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Abstract

In recent years the energy consumption, decentralized feed-in, storage of renewable energies and the power
system complexity have grown rapidly worldwide. Hence, some power grids are already working at their
stability limits. Consequently, the risk of power system instability has greatly increased during energy
consumption peaks. Therefore, the demand response utilization in order to protect electrical networks from
critical situations and to avoid building extra power plants etc. is becoming a very relevant issue in the
network oper ation.

In this paper the demand response methodology for reduction or shift of energy consumption, its advantages
and possible application areas are introduced. I n addition, main present and past demand response programs,
which have been implemented in the EU, especially in Germany, are identified and described. Finally, the
potential of controllable loadsin the distribution power systems on the example of Germany areillustrated.
Keywords: demand response; controllable load

1. Demand response

According to the Federal Energy Regulatory Comnais$l], [2], Demand Response (DR) is defined
as“Changes in electric usage by end-use customers fitoeir normal consumption patterns in response
to changes in the price of electricity over time,to incentive payments designed to induce lower
electricity use at times of high wholesale marketgs or when system reliability is jeopardized”
Therefore, DR means decreasing the load energyuogutfon or its shifting to other period of time
during demand peaks.

The electricity price can be reduced by using detrasponse, which can help to decrease the energy
demand in power grids during the day. Furthermbudding extra power plants, which are operated jus
during energy consumption peaks, and some blackatnish occur if there is not enough generation to
cover high energy demand, can be avoided with #ie of DR. In addition, by utilization of DR more
renewable energy sources can be installed in thetridal power grids. DR has not only the already
mentioned advantages but also can reduce carb@siemin order to decrease environment pollution.

There are different types of DR: emergency DR, eotin DR and ancillary services DR. Emergency
DR is used in order to avoid dangerous situatiors iastabilities in the power systems, e.g. blatkou
which can occur because of the lack of the germratihile electrical consumption peaks. Economic DR
allows electricity customers to reduce their enatggnand and in this way decrease the electricisysco
Ancillary services DR includes different serviceghich provide the secure transmission power grid
operation, and are usually used for generators [2].

2. Demand response programs
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Demand response programs are created to involetrielty customers in the DR process. Therefore,
such programs help customers to reduce or shiftetrergy consumption during the highest energy
demand peaks. Thereby, some dangerous and unexXpmaetats, which occur in the electrical network
because of overloading, can be prevented. [3]

DR programs are advantageous for both: networksatgrs and energy customers. On the one hand,
the customers get some financial incentives, they Ipss for electricity. On the other hand the powe
networks operators can keep the system stable glpeéniods of a high energy demand using DR. In
addition, they can avoid building extra power pgnivhich are only utilized to cover the energy
consumption peaks.

2.1.Demand response programs in Europe

Europe has an enormous potential of the demandomesputilization because there are already
different technologies and electrical equipment athiprovide the ability to implement the DR
methodology in its different regions. In recentnged&uropean energy market is developing und changi
very fast because of using new regulation methéalshe past there were political barriers in the
European Union which did not give many possib#itim use the capacity of demand resources.
Nevertheless, European countries has recently begahange their politic and laws in order to a#li
DR in the power grids more often. Particularly, rthere some countries in Europe, e.g. the United
Kingdom, France, Italy, Spain and Ireland, which aery interested in the DR utilization in the aper
market. [4]

2.1.1.Demand response programs in the United Kingdom

The United Kingdom (UK) has a large energy marketthe DR utilization. The UK was planned to
take some nuclear and coal power plants out ofatioer between 2008 and 2016 in order to reduce gas
supply and install more renewable energy sourdests power grid [5].

2.1.1.1.The National Grid Short Term Operating Reservegmm [5]

The National Grid Short Term Operating ReservesQRB) program was created to shed some
electrical loads during the time periods of dangsrevents, which could make the power grid instable
The customers are paid if they disconnect theiddoiom the electrical network during critical time
periods. In this way the power operator can e&sbp the power grid stable and avoid rolling blatko

The DR needs to be used in the UK in very diffiddays and various periods of time. Hence, the
National Grid divides a year into six parts whiamnsist of so-called working days (including Satysja
and non-working days (Sundays and Holidays). Iritant critical periods are determined in every dfay
the DR is necessary.

The customers are allowed to take part in the SPpeigram if their capacity is minimum 3 MW. This
can strongly reduce the number of participantshia PR program because plenty of them do not have
enough capacity. Nevertheless, the customers carbine their facilities to participate in the STOR
program. However, this process causes extra cotdm.

2.1.1.2.Triad Management [6]

So-called Triads in the UK are time periods of gleity consumption peaks. Triads last three and a
half hour per day, usually between 4 and 7 pm, he twinter. During this period the domestic
consumption is the highest. Besides, the industaydchave a demand peak during this period too.

Triads programs give the customers an ability tft sheir energy consumption from demand peak
periods to another time period or reduce it. Iis thiay, the customers can usually save around 12 % o
the electricity bill.

2.1.2.Demand response programs in France

France is also very interested in the DR mechanidrare are many customers, e.g. private customers
and small companies, whose energy consumption doeailceduced or shifted to other periods of time
during energy demand peaks.

2.1.2.1 Electricite” de France’s Tempo tariff

Electricite” de France’s Tempo tariff is a DR pragr where the electricity prices for end-customers
vary depending on the weather. Around 350,000 tgicastomers and 100,000 small companies use this
program [7]. Taking into account whether conditidhs electricity price is shown using color system.
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The system is shown if the current hour is a peak lor not [8]. Therefore, customers can connect or
disconnect their heating systems or water cir@utsmatically or manually.

Hence, using the Electricite” de France’s Tempdftdre energy demand was reduced for around
15 % in so-called “white” days and 45 % in “réddays [7]. In this way, customers could usuallyea
around 10 % of their electricity bill.

2.1.3.Demand response programs in Ireland

In Ireland there are plenty of large and smallediéht providers of smart technologies in the energy
consumption. Many of them deal with the DR managenand offer electricity customers various
methods in order to use the DR. These providersemgactive in DR policy of Ireland and interestad
the joint work with electrical network operators.

2.1.3.1.Demand Response Aggregators of Ireland

Several smart technology provider companies, siscErerNOC, Electric Ireland, Energy Trading
Ireland etc. (Fig. 1), created an association Dehf@esponse Aggregators of Ireland (DRAI) in 2015.
According to [9] the DRAI was founded tprovide a single voice on policy and regulatory ttesis of
common interest” In addition, “the purpose of Demand Side Participation in thexgh Electricity
Market (SEM) aims to improve system security whilducing costs to the consumer and reducing
generation related emissions”

#% Dalkia © el -
ACTIVATIONENERGY y Alternative Energy |re|qnd Elect I'lL'It\}EX AN . Qn CO

— wcH I‘- KiWi PUWERHOUSEG
TRADINGIRELAND ) e

Fig. 1: Members of the DRAI association [9]
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One of the DRAI members is a biggest smart tectgyfmrovider company in Ireland, EnerNOC. It
provides energy intelligence software (EIS) for th&® and different deliver custom services for
commercial, institutional, and industrial customers

EnerNOC's energy intelligence software (EIS) inelkicdata analysis, energy management tools,
customer management portal etc. The EIS evaluateni@rgy demand and provides detailed information
for its clients. This enables customers to anatlge& own energy consumption and helps them to tired
best way for a reduction of their electricity co$i9]

2.1.4.Demand response programs in Italy
Italy is the leading country in the smart meteringhe European Union. It has the highest utilzati
of smart meters in households in Europe with moaa 90 %.

2.1.4.1.Advanced Metering Infrastructure

According to [2], a smart meter is an electronivide which saves the information about the
electricity consumption at least every hour or ewmare frequently and send it to a service program f
control and billing. Hence, a smart meter provideonnection between the meter and the controtsyst
and makes possible to collect more data aboutrteegg demand.

In Italy, the Advanced Metering Infrastructure (AMk currently executed by using two different
methods. The first method is the traditional onkisTsolution is integrated into Distribution System
Operators (DSO). The second one is customer-spaeifere DSOs work with smart meters to improve
the energy management planning. More than 32 miltib smart meters were installed in Italy during
ENEL Automated Meter Management (AMM) program, whiwas named Telegestore. It started in
2001. [11]

2.1.4.2.Load Shedding Programs

Load Shedding (LS) is the disconnection of loadstlie load control in the electrical network. The
load curtailment is done by automatic devices, agfwork protection, if a frequency measurement
reaches a previously set threshold. This remedi@braleads to a power outage for consumers who are
affected by LS. The LS is used by the network djperan critical situations. Hence, Load Shedding
Programs release automatic LS only in case of eznesg[12].

Participants of Load Shedding Programs can be rethérom the power grid in the short term. There
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are two types of LS programs depending on timel-treee and 15 min programs. Participants must
utilize special units for the LS. Therefore, thegeaive financial compensation according to the etark
price. The LS capacity in Italy is around 13 MW.[8]

2.1.4.3.Interruptible Programs

Participants of Interruptible Programs must redthoeir energy demand to pre-agreed value. The
difference between Interruptible Programs and abmentioned Load Shedding Programs is that
participants of first programs can be penalizetiély do not decrease their energy consumptionmria.ti

The Interruptible Programs in Italy are used omiylarge industries and that helps to save around
6.5 % of energy peaks [12]. Compensations for thearners, who participate in these programs, were
determined until 2007 by the energy agency [13]eyTlare calculated depending on the economic
situation in the country. In 2007 the compensatarthe Interruptible Programs participants wasxad
sum which was chosen without any analysis of therggnmarket. As a result, this compensation was
almost three times higher than the electricity €ogtich were saved by using the Interruptible Paotg.
Nowadays, the compensation is calculated taking @mcount the benefit for the Italian Transmission
System Operator (TSO).

2.1.5.Demand response programs in Spain

Because of the growing utilization of the wind povie Spain, the interest in the DR use has been
increasing in recent years [14]. There are two sypeDR programs: system-led and price-led programs
in Spain [8].

2.1.5.1.System-led progranj&2]

System-led programs are a classic way to manageDe power system. It has been more than 20
years since large industry consumers started tosthgpecial tariffs. The TSO in Spain, named Red
Eléctrica de Espafia, can require the system-ledyrano participants to reduce their electrical
consumption during critical events or time of dechaeaks etc. from 45 min to 12 h. However, the TSO
is obligated to inform its clients in this situation advance. The duration and the value of energy
consumption reduction must be previously definedhgyTSO for every system-led program participant.
Depending on this, the industry consumers receiferent compensation amounts for their participati
Nevertheless, every load curtailment must be empthito end-users. In 2002 the Spanish TSO, Red
Eléctrica de Espafia, created a new Interruptioxilbiee Management Program in order to consider
market aspects in system-led programs.

2.1.5.2 Price-led program$12]

Price-led programs were created in Spain in ordetake into account the economic situation and
aspects of the Demand Response (DR) utilizatioe. dirpose of these programs is to make consumers
reduce or shift their electrical consumption indiperiods of energy demand peaks. This is achibyed
varying the electricity price. The TSO is entitledchoose time periods of the highest energy deraadd
according to this increase prices of electricitlyife consumers.

2.1.6.Demand response programs in other countries ottte

Other countries of the EU such as Sweden, AusBégium, Denmark, Finland, Greece, Ireland,
Luxembourg, the Netherlands, and Portugal areasted in the DR utilization as well. They created
different research projects, in order to analyzmssible influence of the DR on the power gridhait
countries, and programs for a real DR utilization.

The Advanced Metering Infrastructure (AMI) is curtly being used. in Sweden. Swedish DSO has a
successfully experience in the DR program implewatéor [15].

Because of the growing use of renewable sourcespdtiwer grid in Belgium often utilizes DR. In
2013, a fully automatic load shedding was implaftedome electricity users in Belgium

2.2.Demand response in Germany

Germany utilizes already now a huge amount of reddsvenergy in its power grid, more than 80GW.
In the nearest future this number will just inceaiccording to Federal Ministry for the Environnien
Nature Conservation and Nuclear Safety (BMUB) inr@any, the renewable energy use should reach
around 30 % of the power supply in 2020 [16].

However, such fast installation of renewable enesgurces leads to different challenges in the
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electrical network. One of them is accruement afrgg fluctuations in the generation. Still the gatien
and load must be balanced when renewable souraminate. In this case, the use of the Demand
Response (DR) could be a good method to keep tverpgrid stable.

2.2.1.0perating reserve for the frequency control in Gany

The operating reserve is an energy capacity inpthwer grid which can be used by the network
operator to keep the balance between the powerattore and demand in case of energy fluctuations.
Therefore, short-term power adjustments of coralddl power plants can be realized. Power plants,
which can be run up very fast, and pumped-storaggep plants can be utilized for this purpose.
Alternatively, electricity customers can be discected from the power grid. Usually, these methads a
only possible for a limited time.

2.2.1.1.Frequency control in the European Union

To keep the frequency stability, the frequency mantwhich includes three main control types
(primary, secondary and tertiary), is utilized ar&pe.

Primary control: The primary control is used to compensate imbasrmetween the physical power
generation and demand in order to restore theestfabijuency in the power grid. The available power
reserve for the primary control is dependent onsile of the electrical network and its topologythe
European wide area synchronous grid (UCTE) appratety 3000 MW of active power is available for
the primary control [17]. Each network operatortioé interconnected system must provide during 30
seconds 2 % of its current generation as a priroamrol reserve. In addition, not every power plang.
wind farms, photovoltaic systems, etc., can be lira@ in the primary control. Independent of the
fluctuation area in the European power system timeent frequency changes in the entire electrical
network.

Secondary control:The secondary control must restore the balanceeeet the physical power
generation and demand as well as the primary comtr@pposite to the primary control, the secogdar
control observes only the situation in the respeationtrol area including the power exchange witteo
control areas. By monitoring the power network €reacy it must be ensured that the secondary and
primary control always work in the same directi®@oth control types can start at the same time.
According to the requirements of the UCTE, the sdapy control process must replace the primary
control after maximal 15 minutes. Therefore, thienpry control is available again.

Tertiary control: The tertiary control (minute reserve) is an ecoitooptimization. Since 2012, the
minutes reserve is retrieved automatically from Mexit Order List Server (MOLS) [18]. The available
minutes reserve power must be completely providathdg 15 minutes. Conventional power plants or
other generation units, and controllable loadskeEnsed in this process.

2.2.2.Load shedding in Germany

By the nominal frequency of 50 Hz the generatiod amnsumption are balanced including power grid
losses. Deviations from the nominal frequency betwd9.8 and 50.2 Hz are usually compensated by
primary, secondary and tertiary control operatiegerves. If a fault exceeds the maximum primary
control reserve, the frequency can sink or risevatibe tolerance limits. In the case of an undgtfemcy
in Germany, with the value of 49 Hz, the autométad shedding is activated using so-called 5-stap p
(Table 1) to restore the power system balance.

The basis for the selection of the automatic ldaedding volume is an annual peak load, which is
measured as a vertical load at transfer pointhédottansmission network. Only in agreement with the
responsible transmission network operator (TSO)dis&ibution network operators (DSOs) can install
frequency relays and parameterize them in suchthatythe required percentage of this reference load
can be cut off according to the 5-step plan.

Table 1: 5-step plan according to Transmission Gb8E

Stages Measure
Stage 1: 49,8 Hz Alarm, storage pump shedding
Stage 2: 49,0 Hz Load shedding 10 - 15 % of thevordt load
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Stage 3: 48,7 Hz Load shedding 10 - 15 % of thevordt load
Stage 4: 48,4 Hz Load shedding 15 - 20 % of thevordt load

Stage 5: 47,5 Hz Power plant cut-off

2.2.3.Secondary and tertiary ancillary services in Germyan

In Germany ancillary services in the Demand RespdBR) include three types: primary, secondary
and tertiary. Primary ancillary service in the DRclosed to the frequency control in the power grid
includes the already mentioned load shedding meastich is used to keep the balance between the
power demand and generation. The secondary amaryeservices are related to operating reservestwhi
are used for the secondary and tertiary contrth@hetwork frequency.

The secondary and tertiary reserves in the elettmnietwork normally need around 2500 MW each in
both directions to use the DR. Germany is a unicuntry for this purpose. On one hand, the energy
demand must be reduced if there is not enough gtoer on the other hand, the demand must be
increased if there is too high generation from veatide sources.

Hence, Germany has a big potential for the DR wisalot used very often. The German government
is only starting to interest in possibilities ofetlDR utilization. In addition, electricity custonsemust
apply for a permission by electric supply providersorder to take part in the DR. Furthermore, the
contracted demand could be easily exceeded if st provide the negative DR. In this case theytmus
pay fees. Finally, the utilization of natural gaswer plants in the ancillary services slows the DR
implementation in the German power grid. [20]

Nevertheless, provider of the DR services e.g. RO« [10] are already very active in the German
energy market. Hence, the DR utilization in Germahguld strongly increase in the near future.

3. The potential of controllable loadsin thedistribution power systemson the example of Ger many

The flexibility of electrical loads and their trdaemation into an active power grid element wilveaa
high importance for future power systems becausanoincreasing number of decentralized generation
plants. The shift of part of the electrical constimp from one period to another can help to integra
optimally the high number of weather-related enendged from wind and photovoltaic into the electi
network. Thereby, technical and economic boundangditions which influence the usable potential must
be taken into account.

Before the DR utilization in the network planningdaespecially in the network operation, analyses of
each load which takes part in the DR must be domeder to reach a high accuracy of demand shifting
ensure the network security.

The important prerequisite for the DR use is a higlgree of the consumer acceptance because an
active or passive change in the energy consumpmticrustomer leads to a necessary adaptation of the
usual consumption pattern [21]. To provide thesesumption processes following DR criteria havedo b
taken into account [22]:

« Interruptibility of a process
« Reactivation of a process
« Relocatability of a process.

3.1.Consumer technology overview

3.1.1.Household

There are two typical types of household appliasteh as refrigerators and washing machines with a
high market penetration. Nevertheless, they cahaatsed in the DR because of their working prirecipl
Refrigeration systems have a very periodic behavitreir power consumption is dependent on the
interior temperature and cooling level which is s#w by each user. In addition, the turning-on of a
refrigeration system is still dependent on factofsthe direct temperature compensation with the
environment e.g. opening the interior space andnfiglation quality. To reduce the power consumptio
of a refrigeration system the temperature can tBngdd on condition that the functionality of the
appliance is not limited.

The power consumption of a typical washing maclsrdependent on the washing program status and
because of this, washing machines have non-peebdiehavior as well as refrigeration systems.
Therefore, the working process of a washing macsimaild not be interrupted in order to avoid a &igh
energy consumption.
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In recent years the utilization of electrical systehas been increased in the area of private Igeatin
rebuild. In particular, the heat pump use has amebwsingly important role because of government
funding. In today's households oil-fired heatingteyns are still underrepresented compared to fossil
fueled systems. However, the utilization of eleatiheating systems should grow significantly befor
2030. Around 1.48 million of heat pumps until 202@ around 3.5 million until 2030 will be installed
Germany [23]. In combination with a sufficient thmal storage there is a significant DR potentiathi@
area of the electrical heating [22].

The consumers with thermal storage capacity (grbupand with a non-interruptible start process,
which can be shifted, (Group 2) are able to shié énergy consumption without significant limitaiso
(Fig. 2).

The identified household appliances which can lzel dsr the DR can be classified as program-driven
(with thermal storage, group 1) and task-drivear{sit a defined time, group 2) [24] (Fig. 2). Thieup
of household appliances amounts approximately 5#f ¥e total energy consumption. The remaining
share is so-called user-driven household appliaecgslighting and multi-media systems, which are
unsuitable for the DR utilization according to thelected criteria and a direct feedback by the load
change on the consumer.

Group 1 Group 2
[ night storage heater ] [hot water production ] [ dishwasher ]
[ refrigerator J [freezing combination ] [ dryers ]
[ heat pump J [ room air—conditioning] [ washing-machine ]
[ freezer ]

Fig. 2: Household loads which can be used in the DR

3.1.2.Industry, commerce und service

The second consumer group includes Industry, Coweneand Service (ICS) which power
consumption is about 24 % of the gross electridiynand in Germany. The main applications of ICS
[25]:

e Marketing

e Office companies

e Catering industry

e Manufacturing operation
* Schools, universities

e Agriculture

e Baths

e Hospitals

e Building industry

e Textile+ Clothing+ Forwarding companies
e Baking industry

e Butcher's shops

e Airports

*  Horticulture

* Laundries

e Rest food industry.

The large share of the gross electricity consumggaised for lighting (approximately 40 %) which i
not suitable for energy demand shifting. The prtipos between the ICS types vary from 10 % in the
baking industry to about 65 % in educational ingiiins. The importance of communication as a furthe
application area within the scope of the DR incesa3 he energy share has increased to more o\#r 35
especially in communication and data processimffine companies. The average share is alreadytabou
17 % [25].

There are four processes types (applications)eoDiR:

e Process refrigeration/air conditioning
« Process heating
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e Mechanical energy (excl. compressors for air comairs)
« Electrical heating.

The electrical supply of refrigeration in the prssdechnology or air conditioning represents about
10 % of the gross electricity demand in the ICSaafstatus of 2010) [25]. Cold stores e.g. offer a
possibility of energy demand shifting due to theerrent storage capability because of the enclosed a
and the closing walls as well as the stored pradu2R can be also utilized in food retailing beeaab
increasing of frozen products sales. The numberefiigeration units increases, which are already
equipped as composite systems with a higher posesumption and extra storage [26]. The average
duration of their use is 14 h to 18 h per day, vémtbles a load shifting over a long period.

The area of the electrical heat supply is becormimgprtant mainly in the process heating, but atso i
the space heating (around 8.5 % of the gross ®Eli#gttonsumption, status of 2010) [25]. A drivifayce
in this process is the growing fuel costs and gowvemt funding for suitable heating systems. If the
systems are equipped with a sufficient daily steréxparging time 8 h) [26], a shift of the rechaoyer
several hours is technically realizable. HoweMee, potential of these loads is strongly dependerthe
user consumption behavior. The storage can oveihestimmer but the needs cannot be completely
covered in winter. This should be considered bypilag the DR utilization.

3.1.3.Electromobility

The transport represents approximately 28 % offih@ energy demand in Germany and thus a
significant number in terms of G@missions reduction and fuel requirement [27]sTikia driving force
in the development of electric vehicles (electrehicles and hybrids) which can lead to a significan
increase of the net electricity consumption manelgional at medium and low voltage levels. Becafse
a possibility to load the electric storage as waslito feed energy back into the power grid, thergréat
potential for the DR use. Until 2030 the expectednber of electric vehicles varies around 10 million
based on different studies.

Electric vehicles are in an early stage of its dtgw@ent. Their market maturity is linked to two mai
parameters. The available battery technology pesvial limited distance typically from 100 to 120 km
depending on the use of further consumers andahgcal profile of the driving distance. Furtherrapr
the low maintenance costs cannot compensate theimigstment costs for the battery system duriieg th
service life of an electric vehicle compared tmawentional vehicle [28].

The mentioned economic aspect is a basis for thelalement of new commercial models which can
generate additional compensations for the vehialteby use as a decentralized energy storage in the
power grid [29]. This process is called vehiclegtid concept [30]. According to this approach, sased
electric energy should fed into the electrical retwduring periods of a low renewable generation in
order to keep the power network stability.

According to different studies, there will be 1Miglectric vehicles in 2020 and 10Mio - in 2030 in
Germany. Whereby, electric vehicles will be prolyabked only as a second car [31]. Hence, their
kilometrage will be typically 15,000 km/year. Thigrresponds to an annual energy consumption oftabou
3,000 kWh by an average consumption of 20 kwh pérkim. Consequently, Germany's gross electricity
demand will increase by about 5% compared to 2@0D TWh). Assuming an average charging
capacity of 3.7 kW in 2020 and 7.3 kW in 2030 thaximum power consumption will be 3.7 GW resp.
73 GW. Therefore, the battery storages of eleslucles can be used as short-term storages viiipha
aggregate power consumption.

3.2.Interpretation of the results

The analysis of different loads in the household BES show that there are significant DR potentials
by today's energy consumption in the electricalvoet even now. In particular, the thermal processes
which are characterized by mostly continuous opmraind their storage capacity, are very important
the DR use. In the ICS area the systems which geatfie process refrigeration (such as cold st@ned)
heating (as steam) have the largest DR potentimhik maximum 10 GW.

The further development of possible load shiftiagcharacterized by the increasing electrificatibn o
providing of the heat energy and air conditionirgveell as by the expected increase of the electric
vehicles number. The load capacity for shiftingl wié 34.7 GW in the household and 11.5 GW in the
ICS area until 2030. The industrial energy consummptvill increase only a little compared to 2010
because of an energy efficiency rise and a hesitgmansion of heat pumps and room air-conditioning
systems.

4, Conclusion
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Because of a high energy consumption, growing pogra complexity and renewable energy
utilization the demand response (DR) use is becgnanvery important issue for the power grid
operation. Critical situations in the electricatwmerk which accrue because of the imbalance between
power generation and energy demand, further bldih extra power plants which are operated just
during energy consumption peaks can be avoidedsmgDR. Moreover, DR can also reduce carbon
emission in order to decrease environment pollution

Therefore, different demand response programs baea created worldwide in order to implement
DR methods in the power network operation. The Ream Union has a huge potential in the DR
utilization. Hence, it is also becoming very activethe process of the DR implementation. Several
European countries such as the United Kingdom,derdialy, Spain and Ireland have already startet a
are going to organize many DR programs.

In addition, Germany is a unique country in the ®hich has a very big potential for the DR use. It
already utilizes a huge amount of renewable enamyy its amount will just increase. However, this
process causes strong fluctuations in the generalibe DR can be a good method to avoid such
fluctuations. Unfortunately, DR is still not usedry often in Germany. But this situation can bencjeal
very fast in the nearest future because Germanonkteperators are becoming very interested in tRe D
utilization.
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