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Numerousstudiesfocuson:

o determining photovoltaic (PV) potential of rooftop 
surfaces

o PV system integration regarding the PV potential

o PV system integration regarding the distribution 
network (DN) operation

o participation of active elements 

o optimization of DN operation

combining these approaches for 

optimization of DN operation

Motivation
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Methodologyfor minimizationof annualenergylosses
in DNby optimalplacementof PVsystems

ü high-resolutionPVpotentialof rooftop surfaces

ü time-dependentnetworkoperation

SOLVING THE PROBLEM OF SELECTION OF OPTIMAL 
ROOFTOP SURFACES FOR PV INSTALLATION

Identificationof the additionalfactor:

dependency of power consumed from a supply voltage 

i.e. LOAD MODELING

Research goal
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Introduction

Methodology

Casestudyon realurbanlow voltageDN

ï test network

ï operationscenarios

Results

Conclusion

Presentation overview
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Å Evolutionof DNfrom a passiveto an activeelement
of electricpowersystem

Å Technical,economic,social,regulatoryimpact

Å Active participation of different elements of DN,
promotedby politicaldirectives

Å Proliferation in renewable energy resources (DER)
integration

Å Differentmethodologiesfor minimizationof DNlosses

Introduction
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ÅSelectionof rooftop surfacesfor installation
of PVsystems,optimal from:

Å Solarenergyavailability standpoint

ü PVpotentialassessment

Å Distribution network operation standpoint

ü minimizationof annualenergylosses

ü ensuringoperationalconstraints

Methodology
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Layer 1: predprocessing 
LiDAR data
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Layer 1: predprocessing 
LiDAR data

Layer 2: assessing PV potential 
and rating rooftop surfaces
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Layer 1: predprocessing 
LiDAR data

Layer 2: assessing PV potential 
and rating rooftop surfaces

Layer 3: modeling 
distribution network
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Layer 1: predprocessing 
LiDAR data

Layer 2: assessing PV potential 
and rating rooftop surfaces

Layer 3: modeling 
distribution network

Layer 4: time-dependent loading 
and generation profiles
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START

Optimization module: 

determines the optimal 

additional PV generation

Solar and PV assessment module: 

evaluates solar and PV potential of 

rooftop surfaces

Selection module:

selection of rooftop surfaces 

for ensuring the determined 

additional PV generation

END

PV generation profiles 

for rooftop surfaces

categorization of 

rooftop surfaces

additional PV 

generation for 

optimization of 

network operation

Evaluation of the initial 

network operation

Simplified block diagram



Solar and PV potential assessment module

LiDAR data, pyranometer measurementsof direct and
diffuse irradiance, algorithm for consideration of
shadowing,moduleinclinationandefficiencycharacteristics

Å SolarandPVpotentialassessment

Å Categorizationof rooftop surfaces(suitabilitycategories:
veryhigh,high,medium,low)

Å Hourlypowergenerationprofiles
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DifferentialEvolution

Optimal solution is the one yielding the 
minimum annual energy losses

Å Objectivefunction:

ή
ὡ ͺ

ὡ
ὴ

Penaltiesὴ ensure that voltage profiles
and currents are kept within the
prescribedlimits

Optimizationmodule
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Utilization of high-resolution 
solar and PV potential data

Varying additional PV 
generation

Determine annual energy 
losses with additional PV 

generation

Maximum 
number of iterations 

exceeded
Yes

Optimization:
Additional PV generation, yielding minimum 

annual energy losses determined

END

Selection:
Roofs with better ratings have 

priority in choosing process

Create PV generation 
profiles

Evaluate the fintess function

Determine annual energy 
losses

Model the distribution 
network

START

Categorize rooftop surfaces 
according to the suitability for 

PV installation 

Final selection of rooftop 
surfaces, yielding the 

determined generation from 
PV systems 

Assess solar and PV potential 
of available roof surfaces 

Loading profiles 

No



Test DN ςreal urban LV
LV node

Number of connected 
rooftops

3 3

5 3

8 3

9 5

10 3

12 4

14 5

17 7

20 4

21 2

22 2

23 2

24 2

25 4

26 2

27 3

28 4

29 3

31 1

32 3

33 3

38 1

59ǎŜŀǊŎƘǇŀǊŀƳŜǘŜǊǎὼȟȟὼȟȣὼȟ ςoptimal locations for PV system installation
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Loadingmodel
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Polynomial modelsof the active ὖ ȟand reactive 

powers ὗ ȟ, consumed at node ὲ

ὖ ȟ ὖ ȟ ὥ ὥ Ὗ ὥ Ὗ

ὗ ȟ ὗ ȟ ὶ ὶὟ ὶὟ

ὥȟὶ - dependence on the supply voltageὟ

ὥȟὶ - linear dependence on the supply voltage Ὗ

ὥȟὶ - quadratic dependence on the supply voltage Ὗ

ὥ ὥ ὥ ρ

ὶ ὶ ὶ ρ



Optimizationscenarios
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Constant power loading model(CPM)

ὥ ὶ ρ and ὥ ὥ ὶ ὶ π.

ὖ ȟ ὖ ȟ

ὗ ȟ ὗ ȟ

Constant impedance loading model(CIM)

ὥ ὶ ρ and ὥ ὥ ὶ ὶ π.

ὖ ȟ ὖ ȟὟ

ὗ ȟ ὗ ȟὟ



Results: Original network operation
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constant power

loading model

constant impedance

loading model

Original  network

annual energy losses
57.78 MWh 63.65 MWh

Distributionof the nodal
voltagesthrououghtthe year



Results: Optimized network operation
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constant power

loading model

constant impedance

loading model

Original network losses 57.78 MWh 63.65 MWh

Losses after the 

optimization

38.79 MWh

(32.9% reduction)

43.19 MWh

(32.1% reduction)

Rated power of installed 

PV systems
267.0 kWp 287.9 kWp

Number of selected 

rooftop surfaces
32 whole, 11 partial 34 whole, 9 partial



Results: Selectionof rooftop surfaces
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267.0 kWp
accomodated

287.9kWp
accomodated


