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ABSTRACT

The aim of ADINE project is to develop and to desirate
new methods for the electric distribution netwodknage-
ment including distributed generation (DG). The et
network management (ANM) method needs enabling solu
tions such as protection, voltage and reactive paogtrol
and planning and information systems of networke T
actual devices and monitored data from the real-tiem-
onstrations are taken into a combined real-timewgation
environment in order to study the interaction & tremon-
strations. The paper describes shortly the objestiand
tasks of ADINE project. It includes a descriptidraotive
distribution network and the ANM method to be deped.
The combined real-time simulation environment &mal t
way of utilising it at the development of the ANIgtimod
are also described.

INTRODUCTION

The vision of smart grid is still shaping up ankb&of re-
search and development work has to be done to taach
goal. At the moment many proposals and some reahex
ples are presented from different perspectivesctheepts
of smart grid are e.g. Active network, IntelliGriBpwer
cells, Virtual power plant and Microgrid.

Drivers of active network

The increment of distributed generation (DG) basad
renewable energy sources is the main driver fodthel-
opment of active distribution network at the mom&s
provides also a good potential as a controllaldeurce for
the active network. Other existing controllableorgses are
direct load control, reactive power compensatiod de-
mand side management. Although the increasing anedun
DG brings the complexity of transmission networklisiri-
bution network level, the integration of DG in dilstition
network will benefit the network when managed appiro
ately. The traditional passive network managemetit@
forget" principle in DG connection needs to be gfeghinto
active network management (ANM).

The regulation of network monopolies is realisedngny
cases by the regulation of network profit which ratsp be
affected by power quality. That kind of regulatiemcour-
ages companies for efficient utilisation of netwadsets
without sacrificing the reliability of power supphAlso
customers” expectations for extreme reliability godlity
of power are increasing simultaneously with an ggiat-
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work infrastructure. It is time to reconsider titaahal net-
work solutions in order to secure the efficienegsity and
reliability of networks in the long run.

Impacts of DG on distribution network

The production of electricity close to consumelsreduce
the transfer of electricity. This will also affenetwork
losses. Network losses may also increase whemge RG
unit, e.g. wind farm, is located far from consurapti

However the intermittent (hon-dispatchable, unéertad
uncontrolled) production in passive network doesenme-
fit network rating. The worst case planning priteipf DG
interconnection in passive networks should be ceplavith
a statistical planning approach in active netw¢tfsThe
intermittent production in weak rural distributioetwork
may cause voltage rise problems. The incremenawlf f
current level due to new DG units may cause majogst-
ments in urban networks if the rating of componéntsx-
ceeded. In opposite case increasing fault levelbeilac-
ceptable because it will improve customers' qualityup-
ply by reducing the magnitude of voltage disturlend he
voltage control or reactive power capability of D@its
could also be utilised in network management.

Requirements for the protection of distributionvaks are
changing considerably. Protection schemes desifpred
unidirectional power flow may become ineffectivenngc-
essary tripping as well as undetected faults aryael relay
operations may occur due to high DG penetration nixg
also disturb automatic reclosing. The operatingisage of
protection devices during a fault is thus impor{ait

The current operational practice of distributiortwerk

requires disconnection of DG units when a faultuosc
This will keep the operational conditions simplel atear,
safe and suitable for auto-reclosing. The purpbBe&ounit

connection point protection is to eliminate thedieg of

fault arc from a DG unit and to prevent unintendgsand

operation. When the penetration level of DG incesabe
consequences of immediate tripping of DG units ivey
come adverse when short-circuit in transmissiahigrseen
by several DG units. Even during a fault at disttidn

network unnecessary disconnection of DG units necayio
The current operational practice clearly creatasdradic-
tion between network safety and stability [3].
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ADINE PROJECT

The aim of the ADINE project [4] is to develop nevan-
agement methods for the electric distribution nekwin-
cluding DG. When the distribution network is margge
according to the ANM method the interactions ofatdint
active network devices can be planned and conitdtie
benefit the operation and stability of the netwdrke new
methods developed in the project maximise the tierist-
ing electricity networks and reduce the need fstahing
new power lines without compromising reliability can
safety. The project provides better understandinthe
potential benefits and problems when differentvactie-
vices are participating in the network management.

The extraordinary feature of the project is thatevelops
and demonstrates the ANM method and the enablilog so
tions simultaneously. Either one alone would nbtesthe
problem described above. When active devices temit-
ing with each other according to the ANM methodg th
overall system operates better than it would bjnigindi-
vidual solutions interact randomly — which is tlerenon
practice today.

The ANM method needs enabling solutions such agpro

tion, voltage and reactive power control and plagrand

information systems of networks. The project wélvdlop
and demonstrate:

1. Protection of distribution network including DG
Application of communication based relays at distri
bution network
Fault location with the influence of DG
Co-ordinated protection planning application on
Network Information System (NIS) [2]

2. Voltage control of distribution network including@®
Droop control of small-scale micro-turbine.
Co-ordinated voltage control application on
SCADA/DMS which is controlling the setting values
of local voltage/reactive power controllers. [5]

3. New—generauon medium voltage STATCOM
capable of filtering harmonics, eliminating flicker
and compensating reactive power [6]
on top of above characteristics it can participate
mitigation of voltage dips and in controlling thelty
age level of the distribution network.

The technical solutions are first tested individat ap-

propriate simulations and after that in real-lifetworks.
Then the actual devices and monitored data frona¢ime-
onstrations are taken into a combined real-timeukition

environment to study the interactions of the dermatisns.
The viability of the ANM method is demonstratedathgh
these simulations including real-life devices arehsure-
ments. The final ANM method is defined accordingjrnd-

ings and conclusions based on interaction simulatio
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ACTIVE DISTRIBUTION NETWORK

Active network in general

The concept of active distribution network may barac-
terised by words like flexible, intelligent, int@gion and co-
operation. The active network is flexible becaussgilises

controllable resources throughout the network. Betsgely

the passive network has flexibility by network ceipai.e.

network itself may handle all probable loading dtinds.

Intelligence is simply investments in controllatyiliand

information and telecommunication technologiesdadtof
passive wires. Active networks also require that @s

are integrated into the network instead of conngdiiem
by the "fit&forget" principle. The co-operationiofividual

controllable resources will generate synergy bésefi the
active network by higher level decision aid or ngaraent
system.

DG-GRID project investigated on a very general léasv
much savings may be achieved by active networtypioal
UK and Finnish distribution systems [7]. The cosD&
connection is obtained by calculating the costetfmork
reinforcement needed to mitigate the technicallproband
the benefit of DG is determined by computing thaution
in distribution losses and the ability of DG toaa$e net-
work capacity which can be used to accommodatedutu
loads. The benefit of active management for redynit-
work reinforcement costs is clear for UK networksla
Finnish rural networks.

Distribution issues

The control of DG unit voltage instead of unity mactor
requirement will help network development and opena
in weak networks [1, 8]. This does not require tesfnical
innovations but a new way of thinking. The co-oadiion of
voltage controllers will further improve the sitigat which
however requires some additional measurementgdte s
estimation purposes. Other consequences of valtageol
are increased reactive power flow and network boaggch
may be influenced by the co-ordination of contnalle

In extreme network conditions power flow management
(e.g. production curtailment or generation constgimay
also be applied due to limitations in network calitgt1,
8]. The unfirm network capacity is much higher ttigm
capacity which enables to increase the amountrafrgéion
to be connected and operated under normal netvenidi-c
tions, but the generator will face up to constsiint ex-
treme conditions. The probability of extreme coiodis
should be low enough in order to have economicdthac-
tive solution. If DG units are used as a meansdrease the
firm network capacity, active resources shoulddrérolled
almost in real-time to reduce power transfer atrloaged
part of network.
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Protection problems may be eliminated or allevidiad
example by proper co-ordination of protection agi The
co-ordination of feeder protection relays will impe the
selectivity of feeder protection. This may alsceohieved
for example by directional over-current protectidistance
protection or by communication based protectiorestds
which may be applied in more critical conditions.order
to avoid unnecessary disconnections of DG unitsethe
should be proper co-ordination of network and D@ un
protection. DG unit protection should be slow erotaglet
network protection clear faults in the supply natwor in
the adjacent feeders, and at the same time it dHomufast
enough to disconnect DG units on faulty feeder [2].

System issues

DG unit voltage and frequency relays must be s tjght

in order to detect unintended islands fast enobgim the
system point of view this creates a remarkable figk
power system instability. When a DG unit has faide

through (FRT) capability and it participates ongiiency
control, the settings of DG unit under-frequency am-

der-voltage relays must be loosen. This creatagetysisk
which has to be solved by developing the relaygmtidn

schemes of distribution network without immedia¢ed to
disconnect DG unit in every fault situation. DGtashould
also withstand much greater variations in voltage fae-

guency without tripping of DG unit which would béitéhe

balancing and stability of power system and woubiken
possible to utilise island operation at distribntimetwork
level [9].

The penetration of DG is forcing system operatorset
consider the contribution of DG units to systenviesss as
voltage control, reactive power support, FRT caligbi
frequency control, reserves, etc. [3] When the fpatien
level of intermittent power production increaseditidnal
disturbance (secondary) reserves and/or contribubid
uncontrolled production units to participate ongfrency
control are needed [9, 10].

Active network management

The management of active network will at leasthors
term perspective be based on SCADA/DMS and substati
and feeder automation systems. The monitoringelache-
try of medium and low voltage networks are stiltywéew
although the number and characteristics of secgraldr-
station monitoring devices and automatic meter irepd
(AMR) meters are increasing rapidly. The need aFtiene
information from the status of DG units and thegduction
is becoming more important when the penetratiosllef
DG is increasing or when a DG unit has strong |othl-
ence. The local intelligence at substation via @seing and
communication capability of intelligent electromlevices
will also increase in the future.
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The existing control hierarchy of distribution wetk in-
cludes three levels: protection system, automatiitrol
system, and network reconfiguration. Typically AN#gn-
cepts add new features for protection system atmhsatic
control system levels. New protection system fesgun
distribution network are e.g. distance and lindedéntial
protection schemes. The ANM concept includes ab-aut
matic control system level local voltage and fraguyecon-
trol, load shedding and production curtailment deas.
ANM concepts may also add completely new hieraadhic
level called area control level. The area contreél will be
above the automatic control system level and ltiohes co-
ordination of voltage controllers, power flow magagent,
automatic network restoration and island operation.

Because the active resources have a central rothein
ANM, there should be a solid mechanism to brings¢he
resources available for a network company. The atark
based approach relies on ancillary services bdugmt an
ancillary service market like the regulating powerket or
from a dedicated contract between the resourcettaand
network company like reserve contracts today [THe
idea of the grid code approach is to share theoresbili-
ties needed in power system operation betweersés of
power system [12]. The application of local reaeipower
or voltage control service would be straightforwardlis-
tribution network. The power flow management sevic
could be based on similar approach than the cotratde
principle to release transmission network bottleaéutside

a price area in Nordel [13]. The island operaticould
require many services like black start, frequenaytiol,
reserves and voltage control.

Active network in ADINE

Figure 1 is visualising the control levels of distition
network and how the ANM method is affecting themo-P
tection relays are working on the lowest level likpassive
networks, but new feeder protection schemes likecedi
tional over-current, distance and differential potion, and
new fault location applications are introduced. dxaéatic
voltage regulation (AVR) of DG unit and STATCOM con
troller are added to automatic control system le@eis-
tomer-owned active device will participate in distition
network management by interconnection requiremeby o
ancillary service contract. Demonstrations will whisow
the protection and voltage regulation in distribatinet-
works can be improved through advanced protection
schemes and decentralised control of DG units.
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Figurel. Overview of the active distribution netkwar the
ADINE project.

The area control level is used to co-ordinate tinetioning
of individual devices. This is done by sending resiting
values through the Relay setting tool or SCADA ayst
Fault recordings offer valuable information forraection
setting planning. This information may be collectéthe
Relay setting tool and used as an input for a neteption
setting task. The co-ordinated protection planmeghod
will analyse and plan protection settings for petiten re-
lays based on information from NIS. Two of the Keg-
tures of the method are a procedure for studyioteption
aspects in proper sequence, and a novel methddffamg
the protection requirements for a new DG unit ilaam-
biguous manner. The fault calculations of NIS asagghe
modelling of generator units are developed to stighese
new functionalities [2].

Similarly the SCADA system may be used to co-ortdina

the settings of voltage control devices. The resuilistate

estimation based on SCADA and AMR data are inparts f

the co-ordinated voltage control method which corepu
best possible setting values for voltage contrsll€he co-
ordinated voltage control method will be implemehie

SCADA/DMS. Demonstrations will show how the voltage

regulation in distribution networks can be improtrewugh
centralised control of OLTC, DG units and capasitor

In the most basic version the co-ordination cotgrois

adjusting the setting of AVR of OLTC. The basic

co-ordination controller is based on control rulgsich
have limits for normal and restoring control. Resig lim-
its are applied to increase voltage level afteGaubit dis-
connection when the voltage level in the whole oekws
low. The controller is also capable of preventimgtiunting
of OLTC by the defined rules to select the paranseté
controller. The aim of the research is to contitiheedevel-
opment of the co-ordinated controller to be ablmémage
cases where several and different kind of contotdlae-

CIRED Seminar 2008: SmartGrids for Distribeitidio P&

sources are available. The studies will considefithction-
ing of controllers in normal, fault and disturbas¢eations

[5].
REAL-TIME SIMULATION ENVIRONMENT

Combination of RTDS and dSPACE

The real-time simulation environment in Figure 2nbines
the simulation environments of RTDS (real-time wibi
simulator for electricity network) and dSPACE (réaie

digital simulator for power electronics). It incleslalso a
library of simulation models of DG units and theimtrol

algorithms. RTDS/dSPACE is not a traditional siniola

environment rather it is test bed for secondaryiagsvof
power system.

The electricity network can be modelled and sinadah
transient level in RTDS side and developed appticatin
dSPACE side via Simulink interface. The uniquernégise
simulation environment is the combined operatiothete
two simulation environments. It provides a gensiaiula-
tion environment for any combination of devices aitda-
tions which are not possible to demonstrate inmeakork
without special arrangements. The two simulatoescam-
bined in order to exploit the capabilities of betimulators
for interaction studies of power system and povestenic
devices. Minimisation of the simulation time and tiossi-
bility to distribute calculation power between tsmulators
can be considered as additional benefits.

The hardware environment of combined simulationi-env
ronment has been developed in two previous natiomal
jects and the operation of it has been demonstnaitd
constant and variable speed wind turbine applinatiater-
connected into a distribution network [14]. Windline,
generator, converter, line filter and wind turbamtroller
are modelled in dSPACE while rest of the poweresysis
modelled in RTDS. The development of hardware emvir
ment will be continued in order to increase theuaacy of
simulations and to minimise the delay between sahous.

Utilisation of real-time simulation environment

The idea of real-time simulations is to combine destra-
tion site models together at appropriate level emdse
hardware in loop in the simulations. The hardwaohides
protection relays, voltage controllers and STATCOdh-
troller. These simulations are used to demonstinatéunc-
tioning of proposed ANM method. The results ofiiat¢ion
simulations based on ANM method are compared th-tra
tional network management method.

The sensitivity and the selectivity of differentopection
schemes are studied in order to find out the imitesof DG
on network feeder protection. Another kind of stiglthe
interaction between feeder re-closing and the DiGaam-
nection point protection. The third type of interan is the
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co-ordination of feeder protection and the DG uanitnec-
tion point protection, which is used to study ttebdity of
DG unit when a fault occurs on the supply side mraa
adjacent feeder.

The interactions between voltage controls are stlidit
automatic control system level and at area basattaio
level. The interaction of fast local controllersyrappear
between parallel operated controllers (AVRs of &yoe
nous machines, converter based DG units or STATCOM)
There may also appear interaction (hunting) betwkmuly
acting local controllers like AVR of OLTC and powfarc-
tor controller of capacitor bank. The interactidrdecen-
tralised and centralised controllers in normal endistur-
bance situations is describing the functioninghaf area
based control level. Voltage control schemes maylzve
influence on relay protection and fault locationiethare
also studied.

The real-time simulations are utilised to find batv tradi-
tional and advanced network protection schemefuae
tioning when DG units have the FRT capability amelDG
unit connection point protection settings are wideugh to
withstand variations in frequency and voltage. Arotype
of interaction study related to power system siigh# the
voltage dip mitigation of STATCOM.

CONCLUSIONS

The main idea of ADINE project is to develop andiémn-
onstrate the interactions of the proposed ANM me thred

the functioning of enabling solutions like protectirelays,
fault location functions, de-centralised and cdisted volt-

age controllers, and new generation medium-voltage
STATCOM. Individual solutions are first simulatedda
field tested which is followed by real-time simudet of all
solutions together.
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