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Abstract

SriL a n kdsstdisition network hadeen facingdrastic changeduring recent past
dueto the continuais addition of distributed renewable generation into the network
Addition of rooftop solar PV into the low voltage distribution feeders has
significantly increasedduring 20162017, due to the government initiativé Su r y a
Bal a S an g preamting racitop sotegeneration

As a resultin highly populatedurbanareas somedistribution transformeservice
areasnow havemore than 50% of stalled solar rooftop capacjtgompare to the
connectedtransforner capacity.These transformersxport power to the medium
voltage network from low voltage sdluring daytime due to high solar generation
and low energy usageinside these service arem An increasing number of
transformers Wl experience such reverspower flow in near future withthe
acceleration of promotingoftopsolar programs.

Operating withhigher density of rooftop solar idistribution transformeservice
area will result in numerouspower quality issues and highdistribution lossesn
spite of the dvantages of utilizing household rooftops for solar PV generation

In this study a futuristic solution igproposed to effectivelytilize the daytime solar
PV generationin a single distribution transformer service area itself with the
formation ofsmart grid type operation

Distribution transformer based smart grisvhich operates with controlling
mechanisms, loadspoftop solar andattery storage systems is discussed in this
report This systentan be developed and operatechasmmurity-based smart grid
that isformedinside the distribution transformeerviceareawith the contribution of
the electricity customers

Other thanoperatingas individual energycustomersand energy producerpublic
can become procumemsho operate and contrdheir loads and PV generation
togetherto optimize loadlow, power quality and econonsdn this proposed smart
grid.

This research isa preliminary study tadentify the possibility ofsuchdistribution
trarsformer based smart grifbr Lanka Electricity Company Private Limited
operationarea Extensive simulationsvere carried out usingMatlab Smulink by
modelingthe three phase four wire LV netwoflr a single transformer aret
identify the present behavioof the LV Network.Then the model waspgraded to
proposed future smart gridrrangementResults on the customdrehavios, load
flows andpower quality on both normal and smart grid tgoenarios are presented
for several case studies including the present situation, future expeuatdtsiand
for the proposed smiagrid.

As the outcome of thisresearch, simalted results were obtainddr smart grid
arrangement insidan actual transformeserviceareaandtechnicalcompatibility of
the concepts presentetb the Sri Lankamrbandistribution transformers.
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CHAPTER 1
1. INTRODUCTION

1.1.Background

The conceptof conventional gridevolved with the combinain of centralized
generation, ransmission and distribution. Withighly increasing demand and
limitations of conventional energy sourcgfbal challengéhasarisenon reducing
power loss in the grid and integrating carbon free renewable energy stutbes

network

Distributed generation is an onsiteleetricity generation topology which comes
mostlywith the addition osmall scale renewable energysmes The advantageof
havingdistributedgeneration aréhe ability of utilizing renewable sourceseduction
of network energy lossreduction of fosil fuel usagebasedelectricity generation,
ability of de-centralizingthe generationand generatedectricity neaer to the load.
Distributedgenerations consideredo bea promisingalternativeenergy extraction
methodologycomparedo the large scale centralized power generation.

Si nce , élet8cdtydgid worldwide continuel to modernize by aggregating
distributed energy sources wherever possifmall scale renewabdeincluding
solar hydro powerand windwere added to the grid at the point of generation at
medium or low voltage levelsf the network Sri Lanka commenced its distributed

generation facilities in 1996.

The high penetration of dighuted energy sources hdscilitated increased
utilization of renewableenergysources but also create some challengs to the
utilities onmaintainstability, reliability and quality of supply. These drawbacks have
produced upper limits to the integration of distributed energy to elegtrical
network. For a grid like in Sri Lankavhere the grid is islanded, small in capacity
andhavinglower inertig the effect of these drawbackse significant compared with
thelarger interconnected grids in the world.

However,the novel concepts of controllire;md storingmechanismsan be used with

the distributed energy sources absorb maximum possélenergyat the point of



generation and at the tinieis available. This will remove thiémitations on having
distributed energy sources and thecticity generatedby renewablesan be ged to

achieveeconome and environmentdlenefitsin operation

1.2. Smart Grids

Smart grid is a grid with loads, renewables, smart meters, smart appliances and other
energy sources which operates in controlled environment in order to utilize and
manage the energy and consumption an most efficient, economic and

environmental manner.

According tovarious international institutes includifgEE, in summarythe concept
of smart grid can be defined asGmbination ofmodern power system technologies,
power electronics, ICT, sewgs, and regulatory structuretich enable sustainable

management of environmental impacts in the power sector

Fora gridto become smarter, commication and controlling acéach device sl be
coordinatedn a way to utilize theenewables imnoptimal manner without affecting
the quality of supply andperatesubjected t@conomig¢technical angnvironmental

constraints.

The scale of themart gid may vary from entirgrid to a small section oEonsumer
premises depending on whathsing controled and for which purposeéSmart grid
technologiesrerapidly evolvingand the concept iseingusedfor energy efficiency

improve the quality and reliabilitgf the networkand managing renewables

1.3. Sri Lankan Distribution Network

The distribution network of Sri Lanka is almost all overhegzeraesin 33 kV and
11 kV medium voltages andDOV/ 230 V low voltage

As a regulatorin Sri Lankan energy sectoPUCSL has issuefive licensesfor
electricity dstribution in Sri LankaQOut of these fiveCEB has fourand ondicense
isissued td_.ECO. PUCSL has provideduidelines and regulations to the utilities on
maintaining quality of supply and set goals on reducing energy losses in the network.



The structure of thec o u n tdistyiduteon network has not beenchange
significantly from its formation in early 50s until recent past. The conventional
distribution network includgonly the typical items such gsimary substations, MV
feeders, distribution Transformers, low voltage feeders, protection and metering
mechanism®tc. The power flow was vertically downwards from grid substation to
the customer premises through primary substatiddly network, distribution

transformer and LV network.

However the things are now being chgad with the rapid addition of distributed
energysourcessuch as mini hydro, wind and sol@ar theMV andLV distribution
network As a topical sun shining country arah island surrounded by seS§ri
Lanka ha a salientcapabilityand capacityo absorbmoresolar and wind additions

inc o u n perspedtise if the electricity grid has the abilityimtegration

With the government inveementin increasing renewablgenerationand with
increasingglobal ecanomic and technicafeasibility in renewable energgxtraction
distributed renewable sources are nowbeing connectedto the Sri Lanka s

distribution network in a considerable rate.

With these new additions of unpredictghileictuating sources to the conventional
distribution network,now it is time for utilities to rethink on the arrangement,

controlling and operation of tivedistribution network

The network administrator has to redubte technical impastimposed bythese
renewableadditionswhile maintainingthe quality of syply in the electricity grid
Therefore slutions mayrequireto extract whatever possiblenewablegeneratiorat
the time of generation ants generation ratewithout affecting to thequality and

stability of thegrid.

1.4.Lanka Electricity Company (Private) Limited

LECO is adistribution utility operatingin southerrwesterncostal belt ofSri Lanka
under tke regulation of PUCSLThe main operathal objective of LECO is
maintaning a quality electricity supplywhile reduing the loss in thedistribution

network.



LECO serviceareaconsists ofhighly populated urbamownshipsnear Colombo
main city, where large number ohigh end customersare concentrated in
geographicallysmall areas. LECdistribution voltagds 11 kV and the distribution

network arrangement is maintainieda fismall transformesmall feeded basis.

The practice ofismall ransformersmall feeders conceptfollowed by LECOhave
increasd the number of distribution transformers in the network esdlce the
lengths of LVfeeders This hasreducedhe number ofserviceconnections added to
a single transformer oa single LV feeder andeducel the voltage drops and line

lossedn the network

1.5. Rooftop Solar Sri Lankan Context

Small scale distributed solaraskey playerof renewable eergy sector intte world.
The drastic reduction of panel prices and improving teclyyodd appliances related
to rooftop solar generationave madesolar generéion affordable to many of the

potential cusimers during paslecade

The integration ofjyrid connead rooftop solar to theational grid was initiatedith
the introduction of net metering concept to Sri Lanka in 2010. Net metering is one of
the world famousmethod that enable customers to connect their own -site
generation system to the utility grid and receive credits on their electricity bills for

their own renewablgeneration in excess of their electricity consumption.

With providing more opportunities to the costers, governmenintroduced
payment method for rooftop solar along with the net megein year2016. In this
initiative, two other shemes havéeenintroduced namd as net plus and net
accounting In this schemestilities payfor the customeyon ther excess kectricity

generation athe end of the month.

Theseencouragementhave led to the additiorof small scale solaPV installations
into Sri Lankan distribution networkn large numbersvithin a very small time
period. The initiative is highly successful and within just more thragyeartime,

total installedsolarcapacityin Sri Lankahad exceeded 10MW limit.



1.6. Advantages disadvantages

Addition d rooftop solarto the distribution networkhave madeadvantages and

disadvantages to both utility and consumers.

1.6.1. Advantages to the utility

Reduction of line losses duepowergeneration at the point abnsumption
Reductionof fossil fuel emissions

Reduction of day peak of the load profile

A

Increase the factor of renewatenergy generation the grid

1.6.2. Disadvantages to the utility

1. Effect to the stability ofthe networkby heavy fluctuations in the sola
generation profile

Effect of uncertaintyf generation to planning andrécasting

Deviation from the regular load flow

Imbalances occun the phasedue to single phase inverters

ok~ 0N

Exceeding thevoltage regulationslue to higher additioof solaralong the
feeders

6. Effects due to harmoniggeneratedby the inverters

1.6.3. Advantages to the customer

1. Capability of using free rooftop space fée@ricity generation
2. Reduction of energy costs
3. Contributing to carbon fregreen initiatives as a social responsibility

1.6.4. Disadvantages to the customer

1. Requirement of having capital cost fdectricity
2. Longer payback periods
3. Cannotutilize the solar power during the grid failure due to antslanding

protection



1.7. Limitations

Even thoughsolar radiation is unlimited andotal available rooftop area is much
higher thanwhich is already utilized, there arseveraltechnical and economwi

factors which limitghe integration of rooftop solar

Technical limitationsarise on addingolar capacities while trying to operatgth
maintaining the supply regulationand minimizing the losses. Economical
limitations arise with the cost of installations goriting methodlogy for solar PV

by the utility.

Limitations to tle rooftop solaradditions which appearin both technical and

economical mannsmlre summarized below.

1.7.1. Technical Limitations

Solar energygenerabn is directly proportional téhe real time solar radiation which
is subjected to very high and speedy fluctuatiohdditions of these fluctuating

sourcesn higher numbersmay affect the grid stability by @nsiderablemount.

1. Itis anadvantage thahe rooftop solargeneréion is availableat the point of
customer lod andhencereduce the network line lossy removing the losses
occur to bring power from the centralized generation to the customer

doorstep

Due to the lowdomesticloads atdaytime wherenhigher solar generation is
available,rooftop solargeneration exceedingustomerloads indistribution

transformelLV networkswill result a reverse power flow

This may again increagte LV line losses due to higin backwardspower
flow in LV lines So it is a debating argument whether to allow this
backwardline loss by accepting mosmlaradditionsor introduce limitations
to the maximum allowablerooftop solar capacityfor a single LV feedér

transformer

2. Solar invertergrovideenergy to the existing grid in day time when the solar

generation is avaible. With the addition oflarge number oolarinverters



along a single feedervoltages along the feedenay get incrase during

daytime

This isan advantage up to some extelmit with largenumberof installed
solar PV, feeder voltagesexceed the upper limis of allowable system

voltage

3. All small scale rooftop solar inverteasailable insinglephase LV network
is balancedup to an extendby connecting single phase customeérgding
into three phasealong the feeder.However,the addition of single phase
inverters indifferent sizes and in different pdesdiscretely,leads tohigh
unbalanes in LV feeders during day timeThis hasalsolead toflow high
neutal currents in the neutral conductand increase the voltage of the

neutral.

4. The presentntegration ofrooftop solar has no battery backup systems and
operates withantrislanding protected mode.Hencewhenthe main grid is

down, inverterscannot operate in islanding moded maintairthe supply

1.7.2. Economical Limitations

1. The main financial limitation for a rooftop solar installation is simply the
higher capital cost and the time taken for the recgvef the investment
Even with the presentariff structures the payback @riod of the capital
investmenimaylongerthan 4- 5 yearsor morefor customes.

Since the Sri Lankadomestictariff structure is not cost reflective and the
environmental effect is not taken into consideratifinancial limitations
arise due to the present payment methods may not be thecmabdmic
picture of the valuefaadding roof top solar.

In summary, high fluctuations in solar radiatiomresults fluctuationsin solar
generationand wth the large number of solar additionsthe effect of these
fluctuationsmay impact on thetability of the networkHigher penetration of rooftop
solar may result t@ voltage increases ihV networksand he backward flow of
power may occur high line lossesUnbalanced PVadditionsin three phases may

increase thaeutral conductor voltagend highneutralcurrents.



Due toabovereasons the maximumossible network additionf rooftop solar for
certain transformerfeederor for entire grid haveto be limitedin a systemat
manner or utilities have tmtroduce controlling managing and storing methaldsg

with the solar addition® the network.

1.8. Small scale Energy Storage

Implementation of rooftop solar as a distributedewablesource has become viable
dueto reductionof cost ofrelatedequipmentduring recenpast. Thisis mainly due
to the continuous technical innovatiored the involvement of large scale

commercial manufacturers.

But still the cost ofbattery backups are naffordablefor many of the customers
even though the rooftop solar with baigsrmake thesolar PV installatiormore

independent and less trouble to the grid.

Now with the involvemenbf giant companies like TESLAnvesting oninnovative
battery technologies anghanufacturing affordable batteries for spectéppliances
including the batteries for househaqldscan be expected to change the market of

batteries in near future.

Hence integrationof battery backupwith solar may be the next level of controlling
and optimizing methodologyfor distributed renewablegeneration Selecting the
suitable amount of battery capacityor a grid connected solar capacity is a
challenging taskand highly depending on threquiredoutcome With the properly
sized batterystorageand control mechanisprenewable integration to theetwork

can be managed smartly.

1.9. Motivation

It is clear that the maximum allowable rooftop solar installations have upper limit
due to technical restrictions @ar on stability and quality of the supply. In Sri Lanka
with the encouragemenf government and the introduction of new tariff structures,
rooftop solar additins had a rapigrowth during last few years and the trend is still

ongoing.



Even thogh thereis no defined upper limifor the rooftop solar as a country, issues
occurdue to high penetration of solar is now can be seen atuelythe distribution

transformergvith large number of net metering customers available.

Highly residential LECO serviceareas like Kotte Maharagamaand Nugegoda
distribution transformers are now available with exporting energlye MV network
duringdaytime due tdarge amount ofooftop solar instdtionsin each transformer

service areas

Other than limitingof rooftop solar installationglue to technical restrictiond is
worthy to find possible alternativesf controlling and managing these carlfoee

energy additiorto the gid.

As one of the alternativeoncepton managing and controlling the rooftop solar,
community based smart grislintroducedandfeasibility onsuch kind of smart grid

for Sri Lankan urban distribution transfornssrvice aress presented in this report.



CHAPTER 2
2. PROJECT OVERVIEW

2.1.Research Study

Research presented in this report is a feasibility study carried out to find the
possibilities of havingdistribution transformeservice aredased mart grid The
scope was defined to study the conceptudran areas of Sri Lankahere high
penetrationof rooftop solar installations are already available and more potential

customers are ready for further installations.

Presented smart grichethodology controls the real time power flow through the
distribution transformer and optimiz#ése utilization of rooftop PV generationside
the distribution transformeserviceareausing decentralized battery storages.

Controlling the battery charging and dischargingcasried outwith the centralized
controller by monitoring in-out power flows through the transformer and

communicating with thdistributedinverters.

The final objectiveis to completelyutilize the energygenerationfrom rooftop PV
inside the transformeserviceareawith contributing to the grid stability quality and

cost concerns.
To study this futuristic scenaritheresearch studwascarried out in three phases.

1. Study the present LECO network related to the rooftop solar installations,
customer behaviors and distribution transformer characteristics in urban
areas.

2. Model an actualurban LECO distribution transformeservice area using
MatLab Simulink and simulate for present and fuixpectedscenarios

3. Update the model for proposed smart grid design and simulate for different

cases

The methodology, data analysis, simulation results and conclasitime proposed
methodhaspresented in the report.

10



2.2.Scope of the Project

As an methodology foroptimize the generation fromooftop solay this research
conceptis applicable t& r i L arlmak distribution transformeserviceareas due

to the uniqueness in the urban distribution network in Sri Lanka. For all the analysis,
data related to the LECO operational amwas used and LECOdistribution

transformers and customevereconsidered.

For theanalyzingpurposs, simulation model of @ urban distribution transformer
serviceareawas developedusing MatLab Simulink whichrepresentshe present
actual situatiorof the transformeservicearea This model is a three phase four wire
load flow model that caaralyzethe behaviorof transformer, linegncluding neutral

conductorcharacteristicsloads and solar P&vailable in LV feeders.

The modelwas included the transformefgeders customer loads andokr PV.
Model was simulatedor one complete day using actual data of solar generation,
cusbmer loads and transformer load curvdsich are availablén 15 minutes time

intervals

Then themodelwasupgradedy increasing the loads and PV genenatsexpected
in near future Battery backups and centralized controlling methodology to the
batterieswere modeled as a part of the proposed smart grid conBesults
including load profile of the transformevoltage profile of thefeeders battery
charging and dischargingurveswere obtained by simulating t@chieveseveral

objectivesincluding the sizing of the battery.
2.3. Objectives of the Study

The objectives of the study are listed as below.

a. Analyze the available energgources, loads and battery backups to formulate
smart grid type energy island in a distribution substation area.
b. Feasibility study on developingelf-controlling distribution substation based

smart grid by optimizing distributed energy restes, loads and storage.

11



2.4. Methodology
Methodology steps of the study are listed as below.

a. Study the LECO network andentify thepotential distribution transformers
to be oprated as islanded smart gridd. ECO network

b. Analyze the behavior of the energy sourcegustomer load curves and
transformer load curves in a selecteodtential distribution transformer in
LECO operationahrea

c. Modeling the distribution substation including the loads and rooftop solar PV

d. Upgrade the model for simuiag distribution substation based smart grid

12



2.5. Distribution Transformer Based Smart Grid

2.5.1. LV distribution network

Arrangement oftonventional LV distributiometwork starts fromtransfomer LV
terminals and ends bgustomer meter point. LV feeders dh#ee phasdour wire

radial feederslV neutral is earthed by transformemd and each LV feeder end

Power flow of the feederss always in downwards from transformer to customer via
LV feeders and serviceonductorssince there is nelectricitygeneration available in
the LV side. Customer meter is meaws uni-directional energy usagef the

customer loads

TheFigure2.1 represents the typical arrangement of LV distribution network starting

from the distribution transformer
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LV Distribution Network

Figure2.1 Arrangement of the conventional LV distribution netwac
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2.5.2. LV distribution network with Rooftop Solar

Rooftop solar additionbaveinstalledat customer premises and connected td_the
network through the customer meter poias shown inFigure 2.2. These PV
installationshave not madeany significant changein the physical arrangement of
the LV networkinstead ofreplacing the energy metby import/export energy meter

for billing purposes

Excesselectricity generation during day timean creat reverse power flowin
feeders when the instantaneous solar generation is higher than the customer

consumption.
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Transforme  Meter
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1 [ 1
Distribution
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LV Distribution Network

Figure2.2 LV Distribution Network with Rooftop Solar

14



2.5.3. LV Network Based Smart Grid

Smart grid formulating inurban distribution transformeserviceareamay include
loads, energy source$oad contrding mechanismsgenergy storagecapabilities
smart grid control and point of connection to the main gsidhown irFigure2.3.

In urban distribubn transformerservicearea, most loads arelomestic Available
distributed energy sourceare rooftop solar PV There may be small scale diesel
generator units like baak generatorsan bepresent Loads can be controlledsing
smartmeterswhich can communicate to the main controller and have the facilities of
connecting and disconnecting the load or further have the capability of connecting

and disconngting selectedndividual appliances in households.

Storagesystems can be battery backup sisfecifically used for thesmart grid or it
canbe electricvehicles which have the capacity wilizing the vehicle battery with
V2G technology.Main grid available from ransformer sideand the centralized

controller is available with communication with each load and source.

-
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Figure2.3 Distribution Transformer Based Smart Grid
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Figure2.4 shows thébasic blockdiagram of the promedLV smart gridrepresenting
available applianceslevices power flowdirectionsand communicatiaon

In this smart grid tsucture, assets of the smart grid are owned to both individual
customers and to the utility. Operation is controlled by the centralized operating
mechanism which decide the charging or discharging of batteries and controlling

loads.

By such controlling mehanism, it is expected to mitigate the effects on solar
fluctuations, quality issues related to voltage and line losses by intelligently

controlling storage capacities and controllable loads.

The research simulation was limited to the distribution transfo service area
based smart grid simplified with the availability of roontrollable loads, rooftop
solar and battery backups only. The study carried out to design the simulation model
for present LV distribution network using actual data and upgrétisdmodel to
proposed smart grid arrangement for sizing and controlling the battery backup to

achieve specific outcomes.

The simplified LV network arrangement considered for the research is shown in

Figure2.5
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3. EFFECT OF ROOFTOP SOLAR PV IN LECO NETWORK

3.1.LECO Distribution Network

LECO networkis establishd in Sothern western costal bebf Sri Lanka LECO
servedor around 54900customersas shown irFigure3.1 and theLECO operating
geqyraphical areancludesmany ofthe Colombo suburbsuch afNugegoda, Kotte,

Moratuwa, KelaniyaRajagiriya and Panadyravherethe customer density isery
high.

OPERATIONAL AREAS OF
LANKA ELECTRICITY COMPANY (PRIVATE) LIMITED

&

EGOMBO BRANCH

IYA BRANCH

KALUTARA BRANCH

GALLE BRANCH

Figure3.1 LECO Operational Area

LECO purchase electricity frofri Lankan transmission utility (CEB) and sellthe
custome base inLECO servicearea.
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LECO medium voltage network is XV radial operating network constructed in the
form of ring type feeder desigiThis 11 kV feeders are routed mostly along road
corridors and other such access routdwe@&phase four wire low voltage system
comprises of approximately 1500 A rated feeder circuits with 148, 30 A and 60

A service connections.

Transformersusedby LECO are three phase 14V/ 415V double wound, D1
hermetically sealed type with thepzecities 0f100 kVA, 160 kVA, 250 kVA, 400
kVA and 630kVA. Only the transformesizesup to250kVA are usedn LECO as

distribution transformers.

LV feeders areconstructed by ABC conductors-our coe and twin service
condwctorsareused as service conductoi$e generalsummary of LECO network
is tabulated inable 3.1.

Table3.1 LECO Network Summary

LECO Network Summary

Total Number of Customers 545,000
Total Number of Branches 7

Total Number of CSC 23

11kV line length 1,070 km

LV line length 3,500km
11kV/400V substationsTotal 4,097
11kV/400V Distribution Substations 2,371
11kV/400V Distribution Substations Capacity 374528 kVA
Total Energy Sales iMWh (2017) 1,518000MWh
Total Solar Exports to the Network (2017) 13,724 MWh
Average Distribution Loss in the Network 4.0%

As per the past databthesticcustomercontribution to thet ECO network is around

80%in number of customer vise and over 40% in total energy consumption vise.
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This indicates that theny implementation on domestic consumer base has the ability

to affect the network isignificant manner.

m Domestic
mD ti
omestic m General
Purpose
m General Industrial
Purpose m Industria
m Oth
er m Hotels
m Other
Figure3.3 LECO Customer Mix Figure3.2 Energy Mix

3.2.Rooftop Solar Installations in LECO Area

Addition of rooftop solar PMn to the utility gridhas initiated in 2009 with the
introduction of net metering scheme Sri Lanka But the significant growth of
rooftop solar PV customers and capacities weoerdedduring last two years with
the implementation of Surydala Sangramayathe government initiativeon

promoting rooftop solar

While total Sri Lankan instied rooftop solar PV capacity excedd0 MW, total
installed rooftop solar PV capacity in LECS@rviceareareachedo 10 MW in the
end ofyear 2017 Growth of number of rooftop solar PV customers and installed

rooftop sola PV capacitiesn LECO service are#s presented irFigure3.4.

21



12000

10000
8000
6000
4000
2000
0 /
R A I A S
= Total No of Rooftop PV Customers Total Capacity (kW)

Figure3.4 LECO Rooftop PV Customer/ Capacity Growth
3.3. Statistical Analyze on LECO Rooftop Solar

Statistical analyze has been done using data relatde tavoftop solar custonmein
the LECOservice are#o identify the behavioof the rooftop solaadditionsin urban
Sri Lankanelectrical network Results of the analysis are summarizadbelow

categories.

3.3.1. Contribution of Rooftop Solar to the network

With the total installed rooftop solar capacity of more thaivil@, 13,323MWh of
excess energy hdmenexported toLV network by all roofop solar installations
LECO areaduring year 2017

The excess energy export to the gatdhe metering point is the differenbetween

instantaneous generation and customer laac particular time The amount of
annual rooftop solaenergy exports are still around 1%of the annual energy
purchase by LECO from CEB primary substations.

3.3.2. Propagation of rooftop solar customers in distribution
transformers

As a distributed energy souraistomer selecthe capacity of the rooftop solBvV

depending orseveral factorsPayback period of the capital cost raioftop solar PV
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installation is defined by the customer tariff category, customer load and plant
capacity.

With the statistics of installed solcapacities bizECO customers it can be seen that
more than 85% o$olar PV installeccustomershave panel capacities less than 10

kKW in size. The highest numbers of installationsiatfe range 08 kW to 6 kW.

Out of 10MW of total installed solaPV capacityin entire LECO area2 MW from
the installationsvith panel capacithigher than 1&W. Manyof thesehave installed

by bulk customers who have dedicated transformer for the service connection.

Other thanthis 2 MW installationsall the other 8 MW of PV comesfrom the
installationsless than 1&W panel capacityn size Hence 80% of installed solar
capacityhas obtainedrom the small scale solar installations mostly less thakWL0
The number of custoers compared witheach installed solar P\tapacity is

presented ifrigure3.5.
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Further, ait of 2,300distribution transformers operate LECO serviceareg around
950 transformers are available wittooftop solar customers. Most of Hee
transformers are located in highly urtiamn areas wherstill many of the potential

customers are available for naglar installationsn future

According to these statistics it can be clearly seen thamost of the solar PV
installations are small scale installationgapacity visend theyall areconnectedn
smallnumber of transformers located mostly in urban arglais. showshat rooftop
solar PV penetration is highly distributdoly size but concentrated to small

geographicahreas.

3.3.3. Transformers with highest solar censities

The issuesdiscussedn previouschapters related thigher solar PV additions are
initially appear in the distribution transformergith highest rooftop solaPV
installations. Out of 95@istribution transformera/here rooftop solar customers are
now available, the density of sola¥ installations takemaspercentagef rooftopPV

capacity to the transformer capacitypresented in thEBigure3.6.
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Figure3.6 Installed Solar PV Densities in Distribution Transformers
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There are around 75 transformers with solar installatimadable in the transformer
service are@xceedingmore than 20% of the transforms&ze The higheshumbers
of solar additions aravailable in 15 transformers where the total installed solar

camcitesareexceedingt0% of the transformer capacity

3.4. Selected Transformer for Study

This research study requireé real time simulation of the distribution transformer
including rooftop solarinstallations There were several transformers available with
the high penetration of rooftop solar installations in LECO areiah weresuitable

for this study

A 250kVA transformer located in Kotte areasselected for the studgonsidering
the following factors.The deail of the selected transformer is shownBrror!

Reference source not found.

a. Located in a heavily urbanized area

b. Higher number of high end domestic customersre available in the
transforner area

c. Availability of around 12kW of total solar installations

d. Domestic customersere metered using smart metengich are available

with customer load profiles

Table3.2 AZ0228 Transformer Details

LECO Transformer Code AZ0228

Transformer Capacity 250kVA

Location Epitamulla Road Kotte
Total Number of Pole Nodes 120

Total Number of Customers 502

Domestic 320

General Purpose 21

Total net metering Customers 24

Total InstalledSolar PVCapacity 121 kW
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Impors and exports oklectricalenergyfor one complete dain selected AD228
distribution transformer in 15 minutes tinetervals are presented ifrigure 3.7.
Here thamport energy is the energy flows from transformer MV side to Exports
are the excess energy genedatethe LV network flow from transformer LV side to
MV.

During day timeelectrical energyimport by the utility grid hasreduce due to
reduction of domestic loads and increasing solar generation in rooftop Pélar
installations. During midday whersolar radiation ishigher, there was an excess
energy generatiomside transformeservice areawhich are exportedto the MV

network.

kWh Import/ Export
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H

g”)" Q‘)" Q’\" 09" '\}"
yf) m,f) »o 2 mﬁ mib
AV 48 PN

Q> AO¥ f@';\ AN \S ,Lg\j',@@',@

H Import m Export

Figure3.7 One Day Profile okWh Import/ Expori AZ0228 Transformer

The geographical area of the transformexs covered by3 main LV feedersand
several pur feeders.Map of the selected transformand the transformer service
areaare extracted from LECO GIS mapsith line and pole details @ shown in
Figure3.9.
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Figure3.8 Geographical Area Map for AZ 0228
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