for transiting electricity.

A 2.3.4 Balancing group representatives

A balancing group consolidates suppliers and consumers into a virtual group, within which
supply (procurement schedules and injectiond aemand (delivery schedules and
withdrawals) are balanced. It requires both a clearing and settlement agent and a balancing
group representative to function.

All market players are obliged to join balancing groups. They supply power to and/or procure
it from their balancing groups. The purpose of a balancing group is to even out supply and
demand fluctuations. The balancing group representatives represent their groups in dealings
with other market players.

Balancing group representatives Tasks:
1 Obtain daya head consumption forecasts from all the suppliers in their balancing
group.
1 Send these forecasts to the clearing and settlement agent.
1 Pay the clearing and settlement agent for the balancing energy.

1 Bill the suppliers for the balancing energy required.
A 2.3.5 The distribution system operators

DSOs[5] are obliged to transport electricity in accordance with the existing contracts between
generators and withdrawers, in return for payment of the regulated system charges. They must
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take any action necessary, untlez prevailing technical circumstances, to maintain network
stability. In particular, they must make lotgym investments to maintain the operability of
their networks.

DSOs tasks:

1 Conclude system access contracts with their customers.

1 Deliver electricityto their customers.

1 Meter consumption and attribute it to the balancing groups responsible for it.
1 Transmit consumption data to the clearing and settlement agent.

A 2.3.6 Suppliers

Suppliersare responsible for delivering electricity to their customers. Sduteber 2001 the
system operators have been obliged to grant all supplierslisomminatory access to their
networks. As a result all consumers have a choice of suppliers.

Supplieds tasksare

1 Conclude supply contracts with their customers.

1 Notify their balancing group representative of their customers’ day ahead
requirements.

1 Bill their customers for the consumed power.

A 2.3.7 Consumers

Since bt October 2001 all consumeis households, small and medi-sized, and large
businesset have been free to choose their suppliers.

Consumers tasks:
1 Conclude supply contracts with their suppliers.
1 Pay their sppliers for the consumed power.

A 2.3.8 Generator

Generatolis a natural person, legal entity or partnership that generates elec@Giertgrabr
tasksare

1 Conclude contracts with electricity suppliers or OeMAG (the green power clearing
and settlement agent)

A 2.3.9 Electricity wholesalers

An electricity wholesaler is a natural person, legal entity or partnership gainfully selling
electricity. An eleatcity wholesaler performs no transmission or distribution functions either
inside or outside of the network in which it operakdsctricity wholesalers taskse

1 Conclude contracts with generators.
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1 Conclude contracts with electricity suppliers and/tireo electricity wholesalers or
traders.

A 2.3.100eMAG

OeMAG (settlement agent for green electricity) has been responsible for settlement of
produced renewable energy in Austria since 01/01/208RIAG tasksare[6]

1 Buy-off of green electricity based on reguldtenewable energy feead tariffs
T Cal cul ation of green electricityds share

1 Daily assignment of green electricity due to its calculated share to the electricity
traders

1 management of the new created f@edhechanism for renewable energy
1 processing oépplicatiors for support

The interactions between the described stakeholders within the electricity market are shown in
Figure A6. The relationships between the metriparticipators are divided into different
segments called:

1 Data flow segment which describes the information transformation between the
stakeholder in conjunction with performance of their responsibilities within the
energy sector

1 Cash flow part descréds the monetary interactions between the above described
stakeholders.

1 The needed interactions for physically transport of produced energy to the end
consumer have been described in business actions.

Figure A6 includes also the interactions between the involved stakeholder for providing of
control energy which is consisted of tertiary, secondary and primary control energy within a
TSO-control area. The providing of control energy and the installed marketsantial area

due to ensure the needed energy builds also an important part of the whole energy system.
The control energy will be produced through the generation plants with an appropriate
contract with responsible party (TSO or APCS in Austria). It isdew into primary,
secondary and tertiary control energy markets (an open market for secondary energy in APG
(Austrian power gridcontrol area is expected to be introduced in 2012). Their activation
based on frequency deviation in transmission grid asehaentially control program.
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Balancing group Distribution

Energy
Market

coordinator Balancing system System
(APCS und A&B) groups operator operator

Producer || Wholesaler || 0eMAG || Supplier Consumer

Figure A-6: Stakeholders and their interactions in liberalized Austrian electricity
market

The aim of primary reserve is the stabilizat
deviation fom 50 Hz (+/ 20 mHz). A further deviation in a range of #80 mHz activates

the whole reserved power for primary control energy. The activation of secondary reserve
takes place within seconds until max 15 minutes automatically. The tasks of secondary
reserves lie in restore the normal value of frequency before the deviation and free the primary
control reserves for possible further frequency deviation [7]. In [8] it is mentioned that the
secondary reserves alstabilizeshe scheduled energy flow betwedifferent control areas.

The tertiary control will be activated manually, if the deviation could not be restored within
the activation time of secondary reserve (at least after 15 minutes). This method frees
secondary reserves for the next possible aten. Figure 4 describes the activation of the
mentioned control reserves in a case of frequency deviation. Generally, the unbalance
between the energy production and consumption is the reason for frequency deviation within
the electricity grid. A higheelectricity generation or lower consumption (forecasting error)
shows itself in higher system frequency. In this case, the reduction of production and
increasing of consumption are possible solutions for influencing the system frequency in
opposite directn.

Based on the described current situation in Austrian energy market, involved stakeholder and
with respect to existing control energy markets the integration of EVs will be described in
chapter 4. The chapter 5 includes a short description of possibieebs models and the
involved stakeholders.
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Retrieval of control reserves
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Figure A-7: Retrieval of control reserves ([9])

A 2.4 Integration of EVs into the Austrian energy system

The integration of EVs (EDVs) could be realized by the introduction of a newhster

call ed AAggmeaelgialtiotryo prroviieder 0. The authors i
third party (aggregator) as a possibility for managing charging and discharging behavior of
PHEVs. These strategies could support the balancing betveaenagion and consumption in

an energy system. [11] proposes different business models for V2G utilization. One of them
integrates an aggregator in conjunction with V2G for selling the battery energy with creating
financial incentives for vehicle owners ittwout providing charging and discharging
schedules). [12] suggests the integration of an aggregator, who is responsible for planning and
operation activities including load management and V2G. Due to integration of renewable
energy the authors in [13] dathe EVs as grid assets with considerable flexibility. This could

be supported by appropriated and optimized charging and discharging strategies, which will
be provided by an ENAggregator. The Aggregator will also present the EVs on the electricity
markd. He can provide the charging/ discharging strategies based on market rules, current
system situation and driving patters of his fleet. The EU commission task force for smart grids
[14] describes Aggregator as:

Aggregator offers services to aggregate gng@roduction from different sources (generators)
and acts towards the grid as one entity, including local aggregation of demand (Demand
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Response management) and supply (generation management). In cases where the aggregator
is not a supplier, it maintairsscontract with the supplier.

Figure A-8 shows a possible integration of the mentioned new stakehdldgregator in the
Austrian electricity sector. The figurghows that the electric vehicle users or owners will
have only a contract with the Aggregatornfebility provider / service provider). The
aggregator overstrains the interactions with other market stakeholders. Therefore, he can
provide / offer his EMleets different types of charging and discharging strategies, which
conform to defined target functions (minimizing the charging costs, charging in times with
renewable production and so on).

Energy Electric vehicle Producer or || Balancing group coordinator System Distribution
olesaler un operator [[system operator
Whol | APCS und A&B t t t

Aggregator

Market fleet

Figure A-8: Involved Stakeholder fa integration of EVs in the Austrian energy system
Therefore, the aggregator needs different information about his managed fleet such as

driving patters,

battery capacities,

plug-In times,

connection power,

distribution of charging infrastructur@econdary infrastructure (charging station in
public areas)).

=A =4 -4 -4

A sufficient integration of the aggregator would be complemented due to a good
understanding of the functioning of existing markets rules (energy and control energy
markets). The creation ofppropriate charging/discharging strategies must happen with
considering of local grid situation (collaboration with DSO or DNO). This will result in lower
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investments in distribution grids (suitable for national economy) due to high penetration of
EVs in a electricity system (minimizing of investments in grid reinforcements (mediuhn
low voltage grids) and assets).

A successful integration of EVs and the complementary aggregator in an energy system based
on adequate business models should ensure ais#ibdtion of added values to involved
participants. Fromthe agge gat or 6 s p o i budiness models ceuld be sbparatddV

in two main categories:

1) Business models based on controlled charging / discharging strategies: The mentioned
strategies codlresult from different target functions like :
a) Participation of EVs on energy markets by using the spread between peak-and off
peak prices (Cost optimized charging strategies: charging duripgpakf times)
b) Participation of EVs on positive and negatieatol energy markets (see chapter 3
c) Grid based charging/ discharging strategies
d) Renewable charging strategies: Charging even in times with energy generation due to
renewable power plants
2) Second life business models:
a) Reusing the vehicle battery aftére vehicle lifetime is reached for e.g.
i) Renewable energy power storage
i) Grid load adjustment: storing the energy during thepetik time and feeding it
back during the peak periods
iii) User application: backup power supply for specific application e.g. irydastd
health sector, reduction of energy costs for industry

The next chapter describes several use cases that could be mentioned with the first business
model category. The use cases will be described considering affected stakeholders in the
electricity £ctor. The second life business models take into account all options of stationary
storages but are not the focus of this report.

A 2.5 EV use Cases (controlled charging/ discharging strategies)

The defined use cases are based on the location of the chargitsg pocording to [1], [15]
and discussion with stakeholders like different Austrian DSOs anblitlity providers
specific use cases are defined for:

Charging at home

Charging at office/company
Charging at public charging statigns
Chargirg at private charging station

hrwnpE

The last part of the charging pladesharging at private charging statiois a special case.

The private charging spot operator provides for EVs to charge at different charging levels (in
a range of 22 kW and highérable A1 shows the power charging modes after the definition

of Focus Group on European EleeMmbility [16]) or the possibility for battery switching. It
means thathe goal of a private station is fast charging due to dealing with higher range
needs. Hence, the charging character is an uncontrolled one because of immediate power
needs and an unknown number of costumers, needed charging energy, preferable charging
power and mainly the intention for fast charging (low pluggegeriods).

A-14



Table A-1: Modes of charging and charging level (see [16])

Power nomination Main connection Power, kW|Power, Amps
Normal power 1-phase AC connection O 3,|7 37
Medium power 1- or 3-phase AC connection | 3.7 - 22 16-32
High power 3-phase AC connection >22 >32
Hich power DC connenction >22 >32

Hence, the discussion of the business model in conjunction with controlled charging (G2V)/
discharging (V2G) are focused at charging at home, office and public charging stations. The
business models thus could be realized for them. The ownership for the required equipment
(charging point with integrated smart meter, communication infrastruchateveen
aggregator and the EVs, aggregator energy management system (software, hardware)) for
controlled charging/ discharging could be depicted as follow:

1 Charging at home/office/company: The charging point including the attached smart
meter belongs to ehbuilding owner/ vehicle owner.

1 Charging in public area: Here it is assumed that the establishment and distribution of
the charging stations will be conducted by a local DSO. Thus, they belong to him.

1 Communication infrastructure: In conjunction with G2and V2G (e.g. control
energy and intraday market) applications a-teaé communication will be needed.
This ensures a data transformation without delays to the integrated smart meter in the
charging stations. Furthermore, the charging station takestlo@erommunication
with the EV onboard charging controller. E.g. the use of a Gi$ded infrastructure
through an aggregator can be based on flat rate contracts with an appropriate
provider.

1 Aggregator energy management system: The aggregator uses tin@ $95 the
purpose of managing the controlled charging and discharging. A bidirectional
communication system between the named equipment is assumed to be necessary.

Figure A9 shows the use case for G2V and V2G applications for the charging point at home
separated in 3 areas data flow, equipmentréalizationof V2G concepts and physical
system integration. The use case allows the EVs to participate in G2V and ovi2€pts

before the first and after the last daily EV usage. As mentioned, the aggregator takes over the
whole interactions between the EVs and other stakeholders in the electricity market. Even
more, a V2GInverter will be needed for providing power froletbattery into the grid. It is
assumed that the aggregator is the owner of the-M2€Erter because of his ambition to
participate at the energy market (the vehicle owner could also be the owner to cover the own
home electricity consumption in peak pesdgdharging the vehicle e.g. through the home PV

plant)).
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Figure A-9: V2G- business model for feedn energy from the vehicle into the grid (see

[17])

Table A2 shows use cases and provided services for business models based on controlled
charging and discharging strategies with different target functidbable A3 presents
involved electricity stakeholders in business models based on controlled charging and
discharging strategies with different objective functions. The below tables comprise a
comprehesnive overview of discussed use cases, provided services and involved stakeholder
due to realization of controlled charging/ discharging strategies.

Table A-2: Use cases and provide services for business models based on contiolle
charging and discharging strategies vth different target functions

Private Service

Business models based on different chagring and Office/ | Public . Control . Technology

discharging strategies Home Company| area charging energy providers providers
station for DSO

EVs, uncontrolled charging + + + +

EVs, Controlled charging (e.g. low-cost charging) + + + + +

EVs, provide power for control energy market + + + + +
Evs, controlled charging strategy due to DSO-needs
(e.g load leveling, PV- based charging strategy)

+ + + + +
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Table A-3: Involved electricity stakeholders in business models based on controlled
charging and discharging strategies with different target functions

Grid and system e Policy makers af‘f‘ regulation
operators authorities
Business models based on different chagring and TSO Energy Control Balancmg group Aggregator/| Regulator . |Other decision
discharging strategies (APG) DSo markt | EN€rOY coordinator Supplier |(E-Control) Policy makers
market (APCS)
EVs, uncontrolled charging + + + +
EVs, Controlled charging (e.g. low-cost charging) + + + + +
EVs, provide power for control energy market + + + + + + + +
Evs, controlled charging strategy due to DSO-
needs (e.g load leveling, PV- based charging + + + + + +
strategy)

A 2.6 Conclusion
A 2.6.1 Market diffusion of EVs

Market diffusion of plugn-hybrid (PHEV) and battery electric cars (BEV) is strongly
dependent on economic and political framework conditions. In order to address a mass market
they have to be competitive wittonventional cars in terms of total costs. The key factors for
competitiveness today are battery costs and fuel prices. Battery costs have decreased
considerably in the past years and global effort in this field is likely to lead to further
reductions. Howver, fuel prices are a major uncertainty. Past analyses have shown that a
considerable increase in price of gasoline and diesel is required for PHEVs and EVs to
become cost effective. It is questionable whether these price levels will ever be reached with
crude oil price as only driver. Alternatively, fuel taxes can be applied to reach these price
levels. An increase in taxes on transport fuels will lead to a higher demand for fuel efficient
cars and consequently to a stronger diffusion of electric prioputechnologieshowever

with the effect of cost of transportation increasimggether with other tax instruments, such

as efficiencydependent registration taxes, this will lead to an efficiency improvement of the
fleet and accelerate the diffusion diEVs and EVs.

A 2.6.2 Market Integration of EVs

The integration of the mentioned agent with the responsibilities of an aggregator could be
realized with:

1. The extensionof a current stakeholder such as an advanced retailer with added
responsibilities like managg the EVs charging/ discharging strategies and
diffusion/development of charging points in certain areas (except public areas, see
chapter 5). The advanced retailer would act with his fleet and the mentioned
strategies as an energy consumer and as a ggddpower provider for different
ancillary services, simultaneously. Thus, the charging/discharging strategies of EVs
could fulfill different target functions of DSM. Due to a high penetration of EVs, the
charging/ discharging strategies could take theisey of the grid into account (load
management). This can be accomplished by considering of coming needs from the
DSOs. Therefore, the cooperation between aggregators and DSOs in conjunction

A-17



with DSM-application and grid security (controlled chargingctiarging strategies)
will be needed.

2. The establishment of new actors in an enhanced regulatory framework: This way
leads to the integration of a new stakeholder with the defined responsibilities for an
advanced retailer. This way may resultinachamde each st akehol der

conditions and would be more time intense and costly compared to the alternative
mentioned in point 1.

If charging stations are available and they could be controlled by an aggregator depending on

penetration of EVs, therevould be a corresponding and significant load control potential,
respectively.
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Appendix 3 Tariff scheme optionsfor distribution system
operators’

Preface

This research report provides the results of the research piogedtf schemeoptionsfor

di stribution system oper at oarssearch grdumf LUTesear c
Energy, he members of which weRrofessor Jarmo Partanen, Bamuli HonkapuroJussi

Tuunanen, M. Sc.Tech) and Dr. Hanna Niemel&he research was funded by the Finnish

Energy Industries and the Finnish Electricity Research Pool.

The project steering groupmprised theLUT Energyresearchers and Kenneth Hanninen
(the Finnish Energy Industries), Simo Nurmi (Energy Market Authority), Markku Kinnunen
(Ministry of Employment and the Economy), Antti Martikainen (Savon Voima Verkko Oy),
Jouni Lehtinen lelen Sahkderkko Oy, Bengt Sdderlund (Fortum Sahkonsiirto Oy), Arto
Gylen (PKS Sahkdnsiirto Oy), Ville Sihvo(&lenia Verkko Oy)and Pertti Kuronen (Fingrid
Oyj). The steering groupeld four meetings during the research projédeas werealso
actively exchangetty email. Moreover, a workshop with 28 participants was organised for
the distribution system operators and other stakeholders in Tuusula on 23 January, 2012.

The researchers express their gratitude to the steering group and the participants in the
workshop for their active gervisionof the research and valuable ideas and comments.

A 3.1 Introduction

Significant changes are taking place in the generation andissndf electrical energy. The
principal target of these changes is savings in the primary ea@djyeduction in energy
production emissions. Here, deployment of renewables such as wind and solar energy and
distributed generation play a key role. However, typical drawbacks of tfioeses of
generation are their low predictability and small unit sirethe enduse, improvements in
energy efficiency and controllability have an impactaththe volume and characteristics of
electriaty consumption.in addition advancements in battery technology will open up new
opportunities for the storage of elecal energy, thereby altering the nature of the whole
power systemMoreover, snart grids enable flexible connection of distributed generation
(DG), energy storages and controllable loads to the grid and their smart control.

In order for the abovdescibed changes in the energy system to take place in s&ffiméent

way from the perspectigeof endcustomers and enterprises in the fieldmand response
(DR) andrelatedincentive tariff schemes are required both in the distribution and retail of
electricity. Demand response enabldistributed generation and amptimal use of the
generation andetwork capacity. The improved capacity utilisation taite turn, reduces
investment needs, thereby decreasing the costs to theustainers in the long termofF
distribution system operato®SOs), improvements in energy efficiency and distributed
energy storages will have an impact on the amount of electrical energy tratsmittes
distribution systems, peak power and the temporal variatiggpwer demand. As the peak
power determines the network dimensioniaguirementsand, on the other hand, the present
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tariffs are based on the amount of transmitted energy, the ahanges will influence both

the costs and reversief electricity distribution. Br the energy sector, problems may arise, if
the changes in energy and power are such that the prevailing tariff system is not able to
respond to the revenue stream needseDBO in the new operating environment.

Furthermore, advancements in the control and metering of the customer gatewale
technical opportunities for more dynamic tariff schemes, by which the consumption behaviour
of endcustomers can be steered taraation that is optimafor the electric power system. In

that case, the engse is efficient and scheduled to guarantee an optimal use of resources in
generation, transmission and distribution alike. The starting point here is tmetwwkhas

to endle marketbased demand response, which, however, may not lead to network
investments that are naptimal for the national economyyet, in practice, demand that is
optimised based on generation only may be -optmal from the viewpoint of the
distribution system, in which case the demand response products in electricity retail may
produce conflicts of interest between tietailer and the DSQn the load control. With a
suitable distribution tariff scheme, incentives can be provided for the corstorogtimise

their electricity consumption so that besides the customer andethder, also the DSO
benefits from th&elemand response.

The objective of the research is study which opportunities and requirements theure
operating environmenprovides for a distribution tariff schemefor DSOs The research
investigates how different tariff schemes encourage custamergergy efficiency, how they

enable introduction of active resources such as demand response, and how they guarantee an
optimal use oftie distribution network capacity and appropriate revenue s$rieautine DSO.

The primary target is to analyse what kind of a tariff scheme entheesst reflectivityof

customer invoicing an@n optimal use of the distribution system capacity, simeiarsly

allowing the markebased demand response of srsalile customers. The study focuses on
smallscale customers; in practice, lawgltage customers, who at present do not have a
power tariff of their owrin Finland

The structure of the report is dollows. Chapter 1 concludes with a brief review of the
research conducted recently on the topic. Chapter 2 discusses the effects and target state of the
distribution network tariff schemes from the viewpoints of different stakeholders. The chapter
also analyses the boundary conditions for the development of the tariff scheme. Chapter 3
addresses the present tariff schemes and their key developmenimé&edand Chapter 4
introduces potential tariff schemes, and Chapter 5 concentrates on poweribagdamd its

effects. Chapter 6 provides conclusipasd Chapter 7 discusses the future research needs on
the topic.

A 3.1.1 Previous research on tariff schemes

Karkkainen & Farin (2000) have investigated distribution tariff schemes in distribution
networks soon after the opening of tRimnish electricity market. The study lists the most
common requirements for the tariff schemes, suchcas reflectivity equal and non
discriminating treatment of customers, freedom of choice, intelligibility, consistency and
steering properties. It has been shown that these requirements are somewhat contradictory,
because for instance fudost reflectivity would require complicated and ggaphically

varying tariffs, which would be against the requirements set for spot pricing and intelligibility

of the tariffs. Considering the steering aspects of tariffs, it has been suggested that the tariffs
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should encourage efficiency in the network dimsioning and the use of network capacity
simultaneouslypromoing efficient use of energy. The study considers the proportions of
fixed charges and energy rates in the tarifftheSOs. The fixed charges are shown to vary
between 0 and 80 %, dependiag the DSO and the customer group. Hence, it has been
concluded that the decision on the proportions of fixed charges and energy rates should be left
to the DSOs.

Evens & Karkkéainen (2010) have studied pricing mechanisms and incentive systems by
which danand response can be promoted. The study provides a review of the theory related to
the pricing mechanismend analyses5lpilot studies. The study focuses on both network and
retail tariffs, and the incentive systems are divided into p&nd incentivebased ones. In the
pricebased systems, the consumer prices vary,
prices is voluntary. In incentivieased systems, the consumers receive compensation, if they
allow load control. Consideringthe research on distakion tariffs, a highly relevant
observation is that in Norway the regulator has banned the DSOs from usingfliee

tariffs (ToU), because they are suspected to cause potential disturbance to the normal market
operation.

Simila et al. (2011) have ingggated the distribution network tariff scheme in a smart grid
environment by a literature reviewgconomic theorynd simulations. The simulation results
show that the endustomer benefits most when the retail and distribution tariffs are dynamic
(in practice, a tariff based either on market price or time of use). In addition, it is stated that
dynamic tariffs improve the cost efficiency of the DSO; however, the incentive effects of
dynamic tariffs may be pr obl e maponsestotheloadh e DS
control lead to a decrease in the compaeyenues while the shorterm costs remain
unchangedThus the prices have to be raised in order to cover the costs, whicthef
customers, is negative feedbacktbrir responsgto the ircentive system. Furthermoriae

study recogniseproblems related to the load control performed by the D&C(o this, it is
concluded that the network tariffs should be stadiocd only the retail tariffcould vary
dynamically within a day. If the DS@ishes to use load control to balance the network load,

it should buy the load control from thetailer.

A 3.2 Effects of the distribution network tariff scheme and boundary
conditions for development

The starting point for pricing structuref energy servicg such as electricity distribution,

has to be irencouragg the energy efficiency of the system as a whole emnhinimising the
environmental effects and costs of energy generation to the national economy. In practice, this
means measures to enable ritisited generation and demand response, optimisation of the
use of generation, transmission and distribution capaaity minimisation of fuel and other
variable costs. Here, it ismphasisé that both energy and power have an impact on the
overall energyefficiency of the electric power system, and therefore, a pricing system that
only encourages in minimising the energy use does not necessarily produce ahregtiit)

but incentives are required to reduce the peak power and optimise the tempotianvafia
power.

When considering the pricing of electricity distribution, we may state that in addition to the
above targets, the pricing system has to ensure reasonable and prediutahble stream and
encourage the custonseto control their electricity use in a way that is optimabif the
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distribution system. As there are also other players in the electricity market besides customers
and DSOs, such as producers, retailers and the transmission system dg&@prthe

interests of thesetakeholdershave to be taken into account in an optimally designed
distribution tariff. For instance, a distribution and retail tariff may not produce control signals

t hat conflict with each other. Further mor e,
safeguarde by ensuringthe reasonableness, intelligibility afeasbility of pricing and the

related incentive elementsorf a common electricity endser The abovedescribed
requirements can bexpressedby stating that a distribution tariff shall balance the
maximisation of national economic profit and minimisation of the adverse effects experienced

by an individual customer.

According to a survey by Nemesys (2005), all thterest groupgput special emphasis on
stability when considering the criteria fomeell-functioning regulatory modeFigure A10
shows that stable tariffs are equally important or even more important than low tariffs for all
interest groups. Althagh the emphasis in this stutyon the regulatory model, the results can

be extendedat least irthis respect, to cover the targets set for the tariff scheme.
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Figure A-10: Relative importance of economic aspects in a wdllinctioning regulation
system (Nemesys 2005).

The following sections discuss the objectives and effects of the distribution network tariff
scheme in more detail from the perspedivkedifferent interest groups.

A 3.2.1 Distribution system operator perspective

From the perspective of a distribution system operator, the tariffs shall guaaaat@gequate

and predictable revenue stream, which enables the construction, operation and maintenance of
a distribution system that meets the requirements set by the eustamd the operating
environment. In addition, the tariff scheme has t@hst reflectiveio ensure that changes in

the use of electricity affect the revesusnd costs as equally as possible. The distribution
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network components, such as conductors amasformers, are dimensioned according to the
power demandsf the network. Hencehe dimensioning of these componeistsnfluenced

both by the power demands of individual customers but also by the peak power of a larger
customer volume (supply area ofdsstribution transformer, feeder, primary substation),
which, again,is affected by the intersecting load curves of individual customers. In the
electricity distribution operation®nergybased cost factors are basically comprised of the
load losses mthe network and the charges of the transmission system operator. On the other
hand, costs that depend on the number of customers include metering and billing and, to a
certain degree, administrative costs. The network operation costs, such as operation,
maintenance and fault repair, mainly depend on the scope of the network and the operating
environment.Figure A1l illustrates a typical cost distribution of a distrilmunti system
operator. The figure shows that capital costs (investments and financing), which depend
mainly on power, account for more than half of the costs. The costs of the main transmission
grid, similarly as the distribution network costs, are chieflpeselent on power, but the
invoicing in the main transmission grid is basedtlos volumes of transmitted energy. Thus,

only the network losses constitute a cost component that is chiefly dependent on energy. The
losses are divided into network and transfer losses, the latter of which can be further
divided into load and ntbad lossesOf these, only the transformer 4hwad losses are
independent of the power transmitted on the network. Hence, less than 6 % of all costs are
energybased costs.

Transmission
network fees
10 %

Investments
32 %

Losse
6 %

Operational_}
costs
30 %

Financing
22 %

Figure A-11: Typical cost structure of a distribution system operator.

In addition to the revenue stream, the steering effects of pricing have to be taken into account.
If the pricing is based solely on power or the use of@net steers the custonso optimise

thar energy usewith the targeto reduce the costs$lence the objective of the DSO is to
generate a tariff scheme that encourages the customers to adjust their use of etedbecity
optimal for the distributiorsystem. In theory, in an ideal situation, the power demand would
be asbalancedas possible in order to makiee maximumuse of the network transmission
capacity In addition to the above, there is a technical requirement that the distribution tariff
shal not requiremeteringthat would cause significant additional costs. The target is that the
minimum requirements defined for metering in the Government Decree (66/2009)
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determination oklectricity supplyand meteringare adequate for the implementatiof the
tariff scheme.

A 3.2.2 Customer perspective

The proportion of electricity distribution @ ¢ u s ttatahetectritity bill is approximately

a quarter, as shown iRigure A12. In the figure, the proportionally small cost component,
that is,transmission on the main transmission grid (2 %) is billed also in connection with the
electricity transmission on the distribution network. Electricity transmission on the
distribution network, similarly as sales of other services, is subject to VAT, in addition to
which the electricity taxes are charged to the customers in connection with the transmission of
electricity. Nevertheless, the analyses in this study concentratbheoprice of electricity
transmission on the distribution network without taxes.

VAT

Electricity
purchase
35%

Electricity taxes
11%

Electricity retall
DSO TSO 7%
27 % 2%

Figure A-12: Electricity price formation for a domestic customer on 1 February 2012
(EMA 2012a).

The figure above can be further divided imtoergybased and fixed parts in the electricity

bill. Energybased items are the electricity purchase and retail and the VAT included in these,
and the electricity taxes, while the transmission of electricity on the distribution network and
on the main tnasmission grid are mainly poweased cost itemgzigure A13 depids the
information of Figure A-12 divided into energdbased and fixed charges, assuming that a
fixed charge is used in the electricity distribution. The figure shows that also in this case 65 %
of a customer ds el ect r ibasedtclyargds, ihlguaiageesctmaimp r i s
the billing encourages the customers to reduce their use of energy even if the distribution
network tariff scheme is based on a fixed standing charge only.
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Energybased
charges
65 %

Figure A-13: Division of the electricity bill of a domestic customer into fixed and energy
based charges, assuming that the distribution tariff is based on faxed standing charge
only.

Favourable prices are naturally among the ¢
DSOs is supervised by ragulatory model, which in practice sets a maximum limit on the
company turnover. However, the focus of this study is on the tariff scheme only, and it is
assumed that the level of tariffs is sufficient for the DSO to guarantee adequate revenue
streams regjred for operation. Besides favourable prices, a key pricing criterion for a
customer is predictability, in addition to which the tariffs are expected to be intelligible so that
the customer understands how the electricity bill is compiled and how hedshaffect
his/her bill. As it was stated above, predictability is at least as important to the customer as the
favourable pricing. Equal treatment of customers, on the other hand, requires that the tariffs
are cost reflective and transparent. Moreoves téniff should be compatible and in line with

the retail tariff so that both tariffs encourage the customer to improve energy efficiency in the
use of electricity and do not include any contradicting incentive elements.

Customers often see changes agative occurrences. When the tariff scheme is reformed, it

is inevitable that for some customers the prices will rise and drop for others, even if the
turnover of the DSO remains unchanged, and the tariff scheme is nhow more cost reflective.
When the targas to achieve a tariff scheme that steers the use of electricity in a direction that

is more optimal for the whole energy system, we have to consider our priorities: the benefit of
the national economy or an i n dThevstadingadinti ust on
that the reform of the tariff scheme will steer the electricity users to make better use of the
distribution capacitywhich will lead to a decrease in thestributioncosts in the long term.

Thus, the reform will benefit the custoredan the long term, even though the changes may

have negative effects in the short term.

A 3.2.3 Impacts and opportunities of demand response

Vital for the energy system as a whole is that the distribution and retail tariffs together
provide incentives for the @ttricity end users to act in such a way that the national economic
benefit is maxinmsed. When the objective is to optimise the utilisation of the generation and
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network capacity, simultaneously promoting the use of renewables such as wind and solar
power,theimplementaibn of demand response plays a key role. In practice, demand response
is carried out either manually by the customer or by active load control, or by remote
customer load control according to the demand. The remote control is carrietheubgithe
electricityretailer, aggregator or the DSO. In practice, load control has a significant impact on
theretaileb s el ectricity trade bal amnetitertakes catk oft her e |
the control. If the controlvere carried wit by some other party, this would degrade the
accuracy of the load forecast, thereby increasing the balance error and electricity purchase
costs. However, the load control carried out byr#tailermay in some cases have negative
effectson the DSO. Forinstance, according to the objectives of teéailer company,an
optimised demand response may increase the power peaks of the DSO, in which case the
costs of the DSO will increase, while thetailer receives financial benefit from the load
control.

An example ofsucha conflict of interest is illustrated in, where thiggure A-14 total power

of a single mediunvoltage feeder is demonstrated with the area priokfd in thespot

market for one day (22 February 2010). The figure shows that the prices are highest during
the lowest powers, and the latter price peak is removed close before the time instant of the
peak power. If the customer loads were controlle@das the spot price, the demand would
shift later from themomentof the first price peak, which would probably increase the power

of the feeder.

1.8

1800

-0 o N 0 AN R L 1600
---------------------------- L 1400
- 1200

- 1000

- 800

- 600

Feeder power, MW

Area spot price, €MWh

——————————————————————————————— - 400

P T T S S

| (BRI [ I

| [ | | | [ 1

I [ 1 I I [ 1
s d-b b 4oL -1 200

1 1

T T

Figure A-14: Peak power of a mediumvoltage feeder and the area price Finland on 22
Feb 2010 (Belonogova et al. 2010).

For an electricity retailer, the load control during price peaks would be very profitable. The
retailer could either sell the excess electricity inetmarket or avoid expensive extra
purchases. In the above situation, the area price varies between 108 @81 a4/ MWh, whi
the price charged to a domestic consuiméfi 7 0 0 / MWWent/kKVh).
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Again, the theoretical potential of load optimisatifor the DSO can be assessed by a
simplified example. The total amount of energy supplied by all DSOs to the customers was 52
TWh in Finland(2010). In the same year, the sumtlué annual highest hourly mean power
was 11 900 MW. Thus, the peak operatingetiof the networks is @80 hours, and the
network capacity utilisation rate is 50 % (peak operating time/8760). It is pointed out here that
the calculation is simplified, and the results vary considerably between the distribution system
operators. Howevethe example allows us to assume that the volume of energy transmitted in
the present distribution systems could be doubled, if the power demand were distributed
evenly to every hour of the year. In Finland, the total replacement value of thieutish
networks is about 14 billion euroshich, with a 46year lifetime and 5 % interest rate, yields

an annual cost of 815 Mudu/ a. I n practice, by
an increase in the energy consumption will not require extnéoreement of the network. In

the best case, the volume of energy transmitted on the distribution network could be doubled
without additional investments. If the alternative is to carry on with the present loadeate,

may assume that the load controluwwod pr event an additional Cos
amount of energweredouble the present amount, that is, 104 TWh. The highest theoretically
possible cost beneffor the national econojwwoul d t hus be approx. 8

cent/kWh. Hergit is emphasised that if the loads were contrdiigaptimisingthe use of the
distribution network capacity as described above, the potential for mzaketl demand
response would be lost. Therefore, it is essential to aim at a total sgtimi whee a
compromise is reached between the benefits of the generation and the network.

A 3.2.4 Legislation regulating the tariff scheme

Laws and regulations that affect the selection of the tariff scheme include EU directives, the
Finnish Electricity Market Act (386995), Laki energiamarkkinoilla toimivien yritysten
energiatehokkuuspalveluisid211/2009) (Act on energy efficiency services of enterprises
operating in the energy market) aviditioneuvoston asetus sahkontoimitusten selvityksesta ja
mittauksesta(66/20®) (Government Decree odetermination ofelectricity supply and
metering.

According to Article 10 of 2006/32/EC

fiMember States shall ensure the removal of those incentives in transmission and distribution tariffs that
unnecessarily increase the volurok distributed or transmitted energy. In this respect, in accordance with
Article 3(2) of Directive 2003/54/EC and with Article 3(2) of Directive 2003/55/EC, Member States may impose
public service obligations relating to energy efficiency on undertakopgsating in the electricity and gas
sectors respectively 0

At p r @& Prepwodal,for & Directive of the European Parliament and Council on energy
efficiency andamending and subsequently repeakhg r ect i ves 2004/ 8/ EC a
is still under dscussion, and thus, changes in the directive may take place. This report applies

the Proposal of 22 June 2011.

Item 4 of Article 12 has remained similar to Article 10 of the directive in force, and thus, no
changes have been made in this respect teetherements of the proposal for the directive.

A-29



Furthermore, Annex XFEnergy efficiency criteria for energy network regulation and for
network tariffs set or approved bnyentieneder gy
proposal for the directive pvides more detailed regulations on network tariffs:

1. Network tariffs shall accurately reflect electricity and cost savings in networks achieved from demand
side and demand response measures and distributed generation, including savings from lowering the
cost of delivery or of network investment and a more optimal operation of the network.

2. Network regulation and tariffs shall allow network operators to offer system services and system
tariffs for demand response measures, demand management and distringeation on organised
electricity markets, in particular:

a)

b)
<)

d)
e)

f)

the shifting of the load from peak to-p#ak times by final customers taking into
account the availability of renewable energy, energy from cogeneration and
distributed generation;

energy savingfom demand response of distributed consumers by integrators;
demand reduction from energy efficiency measures undertaken by energy service
companies and ESCOs;

the connection and dispatch of generation sources at lower voltage levels;

the connection of @neration sources from closer location to the consumption;
and

the storage of energy.

For the purposes of this provision the term "organised electricity markets" shall
include oveithe-counter markets and electricity exchanges for trading energy,
capacity, balancing and ancillary services in all timeframes, including forward,

day-ahead and intreday markets

3. Network tariffs shall be available that support dynamic pricing for demand response measures by
final customers, including:

a)
b)
c)
d)

time-of-usetariffs;
critical peak pricing;
real time pricing; and

peak time rebates.

Based on the above, we may state thatlmoousinconsistencies were detected in the present
directive or the proposal for the directive that would prevenintidgementation of the tariff
scheme discussed in this report.

In the Finnish legislation, the key regulation concerning the tariffs is Section 14 of the
Electricity Market Act (386/1995):

The sale prices and terms of the system services and the caitededing to which they are determined shall be
equitable and noliscriminatory to all system users. Exceptions to them may only be made on special grounds.

The pricing of system services shall be reasonable.

The pricing of system services must not present any unfounded terms or restrictions obviously limiting
competition within the electricity trade. However, the pricing shall take account of any terms needed for reliable
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operation and efficiency of the electty system as well as the costs and benefits arisen by the connection of an
electricity generation installation to a system.

Furthermore, Section 15 stipulates on spot pricing:

The system operator shall, for its own part, create preconditions permitting the customer to conclude a contract
on all system services with the system operator to whose system he is connected as subscriber.

The system operator shall, for its part, cre@reconditions permitting the customer to be granted the rights, in
return for payment of the appropriate fees, to use from its connection point the electricity system of the entire
country, foreign connections excludeét pricing.

Within a distributon system, the price of system services must not depend on where within the system operator's
area of responsibility the customer is located geographically.

On demand, the Ministry can issue detailed regulations on the application of the princiges jpfising.

Section 38 a of the Electricity Market Act states on the supervision of the system operator:

By its decision, the electricity market authority shall confirm the following terms of services and methods of
pricing services before their takg to be complied with by the system operator and the grid operator under the
systems responsibility:

(1) methods to determine the system operatords retu
transmission service during the surveillanceipe;

2)terms of the system operatorés transmission servi

(3) terms and methods of the system operatords con:
connection;

(4) terms of the services under the systems responsibility of the grid operator subjected to the systems
responsibility and methods to determine the fees charged from the services.

The confirmation decision shall be based on the criteria laid down ipteh&3, 4 and 6 a and in Regulation
(EC) No 1228/2003 of the European Parliament and of the Council on conditions for access to the network for
crossborder exchanges in electricity. The decision confirming the pricing methods can order on the following:

(1) valuation principles of capital bound to system operations;
(2) method of determining the approved return on the capital bound to system operations;

(3) methods of determining the result of the system operations and the correction of the income statement
and balance sheet required by them;

(4) target encouraging improvement of the efficiency of the system operations and the method of
determining itas well as a the method to apply the target in pricing;

(5) the method of determining the pricing structure, if the method of determination is necessary for
providing access to the system or to implement an international obligation binding on Finléind or
the method of determination is related to pricing of services under the systems responsibility.
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The confirmation decision, which is applied to the methods referred to in subsection 1(1), is valid during a four
year surveillance period. If the systemeoator has started its operations while the surveillance period applied

to other system operators has not yet run out, the confirmation decision referred to in paragraph 1 of subsection
1 is, however, valid until the end of this surveillance period. Ttheradecisions referred to in subsection 1
remain in force until further notice or, for a special reason, during the period laid down in the decision.

In the Act, it is stated thaithe decision confirming the pricing method can order on the
method of deermining the pricing structuoe however, this is not requested from the
surveillance authority. Section 1 of the Electricity Market Act states on energy efficiency that

Undertakings operating in the electricity market are responsible, for examplerdiaiding their customers with
services relating to the supply of electricity and for promoting electricity efficiency and conservation in their
own business operations as well as in those of their customers.

However, unlike the directive006/32/EC, whib stateghat there shall not be such incentives

in transmission and distribution tariffs thatnecessarily increase the volume of distributed
energy, the present legislation otthe electricity market does not include any direct
requirement on this kindCurrently, the regulatory model for the electricity distribution
business monitors the reasonabl eness of t he
limits are set on the amount of network asset depreciations and operative costs. Thus, in
practice, lhe regulatory model sets the limits on the turnover of the DSOs, but does not take
stance on the pricing structure.

The Act on energy efficiency services of enterprises operating in the energy market
(1211/2009) stipulates an obligation for enterprigesrating in the energy market to promote
their customersé6 electricity efficiency and
to enterprises that sell or deliver electricity or district heating, district cooling or fuel. In
practice, the Act ets requirements concerning electricity billing mainly for the electricity
retailer, the act states that tinetailershall bill the electricity based on energy consumption at

least three times a year. In addition, te&ailershall provide the endser wth a report of

his/her energy consumption.

From the perspective of this research project, Chapter 6 of the Government Decree on
determinationof electricity supplyand metering(66/2009F is of practical relevance, as it
determines the minimum requirens for the metering of electricity supply:

Section 4:

The metering of electricity consumption and srsallle electricity generation shall be based on hourly metering
and remote reading of the metering equipment (obligation of hourly metering).

Section 5

2 Unofficial translation; the decree available onlyFinnish and Swedish
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The hourly metering equipment installed at the site
information system processing the metering data shall have at least the following characteristics:

1) the data recorded by the metering equiptr&hall be remotely readable from the memory ofrtietering
equipment through a data transmission network (remote reading feature);

2) the metering equipment shall record the starting and ending points of-#reedgised periods the duration of
which eceeds three minutes;

3) the metering equipment shall be capable of receiving and executing or forwarding load control commands
sent through the data transmission network;

4) the metering data and the data concerniingde-energised periods shall be stored in the distribution system
operatords information system that handles the meter
information system at least for six years and the datdnede-energised pericslat least for two years;

5) the data protection of the metering equipment and
handling the metering data shall be secured appropriately.

The distribution network operator must offer hourly meterg e qui pment for the custon
standardised connection for retime monitoring of electricity consumption, if the customer places a separate
order for such equipment.

In addition, the decree lays down a transition period such thatast BO % of the
consumption sites shall meet the above conditions by the end of 2013. Based on the
legislation presented above, we may assume that in the future there will be meters in use that
meter the hourly mean powers and are read once a day. Tthis iechnical boundary
condition applied also to the tariff alternatives considered in this report.

Furthermore, ecording to Section 1 of Chapter 7 of the abowentioned decree

The distribution system operator shall offeetering servicem accordane withthe general time differentiation
to the customers within its area of responsibility.

Metering services in accordance with the general time differentiation include:
1) metering service based on hourly metering;

2) metering service for a flat ratariff;

3) metering service for a twate tariff (day/night);

4) metering service for a seasonal tariff ( winter weekday and other energy).
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Thus, the decree obliges to offer the abdescribed metering services. In practice, the
present distributiortariffs follow the above division of metering services; however, this
division is not required of the distribution charges, but it applies only to the metering services.

The objective of the Energy Services Directive (2006/32/E®) the energy effiency
agreements adopted in accordance with it is to reduce energy use from the level 202601

by 9 % by 2016. There is an energy services action plan for the enterprises operating in
electricity transmission and distribution and district heating; $drpnses had joined the plan

by 26 January 2012. A directive target of the energy sector is to take measures that lead to a
150 GWh saving of electricity in the electricity transmission and distribution losses and in the
electricity consumption of generat and transmission of district heat, and a 150 GWh saving

in distribution losses of district heat and fuel consumption in separate generation of heat by
2016 comparedvith the present level withouhe above measures. Again, the target of the
companies Hat have joined the agreement is to reduce their energy use at least by 5 %.
Furthermore, the target of the companies that have signed up to the agreement is, together
with their customers, to implement measures that promote the efficiency of the engrgy en
use, and thereby, reaching of the energy savings targets (Energy Efficiency Agreements).
Hence, reduction of losses, which is achieved for instance by cutting of the peak powers, is
vital also for reaching the energy efficiency targets.

A 3.3 Current tariff chemes and theireform needs

The distribution tariffs of smalcale consumeiis Finlandtypically comprise a fixed charge,

which depends on the size of the main fuse, and an energy rate, which may vary between
times of the day and seasoBemandbasedariffs instead are intended for larger customers.
Hence, the time dynamics of the sr&dhle consumer tariffs is mainly limitedttee tworate

tariff, and the power takeat the connectiomointis limited only by the main fuse. Thus, the
financial in@entives for the temporal optimisation of electricity use are limited.

According to a survey by the Energy Market Authority (EMA 2010a), the proportion of the
fixed charge in the tariffs has increased significantly over the past ten years, which d&or its p
indicates needs faeformsin the tariff schemeTable A4 andFigure A 15 present the results

of the survey considering the proportions of fixed and variablscin the electricity
distribution tariffs for typical endisers:

1 K1, Flat, no electric sauntaeatey main fuse 1 x 25 A, electricity consumption 2 000
kKWh/yr

1 K2, Detachedhouse, no electric heating, electric salneatey main fuse 3 x 25 A,
electricityconsumption 5 000 KW

3 Directive 2006/32/EC of the European Parliament and of the Council of 5 April 2006 on energgeefficiency and
energy services.
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1 L1, Detachedhouse, direct electric heating, main fuse 3 x 25 A, electricity
consumption 18 000 kWiyf

1 L2, Detachedhouse, partly accumulating electric heating, main fuse 3 x 25 A,
electricity consumption 20 000 kWi

1 T1, Smal-scale industry, power demand 75 kW, electricity consumption 150 000
kwh/ yr

The reference material in the survey comprises tariffs including VAT but excludeng

electricity tax andhe securityof-supply fee.

Table A-4: Proportion of the fixed and variable tariff components in the distribution
tariffs of different types of consumers in 2000 and 2010 (EMA 2010a).

Type of | Fixed Variable
consumer

1/2000 1/2010 1/2000 1/2010
K1 42.4 % 58.2 % 57.6 % 41.8 %
K2 31.1% 43.4 % 68.9 % 56.6 %
L1 26.0 % 34.9 % 74.0 % 65.1 %
L2 28.6 % 34.9% 71.4% 65.1 %
T1 24.6 % 24.6 % 75.4 % 75.4 %
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Figure A-15: Proportion of fixed charge in the distribution tariffs of different types of
consumers (based on EMA 2010a).
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The above figure shows that the proportion of the fixed tariff component has increased for all
types of consumers excefar industrial customers. Increasing the proportion of the fixed
tariff component enhances the predictabilitytlog distribution revenues, because in addition

to the changing trends in the electricity consumption habits, the volume of transmitted energy
is significantly influenced by the outdoor temperature. The above results are based on data for
2010, and a similar tendency has continued ever ;sthe¢ is, the proportion of the fixed

tariff component has increased further.

However, the proportions of thariable and fixed tariff components vary between DSOs, as
shown inFigure A16, which illustrates the standing charges and energy rates in typical flat
rate distrilution tariffs (for a 325 A main fuse) by DSOs based on statistics provirethe
Energy Market Authority.
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Figure A16: Flat ratedistribution tariffs of Finnish distribution system operators for a main fusex26 2\
(basedon statistics of the Energy Market Authority).

A 3.3.1 Incentives of the tariff scheme

In the present tariffs, thk | at rate tariff consists of a fi
energy rate (cent/kwWh), which is constant regardless of the time of uséix@thenonthly
charge is usually based on the size of the main fuse, which in itself promotes the optimal
dimensioning of the connection point. In practice, the power is limited only by the size of the
main fuse, which is most typicallyx35 A. The energy @amponent again, encourages
redudion of the total consumption of energy; however, its proportion has decreased in the
2000s, as stated above, which has weakened the-dbeggbed incentive effect.

The twaorate tariff similarly comprises a fixed standgioharge, which depends on the size of

the main fuse, and an energy rate, which is lower in the-tirgkt(usually from 10 p.m. to 7

a.m.). The incentive effects of this tariff are otherwise similar to the flat rate tariff, but the
tariff also includes arnncentive to schedule the electricity use to the nighé whenever
possible. In practice, this tariff type is used in connection with accumulating electric heating.
The target of the tariff is to balance loads by shifting the electricity use to thitimgh

when electricity is typically used least. However, the control does not monitor the state and
needs of the electric power system, but numerous boilers that are simultaneously switched on
may cause problems both in the distribution system and imati@nal power balance.
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Considering the present tariff schemes, we staje that they encourage reductiorenérgy
use, although the proportion of the fixed component has increased over the years. However,

there are hardly any incentives for the tattet is most vital for the distribution system, that
IS, the reduction of peak power.

A 3.3.2 Cost reflectivityof the present tariffs

As shown in Chapteh 3-2, a majority of the costs of a DSO are either fixed ones or depend
on power, while only a minority depd on the volume of energy transmitted. Although the
proportion of the fixed tariff component has increased, the edsggd tariff component still

plays a key role in the revenue stredrhus, the present tariffs do not correspond very well
with the cat structure of DSOs. Moreover, in the present tariff scheme, the charges are not
necessarily allocated to the customers by the matching principle, as will be illustrated below.

Figure A17 andFigure A18 present an annual duration curve for two actual@rsiomers.

Both the customers have a2% A main use, and their billing ibased on a twaate timeof-
day tariff.
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Figure A-17: Duration curve for the electricity consumption of customer A; the annual
energy is 24.9 MWh and the peak power 124 KW.
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Figure A-18: Duration curve for the electricity consumption of customer B; the annual
energy is 16.1 MWh and the peak power 16.7 KW.

As the network dimensioning is based on peak power, customer B produces a higher cost for
the DSO than customer A. If tlistributionpricing is based on transmitted energy, customer

A will, however, pay a higher distribution charge than customer B. In other words, costs are
not correctlyallocated,but the customer producing a lower cost pays a higher distribution
charge. If the propadns of fixed and variable tariff componertre e q u a | i n the
tariffs, customer A will pay a distribution charge that is aboutaueater higher than the
charge of customer B.

A 3.3.3 Change trends in electricity use

Significant changes have taken and ualke place in the volume of transmitted energy and
power demand, which have an impact on the revenue and costs of the BHE0s.A19
illustrates the effect of different actions on the power and energy as discussed in the workshop
held in 2011. The workshop comprisegsearchers angkpresentatives from DSOs and the
FinnishEnergy Industries, 22 persons altogether. Naturally, the effects are case specific, and

thus, the figure only presents the expertso

these changes.
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Figure A-19: Effects d different actions on the power and energy transmitted on the
distribution network.

The actions that reduce the volume of transmitted energy and either increase or bilyy slig
decrease the power demand aresnpwoblematicwith respect tahe presentariff system,

which is chiefly based on transmitted energy. In particular, heat pumbpsildings with
electric heating and customersd own el ectr.i
instance, it has been estimated that heat pumpsaalilice the amount of annual transmitted
energy by 11 % by 2020 in the operating area of a single distribution system operator, while
the peak powers remain unchanged. If the tariff scheme remained in its present form, this
would reduce the annual turnovey b %, whereas this development would not have an
impact on the costs of the DSO. In the scenario of the highest impact, the volume of energy
transmitted would decrease by 25 %, whichturn, would decrease the annual turnover by

12 % (Tuunanen 2009). @sequently, the revensievould not correspond with the costs, and
thus, the unit prices would have to be raised if the present tariff soheredept in force.

Here, it is worth pointing out that heat pumps, similarly as the other actions in the figure,
improve energy efficiency, and their adoption should be encouraged.

In general, we may state that energy saving and promotion of energy efficiency are targets to
the adoption of which the customers should be motivated. However, at the same time, with
the current tariff scheme, these actions have a negative impact on the economy of the
distribution system operator, and theyake the tariff schemé&ss cost reflectiveThus,
considering both the revenue stream and the incentive aspects of the tarpfestd tariff
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