CIRED

22ndnternational Conference onriglgeDistribution

Stockholm0-13June2013

Papen426

POWER SYSTEM PLANNING IN DISTRIBUTION NETWORK STODAY AND IN THE
FUTURE WITH SMART GRIDS

Erling TONNE
NTE Nett ASi Norway
erling.benne@nte.no

Jan AFOOSNZAS
NTE Nett AS / NTNUi Norway
jan.foosnaes@nte.no

Terje PYNTEN
NTE Nett AS- Norway
terje.pynten@nte.no

ABSTRACT

This paper isabout electric power system planning in
Norwegian medium and low voltage distributioetworls.
The paper describes some of the challenges regarding
electric power system planning today. The biggest
challenge is the lack of control tfe operating conditions

in these gridslt iscomparable talriving in the dark. With
the introduction ofCT into the power system, the light will
come on and new possibilities will occuBut the
distribution system operators will also face new threats
related todata security. The electric power system planning
in the future will follow the same methodol@gptoday, but
many new factormustbe taken into consideration.

INTRODUCTION

Many believethat the electric power system @urrently
undergoing a profound change driven by a number of needs
for instance theneed for environmental compliance and
energyconservationAn aging infrastructure creates a need
for increased condition monitoring in order to maintain high
reliability. There is also aeedfor improved operational

introduction of electronic control and regulation systems. At
the same time the introduction of advanced metering
systems (AMS, smart meters) will provide the networ
owner with a lot more data.

The introduction of more active elements will require new
and improved methods for planning and estimation of loads
andgeneratiorin the future distribution network.

NTE Nettis the system operator of a distribution netaiar
the county of NoreTrgndelag in Central Norway. The MV
and LV systens include more than 13400 kilometers of
overhead lines and cables.

The paper descrilsénow the planning processNiTE Nett

is today and whamnight changenvhendistributed energy
resources (DERjre integrated into the network. The paper
also describe the new challenges and possibilitite
distribution system operatoDEO) will face regarding
network planning within smagrids and it gives inputs to
how the future planning pcess can be.

CHALLENGES IN TODAY’S DISTRIBUTION

efficiencies and customer service. The changes that are NETWORKS

happening are particularlgignificant for the electricity
distribution network where traditional and manual
operations, along with the electromechanical components,
will be transf or Thsiudansformaton a
will be necessaryfor instanceto meet environmental
targets, to accommodate a greater emphasis on deman

response, and to support distributed generation, electric

vehicles and storage capabilities.

These needs and changes present the power industry with

the largestchallengs it has ever faced. On one hartide
transition to a smart grid has to be evolutionary to keep the

lights on; on the other hand, the issues surrounding the
smart grid are significant enough to demand major changes

in power systems operating philosophy.

The Norwegian distribution netwks have been developed
over many years and have a relatively small amount of
active elements, such as generators and demand sid
managementThe networks aredominated by passive
elements, principally uncontrolled loads. In the future the
loads will becomenore dynamic and controllable due to

more active response from customers and the expected
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L oad profiles. Only annuabr monthlyenergyconsumption
in kWh is knownfor most of the customers$:or larger
cHstomears (>t100'0(r)0i kWh/year) holyr metering is

aVaiabi@ Standa¥d’ Vartaton curvesoff each type of

dpustomeareused in calculationd his results in inaccurate

calculationsand might lead to wrondecisions

Voltage level in MV and LV distribution network. The
voltage level at the connection point for the customer shall,
according taheNorwegian PQ Code (Fo[]], be between
U,+10%.Int o d distribtionnetworkonly the voltage at
thefeeding point of the MV grid (the 22 kius baiin the
feeding substatignis monitored There isno voltage
metering further out in th@etwork and voltages must
therefore be calculatedhis means thatt is na known

whether or nothe voltage at theonnection poinfor the

customer is within the regqrement given byhe FoL.

SWeak grid. About 40 to 50 % of the LV distribution

network in Norway have an impedance higher than the
reference impedance defined by IE2} [3]. This means
that thenetworkis weakand that customers might affect the

voltage quality in theineighborhoodvhenusing ordinary


mailto:erling.toenne@nte.no
mailto:jan.foosnaes@nte.no
mailto:terje.pynten@nte.no

CIRED

22ndnternational Conference onriglgeDistribution

Stockholm0-13June2013

Papen426

electrical appliance3.henetwork is especially affected by
three phase motors. It is estimated that the costs for
upgrading the LV grid in Norway will be beter2 and b
billion EUR[2].

LV with isolated neutral. Norway is a bit speciadince
most of the LV distribution grid is 230 with isolated
neutral. Many Norwegian distribution companies are
gradually transferring it to 400with groundel neutralbut

it will take many years before this is 100¢@mpletedIn

NTE today aboutlO % of the distribution transformers
transforms to 400 V. These transformers represent 28 % of
the totaldistributiontransformer capacity.

Integration of DG. Distributed generation (DG) in Norway
todayis mostly small hydro power plants in rurateas
These areas often halesv grid capacityandlow load One
example of such an aremNamsskogatn4]. In this 1416
km? areathe maximum load is 1.2 MWL7.3 GWh/year,
900 inhabitants) and the potential for new DG is 73.6 MW
(258 GWhlyear)There is no extra capacity for integration
of
million euro has to be invested in the grid in order to
integrae all this production.

There might be voltage problemé&@&n DG is connected far
from thefeedingsubstation in a fatively weak distribution
grid. Figure 1 shows an example of how the voltage can
vary along a 22 kV linas a finction of the distance from
the feedingsubstation (strong connection point with fixed
voltage). In this example the high load is about 3.8 MW and
a DG of 5 MW is connecteabproximatelyl6 km from the
substation. The highest and lowest voltage will odgour
situatiors of low load with DG connected and high load
with no DG respectively.
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Figure 1 Example of voltage profile for a 22 kV line withaDG
unit connected

POWER SYSTEM PLANNING TODAY

Methods for power system plannirege described in
Planning book for power system plannii§]. The
methodology is shown iRigure2.
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new pr oduc tintbisnareaMorethandBa y (

Establish a background for the analysis

* Motivation and background information

» Overview of the network —system boundaries
* Goals - criteria - restrictions

Analysis of load and generation
» Determine loads and generation — heavy load/light load
* |dentify prognoses and scenarios for the period of analysis

i

Establish alternatives
* Today's network/practices
" Alternative measures/strategies

i

Technical analysis of alternatives
" Load flow analyses

= Shortcircuit analyses

= Reliability analyses

» Risk analyses

® Voltage quality analyses

]

Modify the alternative
Create a new alternative
Reject the alternative

:i Results satisfactory? j:::fT

No

_7_I_ﬂes
Establish costs for the relevant alternatives
= Establish costs of investments, losses, environmental
effects, operation and maintenance

|

Economic analysis and optimization

= Optimize scheduling in order to fulfill the planning criteria
= Ranking of plans

= Evaluation of uncertainty — sensitivity analyses

¥

__Results satisfactory? 7:::
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Aggregated evaluation
= Suggest which plan to choose
= Final documentation

No_

Figure 2 Planning methodology for electrical networkg 5]

The quality of information about loads and production is
esential for the technical analysis of alternatives.
Differences between estimated (calculated) and real load
flow might lead to overor underinvestmenh the grid

Today, only availableinformation is consumer category
(household, office building, indtry, agriculture, etc.) and
annual electric energy consumptidor most of the
customers.Standard load profiles and prognoses for the
differentconsumercategoriesre usedWhencalculatiors
are performean the MV grid,theLV network is usually
not includedbecaus®f the complexity and the size of the
calculation model and limitations in the calculation
program. Insteadthe LV network is representeas one
single load connected tthe low voltage side of the
distribution transformef he same standatoad profile and
prognosisare usedor all these loads.

For generators thgenerationis registered on an hourly
basis, but for power system planning either maximum or
zero generationis used According to the present
Norwegian regulation, the grid epator canot put
restrictionsontime and level of production for a generator
connected to the grid.

Figure 3 and Figure 4 show calculated and metered load
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during one year and one week for the 22 kV gkd
supplied from Steinkjefeeding substation (NTE Nett).
There is goodcorrelation between the Idgrofiles The

distribution transformer connected to this grid. There is less
correlation between the load profile the maletailed the
analyses gets. IRigure5 the metered load varies more and

calculated values are about 30 % higher than the meteredis only just half of the calculated load.

values. Calculated values are based on statistical values

(extreme loadsyvhile the actual load isfluencedby the
weather situation and temperatugs manyNorwegian
households uselectric energy for space heating.
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Metered and calculated load 2012
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Figure 3 Example of calculated and metered load profiles for a
feeding substation overa year (4500 customers)

Substation STE (T1+T3)
Metered and calculated load, week 12012
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Figure 4 Example of calculated and metered load profiles for a
feeding substation over a week (4500 customers)
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Metered and calculated load, week 1/2012
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Figure 5 Example of calculated and metered load profiles for a
distribution transformer over a week (43 customers)
Figure 5 shows similar load profile for one particular
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NEW POSSIBILITIES IN SMART GRIDS

By 2017 every electricity meter in use in Norway shall be a
smart metef6]. With these new meters we can get a lot of
valuableinformationfor use inpower systemlanningcan
be obtained
- Hourly load metering
- Voltage qualityregistration(voltage level, hourly
average, maximum and minimum)
- Load interruptions. Registration of interrupted
power and duration, energy not supplied (ENS)
- Earthfault registration
- Faultlocalization

Also extended use oeasos and automatin will provide
valuable information that can be used in power system
planning:
- Improved
estimation
- Improved/optimal operation. Automation.
- Faster fault localization arfault correction. Self
healing grid.

condition monitoring and state

Whendiscussingmart Grids today, flexible loads, demand
response (DR),demand side management (DSM),
dispatchable loadsggregatorandsmart homesare often
mentioned These subjectare relevan for reinvestment
plans (when to reinvesthut have less relevanfoe power
system planning (long term investment plging)

Smart Gid providesthe possibility to perform bedt state
estimation of the grid and thereby make better maintenance
and reinvestment plamossiblein the future.

SOME NEW CHALLENGES
WITH SMART GRIDS

Smart meters and extended use of sensors in the distribution
grid, will provide a lot ofisdul information, buthe amount

of data will be enormougdéta tsunami New and better
systemghardware and software) have to be develdped
handlingall this information

INTRODUCED

SmartGrids deploymentdepend on the merging of ICT
(information and communrédion technolog) and the
electric powesystem. Data from meters and sensdlisbe
used reatime in controlling and operating the power
system. Data security will be a very important is3ueere

will always be a risk that someone haahto the system

and take controbnddo some damagéike for example
disconnecting of customers/productidrhis risk must be
minimized in order to obtain a secure and sustainable






