‘INCREASE

D2.2 Recommendations on rdahe line rating and demargide management

INCREASE

INCREASE

INCREASING THE PENETRATION OF RENEWABLE
ENERGY SOURCES IN THE DISTRIBUTION GRID BY
DEVELOPING CONTROL STRATEGIES AND USING
ANCILLARY SERVICES

D2.2 Recommendations on real time line rating and
demand side management

30.04.2014 Pagel



) INCREASE

D2.2 Recommendations on rdahe line rating and demargide management

Document info

Project Number

608998 INCREASE

Funding Scheme

Collaborative Project

Work Programme

Topic ENERGY.2013.7.1.1: Development and validation
methods andools for network integration of distributed renewa
resoures

Number D2.2

Title Recommendations on real time line rating and demand
management

Dissemination Level | PU

Date 30.04.2014

Nature Report

Editor Ruth Van Caenegem

Contributos

Phuong Nguyen, Mohammed Mansoor, Andrej Gubina, B
Prislan

Reviewers

Matthias Strobbe, Grigoris Papagiannis

Document History

Date Name Action Status
20/02/2014 Ruth Van Caenegem First report orDLR Work document
31/03/2014 Andrej Gubina First  working
draft
11/04/2014 Grigoris Papagiannjg Review of the First draft Revised draft
Matthias Strobbe
17/04/2014 Andrej Gubina Response to revi e lnternal secong
draft
17/04/2014 Ruth Van Caenegem Integrating other responses Third draft
version
28/04/2014 Ruth Van Caenegem Integrating final comments Fourth version
29/04/2014, Bart Meersman Reviewing and agreeing on fin| Final version
version
30/04/2014 Sophie Gillaerts Submission to EC Final version
30.04.2014 Page2



) INCREASE

D2.2 Recommendations on rdahe line rating and demargide management

Table of Contents

R | 11 o o (3o 1o ISP PPPPPUPPPRRR 6
2 Description of the Multi Agent SYStem (MAS).......uuuuiiiiiee e eeeeeeeees 6
2.1 Introduction Of the AQENLS......cciiiiii e 6.
2.2 Learning agent MOAEL............uuuiiiiiiiiiiieeeii e e 7
P20 R [ 1 o To [ Td 1 o] o SRR 4
2.2.2  AQENL AIMNING .. uuuiiiii i i et eeeei ettt rnne e e e e e e e e e e —nnna 8

2.3  Agerts in EIeCtriCity Markets..........ooooiiiiiiiiiiiieee e e e 10
2.4  Generic MAS architecture and its appliCationS..........ccoooveiiiiiiecciieeeeeeees 11

3 Dynamic Line Rating on MV CabIES...........oooviiiiiiiiieceeeeeeee et 13
3.1 Whatis Dynamic Line RatiNg?........ccooeiiiiiiiiiiieee e ee e 13
3.2 Purpose of using DLR in @ DSO NetwarK............oooiiiiiiimemn e 14
3.3 The Business Case: cable investments versus.DLR..............ccoooiieeneiiiiiiiiiinns 16

G 70 700 R 111 0T U Tox 1 o o HN PP 16
3.3.2 Techical assumptions for the BC..............ueiiiiiiiiiieeeiiiiieeeeeeeee e 16
3.3.3 Cost assumptions forthe BC...........coooiiiiiiiiieee e 17

I O L =S LU [0 [ PPSRPRR 17
3.4.1  CUITE MEASUIEIMENL ... iiiiiitii ettt e e ettt e e e e esmmmeeaaa e e e e eennnn e e e 18
3.4.2 Temperature MeasUIrEMENT. .........uiiiiuuuieiiimmeeeeeieeeeeis e e eeie e anrnreenaeeeenaeeees 18
3.4.3 Simulation of the complete DLR SYSteML.........ccouiiiiiiiiiiiieeneeiieeeeeeeeeee 18

3.5 Procedure to find the days with the highest cable.laad...............ccccoeeeiiiiinnnnnen. 19
3.6 RESUILS OF the BC...ooiiiiiiiieie et e e enere e e 23

G T A O o ] o 1] o] o 29

4  The use of DLR in a Multi Agent SYSteIM...........cocuiiiiiiiimrenii e 29
4.1  Future WOrK ON DLR......ooiiiiiiiii et et e e e e e e e e e e enne s 32
N T o | o T IV 4T 1Yo T PSS 32

5 Demand Side Management and Demand ReSPONSE...........cccvvvvimemnnniiiiiiniviiiinnnee. 33
o0 R | 1 f0 T U Tod o] o TR 33
5.2 Demand Response (DR) ACHIONS..........cuuuiiiiiiiiiiiee e 36
5.3 TYPES OF DRttt ettt nee e 36
5.3.1 Pricebased Demand RESPONSE.........ccovvuuiiiiiiiieeee e eeeer e e e 36
5.3.2 Incentivebased Demand RESPONSE.........cooviiiiiiiiimmmni b eeeeaeaes 37

5.4  Demand EIaSstiCItY.........cooiiiiiiiiiiteeee s ereea bbb e e 37
55 DSMiNthe MV grid......ccooiiiiiiiii et e e e e enee s 39
5.5.1  INErOTUCTION......ciiiiiiiiiiitiie ettt et e e e e e e e e e e e e e e e e s s s ammne e e e e e as 39
5.5.2 BuUSINESS Case aSSUMPLIANS .......uuuuuuuiiieieeceeereiiiiiness e e e e e eeeeeesannnranseeeeeaeaaaens 40
5.5.3 BUSINESS CaSE RESUIS......uuiiiiiiii e 41

30.04.2014 Page3




) INCREASE

D2.2 Recommendations on rdahe line rating and demargide management

6 Integration of Demand ReSPONSE iN MAS........oi i 42
6.1 Overview Of MAS IN DSM......cooiiiiiiiiiiimmmee ettt 42
6.1.1  INrOAUCTION. .. ..uiiiiiiiiiiiiiiiiie ettt s s e e e e e e e e e e e e e s s nnne e e e 42
6.1.2 DRININCREASE........coii it eeeeeveeees e enn B3
6.2 An example of agerbased DSM SOIULION...........coooiiiiiiiiiiimme e 44
6.2.1 Equilibrium market prinCiple...........uueeiiiiii e ereer e 44
6.2.2 Device AQENt MOUELS.............uuuiiiiiiiiiiieeeiie e e e e 46

6.3 SUIMIMAIY ettt eeeer ettt rnee e e e e e e e e eesenn s smmme e e rnnnnnnnnn e PO
7  Simulations in the INCREASE PrOJECL.........ccoiiiiiiiiiiiieeee e eenannees 48
S T ©0] o Td 111 [0 o SRR 49
O RETBIENCES. .. .cceeeeeeeee e e e e e eeens e e e e e e e e e e e e e e e e eeearrnaeeeeaaeeeeeeeeearanrnns 49

List of Figures

Fig. 2.1 ReiNfOrcemMEeNt [EaINING.........uuuuiiiiiiiiiiii ettt e erer e e e e e e e e e e e 9

Fig. 2.2 General Architectural overview of the INCREASE MAS...........oovviiiiiiiieeciininee. 12

Fig. 3.1 Production profile of a wind turbine for the duration of one.year........................ 14

Fig. 3.2 Detailed production profile of the same wind turbine for one month................... 15

Fig. 3.3 Duration curve of Wind tUrDINES. ...........ooiiiiiiiiiiieeee e 15

Fig. 3.4 Temperature rise due a CULIBRIBD MSE........cceeeeeeeieiiiiiieiieeee e e e eeeeeeeeeeeeeee e mmme e 20

Fig. 3.5 Rescaling the WTurrent output profile.............ooooon e 21

Fig. 3.6 Calcul at.i.o.n....of.....t.he..day.o0s..pr.i.oR2 ty
Fig. 3.7 Year profile for XLPE240 cable with 130% wind production................ccceevveeenn. 24

Fig. 3.8 Detail from fIQUIE Z.......uuiiiieiiiiiiiiee e e 25

Fig. 3.9 DUration CUIVe fOr 1 YEAL..........ciiiiiiiiiiiieeee ettt e e eeesete e e e e eeeeeeeeeeeeean 26

Fig. 3.10 Produced ener@ySteering refers to curtailing..........cccooooviiiiiiiiceeiiiie e 26

Fig. 3.11 Business case with 20% extra overloading of the cable compared to classic grid
AIMENSIONING TUIES. ...ttt e ettt e e e e e e e e e e e e s e e e s s rmmme e e e e e e e e e e e e e 27

Fig. 3.12 Business case with 30% extra overloading of the cable compared to classic grid
AIMENSIONING TUIES. ...ttt ettt e e e e e e e e e e e e e e e e s s s rmmme e e e e e e e e e e e e e 28

Fig. 4.1 Approach 1: DLR as a separate agent.............cccuvrriieeeeeeerininnreeeeeessnreessneeeeens 31

Fig. 4.2 Approach 2: DLR as constraint in the MAS..........ccoi oo 31

Fig. 5.1 Demand side management StrategifS.........cooeveiiiiiircceieee e 36

Fig. 5.2 Impact of the elastic demand bid on the load consumption and electricity.price39

Fig. 6.1 Interaction between market and technical agents...............cccccececivvieeiiiiininnnnnn. 44

Fig. 6.2 An example of demand and supply curves in a-pased equilibrium market......... 45

Fig. 6.3 Anaggregated demand curve expressing the excess demand, composed of individual
(0 =70 0= T [0 [ ol U] AV TSP 45

30.04.2014 Paged



@ N CREASE

D2.2 Recommendations on rdahe line rating and demargide management

Fig. 6.4 Calculating the market CHaa) priCe...........ooooiiiiiiiiiiieee e
Fig. 6.5 Example of PV system bid curves for a few days.............cccvvrvimemninnnnns

List of Tables

Tab. 2.1 Basic structure of an intelligent agent...............cccceeiicceveeeviiiiiiiiieee e
Tab. 3.1 Temperature rise due a Current StEeP.JISE........cccocuvvririmemneeiiieeeeeeee
Tab. 5.1 Electricity market participants and their benefits from DSM.................
Tab. 5.2 Overview of the curtailmeawents in the studied netwartk.......................
Tab. 5.3 BUSINESS CaSe rESUIS.......coeeiieieiiiiiiimme et

List of Abbreviations

............. a7

.............. 8

BC Business Case

DE Demand Elasticity

DER Distributed Energy Resources

DLR Dynamic Line Rating

DR Demand Response

DRES Distributed Renewable Energy Sources
DSM Demand Side Management

DSO Distribution System Operator

GSC Cost for Green Certificate

MAS Multi-Agent System

ME Market Equilibrium

RES Renewable Energy Sources

WT Wind Turbine

30.04.2014 Pageb



) INCREASE

D2.2 Recommendations on rdahe line rating and demargide management

1 |l ntroducti on

TheINCREASEDprojectaims to increase the penetration of distributed renewable energy sources
(DRES) inthedistribution gridandenable DRES and consumers to participathémarket and
provide ancillary servicesSeveral technologs and methodologiesan be used to achiewhis

goal. In this report, Demand Response (Dd)d Dynamic Line Rating (DLR)mplemated by
means of Multi-Agent System (MAS) are being discussed.

Dynamic Line Rating (DLR) hekpthe network operator tdynamicallyassesshe capacity of
individual power lines and cables, using this information to reduce the risk of line overloading
during operation. On the other handgrand Response as a part of Demand Side Management
(DSM) can influence the time of use of electricity, redistributing the peakdoarsgdin more
desirable time slots. DRffers additionalshortterm flexibility to the DSO or the demand
aggregator to balance its demand portfolio, or offer this flexibility as an ancillary service on the
ancillary service marketn the long termpoth DLR and DRcan help system operators to avoid
investmens in networks for meeting peak demands.

INCREASE envisions the use of flexibility offered by a combination of DBMR andsmart
control of DRES.This report also explagithe feasibility of integrating DR and DLRnto the
MAS. Input fromthe DLR module will be used ithe MAS, in orderto increase the penetration
of DRES by allowing highepower flowsin cables for shorter periosof time.

This deliverable is structured as follov@@hapter 2 yes an overview of the agerdadthe MAS
architecturefor the electricity market. Chapse8 & 5 describe what DLR and DSM can do to
increase the potential integration of DREf0 the distribution grid.In Chaptes 4 and 6 the
integration and aaperationbetween DLR andhe MAS, and DSM andhe MAS are addressed
respectivelyChapter7 gives an overviewof the simulations and next steg@hapter8 concludes
the work.

2 Description of theMABR)I ti Agent
2.1 Introduction of the Agents
Increasing amounts of distributed, rdispatchable, and fluctuating renewable sources reveal

serious grid problems such as overloading, voltage excursions, and even instdislidassic
control system is insufficient to response timely and adapt gyojethe grid expansion and the
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significant participation ofDRES. Distributed intelligence becomes an important trend for
control and operation at distribution network level to handle the consequences from uncertain
and variable power supply andastging load dewrnd.

As an evolution from conventional artificial intelligence into the mainstream of distributed
systems, distributed intelligence the smart distribution grid is formed by pieces of software
with communication capabilitig@Vooldridge & Jennings, 19950 so-called agent can simplify

the way in which local entities interact with the power sysbemausdhey can bring together
reactive, proactive, and socibehavour (Li, Poulton, & James, 2010An agent is able to
autonomously react to changes in that environm&he agerg can alsolearn from their
previous actions, according poedefined learning rukand critera functiors.

In the INCREASE project, the agelpased technology will be used as a coordination mechanism
to optimize the control capability for DRESDelegated control agents will be developed for
handling network problems such as overvatag congestionsin the normal operation phase,
such multtagent system (MAS) has a strong etation with energy markets to enable DSM/DR
services. A markdearningagent is therefore introdug@part from thaelelegated control agents.
Sections 2.2 and.3 describesuch market learninggents, which will be used for modelliag
electricity retail market Section 3.3 introducethe Multi Agent System MAS) that will be
implemented in INCREASE.

2.2 Learning agentmodel

2.2.1 Introduction

Learningagents are capabtef modeling the interactions of participants, their behaviour and
their development. They act in response to the information received from environment and they
can learn to adjust their action to suit optimal criteria. They are capaléke independent
decisions and react based on previous observations, experience amad logilt in the agent
environmentWhen modellinghe electricity market with agents, their actions are very similar to
real participants in the market as they stantly change their actions and strategiesrderto

reach their set goal

Learningagents are also adaptive as they learn through time vidwch to better outcomes
They are capable to adapt to skherm a well aslongterm changesLearningagents can be
integrated in a multi agent system (MAS). In such a system, modelling goals and actions of
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other agents in the system is possible. Compared to a-siggie system, MAS can improve
target efficiency of theindividual agens and simulate geographical distribution of MAS
elements. It also offerthe possibility of extending the system, simpler programming, robustness
to noise and also a possibility to modekchanging environmenincluding actions by other
participants, also modelled by éfligent agents.

In power systemsearningagentsare mosty usedin error diagnostic, monitoring the state of
system elementgecoveryof energy systems after blackouts, in automation and in simulating
various aspects of energy markdwcArthur et al, 2007). The structure of agents depends on
the taskdhe agent is designed for. A basic structure ¢éarningagent comprises several units,
as shown immab.2.1 (McArthur et al, 2007; Stonet al, 2000).

Tab.2.1 Basic structure of an intelligent agent

Unit Description
Perception unit | Reads data frorthe environment and sends themtie control unit.
Control unit Takesdecisionsaboutwhich actionsare necessanp achieve the sg

goals based orthe receivedlata
Knowledge unit | Is responsible forthe knowledge ofan agent refreshing and
updating it. It also contains information abahé functionalities of
other agents.

Process unit Containsone or more goals and their interactionslso contains
informationon goals of other agents

Data unit Defines mechanisms for eess to individual data and subm
relevant information téhe computing unit.

Action unit Consistf thetask and actiontheagent is capable of performing.

Computational Contains the definedfunctions for selecting optimal operatig

unit Based on all information and decisions tibfe control unit it

guantifies actions thatan be implemented to achieie goals).
Execution unit Executegheorders decided ithe compuationalunit.

2.2.2 Agent leaming

One of the most important properties of agents is their ability to learn on past results and actions
and improve their future actions based on theiexperience to achieve better
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results. For agent modelling, machine learning techniquesused for learning tasks (e.qg.
artificial neual networks, geneti@algorithms inductive logic programmingand evolutionary
learning, learning via regression trees, swarming and reinforcement learning).

Agentlearning belongs to reinforcement learning which ¢yclical process (Nilsson, 1998) and
is shownin Fig. 2.1. The agentand his environment areteracting in all stages and in all time
steps. In every stejhie agent findstself in a state of environment S, where Ss aset of all
possible states, and chooses actioh & (s), where A (8 is a set of all possible actions. For
every actiorthe agengetsa numerical reward; and changes its state frogt® s.1.

Reward (r)

Action(ay)

Agent

State (S

Fig. 2.1 Reinforcement learning

Q learning works on the basis of reinforcement learning (Nilsson, 1998; Watkins, T882).
agentexperiences are created franset of discrete states. In timethe agent observes state s
and performs action.df lower state yis defined theagent observes statg gets a reward and
with the arefreshes value.gusing:

q.(s,a) = (1-a)-q._,+ G‘r(rr +TVL-—1{}’r:J); ifs= s,anda =a, (1)
q.-4(s.a), if s+ s,anda # a,
Where V,.1(y;) istheagent 6 s assumed best acqy) amlowehed t
states are omitted we avadtochastic definition athe problem (Wang,2009).

~

w o Agn )
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Starting Q values §0s,a) and starting actions are defined by the desigribeaigent.The gent
converges to correct Q values if thenmber of individual state visits is high enoufgin every
action and state.

Thebiggest advantages of-@arningcompared tmther learning techniques are

1 Q-learning consist of sequences of simple computational operations that eraable
robust quick and stable computer progréWatkinset al, 1992)

1 Q-learning doesot needa specific environment due to the fact that agents learn about it
in every learning phaséhmadabadet al, 2002)

1 Itisthemost used agent model for electricity markets (Weiddichl, 2008)

1 It is very dfective when the environment consisif many @rameters and complex
relations between agerds is the cas@a electricity markets (Rahimiyaet al, 2010)

To improve the Qearning algorithm and enable gradual reduction of the amount of learning
with the improved performance, the algorithm was enkd with the concept associated with
Simulated Annealing to the smalled SAQ learning algorithm. It differs fronthe Q learning
algorithm in using the Metropolis criterion, ensuring that the agawid searching for a local
optimum, guaranteeing amproved learning performance.

2.3 Agents in Electricity Markets

In energy markets every participant or group of several participants can be presented as an
intelligent agent (Kozan, 2011):
1 Market organizer agent
Energy producer agent
Energy consumer agent
Regulator agent
System operator agent
Supplier agent
Aggregator agent
1 Trader agent
Two types of agents atbe most interestingor INCREASE: the Energy consumer agent and the
Supplier agent. The latter is usually modelled together with the Aggregatorasgtdrey have
complementary market goals.

= =4 4 -8 48 -9

30.04.2014 PagelO



) INCREASE

D2.2 Recommendations on rdahe line rating and demargide management

The main goal of the Energy consumer agent is to purchase electricity at the lowest possible
price. Usually one intelligent agent is modelled for a group of coesumhich share common
characteristicsActive consumes in the electricity market areoften integratd with Supplier

agens. Compared tahe modelling of producers, adellingtheconsumers with intelligent agents
meansdealng with serious issues, e.dack of knowledge about the curves that connect
maximum price and th&argetlevel of consumption for consume. criterion thatsolves the

above issues and adequatdlye s cr i bes ¢ ons umasrdssoribed g(&ladhils 6 r e a c
2013)

In the electicity market,the supplier is responsible to buy and sell electrical energy meanwhile
theaggregator is responsible to aggregate cons
energy market participants. Suppliers are buying electrical emerdlyewholesale market and

are selling it to customers. They have the ability to form different ftaystens to maximize

their profit and also lower the cost of energy floe consumer. AsheSupp !l i er thegent 6 s
Aggregator agent 0s plagnentaty sithahose oftthe €onsumer ragent weo m
have decided to integrate these agentsan&single entity.

2.4 Generic MAS architecture andits applications

A collection of agentsincluding learningagents interacting withirthe same environment
comprises a mukagent systemA generalarchitectural overview of MAS ipresentedn Fig.
2.2, whichshows the relation betweéme physicalsystem controland marketctors The layers
are called physicallayer, middlewarelayer, and servicelayer respectivelyThe Physical layer
comprisesnetwork components (e.g. transformers, cables, overhead lines, etc.), controllable and
uncontrollabledistribution generation and loads. DRESthe physical layerare equipped with
local contro}] such as inverter droomontrol Agents in the middleware layer, expldhe
controllability of DRES and provide intelligence to DRESthgir socialbehaviouy reactiveness
and proeactiveness. Agents ithe middleware layer provideoordinatedcontrol actiors to the
individual control systems of the unitsthe physical layelin order toachiee a global optimal
operation As a coordinator of such agentbe aggregator plays crucial role to control the
provision of possible ancillary servicas well as tdink different energy marketsf the service
layerwith the physical system

30.04.2014 Pagell



‘INCREASE

D2.2 Recommendations on rdahe line rating and demargide management

Multi-objective optimisation

Electricity
market
N -

-
e
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l,,--"'-))J::-"',Aggregator
<" e e
w Middleware layer JE) Agent 5&] nﬁ]
wv - Pl Il
<L ‘ 0 ] g
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Fig. 2.2 Generalrchitectural overview ofhe INCREASEMAS

In INCREASE, MAS units will be constructed from tveontrol layers slow control and fast
local contro) as defined in Chapter 2.4.2 of INCREASE deliverable D1.1
1 Slow control acts with time constarn the order of hour(sand is implemented usira
supervisory agent conttislg all the6 | o w e r agdnse Siavlcdntrolis selectingthe
control strategy whicloptimizes thedistribution grid operatioraccording to certain
criteria and constraint§’he supervisory agent will also be in charge to forecast load and
production, which will determine together ttviinput from local agents new overall set
points for the inverters
9 Fast control acts in minutes for controlling active power according to signals generated
by MAS. The agents will be located @ 3-phase inverters of DRES units and at the
MV/LV transformess of the feedes and their inpwt will be the measured electrical
guantities at the PCC of the respective inve@mmunication between agents is used
to controlthe active poweoutputof each inverter anthe MV/LV transformetOLTCs to
avoid overvoltageand congestions. Settings must ensure a fair distribution of the burden
among the inverters especially the active power curtailment.
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The extensive investigation &AS will be performed withinTask 2.2(Development of the
agentaggregatorplatform and its distributed algorithms) and explained in D2.5 Agent
aggregator platform and its distributed algorithms (due in October 20ddapter 2of D1.1
provides the outline of agent systemmat will be employed fothe retail electricity market
design.

3 Dynamic Liomme NMR&akl!li eng

In this section the possibilities of the use of Dynamic Line Rating on underground electric
conductors in a Distribution System Operator (DSO) M¥twork will be described. The
insulation of underground cables is very sensitive to high temperatures and DLR could help to
maintainthis while allowing higher ampacity limits. ¥@rhead lines do not have thsnsitivity
problem and are therefore not istigatedhowever the whole methodology may be applied also

to them.

First we address what we mean by Dynamic Line Rating and why it could be used. The business
case(BC) of Dynamic Line Rating compared to cable investments was made for the DSO. From
this BC conclusionsboutthe possibities were drawn and further work was defined.

3.1 Whatis Dynamic Line Rating?

Eachelectric conductohas its own statiampacitylimit. It denoteshe maximumcurrent that
canflow in the conductomwithout exceedingts thermallimits. The ampacity of a conductor
depends oiits insulation temperature rating, on the electrical characteristics of the conductor, on
the conductors physical arrangements and on the ambient conditions. Therefore, although typical
values of he above parameters are usedhi® conductor dimensioning, its ampacity cannot be
considered as fixed. Ampacity limits apply equally to both overhead and underground conductor,
although cables are more sensitive to temperature changes.

Dynamic Line Ratig (DLR): The cableampacitylimit is considered to ba function of time
based on the cablebds actual temperatur e.
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In theory it is possible to define, for eaaime moment, different combinations of curréoading
and duratiore.g. a limit of 300Afor 2 hours before exceediniget cablensulation thermalimit
or 200A for 6 hours before thkermallimit is reached.

In short the use of Dynamic Line Rating could be referred to as: going from aastguacity
limit to a dynamione defined for dimited time or otherwisegoing from a fixedampacityto a
variable onéased on the maximum cable temperature.

3.2 Purpose of using DLR in a DSO network

From the definition it is clear that DLR ca@mporarilyexpand theatedcableampacity As a
resultthe question arises whether it is possible to use DLR to optimize thaggats usand

reduce investments.

To investigate the performance of the DLR selected a case ofvand farm as a application.

The first reason is that wind power is very dynamic. To illustrateRimat3.1 and Fig. 3.2 are
included. The second reason is that a wind tur@iMe€) produces only for a very short time its
maximum power That is illustrated inFig. 3.3. The dynamic character and the short peak
powers may be found in other profiles too (i.e. solar panels) and therefore DLR could be applied
for other profilesas well

Windprofile

100,00%

50,00%

—— Generated power

Jan Mar May Aug Oct Jan

Power output WT [%/Pnominal]

Time stamp [Year]

Fig. 3.1 Production profile of a wind turbine for the duration of oneryea
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Fig. 3.2 Detailed production profile of the same wind turbine for one month
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20F

ﬂ 'l 1 i
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Fig. 3.3 Duration curve of wind turbines
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3.3 The BusinessCase cable investments versus DLR
3.3.1 Introduction

When WTs are connected to the grid, traditionally the peak load of the WTs is calculated and
from that thenecessary cable cross sectisnderived. The peakoutput of the WT may not
exceed the cablampacity limits. Most often thisimplies that new cable investments are
necessaryo reinforce the distribution grid=rom the duration curve irig. 3.3 it is clear that the
investments made and thespectivedesign of the grids done only for adw moments in time.

If the grid cannot accept the peak/T generation curtailment of the wind powemay be
necessary.

On the other hand we know that the esdohpacityis in facta function ofits temperaturewhere
the boundaries are set by the insulation temperatme this can be translated into a dynamic
current limit that is a function of timgontrary to the static limitDLR may be an option to

avoid cabl e invest mentsdin tdeugad compared ¢oniip staticmd v 06 o v
limits.

Due to its nature of setting current limits for time periods, and due to the unpredictability of wind
power, DLR always must be combined with the option of curtailing wind power. Of course, the
curtailment of wind power will be less with DLR than without.

Making a BC ofthe cable investments versus DLR thus compares the cost of installing new
cables to expand the grid and to make it strong enough to accept the (peak) load of the WT
whether or not combined with curtailment, while for DLR the grid is only partially upgraded
combined with the installation of devices the
curtailment of wind power.

3.3.2 Technical assumptions for the BC

To illustrate the benefits of DLR, we choose to make our studyery simple grid. Below the
parameters of the studied topolaye described

To calculate the conductor temperature we used the program Cables2. Cables2 calculates the
conductor temperature thia 15 minutes based current profile as input.
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The topologystudyconsistof a medium voltage XLPEable with @ aluminiumconductomwith
a crosssection of 240mmz. The length of the cable inh Also we assumed that there are no
other loads connéedto the cable.

The production profile is derived from an existing wind turbine wig0Q full load hours. .800
full load hours is a capacity factor of a wind turbine and it is the result of the total year
production dividedy the nominal power of the wind turbinrdummary of the assumptions:
1 Software to calculate the conductor temperature: Cables2
Cable: XLPE240
Voltage: 15kV
Length: 5km
Autonomous connectiofx no loads)
Existing wind profile
Wind profile from 1800 full loadhours

= =4 4 -4 A -9

3.3.3 Cost assumptions for the BC

The BC compares costs. In every case it is necessary to derive the amount of lost energy. With
the energy price, the first cost is defined. The other costs taken into account are ingeistment
new cables andircuit breakersthe grid losses and our OPE®perational Expensespst and

the installation of the DLRomponentsAs a cost component for the DL$ystem the cost of a
commercially available tool is taken (tool developed by KEMA).

The grid losseare alsaconsidered variablbecause when the W curtailed the current in the
cableis reducegdleading togrid lossreductiors.

3.4 Case Studies

To compare investments in DLR and investments in assets differentlzasedeen defined
Thefollowing cases we= compared:

1 Investments in new assets
1. Two new XLPE 240 cables
2. One new XLPE 400 cable
1 Investments in DLR
1. One existing XLPE 240 cable and curtailmefthe wind poweto the level allowed
by the staticampacitylimit of the cable
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2. Complete DLR system oane existing XLPE 240 cable and curtailment based on a
dynamic current as function of time (simulation procedure is described in section
3.4.3

3. Ornre existing XLPE 240 cable and curtailment on the temperature limit

I n the different case studies defined for DLR
are described:
9 Based on current measurement
1 Based on temperature measurement
1 Based on a cuplete DLRsystem that forecasts temporary allowable current limit as a
function of time, based on the historical load of the cable

The curtailed or lost energy is in every case defined as:

Energy produced in the start profileenergy produced in thedapted profile

The adapted profiles are obtained as described in the following sections.

3.4.1 Current measurement

We measure the current and once produceewreneie ds t h
limited to this static limit. The static lirnis a safe boundary and we are sure the cable will never
exceed its maximum allowable temperature.

3.4.2 Temperature measurement

We measure the temperature and curtail the p
90°C. Thecurrentresulting from the W@enerations limited tothe permanent static limit. This

static limit may occur for 100% of the time and then the temperature of the cable is never above
90AC. The |l imitation exists until the cabl ed
onwardsthe full load is acceptedgain

3.4.3 Simulation of the complete DLRsystem

A complete DLR system monitors the load of the cable and defines (or measures) its
temperature. Based on temperature and actual load, it calculates the actuattimejezdble
limit of the cable as a function of current and time.
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3.5 Procedure to find the days with the highest cable load

Wind profiles are very variable. Therefore only a few days in the yeas p¥dduce their
maximal load fotime periods that maycauseoverloadingoeyand the ampacity limits.

In order to find these days we ugbéfollowing procedurevith an hourly resolution
Different current stepsvere analysed The pattern in the temperature riserned out to be

independent of the current step. The result of this for a period of 24 hours can be Balen in
3.1. Fig. 3.4 showsthe temperature rise due to a current step.
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temperatire before
current step

gTemperature ‘rise due cu'rem step

‘in the time :

-

Fig. 3.4 Temperature rise due a current step rise
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period [from - till]

0Oh-1h15 |1h15-2h |2h- 3h 3h-4h |4h-53h |Sh-6h |Bh-24h |24h- 48h |total over48h
after current step

Part in the temperature
rise over 48h 43% 1% 5% 5% 5% 5% 22% 12% 100%

Tab.3.1 Temperature rise due a current step rise

To know the effect of overloading our cables compared to the present limits we had to create a
maximum productiorprofile. A power profile from an existing wind turbingas upscaledto

120% of the current static cakdenpacitylimit. Fig. 3.5 gives more detailed informaticabout

this. This figure is for the +20% case but we used the same method for 30%. The blue line
depicts the originaturrentoutputprofile of the wind turbineln the red curve,hie kon, for this

current outpufl,om Of the WT = max of the curve) is converted to the sttpacitylimit of the

cable Then the Jom is rescaled to 120% (green curve). This green curve isuhent profile

used for simulation.

S00A
I 468 — ~Current profile from 1 existing WT
450A - H o F
3 Current profile when the cable is fully
400A - + I li
390 > loaded follows the present limit
350A - Current profile when the cable is fully
loaded follows the present limit +e.g.
300A -

20% extra
250A -

200A -

Cable load [A]

1S50A -

lnom WT € lpomcable

100A -

Time [Quarters)

Fig. 3.5 Rescaling the Wacurrent outpuprofile
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The goal i's to rearrange the fAdayso in prior

To reach our goal we applied the values fri6ign 3.5 on each 96 consecutive quarters in the
created current profile andalculateda weighted sumFig. 3.6 shows more detailed
information

el dioor K1PE2SED Som resultast
erl 16 A0 '_‘“- 3
lwarticr 2 — =a] = | = 11,15 |12 |12 |14 |15 |18 |T24 |totT4E [totaml
| > zall [ g | 2 & Part in the
[mamrtier 2 - =all| 2| ° femperature rise
‘-hcrs “ﬂAA F ovEr 4Bh
warticr & BAT e _ 435 |4‘56 |196 5% |53 |58 |22% 123 100%
lowartier 7 86 Al = =
L'_"‘iﬂ" 131 Al i :\ —I
wartier 9 1a8A) |
f— = | k
loamrtier 11 150 Al - &
[—— naal | > [
£ s |
—
>
il—

— 7323)

lowmrtier 192 161 A
sk ol s ?323

Fig.36Cal cul ati on e daybés prior

19622
" 12%
2283

1. Prioritize thedays based on the obtained sum

2. Temperature calculation for the days on top of the list. This is done by the calculation
program Cables2.

3. In the case of a complete DLR system for each day where the temperature rises above
90°C, the profile is adapted sloat the cable temperature never exceeds this maximum.
Simulation of the curtailment:

a. We start curtailment when the temperature of the conduetaoche®0°C.

b. We curtailjustenough to stay below the 90°C, so in peak moments the conductor
temperature is constant around 90°C.

c. The full load is again allowed as soon as possible.
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4. For the case where we measure the temperature we curtgérieeated powexhen the
cabletemperture reaches 90°C. The current is liedgttothe permanent static limit. This
static limit may occur for 100% of the time and then the temperature of the cable never
exceeds9 0 AC. The | imitation exists unti/l t he
From that moment fulpower generatiois again accepted.

5. Replace the adapted profiles in the original list. Because the profiles and the reduction of
the currents are done for 96 consecutive quarters, it is possible that, once combined again,
the total temprature of the cable still exceeds 90°C.

6. Repeat step R 6 until the temperature is maximum 90°C for 100% of the.time

3.6 Results of the BC
We divided the results ia two parts, the technical and the financial results.

The technical results are illusteatinFig. 3.7, Fig. 3.8, andFig. 3.9. In Fig. 3.7 andFig. 3.8, the

yellow curve illustrates the 130%roduction profile for the duration of one year. The yellow
curve is the profile when there is no curtailment, the red curve is the result when we curtailed
power based on a temperatuneeasurement. The green curve is the result when we use the
simulationof a DLR system. The blue horizahtline is the present cable pasity limit for
connectingWT. The difference in surface between the cursieswsthe amount of power we

have to curtaito stay under the limits

Fig. 3.9 shows the result as a duration curve. The difference in surface between every steering
line and the 30% extra without steering case gives the amount of curtailment. The difference
between the 0% extra line and the other lisleswthe amount of extranergy generated when

the cable is not dimensioned t@.lof the wind profile, but instead overloaded and curtailment is
accepted.

The last figure with technical results g. 3.10. Thereyou find the prodoed and the lost
energy for all the differergtudycases.

Fig. 3.11andFig. 3.12 are the financial results for eastudycase. It compares the cost for green
certificates (GSC) with the investment in assets and the cost for the curtailed energy in function
of the NPV. The asset cost for new cables is obviously much higher than for existing cables. The
asset cost for the esting cables is only the cost for the measuwent systems.
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Fig. 3.7 Year profilefor XLPE240cablewith 130% wind production
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Fig. 3.8 Detail from figure 7
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SEVERTH FRATEWORK
‘PROGRAMME
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Fig. 3.9 Duration curve for 1 year
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Fig. 3.10 Produced energly Steering refers tourtailing
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B Cost lost energy after 20 years in NPV
B Cost assests after 20 years in NPV

Fig. 3.11 Business caseith 20% extraoverloading of the cable compared to classic grid dimensioning rules
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1.800.000,00€
Cost after 20 years in NPV, 30% extra
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limit limit temperature
measurement

Fig. 3.12 Business caseith 30%extra overloading of the cable compared to classic grid dimensioning rules
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3.7 Conclusions

We can conclude that DLR is only interesting for existing cables. When aegridrcement

IS necessary, its better to invest in a largerable crosssection. The higher investment in
larger cables gives a fast return due to smaller gsisel®.

The results depicted show the BC for a medium voltage level of 15 kV. The BC for other
voltage levels will be slightly differerds for the same amount of powatifferent currents
occurin othervoltage levels, meaning mooe lesscurtailment is possible.

Besides current congestion there is also a possibiliovef voltage In that case it isot the
current that causes congestion but the voltageh exceedsts limits. In this caseDLR
offersno solution.

Presentlythere is no regulatory framework fgyower curtailmenf so this cannot be
considered as lausiness as usustenario In the future the legislation has to be complelid.

it is the case thapenalties for curtailment will be agreed and B8O has to payor
curtailment, thischangs the BCs and investment in a new cable could become more
favourable

The lost energy between themplete and expensive commercially available BlyBtem and
a cheaper system where the curtailment is based on a temparaas@ement is very small.

4 The wuse of DLR in a Multi Agent

Architecture of MAS and details of DLR are being reporte@lapter and 3 of this report.
Indeed, it is crucial to analyse the possibilities of integrating DLR in MAS platform. Chapter
4 presents an overview gqfossible approaches that miagcilitate integrationof DLR and
MAS.

DLR aims at dynamically chamyg the current limit of the cables. It is based on current or
temperature measurements in ptacé the network where congestiomay occur.The
integration of DLR in MAS is twofold:

1 On the one hand DLR acts as an extra agent (see further).

1 On the other hand the dynamically changing current limit is a dynamic input in the
MAS and a dynamic constraint for the MAS in its tecloonomic optnisation
function. Thelattermeans that DLR can influence the working objective of the MAS.

For DLR: the measurements are to be interpreted and translated into actual cable limits and
set pointdor the generators.
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Since the MAS techn@cmomically optimizes the grid use and the curtailment of the
generators connected to it, DLR is one of the constraints to the optimization fuiitieva.
are two possibilities:
1 The DLR is an additional smart agentthat is installed on the line where coatien
may occur Fig. 4.1 Approach 1: DLR as a separate agent

a. The DLR agentalculates the actual dynamic limit of the line anks input
to the MAS control agent concerning theerloading of the congested line and
thetotal necessary curtailment

b. Optionally: DLR sends sepoints of the newampecity limit to the circuit
breaker for safetpf the networkThe DLR agent informdhe super agent.

c. The MAS translates the necessary total curtailment into individual curtailment
set points for the controllable generators (DRES unikg) techno economic
optimization)

d. Receiving individualcurtailmentset points from the control (supeggent,
each device agent sends curtailmentpsehts to its represented controllable
generators

1 The DLR algorithm is included in the MAS super agent Fig. 4.2 Approach 2:
DLR as constraint in the MAS

a. On the line where congestion may occur only measurementskaire

b. These measurements a&ent asnput to the MAS super agent

c. The MAS super agent calculatése actual dynamic limit andefines the
necessary curtailments and new peints for the generators and the circuit
breakers using a DLR algorithm and a techno economic optimization
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Fig. 4.1 Approach 1: DLR as a separate agent
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Fig. 4.2 Approach 2: DLR as constraint in the MAS

Approach 1 allows the MAS algorithm to be less complex asciivesdirect input from

DLR aboutthe necessary curtailment and new cadnbepacity limits. It keeps the MAS
structure in such modularity to be flexilileintegrate different functions for different goals.

For each network area, e.g. a feeder, an extra DLR agent needs to be developed to
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communicate with the superi@gent of that area. However, scalability of the MAS still
remairs. Approach 2 allows the MAS to incorporate the constraints set by DLR in the
optimization function for curtailment and to techno economically befmrcthe most optimal
solution for curtaiinent of all generators. Since approach 2 includes the DLR functionality
and calculation algorithm in the MAS, expanding the network with more DLR solutions may
be cheaper in terms of number of DLR devices, but can lead to more complex MAS
algorithms.

It should be notedhat the integration of DLR into MAS control strategies reggsionline
measurements to feed DLR with réimhe information. Currety the studyof DLR aims to
highlight the potential benefit of the service only. Congestions and theirisnfutherefore

will be implementedin a simulation environment with certain assumptions abtie
availability of measurements and data. Approach 1 would be recommended to be integrated
into theMAS since it give a certain independency level for such dettion purposes.

4.1 Future work on DLR

Use of DLR inthe MV network will be implemented by Eandis, UGent IBCN and TU/e.
Integration of DLRcan bean effective approachwhen DLR is implemented as a separate
agent.If the DLR moduleis implementedas an agent, its hierarchy level ihe MAS
environment neexto beinvestigatedAs shown inFig. 4.1, current research suggesistthe
DLR agentcommunicate with the aggregator level/supegent for optimized dispatch of
DRES.Since DLR provides dynamically varying current limit othe cable, it may impact
other objectivef optimization control strategies The other conflicting objectives ofast
controlarethe following ones

1 Current congestion management

1 Overvoltage mitigation

1 Power loss in transmission

1 Curtailed green energy
More resultsabout integration of DLR in M\grid will be presented irDeliverable2.3
(Evaluation of potential of the combined exploitation of selected optimisation technajues)
Task 2.5Development of a generic distributed control system at the MV level)

4.2 DLR in LV network

DLR is not likely to be used in the Lietwork due to the flowing reasons:
1 Unavailability of measurements in LV network
1 LV problems arenostlyrelated withthe voltageprofiles
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5 Demand Side Management and Dema
5.1 Introduction

The electricity demand has been growing steadily through the years; hence its management is
gaining importance. Demand Side Management (DSM) can influence the time of use of
electricity, redistributing the peaks almvs in more desirable time slots. Inishway, DSM

can help system operators to avoid investsienbetworks for meeting peak demands. At the
same time, DSM offers additional flexibility to the DSO or the demand aggregator to balance
its demand portfolio, or offer this flexibility as an anailf service on the ancillary service
market. INCREASE erngions the use of flexibility offered by a combination of DSM and
smart control of DRES. Chapter 5 explains the possible flexibilities that can be offered by
DSM.

There are several strategies for\DShamely:

1 Demand response (DR), which includes such activities as Peak Clipping, Valley

Filling, Load Shifting and Dynamic Energy Managemeinij

1 Energy efficiency
A comparison between them can be seeRign5.1. The implementation of DSM measures
can have a big impact dhe state of environment, stability of the power system, decongestion
of distribution network, economic operation, introductionnefnv technologies, as well as
enhancing awareness and waling of society.

The energy market participants can also benefit from DSM, as shovabib.1.

Tab.5.1 Electricity market participants and their benefits from DSM

Market participant Benefits
Regulator 1 Improved system security

1 Improved market economic efficiency

9 Contribution to environment protéch
Market operator 1 More stable energy market prices

9 Lower market power of big participators
TSO 1 Ancillary services

1 Managing unpredictable generation (RES)

1 Prevention of blackouts

1 Improvements in managing bottlenecks
Balancing responsibll Effective means of balancing within balance Group
Party
DSO 1 Increase in the quality of supply

9 Improvements in managing DRES
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1 Improvements in managing bottlenecks during p
load hours
Traders, suppliers and § Development of new business models
retailers 1 Development of new tools, packages and serviceg
consumers
1 Benefits in risk management and hedging in electri
market
Consumers 1 Economic benefit
1 Improved adjustmesto the tariff systems
Industry 1 Development and sale of new technology for DSM
30.04.2014
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Fig. 5.1 Demand side management strategies

5.2 Demand Response (DR) Actions

After the opening of electricity markets and accordiagestructuring of power industry,

DSM activities tend to target DR and energy efficiency objectives rather than Strategic Load
Growth. DR covers primarily load shaping and proposes different strategies in competitive
markets on how to encourage consumergaxicipate in settingrices, clearing the market

and in applying other DSM measures. Exposing consumers to actual market conditions
stimulates them to shift their demand from peak hours t@edk hours by reducing their

load with energy efficient tactics ahroughself geneation during peak hours. Consumers
may also have a possibility to sell back their loads to the market. If many consumers utilize
these DR actions the profile of demand in the market will be smoothed, load peaks clipped
and market price lowered.

5.3 Types ofDR

Consumers can be encouraged to participate in DR measures witgsask DR and with
incentivebased DR.

5.3.1 Price-based Demand Response

In pricebased DR the consumer is encouraged to respond to the price that they pay for
electricity to the supplier omhe retail market. The supplier purchases electricity on the
wholesale market and sells it to the consumers on the retail market, thus assuming the risks of
wholesale markets for a premiuover wholesale market price that is factored in the retalil
marketprice. The supplier structures his offer to the consumers in a form of tariffs in order to
stimulate the consumers to adjust their demand during the hours when electricity is cheaper
on the wholesale market.

These hiree tariffsystems are the most common:

1 Time of use tariff. a number of different tariffs offered by the supplier to the
consumers in one day is predefined. Usually there are at least two: a low tariff and a
high tariff.

91 Critical peak pricing: very similar to Timeof use system. The difference is that
electricity price for a high tariff is significantly above the price on the wholesale
market. The high tariff typically applies in peak hours of certain days, and reflects
increased costs of purchasing electricitthatwholesale market.
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1 Real time pricing: the price of electricity for consumers is defined based on the price
onwholesaledag head mar ket, or based on consumer

5.3.2 Incentive-based Demand Response

Incentivebased DR is encouraged HYSOs, TSOs and distributors to decrease the
consumption of electricity due to high price of electricity or high peak demand of energy.
Consumers agree to decrease the demand voluntarily, for which they are financially rewarded.

There are different ways twlncentivebased DR is carried out:

1 Directload control systemoper at or can remotely control
conditioners, electric water heaters, heat pumps, washing machines, tumble dryers,
dish washers, other electric heaters). Thisisausdu y done f or househo
and in order to have significant impact it must be done on a large scale.

1 Curtailable load service: integrated in the tariff system, it is in use only for small
consumers. Frequency and scale of curtailment is predefine

1 Interruptible load service: defined in the consumer contract and is usually done only
for big consumers. The frequency, scale and duration of the curtailment is subject to
further negotiation, as typically only price is fixed for the contracting period

1 In the case of high prices for electricity thre wholesale markeDemand Bidding is
used. The supplier asks consumers not to use all the energy that was bought
beforehandThe aupplier can then sell unused energy backhmmarket and profit is
then shared between consumer and distributor. Big consumers can sell energy back on
themarket by themselves.

1 Emergency Demand Responsis used when there is a lack for system reserves. In
that casethe consumer can getn incentive in order to limit the energy use and
therefore not taise all the energy.

1 In Capacity market programs consumers offer reduction in demand if they are
reminded (one day ahead).

1 In Ancillary service market programs consumers offer the increase and decreése
consumption as an ancillary service. If their offer is accepted they must be ready all
the time to offer their abilities for ancillary seres. They must respond if needed
otherwise they are fined based the previously signed contract. For their dezess
consumers receive remuneration.

5.4 Demand elasticity

Implementation of DSM will increase the flexibility of demand, which can be expressed in
demand elasticity (DE). In general, the more flexible the demand, the more successful the
DSM measures, osthe success of DSM depends greatly on DE. According to &bE,
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increase/decrease of the electricity price directly influences the electrical efergnd
through a coefficient U, and reflects the
(Kladnik et al., 2013). We distinguish long term DE (observed over multiple years), short
term DE (observed from one day up to one year) and real time DE (observed hourly changes).
DE is defined with the equation below that says that DE is equal to the rdhie c#lative
change in the load quantity to the relative change in the electricity price:

DP
o= F  DBP GV
PC @C P t(

Co(t)

gP i change in demand quantity

qC 1 change in price around the ME (Market equilibrium) point
Po(t) T MCQ, the quantity componenf the ME

Co(t) T MCP, the price component of the ME

In Fig. 5.2 the difference between elastic and inelastic demand bid can be seen. Supply bid 1
shows situations during peak hours and Supply bid 2 shiegvsituation during ofpeak

hours in a day. We can observe from the figure that intersections of the inelasdicddieid

curve with both supply bid curves result in bigger load demghdand biggerprices qC
compared to intersection of elastic demand bid curve. The difference is especially big when
we compare it for the supply bid 1 for peak howrsen there is thbiggest potential for load

and price reductiondn times of higher demand, relatively meggpensive power plants
come into operation and cause very high prices during those hours.
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5.5 DSM in the MV grid
5.5.1 Introduction

This section will describe the possibilities of the use of Demand Side Management in the MV
grid of a Distribution System Operator, comparable to Chapter 3 for Dynami&hiireg.

As mentioned in Section 3.3.1, WTs that are connected to thgddVimply a new situation
where the limits of the grid might be exceeded at certain points in time. A DSO has different
ways to cope with these network congestions:
71 Investin the gd (extra cables), in order to make sure the lgmds are not exceeded.
1 Do nothing (no specific measures) and curtail the WTs when thelignts are
exceeded.
1 Use Dynamic Line Rating, as described in Chapter 3.
1 Use Demand Side Management, to manageettergy demand in such a way that the
network congestions are avoided.
1 Look at other options such as storage facilities which are out of scope for this project.

Today the DSO will often choose to reinforce the dndinvesing in underground cables.
Nevertheless, it is important to also evaluate other options from a technical and economical
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perspective as an alternative to grid investments, as they might be cheaper and thus could
allow a faster integration of additional reneveaénergy sources into the grid.

In the following paragraphs, the business case of demand side managemenpretidmted
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WTs are curtailed when needed, and #etenario where DSM is used to avoid network

congestion.

As it is difficult at this moment to get a clear vieta realistic level of the incentive payment
for participants in a DSM program, this business case is used to define the maximum

incentive paymet that still results in a profitable case for the DSO.

5.5.2 Business Case assumptions

For the business case, a part of the MV grid of Eandis is ustg eeference grid. In this
network in the Waaslandhaven 17 new WTs will be installed.

Simulations over lyear were performed for this network using tN&EPLAN power
simulator, and show network congestion over several periods on different feedersl In the
Do Nothing- scenario, 5 of the 17 newly introduced WTs would have to be curtailed. If we
categorize theseurtailment events according to duration (shOrt15min, medium>15 min

andU 1hour, long:> 1 hour) and curtailed power (low! 0.5MW, medium:>0.5MW and
U 2MW, high: > 2 MW), weseethe following resu:

We can consider these curtailment events defining the level of required flexibility that needs

Tab.5.2 Overview of the curtailment events in the studied network

Curtailed Power

DURATION Low Medium [High Grand Totg
Short Number 438 181 24 643
Percentage 25.3% 10.4% 1.4% 37.1%
Medium  [Number 243 282 114 639
Percentage 14.0% 16.3% 6.6% 36.9%
Long Number 93 93 266 452
Percentage 5.4% 5.4% 15.3% 26.1%
Grand TotgNumber 774 556 404 1734
Percentage 44.6% 32.1% 23.3% 100.09

to be offered by the demand side management program.

To define theexact flexibility that needs to be offered by the DSM program, different

assumptions are possible:
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1 The assumption can be made that the exact required flexibility can be provided for
each 15 min slot. Corresponding to the white area depicted in Fig 5.4 slows an
example of curtailed energy from a wind turbine.

1 Another approach could be to foresee a rounding of the needed flexibility, requesting
the maximum required flexibility over the full flexibility period, corresponding to the
rectangle area in Fig.4. In the reference network this represents a 33% increase of
the required flexibility (a rounding factor of 0.75).

1 One could consider the option of varying the granularity of the flexibility rounding
over e.g. 30 min, 1 hour.

In the following, only thdirst 2 assumptions are considered.

N  Za

Fig. 5.3 Required flexibility- rounding effect
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The business case is studied from a DSO perspective, assuming that the cost for the
equi pment to be install ed lmerovdrddbytheBSO i ci pant

The costs that are taken into account in the business case are:

1 Cost for DSMequipment and I'Bolution to support (ongéme).

1 DSM incentive payments (recurrent).

1 Maintenance cost (recurrent).
The benefits of DSM that are considered mpar ed t o the ADo Nothing
are the avoided compensations that would have to be paid to thewh@r in case of
curtailment, both for the lost power revenues and the lost greemrpcertificates. This
avoided costis assumedtob&g116 0 G/ MWh .

5.5.3 Business Case Results

In the business case, several scenarios are studied:

1 Scenario 1: assumes028 MWh curtailed energy per year, with a rounding factor of
0.75, this gives a required flexibility of.34 MWh. Furthermore, 25% of the
custoners connected to the MV grid are assumed to be participating, making it
possible to provide 100% of the required flexibility.

1 Scenario 2: same as scenario 1, with a 50% increase of the required flexibility.

1 Scenario 3: same as scenario 1, with a 50% deermafahe required flexibility.

1 Scenario 4: same as scenario 1, without rounding of the flexibility need.
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