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Abstract

To contribute to the reductiaf greenhousgasemissions,energy productiofrom

renewable energy resourcg®ould be markedlyncreasedo supplytherising global energy
demandMarchant, 2018)This thesisnvestigates the solar energy potential in Tronvbgh
is used as a basis for estimating tetakrgy yield from photovoltaic (PV) systems on
rooftops. Thesnergy yield is coparedagainstenergy load fronCruise ships visiting Tromsg
to investigate the gentialfor supplyingthe ships with renewabldocal producedV solar
energyto substitutehe ships own production of energy

The aim of this thesis is favestigate the solar potentiah Tromsgya by creating a solar map
in ArcGIS.The solar map could be used as a basis for investigatiengy yield fronPV
systemsnstalledon buildings The suitable aredsr PV systems on Tromsgyeere
determined byjualified estimationgased on building aresatisticsand utilizationfactors

The energy loaffom Cruise shipsvas estimatetly using given information from Port of

Kristiansand, the oglharbor in Norway whicloffer the possibilities foshore power

This thesis has created the fiis25-meterresolutionsolar mapever madef TromsgyaThe
resulting solar map shovescurateesults with aelativeRMSE of 0.00AV/i  when

compared againstveragegyranometer values at Holteather stationThe resuling

potential frombuildingson Tromsgyahows that the PV energy yieldith 10% integration
scenariacould cover théoad fromCruise shipgor all summer months durinthetourist
seasonThe solar fractioffSF showsa positive energy balance between PV energy yield and
Cruise ship energy lodadr all months, exgat from March where the load was higher than
yield. Calculationshased orelectricity spotprice showsthat Tromsg municipality could earn

economic benefitby sellingproducedPV solar energyo Cruise ships
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1 Introduction

1.1 Background

The dobal populationcontinues to riseand the global energy demand is increasing. para
of the 2015Paris agreement, the global warming should be limited tiChBforetheend of
the centuryoy markedly increasthe percentagef energy productiofrom renewable energy

resourcegMarchant, 2018)

Since the beginning of the new millenniptine global photovoltaic (PV) marked has grown
rapidly from less than 1 GW in year 2000 to exaeg800 GW in year 2018Solar Business
Hub,2019) India was one of theountieswith highest growth in 2018 with 10.8 GW,
Australia close to 3.8 GW, Mexico 2.7 and Korea with 2.0 (3Mar Business Hub, 2019)
The middle east and African countries have also grbwt theseresults would be more
viable in 2019. Europe experienced growth in PV miatkeéh Germany and Netherland as
most significant countries. In summary, the global PV marked grew .By®& in 2018 The
total production from PV systems contributesgto 2.6% of the electricity demand in the
world (Solar Business Hub, 201%or 2019, a 25% growth with 129 GW new capacity is
predicted to be installg@ustinable Enterprises Media, Inc, 2018)the future, PV has the
potential to becomamajor source of electricity with an expected exponential growth. PV
systems has the advantage that it could easily varydmatlindividual productionsystems
to large power plants. To continue risinge AV marked need to be supported by decsgase
battery prices and rapid uptakaf electric vehiclegSolar Business Hub, 2019)

In Norway, the interest in Pias beehow with an installed capacity of only820 K7 in

2004 and the marked growth was low with a yearly increase of 5% from 2004 to 2013. In
2016, the PV marked in Norway exploded with a 75% increase from 2015 and the marked has
continued to rise with a 59% increase in capacity from 2016 to @@dlficonsult, 2018)

The installed capacity changed from almost 100%gatf systems to 50% offrid and 50%
connected to grid. In 2018, the solar energy marked couwthougse with 29% from 2017

and the total installed capacity is-68gawé# peak(M7 . This extreme increase in PV

marked in Norway from 2015 until today is caused by reduced prices for installations, higher
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efficiency for modules and growinginterestin renewable energy resourcesaddition to
several new businessémtarefocusingon solar energy

In conjunction with the increased focus on PV marked worldwide and in Norway TO€r

Arctic University of Norway has established a PV system for research purposes to increase
knowledge about PV systepotentialsn the Arctic regions. In addition, the Institute for
Physics and Technology (IFT) at UiT has installed several instruments in different locations
in Troms county to investigate the solar potentraR017,UiT establishedhe Arctic centre

for Sustainable Energy @&C) which is an interdisciplinary centre focusing on Arctic
challenges and conditions within renewable energy and greenhouse gas manédd@ment
2019)

1.2 Idea and Aim of Thesis

The idea for this thesis was conceiveddrgfessor and leader of ARC, Matteo Chidgeng

a discussion with authowe discussed th€ruise ships ifromsg harbowhich emits huge
amouns of greenhouse gases and particulate mdtiertoself-production of energy when
harbor We werecurious aboutif it waspossible to supply these Cruise ships with renewable
solar energy from PV systems on Tromsd@llution from Cruise shipis a highly debated
field regarding taclimate change ansupplyirg with renewableshorepowerwhen in harbor

is something to considel o investigate energy yield potential from PV systems, Professor
Tobias Bostrém suggested to create a solar map in Ane@Gikdh could be used as a basis for

mapping the solar potential in Tromsg

The main aim of this thesis is tceate a highresolution solar map in ArcGl$oftware that

canbe used as a basis for mapping solar potential on rooftops on Tromsgya. A solar map for
Tromsgya has been created befara former mastehesis buhas not beensed for PV

energy yield purpass. The former solar map has a resolution-@héter, while in this thesis

a solar mapf both Xand0.25meterresolutionds to be created to investigate differences in

high-andlow resolution solar maps.

Whenthe solar map is created, it is possilol@ise this mafo evaluate theotential for

energy yield from PV systems. Total number of buildings must be identified to thereafter



1.3/ Significance

estimate solaarchitecturally suitable roof and facade areas by using utilization factoes
areas couldhereaftebe usedo calculatethetotal energy yield from PV systems on
Tromsgya The total production could be set in context with eneamsumptiorfrom Cruise
ships visiting Tromsg to investigate if enough enexgyld beproducedoy renewable solar
energyto supply Cruise sh® Finally, a simple calculatiois performed to investigate the
opportunitiesor economic beefit for Tromsg municipalitypy sellingPV solar energy

1.3 Significance

The PV solar potential conditions in urban environments can varyisagmtify according to

tilt and orientation of roof in addition to surrounding factors as shadowing effects. The local
conditions can diffebetweemeighbouring areas because of topography and surrounding
buildings, and therefore all areas must be consieresn investigating local PV solar
potential. In addition, the global solar irradiation varies significantly during the year,
especially in Arctic regiongArctic regionsnorth ofthe polar circlehas 24hours polar nights
during winter where solar irraation isnorn existent. On the other hand, during the summer
period in the 8 weeks when sun never sets, PV generation potential could be significan
During this period the electricity loadrom Cruise ships significantwith anincreased traffic

asthe tourism inTromsgis at its peakn summer months.

Creating solar mapsanmake it possible to visualize the solar potential on both buildings and
surrounding terrain. In this thesis, G8used astool for investigating the solar potential on
all rooftops on Tromsgya regarditmorientation, tilt and surrounding effects. This solar map
could be a valuable asset when considering where to place a PV system with optimal

production.
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1.4 Structure of the Thesis

Including the introduction, the thesisnsists of 6 chapters: theory, method, results,

discussion and conclusion with suggestions for further work.

Chapter 2 provides the theoretical backgrowmeeded to understand the methodology in the
thesis. Tle chapter holds an introductida solar energy and working principles of PV cells.
Geographical information system (GIS) is thereafter described.

Chapter 3 presents the methodology ugedead the results. It describes the process of
creating the solar map in ArcGIS, case studiesl mapping of total building areand

estimation of energy consumption from Cruise ships.

Chapter 4 provides monthly energy yield from PV systems on Tromsgya and presents the
energy yield/need balance between PV systems and Cruise ships. In additiorstadyafse
one day in June 2018 is performed to show how much area of PV systems are needed to cover

a Cruise shid0 hours energy demand

Chapter 5 holds a discussion of methbdsed onwhen creating thenap,it debatesow the
calculation of tlese solamays could be done in more efficient wayl he validity of the
estimating method for the total building area on Troms®éscussed. Finally, uncertainties

regarding teestimatingenergyload fromCruise ships igxamired
Chapter 6 summarizes theesults and proposes suggestions for future work

In addition, monthly solar maps forahd0.25meter resolutiomreadded in the appendix
which could be used for closer investigation of solar potential for specific months. The

bibliography with all soures of information is provided in the end.
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2.1 Solar energy

Solar energy is the source for almost all energy on the earth. Humans, animals and plants need
the sun for heat and food. Hatheravaysthamfbod 0 us e t
and warming. For example, fossil fuels are widely used for transportation and electricity
generation. Fossil fuel is solar energy which has been stored in millions ofieasberg &

Bowden, 2018)Similarly, humansisebiomass which convest he sunds ener gy i
and wind energy uses air current that are cr
(Honsberg & Bowden, 2018MHydroelectricity is also indirectlgnergywe receive fromthe

sun. The sun heats up water, which evaporates and return to earth as precipitation, and gets
stored in dams where we can install hydro power plants to make use of the stored water for
hydroelectricity(Honsberg & Bavden, 2018)

The solar energganbe viewed as parcels of energy, where each paricefasm of photons.

The photons have energy given as

o — P
,where_is the photons wavelengthj s gi ven as t hnelcisSRHeapeddofs con st
light and is often considered as cons{afunsberg & Bowden, 2018Yherefore, the energy
of the photon is deperdton wavelength , where short wavelength photamasvehigh
energy, and vice versa. Photons of differentwavegle h r each di fferent pa
atmosphere. As solar radiation passes through the atmosphere, dust, gasses and aerosols
absorbs photons. Some specific gassefas ozone, carbon dioxide and water have high
absorption of photons. A big part of the infrared light with high wavelength abprei2
absorbed by water vapor and carbon dioxide, while most of the ultraviolet light with shorter
wavelength below 0.8m isabsorbed by ozonglonsberg & Bowden, 2018)

The absorption of photons by specific gasses is not the only factor which affect the solar
radiation trough the atmospheiéde major factor for reddion in power from solar
irradiation to surfacgis absorption and scattering of light due to molecuddbe airand dust.

If the sun is not directly overhead atthe surface, the photons must travel longer distance
5
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trough the atmosphere. In this case, higher energy photons witarshavelengths are more
absorbed and scattered than low energy photons with longer wavelengths. If the sun is
directly overheaéd at surface, the absorption due to atmospheric elements causes a relatively

uniform reduction across the visible spectriiionsberg & Bowden, 2018)
2.1.1 What is solar irradiance?

Solar irradiance is the amount efiergy from thesun that hit thesarth over a square meter
per second, and has unit— | O— (Garner, 2008By measuing the irradiance of the sun

at a wavelength of light, we find the solar spectral irradiance. The spectral irradiance
variations are seen in many photons with different wavelengths. The photons in the visible
light and infrared part of the eleostmagnetic spectrum have long wavelengths, and the

photons in the Xray part has short wavelengtt@arner, 2008)By measuring spectral
irradiancewe get more knowledge about which wavelengths are absorbed in the atmosphere,
and which wavelengths does reach the surface. Radiation in the visible and infrared spectrum
reaching the surface, while ultraviolet andr&y radiation is absorbed by the atmosphere at
higher altitudegGarner, 2008)

wavelength frequency
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Figure 2-1: The electromagnetic spectryonsberg & Bowden, 2018)
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2.2 Atmospheric effects on solar radiation

Sincetheear t hd s

sur face

S

c o v eadiatidn whigh reach sudacano s p h e

is affected by atmospheric effects. Some of the major atmospheric effecesluction of

solar radiation intensitgtue to absorption, scattering and reflection of photons. In addition,

the photons will have a change in spalctontent due to absorption or scattering. When the

photons radiate through the atmosphere, a diffuse or indirect component would occur due to

scattering. The final major component which afecto | a r

radiation on Eart

variationsin water vapor contents, pollution and clod®nsberg & Bowden, 2018An

overviewof atmospheric effectsn a typical clear sky situatios given in figure 22.

Input 100%

Absorbed
Total 18%

Scattered

0 -3 km ‘ E
Lower

dust

layer
0-3 km

molecules

Water
vapour

Scattered to
Earth 7%

Direct to Earth

70%

Figure 2-2: Atmospheric effects on Solar radiatiidfonsberg & Bowden, 2018)
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2.2.1 Air Mass

In addition to atmospherieffects asuchabsorption, reflection and scatterjnige distance
the photons travel through the atmosphere affects solar intensity on earth. A{AMAss

the distance the photons traveldhgh the atmosphere normalized to the shortest distance
where the sun is directly overhe@dbonsberg & Bowden, 2019)Air mass is defined as

c¥

,where—is the zenith angle and represent the angle awayvestical. The biggeris, the
smaller is AM. Therefore, AM represent the reduction of power of light which reach the earth
surface with respect to angle. If AM=1, then power of light is only dependent of other

atmospheric effects.

Figure 2-3: Air Mass effect of solar radiation on surface, wherepresent the angle away

from vertical(Honsberg & Bowden, 2019)

However, equation (2.2) assumes that the Ear
nonphysicalathighdegreebecause of an infinitwamatAM when t
sunrise. Therefore, the curvature of the earth must be considered. Equation 2.3 incorporates

Earthd survature(Honsberg & Bowden, 2019)
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- p
— )
°Y X738 T® TTU @I X ww— 8 S
Equation (2.3) gives AM at sunrise
- p
ovwrtmJ o c8

Al O ™ TU WGP X W T 8

Based oratmospheric effects as scattering, absorption, reflection, change in spectral contents,
local variations and AM, it is possible tolcalate a value of the direct component of solar
intensity on Earth surface. The intensitysohlight at sea levelould be calculated as a

function of air mass from an experimentally determined equatittngood accuracy

8

O pd LI (€]

Where O is the sunlight intensity on a flat disk perpendicular to the sih 7 . The
number 0.7 arises from approximately 70% of the incident radiation is transthittedhthe
atmosphereThe factor 0.678 is an empirical term which should fit obse datahatalso
takes noruniformities in atmospheric layers into accaunts important to notice thatéise
constarg couldbe slightly different for calculations above the polar circle, as théasin
lower angle compared to typical conditicatdower latitudesThe constant value of 1.353 is

the solar constant given 1771  (Honsberg & Bowden, 2019)

To achieve an even more accurate value for solar intensity, height above sea level is an
important factor as the solatensity increases with height. With height considered, the direct

sunlight intensityO could be written as

0 pFLD P GO °  &Q c#
Wherea = 0.14 is an empirical constant ahds height above sea level given in kilometers
(Honsberg & Bowden, 2019)n addition to directadiation from the surthe diffuse radiation
is about 10% of the direct component on a clear(Haynsberg & Bowden, 20197 he total

global irradiance on a solar module on a clear day could therefore be calculated as

O p®»3J0 ¥
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This derivation assumes typicimosphericallyonditionswith given empiricaterms and
could varies at high latitudes the Arctic regionsvhere AMis different due talifferent

anglebetween sun and surface

2.3 Photovoltaics

PhotovoltaicgPV) is theconversiorof sunlight directly into electricity by using solar cells

(Honsberg & Bowden, 20197 he first PV devices earedemonstrated in the 1950s dater

used for satellite applications in space. I n
and have a | ow efficiency. I n recent year s,
and is the fastest growing eggmresource in the worldith an investment increase of 16% in

2017 compared to 20YBerke, 2018)

Global growth in net electricity generating capacity

M Fossil fuels [ Wind Hydro [l Solar Other renewables Nuclear
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2010 2011 2012 2013 2014 2015 2016 2017

Source: CarbonBrief.org BUSINESS INSIDER

Figure 2-4: Global growth in net electricity generation capa¢Bgrke, 2018)
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2.3.1 Physics of PV
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Figure 2-5: Schematic overview of PV cell construction (Alternative Energy Tutorials, 2019)

As the naméghotovoltaic impliesfiphot@means lightanéiv ol t ai c0 represent
When photons with an intensity of global irradiai@dits thesurface ofolar cell, photons
arereflected absorbed or transmitte@he portion of absorbed photons dependalbedo

andband gap of asniconductor materiallhe albedo giveBactionof radiationthatis

reflected and is dependeart the properties of the materiddaterials with dark surfaces has

low albedo and high absorptioBand gap is the minimum amount of energy which is

requiredfor an electron to break free of its bound state and get into a free state where it can
participate in conductignvhich makait possible to transfer internal energy inside the
semiconductor materigHonsberg & Bowden, 2019Photons with equal or higher energy

than band gap will be absorbed, while lower energy photons will weakly interact and gets

transmitted through the mater{gdlonsberg & Bowden, 2019)

When a photogetsabsorbed, its energy transferred inta semiconductor material. A
semiconductor is a material where the individual atoms are bonded together in a regular,
periodic structure where each atom is surrounded by eigtirongBowden & Honsberg,
2019) Silicon (Si) isa semiconductor material atite most common material used in solar
cell because of low cost and good efficiency. The energy which gets absorbed into the
semiconductor material is transferredatoelectronsurrounding the ator{Seale, 2016) If

enough energy is transferred, the electron escapes from its normal pasitiaves a hole
11
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behind. The electron is negatively charged, while the leoig(yspace where the electron
used to be) is positivelghargedA photon with enough energy could normally free exactly
one electronhole pair.The electronhole pair is free to move and could be current carriers

under influence of energy from photadi&eale, 2016)

The simplessolar cell has three layers. A top junction made -ofyfde semiconductors, the
depletion region and-Rype semiconductoN- type represertlegatively charged
semiconductor composed mostly of negatively charged elecfrbisstype semiconductor

has beemloped with certain impurity atoms which is negatively charged and is called donors
(Andrews & Jelley, 2013)rhe depletion region is the absorber layer where interaction
between electron and holes occurstype represent #Positively charged layer which
compose mostly gbositiveholes.This type has been doped with impurity atoms which is
positively charged and is called acceptémghe depletion region, a junction between positive
layer and the negative layer occursl @ called PN junction Inside the FN junction, an
electric field is createdrhis electric field released by light absorptmovides the voltage
needed to forcthe electrons and holes in a certain directlbwe provide an external current
path the electrons will flowthrough this patiirom N- side to P side to interact with holes to
provide curren{Seale, 2016)Current from flow of electrons and voltage from electric field
provides power production from solar cal power is given as the product of voltage and

current

0 ®O ca
Where P represent power from the product of voltage V and curréotmake use of the
producecelectric current insideolar cell, metallic contact layers gret on top and bottom to
allow the electric current to flow in and out of the solar cell. In addition, solar cells are often
covered with antireflective coatings to reduce losses from reflection. When installed out in the
real world, thecellsareoften covered with materials winigrotecs from external factors as

snow, ice or dugiSeale, 2016)

12
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2.3.2 Effect of temperature

This master thesis is written in Tromsg, which is in an Arctic region with low temperatures
Therefore, it is important to considemperature effeston production fromsolar cells The
results in this semn will show that solar cellfavehigher efficiency at low temperatures
compared to high temperatures.

Solar cells aa semiconductor device are sensitive to temperatitiee temperature

increases, the bargap of the semiconductor reduc@éith decreased barghp the energyf

the electrons inside the material increases. Therefore, lower energy is provided to break the
bond. In a bond model of a semiconductor band gap, tiedun bond energy reduces the

band gap, which provides reduction in band gap with increased tempd¢kdnsberg &

Bowden, 2019)

There are many facteiin a solar celwhichis affected by @hangean temperature. Téimost
significant factor ighe opercircuit voltage.The increasing temperature efféat the open

circuit voltageis shown in the figure below

¥ |

lscincreases
shghtly

high e

temperature
cell

T
Yoc decreases

Figure 2-6 Effect of temperature on IV properties on a typical solar(ehsberg &
Bowden, 2019)
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Where'O andw represent shortircuit current and opertircuit voltage respectively. The
open circuit voltage decreasediwiemperature because of temperature dependetive of

saturation curren©
0 O¢ %

This equation measures the current from one si@d?ofN junction The different parameters

in equation (2.9) are

g = electronic charge constant

A = Area

D = Diffusivity parameter. Measures the diffusivity of the minority carrier for silicon as a
function of doping

L = Minority carrier diffusion length

0 = Doping

¢ = Intrinsic carrier concentration

Many of these parameters have temperature diepery, but the most significant parameter is
theintrinsic carrier concentratigiidonsberg & Bowden, 2019The intrinsic carrier

concentration is a measure of number of electrons and holes which participates in transfer of
internal energy (conduction). This parameter depends on band gHpeand r r enexgyaS s

“ QY (6] (0]

o) Q'Y Q'Y

Where the parameters represent

T = Temperature

h & k = Plank $castant & Boltzmann constant
a Qa Masses for electrons and holes

‘O =Band gap energy

B= Constant independent of temperature

14
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Now we can substitute equation (2.10) into (2.9) to get an expressi@h for

‘O né o ""YA@D!O ¢ "YA@D!O

n QLFO 'rQ.,Y 0] 'rQ.,Y Cfﬁ) p
In equation(2.11) we impose a constdnto make the temperature dependence@useful
for othermaterials andetd  Oato distinguish the approximation in (2.1T)p further
investigate temperature dependenceéof we use the expression file saturatin current.

' 'rQ.,iY T.,O
w - o~

n O

1o 186 171y — P ¢

WhereO Nnw . Further we assume that the derivative of the open circuit voltage does not

depend on thderivative of the short circuit current. This gives expression for circuit voltage

(0% W W Q
ﬁ ¢po

O oV [

Equation (2.13) shows that the temperature sensitivity for a solar cell is dependent on open
circuit voltage and band gap, whérgher voltage gives less temperature sensitivity. By
using typical values for silicofHonsberg & Bowden, 2019hedecreasén open circuit

voltageas a function of temperatuie

TY C&i 6b A\D# Cfﬁ) T

Theincrease in shortircuit current for silicon is

——— 181 Tt TRPAJO# P

Now, to find the temperature dependence for maximum power output for a solar cell, we need
to introduceheFill Factor (FF) a parameter which determines the maxinpawer output

from a solar cel{Honsberg & Bowden, 2019)

15
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FF is defined as the ratio tife maximum power outpud ‘O w ) totheshort circuit

current and open circuit current for a solar cell

o O ®
o P e
With some algebra, FF could be expressed as

p QOO0 p W p .

@Y & Gy v oA < X

Finally, the temperature effect for maximum power outputan becalculated athe sum of

open circuit voltage, shertircuit current and FF

ind bAD P Y

D p o p Q00 p QO
QY ® QY "'OM'Y O Q'Y

C2
C-l| o

The results of these calculations show that the maximum power output dearitias
approximatey 0.005 Wor 0.5% per degree Celsiugiving that solar cells have higher
efficiency incolderconditions.This gives thaa solar celin cold climate conditionatO J#

will have 10% higher efficiency than a solar gellvarmer climate 020 J4.
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2.4 Geographical Information System

To map the solar irradiation potential for PV systems on Trge&&eographical Information
System (GIS¥yoftware isused GIS is a system for collecting, analyzing and administgat
geographical and spatial data. GISlgses layers of information into visualizations by using
maps and 3D scesggiving deep insight to data rooted in the science of geograpthe

past two decades GIS has increased significantly and has become an important part of IT
infrastructure. Todag1Sis widely used in many industries, spread from agriculture

assessment to space technology and environmental monitoring.

2.4.1 Retrieving Data

Receiving geographical dataeither recorded by low altitude aircraft in the atmosphere, or
satellites in space. There are two different kind of sensors used for receiving data, passive or

active sensorsuchas LDAR.

Active sensors have its ovaource of light and ses@ pulse (smalpacket of electromagnetic
energy)towards the surface. The reflected wave gets measured, giving information about the
surface under the sens®assive sensors measure reflected sundigtime a sur e t he sun

energywhenit radiates orca r t h 6 s(GISgeogfaphyg, 2018)

(@) (b)

Figure 2-7: Example of (a) Passive sensor which measure reflected solar irradiation. (b)
Active sensor which sends his own wave towards earth surface, the wave gets reflected on the

surface towards a building and gegflectedto sensor agai(GISgeography, 2018)
17
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Depending on surface, tlaetive sensor has the capability of distingutsh surface based on
different properties, giving information about how the surfaaoges with respect to

buildings, terrainyater etc.

Figure 2-8: Radar image example of a surface withutnle bouncespecular reflectioand
diffuse backscattgiGISgeography, 2018)

This radar picture shows the differenoesurfacepropertiesthe specular reflection gives
dark spots which indicates smooth surfagbgch in this picture representiaer. The double
bounceis visualized with lighter surfaces which could represent urban aitabuildings as
in figure 2.7 (b) wavebounces from surface to building and back to sensor). The Diffuse
Backscatterepresent rough surfaces as vegetation and agric(@Gl®geography, 2018)n
this thesis, LIDAR datavhich is an active sensor will be used, amel tesultingvisualizations
will clearly show the differences in urban areas, vegetations and smooth sbeaedon
radiationproperties.

18
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2.4.2 Universal Transverse Mercator (UTM) Projection

When data is retrieved, need to be projectedo besuccessfully utilized by GIS software
Theprojection method is based on the ellipsoid form ofglebe. The globe idivided into

sixty equalzoneswhere each zone fiattenedout. UTM is one of the most common used

map projectionsoday ands widely wsed inGIS. Each UTM zone i Jgiving 60 UTM

zonesall over the globeThe Transverse expression is derived as the Mercator uses an upright
cylinderfor map projectionwhere the Transverse Mercator takes a cylinder and ptames

its side.This methodnustbe done for each UTM zon8ee figure 2.9 fodTM zones and

cylinder methodG1Sgeography, 2018)

(a) (b)

/Il\

"lll»rr

Figure 2-9: (a) UTM zones around the globe (b) Transverse cylinder m¢@i&teography,
2018)
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This secant cylinder intersects t@rth along two small circles parallel to central meridian,
giving corstant scad along north south directionbut the scale varies east west directions

In addition, two circles are addé&80 kilometers east and west of the central meridian with a
scale factor of 1, givingOOmeters in the ellipsoid would be the sapmethe map projection.
The centrameridian line has a scale factor of 0.9996, giving 100 meteas eltipsoid

would be equal to 99.96 meters on a ni@pSgeography, 2018)

SECANT CYLINDER

Central Meridian
/

A\}

Two Standard
Small Circles

Figure 2-10: Transverse method with added circles in-easst directiongGISgeography,
2018)

In this thesis, the projection methods will not affect the results significantly as the working

area will bevery smallcompared to the globe
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2.4.3 Elevation Models in GIS

Whendata is r&rievedandprojected into a GIS softwarthere are two main structuries
storing GIS data.e. vector and rasteA raster layeconsistof pixels organized in matrix
form, where eacpixel cortainsinformationsuchas temperature, radiation, elevation
buildings etc The pixel cell must be small enough to capture sheface details, but ghould

notbe too small as tould affectanalysisand compiter storage efficiencfEsri, 2016)

Vectordataconsist of points, lines and polygoi$e vector points are-X coordinatesn
latitude longitude directionsPoints is often used to display cities andenfeatures which is
too small to be represented as polygovsctor lines represent the connections between
vectorpoints ands oftenused to show features which are linear. Examples of vector lines
could be roadandrivers Finally, to get a&ompletevector layer polygoronnect thevector
points and lines. The area inside the closed path goiggons which is often used to
represent city areas, building footprints, agricultural field &tSgeography, 2018)

() (b)
73 m? 72 m? 80 m?
71 m? 1 m cell 2 m cell 4 m cell
polygon 16 x 16 cells 8 x 8 cells 4 x 4 cells
Cp I ’ " S
s | |_| 3

+ Smaller cell size « Larger cell size

+ Higher resolution * Lower resolution

+ Higher feature + Lower feature
spatial accuracy spatial accuracy

« Slower display * Faster display

+ Slower processing « Faster processing

+ Larger file size « Smaller file size

Figure 2-11: (a) Vector layer consisting of red dots and connecting lines in a closed path
giving polygonarea in green. (b) Raster data in matrix form where each pixel has information
aboutfeature Smaller cells give higher accuracy, but longer computing (isg, 2016)
(GlSgeography, 2018)
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When avector or raster layarontaininformation aboutlevation it is referred aé Di gi t al

El evati DEMMDEMI| i0OS a general term which invol
(DTM) and dAaDigital Sur f aepeseM sudaed with oflgr&iM) , whe
and DSMcontainsboth terrain and objects like buildingsor example, ®TM layer would
showTromsgyawithout any buildingsroads and other types albjectsand vegetationbut

the DSM layer includeall objectson Tromsgyan addition to barewgface.In this study,

DSM will be widely used tacalculateandinvestigatesolar irradiatiorat rooftops on

Tromsga

(a) (b)

Digital Surface Model
Digitale Terrain Model

/
—

Figure 2-12: Difference between DSM and DTM (a) Schematic horizontal view éojical
view in map(Singh, 2016)

INSAR

To captureelevationsurface, some common remote sensing methods arelnisgteromety
Synthetic AperturéInSAR)is an active remote sensing technique wigicuiresmages of
the earthand is a powerful technology farodelling surface deformation and elevation
mapping.Synthetic Aperture Radar (SAR) acquires images of the Earth mithewave
spectrunmwith long wavelengthgMilliano, 2016) Waves in this spectrum c@enetrate
clouds, making SAR sensitive for all weatkygresand gives good informatiaio the user in
manyapplications SAR instrument arasually mounted on gtanes spacesatellitesand

terrestrial platformgMilliano, 2016)
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The SAR satellitesrbitsthe Earth at an altitude of 5@D0 km and returning to each location
on Earthafter a specifiperiod Thetimeb et we e n t w (repeatcyciedepends @no s
the satellite orbit andary normally between days to approximately one mdrithitations in
orbit controlcould cause the satellite would not be fireaact same positioagain after one
repeat cycleThe distance between these two spots perpendicular to the satellite viewing
direction i s known as In8ARaqueringnethatl,thisulistance b a s e |
causes a 3D effe¢Milliano, 2016) These satelliteemitradar waves and measures the
amplitude and phase of the reflected whoreesach pixel in the image. The information from
the phase could be vepyeciselymeasured and forms the basis for radar interferometey.
simplest form of INSAR combines two SARages of the same sceiné aninterferogram
where the difference in phase is computed. The resulting interferogaodtangdisplayed in

color based on differences in phase, resultingdalarful image(Milliano, 2016)

Figure2-13: INSAR interferogranproduces DEMia calculation of phase difference between
reflectedwaves(Tarikhi, 2019)

23























































































































































































































































































