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ABSTRACT

ERDF develops the Low Voltage (LV) Distribution Metrks

by using statistical models of the LV consumersti®ging
investments on the LV Distribution Network is aflet more
challenging that direct measurements are very diuhitThe
development of LV and MV photovoltaics brings new
challenges to LV and MV network design since theesy has
to be designed to face voltage drops but also yeguivalent
voltage rises.

The ERDF metering pilot project (Linky project) pfato
install, in 2010, 300 000 meters in Lyon and néar dity of
Tours. Alongside, ERDF launched a SmartGrid prdjestwill
create value from the Linky information infrastruiet and data
in order to improve its distribution network opéoat control,
and development.

Consumers load curves will be used to build dagraftirves of
LV node voltages and line currents. This will oppew
applications for :

- Optimizing the set of transformers. Past peak cusreill
be estimated, and this will help estimate the appate
rated power to withstand severe conditions andhopé
losses,

- Reducing losses. Balancing the three phase curagnts
reducing neutral current will reduce losses andrawe
voltage drops,

- Optimizing reinforcement investments. Power flows a
node voltages will be estimated, improving currant
voltage constraints prediction under peak condstidius
a better use of investment funds.

On longer terms development of electric vehicleiandvative
offers provided by energy companies will bring neseds of
understanding the peaking behaviour of new loadk the
elasticity of existing loads. The new system matdal design
methods meet these needs and foster network denetdpby
optimizing investments.

This paper describes the technical solutions artiods that
will be used for the future LV network design ar/dlopment
and presents the expected value.

INTRODUCTION

Deployment of smart meters in Tours and Lyon in@&lan
opportunity for Network Developers to set up newlsoand
models. The objective of this project is to implemea
prototype information system in 2011. This protetypll help
proving the concepts, identify technical challenged confirm
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estimations of value creation (reduction of cuppsses,
optimisation of investments, reduction of operation
costs) before a larger deployment of smart meters i
launched.

TECHNICAL REQUIREMENTS

AMM data needs to be analyzed with two main
objectives in mind:
- build records of past constraints in order to
understand their cause and address them,
- build a load model of order to detect future
constraints.

Description of the Main Modules

The Network Development Information System will
receive the customers load curves a day later thfegr
are collected, and then run power-flows. Three main
modules will be necessary :

e Input Data Collection : this module performs data
updates of network and customer characteristics,
AMM load curves collection.

e Electrical Calculations: this module prepares data
for power-flow and electrical calculations, and
filters interesting data. This step is challengimg
terms of computing and storage capacities.

*  Network development functions: this module will
generate and use the new load models, and
historical models for diagnostics analysis,
optimization studies.
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Figure1l: AMM Data Processing
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Electrical Calculations

Electrical calculations contain the following moelsil:

» Preparation of Network Description. The switching history
of the day before is collected and a model of &tvark is

prepared for every 30 min - period with the rightvM

switches status.

* Preparation of Load M odels:

- For customers without AMM meters, energy indices
are used to update a profile load curve. The déyrbe
load curves are prepared and positioned on the

network electrical model,

- AMM “day-before” load curves are collected and
positioned on the network electrical model. Data is

prepared for loadflow calculation.

e Load-Flow Calculationsare performed for each 30 minute

- period of the day before. It provides phase agwtnal

voltages of the nodes where customers are connextdd

phase and neutral currents of each conductor.

- For LV networks, load-flow is a three phase

unbalanced load-flow (voltage and current calooifeti
for the three phase and neutral).

- For MV networks, load-flow is a three-phase |dlag

based on a positive sequence equivalent modekof th

system.
Stat Estimation Techniques

State estimation techniques are used in orderrteedas much
value as possible from the redundant available data

- Feeder measured current,
- Busbar measured voltage,
- MV customers loads,
- LV customers loads.

MV switching history ’“*
Busbar Voltage measurmt
Feeder current measurmt [T "+ sequence
equivalent”
MV customers metering
curves or profiles e i

DIY
Transformer model

!

LV loadflow

State Estimation

MV loadflow

MV customers metering [y
curves or profiles
Figure 2: State Estimator Principle

Network Photos and Models

The network photos and models are updated every/ddkie
end of a calendar year the photos and models geg $a the
historical database. At the beginning of a new yeew photos

"3 phase + N”
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and models are started.

MV/LV Transformer and LV Customers M odels
This module determines for each MV/LV transformer :
» reference load curves :

“Maximum load curve”, the load curve of the
day that saw the highest load value of the year,

“Minimum load curve”: the load curve of the
day that saw the lowest (non-zero) load value of
the year,

» transformer load model (updated every day) :

» temperature sensitivity of the load (resulting
from a least square regression),

e contribution of the MV/LV transformer to the
feeder peak power.

This module also determines the LV customers load
models (first research results described in the las
paragraph) including :

e temperature sensitivity of the load,

e non-temperature dependant load.

Line and Node Electrical Photos

From the load flow results the electrical photos ar
updated every day. The lines electrical photosisbims
the following data :

e “Maximum and minimum transit curves”, i.e. line
transit curve of the day seeing the highest and
lowest transit value of the year,

e Duration in hours of thermal constraints non
respect,

* number of hours the transit is within 10%, 20%,
30% of the threshold.

e average power,
e average unbalance coefficient,

e cumulated unbalance losses (difference between the
losses and the losses if the load was fully baldnce

The nodes electrical photos consist in the follgvdata:
e “Maximum and minimum voltage curves”, the

voltage curve of the day that saw the highestlaad t
lowest values of the year,

e Duration in hours of thermal constraints non
respect,

*  The number of hours the voltage is within 1%, 2%,
3% of the threshold.

Network Development Functions

Analysis of Voltage Violations. The objective of this
function is to prioritize the LV networks accorditaghe
number of customers, the number of non respects per
year and the amplitude of the non respect, and give
first explanation of the voltage non respects hittime
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of the voltage non respect the following data vjted :

e Busbar voltage value,

* The MV voltage drop, and the fact that the feedeariis
not in normal configuration,

e The MV/LV transformer tap changer value,

* The MV/LV transformer loading and voltage drop,

e The LV voltage drop,

» The phase unbalance.

Optimization of feeder phase balancing: This function

prioritizes the LV networks according to their ulzbece losses
and their voltage non respects, and proposes liadpsalutions

to optimize the losses and voltage drops.

EXPECTED VALUE OF PROJECT
Optimisation of LV Investment for Voltage Constraints

LV models and electrical calculations have beerethagp to
now on statistical profiles. These models are ateumost of
the time, but in 5% of the cases, the models mad l®
unnecessary investments. The challenge is therefogtter use
of investments to reinforce the system in casenefracustomer
connexion, at national level impact magnitude v&sa million
euros each year.

Improving LV Networks Balancing

The vast majority of ERDF LV customers are singleage
customers. Voltage rules non respect often reduét poor
balancing of the LV feeders. Actual phase used aghe
customer is not available up to now in our inforimatystems.
Balancing operations require time consuming measemés and
phase testing. Phase unbalance is responsible ditficazl
losses in phase conductors but also in the nectraductor :
undue losses can amount to six times normal lasibgully
balanced load.

The knowledge of the phase (provided by the Linlojgrt) is
therefore a key to estimate the unbalance, its énpa the
voltage and the losses and identify the networksmuich a
balancing can bring significant value.

Two types of actions can be taken :

» balancing the 10% most unbalanced LV feeders. linpac
magnitude is several thousands of euros a year

» balancing LV feeders with less 10 customers.

For our pilot project, the return time of these mapiens lays
between 6 months to two years, for a total codess than a
couple hundred thousands of euros.

Improve the Response to Customers Complaints

The presently used statistical model may not idieati voltage
constraints. If a customer complains about voltagel, a visit
of LV network and measurements are required tebatsess
the situation. AMM data will help explain allegeoltage levels
by providing a much richer description of the ditoias than
what is presently provided by measurements. Impaghitude

Paper No ###

may be around several hundred thousand euros a year

Improve the Calculation Precison for new
Renewables Connections

The development of renewables leads to overvol@ges
LV feeders. A better understanding of load curvés w
enable to better optimize the investments that are
necessary to adapt the system to the presence of LV
generation. The AMM load curves will bring a better
understanding of the behaviour of the loads in titag-

low consumption hours.

Avoiding MV/LV Transformers Destruction

AMM load curves will enable to better estimate the
transformers load curves and :

« ldentify existing repeated overcurrent situatidva t
end up reducing the transformers life time,

« Anticipate overcurrent situations by identifyingth
transformers that have a high number of hours for
which the load is close to transformer rating.

Improving Voltage Quality

By better optimizing network reinforcement, and

improving the phase balancing, a couple thousand
voltage violations should be avoided with the pilot

project. This will reduce impacts for customergams

of equipment malfunction or damage.

Evolution of the L oad and new Profiling Techniques

The development of new electrical appliances (heat
pumps, low efficiency lighting, flat TVs, air
conditioning), of new insulation standards, andrgye
optimization systems make customer profiling more
difficult and less accurate. There is a need togpda
traditional profiling techniques.

ON-GOING RESEARCH ON CUSTOMER
MODELING

Thanks to AMM data, load models can be significantl
enriched. The amount of input available data wél b
significantly higher and storing a whole year otenmg
data in order to build a model will not be feasitaeall
customers. This paragraph describes the on-going
research on this subject.

Existing LV Customer Model for Network
Design

A customer model is necessary to model the systeam i
low temperature situation. The existing load madel
based on 45 customer categories, each having 24-hou
week-day and a weekend load profiles. A 24 houwtHoa
profile for a category contains :

- a24-hour average load curvey"®

- a standard deviation load curve®
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Each customer is characterized by its coefficiéatd, g) that
are derived from its consumption indices and timepterature
history of the region: a, b, g

average(h) = a.P"° + g.(Theating —Tmm)

std _ deviation(h) = b.o™"

with g: temperature gradient of the customer

Thcating - (€MP. under which heaters are turned on

T, . minimal temperature

The average represent the mean behaviour of themas The
standard deviation represents the diversity of biela the
customer has a certain time of the day.

Towardsan Enriched Model of LV Customers

This model can be improved with AMM data, but ithwot be
possible to store a whole year of metering data alternative
solutions are investigated to address this stoissye :

Alternative 1 - Customer clustering: each customer is assign to

a category. The number of categories is increased 5 to
several thousand.

Alternative 2 - Individual model of the customer: each

customer is modelled with its own characteristaadl curves
and gradient :

- gradient,

- the 24-hour average load curve"?

- the standard deviation load curve"

This second alternative is tested using Kalmarerfilg
techniques.

New load modd based on Kalman Filtering

This paragraph describes the first results ofekearch project.

A Kalman filter is used to identify temperature djemt ), the
value of the temperature non-dependant pow&} &nd
temperature sensitivity.

o,h
Kalman filter observation vector is therefore: X, =[ S J
k

Model equation is: % ~ AX +GW
10
With: A=1 G :{ }
01
W, is the model’s noise

The observation equation ig =C, .x, +V,
With C :[1 AT] and the observation noise?/k

Using Kalman filter, temperature non-dependant poard
temperature sensitivity are estimated. The 90%gmdite of the
power is derived. The method was tested on a didrsiaad
curve (see Figure 3). It provides promising results

Once customer power and temperature sensitivitgstimated
through Kalman filter, a clustering method couid be used in
order to limit storage requirements.

Paper No ###

KW 800
700
600 .,V'/'*\w/m—.\\'/\\\.
500 MV \
400
300 —&— Linear Regression |
200 —#— Kalman Filter [
100
rr oo 11T oo T

00 02 04 06 08 10 12 14 16 18 20 22 24 Time

Figure 3: Estimation of the 90% load for a group of
customers

CONCLUSION

The “Linky” project launched by ERDF is a smart
metering pilot project that will provide useful ddor
Network Development Activity.

A new information system will be put in place t@abze
this data, it will include two main parts :

* building a history of past constraint situations in
order to understand and address them,

* building models of LV loads and secondary
substation in order to detect future constraints.

Value creation is expected in terms of improved @ow
quality, loss reduction, optimization of investmgent
(specially aimed at reducing voltage drops), impibv
response to customers complaints, and optimization
transformers.

A research project is under progress in order fitdbu
new models for LV customers.
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