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Abstract

At present, society is becoming more self consciabsut the fact that carbon
emissions should be reduced to minimize the impEcta climate change with
hypothetical anthropogenic origins. This belief kemsd countries all over the world to
establish ambitious carbon restrictive targets. @édwer, buildings energy consumption
is responsible for roughly a 40% of the total Ewap greenhouse gas emissi¢hls
thus, it seems that this sector has a key rolday ip helping achieve the government
targets.

On the other hand, we are moving fast towards s&mnaities, which will be based
on information systems. Smart metering systemsnaeant to be installed in the
majority of households by 2019 [2], one of theilesobeing to provide real time high
resolution consumption data to utilities. The bésadf modelling this information in
order to obtain a better knowledge of the curregmstesn seem evident. Therefore, the
aim of this project will be to perform an approdolhcarbon mapping in urban areas by
means of GIS software in order to show, in firstamce, its potential for accomplishing
the government targets and further to explore dinge of possibilities that this software
can offer to utilities and local authorities.

The steps in this project are: detection of theomgtthat GIS software can offer in
the energy field, determination of the informatithrat is considered relevant for the
previous purposes and is going to be included m iiaps; identification of the
information sources; definition of the data treatinerior to representation, exploration
of the different viable representation techniquas eonsultation to energy experts.

The results include a list of functionalities tHatS offers to utilities and local
authorities and an extensive research on the lmst t0 represent energy related data in

urban areas.

MSc Renewable Energy Systems & the Environment 3of111



Approach to energy related city mapping for ugitiand local authorities.

Acknowledgments

| want to express my sincere thanks to my superviBn Joe Clarke, for his support
and good advice throughout the project realisathdeo special thanks to Dr. Jae-Min
Kim, of the ESRU department, for his time and datian.

| would also like to thank Derek Drummond and Qmakéiggins from Scottish Power,

for their time and help.

My gratitude to Dr. Michael Grant, who listenedny queries at the initial stage of my

project and helped me to move forward.

Special thanks to all the anonymous energy expértscontributed to this project.

I would also like to extend my thanks to my famghartner and friends for their unique

unconditional support.

Finally, my most sincere thanks to the ‘lberdrolaufdation’, which gave me the

opportunity to study this Master’s degree and hauvaique life experience.

MSc Renewable Energy Systems & the Environment 4of 111



Approach to energy related city mapping for ugitiand local authorities.

Table of contents

COPYRIGHT DECLARATION ...ttt e r e 2
AB S T RACT Lttt 3
ACKNOWLEDGMENTS ...ttt ettt et e e e e s e s eee e e e e e 4
LISTOF FIGURES ...ttt 7
LIST OF TABLES ...ttt 10
1. INTRODUCTION ..eetiiiiiiiiiiiseeeiie ettt sttt et ettt et e e e e et siee e e eeeseeeeeeeeeeees 11
1.1, OBUIECTIVES oot 12
1.2, IVTETHOD ..tttttitttiitiiittitt e st etttk e s e e b b e e nnnee 12
2. KEY CONCEPTS ...ttt ettt ettt ettt ettt eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee 13
2.1, PREVIOUS WORK ...etiiiieee e e e e e e e ettt ettt ettt ettt et e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e aeaeaenaaaaens 13
2.2. INTRODUCTION TO GEOGRAPHIC INFORMATION SYSTEMS (GIS) ....oooovvviviiiieee 17
2.3. DATA SOURCES, MANAGEMENT AND ANALYSIS ...uuutuuiuuuueunnnnnnnnnnnnnnnnnnnnnnnn s sesmneees 23
2.3. 1. DATA SOURCES. .. it i e i e ettt e e e e e e e e e e e e e e e e e e e e e e e e e eeee s 23
2.3.1.1. Energy related data............uuuueeuiiiimmmmmmm s 24
P20 Tt Nt Ot O |V == 1= =T o = = RS 24
2.3.1.1.2. Data coming from SIMulationS...............eeemiiiiiiiiei e 24
2.3.1.2. Census and SUIVEY QaLaL............uvuriieiicemmrree e e e e e 24
P2 T IR T € 1= To To [ = To] a1 =1 e L= = LR 25
2.3.2. DATA MANAGEMENT ..eeiitititttuueeueneueennneennnennnsnnnnnnnn mnnnnsssssssnnsssnnnnsnnnsnnnnnnnnnnnnnnnnnnnns 52
2.3.3. DATA ANALYSIS et aaea s aa s s e e s s e e s e e e e e e e s e e eaeeeanns e e e e e e e e e e e e e e eaene 27
3. SYSTEM'S FUNCTIONALITY ...ttt ieeee 28

4. MAPPING PROCESS STAGES: DATA TREATMENT, REPRESENTAT ION AND

INTERPRETATION ...ttt e e et st et e e eneeeeeeeeeeesaanees 33
4. 1. DATA TREATMENT iitttittttttttttttttteueeeeeesseesseeesseessbeneeee et eeeeeeeeteeeeatesssesssesssssssenssensnnnn 33
4.1.1. OBTAINING A POWER CONSUMPTION VALUE FROM CONTINUOUS ENERGMETERING
LECTURES. ..ttt tuttttttteeeeeee e e e st eeeeeeeeeaesammnteeeeeeseanssseeaeeeeeeeeeeaannssssseeeeennnnnssseeeeeaeeeeennnnnsennes 33
4.1.2. OBTAINING CARBON EQUIVALENT EMISSIONS FROM ENERGY CONSUMRDN .............. 34
4.1.2.1. Conversion of gas consumption into carbon emissions............cccccvvvvvvvvivvvinnnnn. 35
4.1.2.2. Conversion of electrical consumption into carbonssions...............cccccceeeeviiiines 35
4.2. DATA REPRESENTATION ...uutttiiiirtteeeessaaassnneeeeeeeseaeasaassnneeesessssssssssssseesesssannsssssseeeeeees 36
4.2.1. DATADISPLAY INTRODUCTION.....cittiiiiiiiiiiiiit ettt ettt ettt ettt e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e aaes 36
4.2.2. SCENARIO CREATION. ...utuuutuutuuuuun s aassaaasaaae e s s s e s saeeaasssnn s aa s s aa e s aaaaaaaaaaaaaeaaaaaaaass 1.3
4.2.3. GENERAL RULES FOR ONE VARIABLE INFORMATION DISPLAYING.........cuvvveeereeeeeeeaannnns 40
4.2.3.1. MAP SCAIE ISSUES......eeeiiiiiiieieeieeeeee et e e s s e s e e s s e e e e e e e e e e s e e e sneeenns s naas 40
4.2.3.2. SYMDOI SEIECHON.......iiiiiii i 45
4.2.3.2.1. SYMDOI SIZE...cooiiiiiiiiiiiii et ceeeee e 45

MSc Renewable Energy Systems & the Environment 5of111



Approach to energy related city mapping for ugitiand local authorities.

4.2.3.2.2. SYMDOI COIOUN ... et e e 47
4.2.3.2.3. Symbol shape...........oooo i, 50
4.2.3.2. 4. SYMDBDOI tEXIUIE ...eevviiiiiiiiiiiiiiiiieiiee s s e e e e e e e e e e e e e e e e e e e e e e e e e e e aeaaaaaaeaasaaaaeaaas 51
4.2.3.3. DaAta CIASSING ....cei ittt e e 52
4.2.4. SIMULTANEOUS REPRESENTATION OF MULTIPLE VARIABLES......ccciicuriiieiiiiiieesnirneeens 55
4.2.4.1. Graphical multivariable representation.......ccccccooooeeeeiiieiiie e, 56
4.2.4.1.1. Representation of two attributes using GIS toals............ccccvveeiiiiiiiiiiiiiiennn 6.5
4.2.4.1.2. Representation of three or more attributes usifgtGoIS .............ccccceveeeiiiiinnnne. 77
4.2.4.2. Mathematical combination of variables..........cccccccoiiiiii e 78
4.3. MAPS INTERPRETATION : ENERGY EXPERTS JUDGEMENT .....cciiiiiiiiiaeiiiieieeenineeae e e 84
5. CONCLUSIONS ...ttt 93
6. FURTHER WORK....oouuiiiiiieiiiiiieiii ittt 95
REFERENCES . 00ttt ettt iiee et 96
ADDITIONAL REFERENCES ..ottt 100
APPENDIX 1 — ENERGY EXPERTS QUESTIONNAIRE ....ccciieiiiiiiiiiiiiiiiiiiieeie 101

MSc Renewable Energy Systems & the Environment 6 of 111



Approach to energy related city mapping for ugitiand local authorities.

List of figures

Fig. 1 — Representation of Glasgow carbon emissiBasrceis]..........cccccevvvvvvvvrnnnns 13
Fig. 2 — Representation of United Kingdom (UK) dateenergy consumption (2009)
USING GIS. SOUICE: [B]. cieeeeeeeerrureunniimmmmmmsee e e e e e e e e e e e e e e eeeeeearrar s s e e e aeeeaaaaaeaeaaeaaaees 14
Fig. 3 — Representation of the energy consumediffarent purposes in a city area.
Yo 11 ] (o] = 1 USSR 15
Fig. 4 — Clusters of high and low energy consun@osirce: [8]..........cceeeeveveiiivennnnnnns 15
Fig. 5 — Representation of the buildings EPC ratBaurce: [9]. .......oovvvvvviivvciiiennnennn. 16
Fig. 6 — GIS systems funCtioNality. ..........cccceiiiiiiiieie e 17
Fig. 7 — QGIS 1.7.4. interface. SOUICE: [11] mmeeemuureieeeeieeeeeeiiiieiiiiiiiiiiiineseeenens 18
Fig. 8 — Representation of the same reality usimdifferent methods: vector and
FASLEr |AYErS. SOUICE: [12]. . uuuuuuuuuu s s e e e eeeeeeeeeeeeeeeaasssannnnsa s s e e s aeeeaasaseeaaaaaaeees 19
Fig. 9 — Information display of one point. SOUIEEL]. ... 19
Fig. 10 — Attribute table. SOUICe: [11]......cmmmeeeeeeeeeeeeeiiieieeeeiiiiiiiine s eeeeeeaeeee s 20
Fig. 11 — Objects in space. SOUICE: [11]......ccouriiiiiiiiiiiiiiiiiiiiee e eeeeeeeee e 20
Fig. 12 — Continuous variation over space. SOUAR: ............oovvviiiiiiiiiiiieeeeeeen, 21
Fig. 13 — Choropleth Map. ..o 21
Fig. 14 - Isoline map. SOUICE: [14]....ovuiiieeee e e e e e e e e ee e 21
Fig. 15 — Data PrOCESSING. ..uuuuiieieieeees e eeeeeeettetitaa s s e e e e e e e e e eaeeeeeeeeeaeeeeeeesennnnns 23
Fig. 16 — Explanation of the Concepts accuracymedision. Source: [18]................ 24
Fig. 17 — The data management PrOCESS.......cccuuuurruuuiiiinieeeeeeeeeeeeeeeeeiieenieanees 25
Fig. 18 — GIS fuNCLIONAITIES. ....uueiiei i err e e e 28
Fig. 19 — Example of a summer demand profile cuBarirce: [30].........ccevvvvvvvrvnnnnnnn. 33
Fig. 20 — Example of a winter demand profile cuiSeurce: [30]. .........cceeeeeeiiiiiiinnnnns 34
Fig. 21 — Interaction between the variables thatlwarepresented in the maps........... 36
Fig. 22 — Part of the scenario created attributéeta............ccccceeevviiiiiiiiiiiiiiiiiieeee 40
Fig. 23 — ZOOM L VIEW. ..uuuuiiiiiiiei i e e e e e e s e e ettt s s e e s e e e e eaeeaaaeeesseeennneeesnssnnnns 41
Fig. 24 — Zoom 2 view: small areas diviSION.............cceevuuiviiiiiiiiiinee e, 42
Fig. 25 — Zoom 2 view: big areas diviSioN. .......cc..uvuiiiiiiiiiiiieeeeeeeeeee s 42
Fig. 26 — Zoom 3 view: small areas diviSION..............coeuuuiiviiiiiiiiinee e, 43
Fig. 27 — Zoom 4 view: big areas diViSiON. ........c..uuuuiiiiiiii e 43
Fig. 28 — Information display using points in ‘Site view’ (zoom 1)............cevvvvunnnnnn. 44
Fig. 29 — Data representation using points in ‘Van@w’ (zoom 2)...........cccceevvvvvnnnns 44
Fig. 30 — Data representation using polygons inrdaziew’ (zoom 2)..........ccccce..... 45
Fig. 31 — Points, lines and areas different siesirce: [38]............ccccevvvvvvvvivvnnnnn 45
Fig. 32 — Symbol variable size for data repres@mat...............ccccceeeeeiiiiiiiiiiiiiiinns 46
Fig. 33 — Pictogram variable size for data repregem. Sourcef39]. ..........ovvvvvnnnnnn. 46
Fig. 34 — Cartogram scaling the size of the UnBéates of America (USA) to be
proportional to the number of electoral votes. $6U40]...........vviiiiiiiiiiiieeeeeeen, a7
Fig. 35 — Variation in colour hue, value and intgnfr points, lines and polygons.
Yo 11 ] (o= 1 1 U a7
Fig. 36 - Sequential scale with colours transitipellow-orange-red...............oceeeee. 48
Fig. 37 — Traffic light colour SCale. .........cceeeiiiiiiiiiiiciie e 48
Fig. 38 — Spectral Colour SCale. ........ooo oo 49
Fig. 39 — Sequential simple one colour scale: Red...........ccccoeviiiiiiiiiiiiiiieceiiiieees 49
Fig. 40 — Cold to hot COIOUN SCAlE.........eviiiieeiiiiiiiiiiiee e 50
Fig. 41 — Simple markers. SOUICe: [11]..... o eeeeeeeeeeeeiieieieriiiininnne e e e eeeraeaeeas 50
Fig. 42 — Font markers. SOUICE: [L1]........ceeeeeruunmnaaaaeeaaeeeaaeeeeeeeeeeessnnennneesenes 50

MSc Renewable Energy Systems & the Environment 7 of 111



Approach to energy related city mapping for ugitiand local authorities.

Lo R R Y € T Yo 11 o = i 5 50
Fig. 44 — Different textures for points, lines gralygons. Source: [38]. ........cccccvvueeee 51
Fig. 45 — Use of different densities to represerd wariable values..............ccccceeeenn... 51
Fig. 46 — Equal intervalS Dreaks. ........... . eeeeeeeeiimiiiiaaine e e e e eeeeeeeeeeeieeeeeeeeeneeees 52
o R A @ 11 = U 111 53
Fig. 48 — Natural Dreaks. ... 53
Fig. 49 — Standard deviation breaks. ........ccccoeeviiiieiiiiiiii e 54
Fig. 50 — Pretty Dreaks. ......coooeiiiiiiiiiiemmmm e 54
Fig. 51 — Data represented in a histogram. SOH@&:...............ccoeeeeeeiiviiiieeiiiiinnnn 55
Fig. 52 — Two variables city view (IG’s divisiongplour-coded quantitative variable &
texture-coded qualitative variable (3 possible Ba)U.............cceevvieiiiiiiiiiiiiiieieevi e 57
Fig. 53 - Two variables city view (IG’s divisiong)olour-coded quantitative variable &
colour-coded qualitative variable (3 possible VAJUE................evvviiiiiiiiiiieeeeeee e, 58
Fig. 54 — Two variables city view (wards division€plour-coded quantitative variable
& qualitative variable represented using pie ché@tgossible values)......................... 58
Fig. 55 — Two variables city view (wards division€plour-coded qualitative variable

(3 possible values) & quantitative variable repnésé using bar charts....................... 59
Fig. 56 — Two variables ward view (DZ’s divisionsfilour-coded quantitative variable
& texture-coded qualitative variable (3 possibl&es). ...............vvviiiiiiiiinieeennn 60
Fig. 57 — Two variables ward view (DZ’s divisionsfilour-coded quantitative variable
& colour-coded qualitative variable (3 possibleues). ... 60
Fig. 58 — Two variables ward view (IG’s division§)olour-coded quantitative variable
& qualitative variable represented alphabeticadypssible values). ..........ccccceeeeenn.n. 61
Fig. 59 — Two variables ward view (IG’s divisionshlour-coded qualitative variable (3
possible values) & quantitative variable represgnigng bar charts. ..............cccceeeen.. 61
Fig. 60 — Two variables streets view: colour-codedntitative variable & shape-coded
qualitative variable (3 possible ValUES). ..o eeiiiiieeeeeccer e 62
Fig. 61 - Two variables streets view: size-codedmitative variable & colour-coded
qualitative variable (3 possible ValUES). ..o oo iiiiiieeeeecie e 63
Fig. 62 — Energy efficiency rating graph for hom®surce: [44]........cccciiviiiiiinnnnnnn. 64
Fig. 63 — Two variables city view (wards divisionsdlour-coded qualitative variable

(7 possible values) & quantitative variable repnése by bars. ..., 64
Fig. 64 — Two variables city view (wards division€plour-coded quantitative variable
& qualitative variable (7 possible values) repreéedrusing pie charts......................... 65
Fig. 65 — Two variables streets view: Colour-codadlitative variable (7 possible
values) & size-coded quantitative variable. .. oo 66
Fig. 66 — Two variables city view (IG’s divisior§olour-coded variable A (7 possible
values) & texture-coded variable B (3 possible @g)u...............ccoovvvvvviiiiiiiiiiinnn 61
Fig. 67 - Two variables city view (wards divisioi@olour-coded variable A (7 possible
values) & variable B (3 possible values) represni@ng pie charts. ...........cccceevveeeee 68
Fig. 68 — Two variables city view (wards divisio@olour-coded variable B (3 possible
values) & variable A (7 possible values) represgniging pie charts. .............cccceeveee 68
Fig. 69 — Two variables city view (wards divisio@olour-coded variable A (7 possible
values) & colour-coded variable B (3 possible VaJue..............ooovvveviiiiiiiiiiiiinnn 69
Fig. 70 — Two variables city view (wards divisio@olour-coded variable B (3 possible
values) & colour-coded variable A (7 possible value.............ccoevveviiiiiiiiiennn 69
Fig. 71 — Two variables city view (wards divisio@olour-coded variable A (7 possible
values) & size-coded variable B (3 possible values)..........ccccvvvvvvvviiiiiiiieieee e, 70
Fig. 72 — Two variables city view (wards divisio@olour-coded variable B (3 possible
values) & alphabetical-coded variable A (7 poSSUERIES).............cvvviiiiiiiiiieeeeeeneee, 70

MSc Renewable Energy Systems & the Environment 8of 111



Approach to energy related city mapping for ugitiand local authorities.

Fig. 73 — Two variables streets view: Colour-codadable A (7 possible values) &
size-coded variable B (3 possible values). ..o 71
Fig. 74 — Two variables city view (IG’s divisior§olour-coded variable 1 & colour-
COAEA VAIIADIE 2. et e e 72
Fig. 75 — Two variables city view (IG’s divisior§olour-coded variable 2 & colour-
(o0 0 [=To V7= T =1 o] = PP SRR PPPPUPPPPRRPPRR 73
Fig. 76 — Two variables city view (wards divisio@olour-coded variable 1 & variable
2 represented uSiNg Dar ChartS. .........uuuiiiiiie e 73
Fig. 77 — Two variables city view (wards divisio@olour-coded variable 2 & variable
1 represented USING Dar ChartS. ........coooiiiiiiiii 74
Fig. 78 — Two variables city view (IG’s divisior§olour-coded variable 1 & texture-
COAEA VAIIADIE 2. e 74
Fig. 79 — Two variables city view (IG’s divisior§olour-coded variable 2 & texture-
(o0 0 [=To V7= T =1 o] = PP SRR PP PPPPPPRPPPRRR 75
Fig. 80 — Two variables streets view: Colour-codadable 1 & size-coded variable 2.
.............................................................................................................................. 76
Fig. 81 — Two variables streets view: Colour-codadable 2 & size-coded variable 1.
.............................................................................................................................. 76
Fig. 82 — Three variables city view (wards divigioGolour-coded qualitative variable
(7 possible values), texture-coded quantitativéatde and size-coded qualitative

variable (3 poSSIDIE VAIUES). .......ccooi i e e e 77
Fig. 83 — Two variables city view (IG’s divisioripformation filtered by average
inhabitants’ age UNAEr 30 YEAIS. ........cciccceeeeeriiee e e e e e e e e e e e e e e et s 78
Fig. 84 — Monovariable layer. ..........cooo oo 80
Fig. 85 — Multivariable layer. ............eic e e e 81
Fig. 86 — Weighing factors Option L. .........ccceeeiiiiiiiiiiiiiiaieee e eeeeeeeeeevveeeeneeeeees 82
Fig. 87 — Weighing factors Option 2. .........cceeeeviiiiiiiiiiiiiieiee e e e e eeeeeeeeeeeeeseeeenneeeenns 83
Fig. 88 — Answers to question 1 presented in &IPEEL. ...........ccoooeeeieiiiiiiiiiiiiiiiiiin 84
Fig. 89 — Answers to question 2 presented in @Pat. .............ccooeeeeeeiiiiiiiiiiiiiiiinn 85
Fig. 90 — Answers to question 3 presented in &IPEEL. ...........ccooeeeeieiiiiiiiiiiiiiiiiiin 86
Fig. 91 — Answers to question 4 presented in &IPat. ............cccooeeeeeiriiiiiiiiiiiiiiin 87
Fig. 92 — Answers to question 5 presented in &IPEL. ...........cccooeeeeeiiiiiiiiiiiiiiiiiinn 88
Fig. 93 — Answers to question 6 presented in &IPEEL. ...........ccooeeeeieiiiiiiiiiiiiiiiiiinn 89
Fig. 94 — Answers to question 7 presented in &ipa@t. ..............coooeeeeeiiiiiiiiiiiiiiiinn 90
Fig. 95 — Answers to question 8 presented in &IPEBL. ...........cccoeveeieiiiiiiiiiiiiiiiiiin 91

MSc Renewable Energy Systems & the Environment Oof111



Approach to energy related city mapping for ugitiand local authorities.

List of tables

Table 1 — Energy related data. ..............ceeeeemiiiiiiiiiiiiiiiie e 30
Table 2 — Census and SUrVeY data. ... e 31
Table 3 — Geographical data.............ccooeveiieiiiiec e 31
Table 4 — Costs and benefits of using GIS. SoUfldg................cooorriiiiiiiiiiiiciinnnn. 32
Table 5 — UK fuel mix breakdown. SOUICe: [32]..ceeeeerrrrrrrmniiiiiiiieeeeeeeeeeeeeeeiivviies 35
Table 6 — Attribute table. ...........oooiiii e 38
Table 7 — Generation of ‘Atribute table’ contents...........ccccvvveiiiiiii s 39
Table 8 — Zoom levels and diVISIONS. ... 41
Table 9 — Selected variables, given relevancetlareg possible weighing factor
[O1CTfo1=] g1 2= T TS TP PPPPTRPPI 81

MSc Renewable Energy Systems & the Environment 100f 111



Approach to energy related city mapping for ugitiand local authorities.

1. Introduction

We live in an era where society is becoming molecamscious about the existence
of a climate change with hypothetical anthropogemigins. Many measures are being
put in place at all levels to reduce carbon emissicuch as ‘the 20-20-20 targets’ at
European level, where Europe is committed by 2@2@duce the carbon emissions at
least by 20% compared to 1990 levels, to produ@é 8Dthe energy consumed in the
EU with renewable resources and to reduce the greengsumption by 20% compared
to the projected levels by improving energy efingg, which became law on June 2009
[3]; or at smaller level, the ‘Climate Change (%amod) Act 2009, committing
Scotland to a legally-binding 42% reduction in @arkemissions by 2020 against 1990
levels, and an 80% by 2050 [4].

Moreover buildings energy consumption (householdsefvices) accounts for
roughly a 40-45% of the total energy use in Eurgmerating significant amounts of
CO; [1]. Thus, it is important to have a deeper knowledfehe sector emissions
generation, so that higher emitting sources caddbected, analysed, and action can be
taken in order to reduce them and get closer tadigon commitments.

At the same time, big changes are being imposeadilites as we move towards
smarter cities, entailing larger renewable energplayment, smart metering and
deployment of technology information systems. ThHusge amounts of data will be
generated by the electric network that, if well ggssed, can be a major source of
information on societies’ current energy consumptitoehaviour. Geographic
Information Systems (GIS) are an adequate tooldfsplaying information on maps,
such as consumed energy, energy price or equivedebon emissios

Although historically GIS tools have been used $eweral purposes, there is no
information available which reports on the handlaighis issue. Therefore, the aim of
this project will be to perform an approach to carlmapping in urban areas by means
of GIS software in order to show, in first instands potential for accomplishing the
government targets and further on explore the rarig@ossibilities that this software

can offer to utilities and local authorities.

! Equivalent carbon emissions of a dwellingThe total emissions generated by energy consumptio
calculated depending on the type of fuel, and i ¢hse of electricity, depending on the balance of

generating sources.
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1.1. Objectives

The main purpose of this project is to prototypeapproach to carbon city mapping
in order to increase the understanding of its gatefor utilities and local authorities.
To do so, special attention will be put in detegtthe possibilities that this tool can
offer to the described users as well as the datnrent, representation processes and
maps interpretation.

An artificial scenario will be created for repretsion purposes; however, it is only
intended to be illustrative of the possibilitieatlGIS software offers for utilities and

local authorities when using real, confidentialadat

1.2. Method

To perform this approach, different main aspectsbei studied in depth:

- Functionalities detection(section3): It is the core of the project. An extensive
analysis on the range of options that GIS offerstiiities and local authorities
in relation to energy consumption will be detailed.

- Data treatment (section4.1): All the processes that occur once the desir¢a da
is detected until the moment when it is ready &presentation, including data
filtering, combination, transformation, etc.

- Data representation(section4.2): There is not only one single way to represent
energy data in maps; therefore, an approach toerdift representation
techniques will be done, using the conjecture & testhod.

- Maps interpretation (section4.3): The opinion of several energy experts will
be taken into consideration to conclude which teqs are more effective for
the energy data representation purposes.

Finally, limitations of the current approach wile bdentified and further work

suggested.
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2. Key concepts

2.1. Previous work

Previous studies have been carried out using Gi8lation to carbon emissions

* Representation of total carbon emissions of a (@gta from regional energy

statistics).

Glasgow's Carbon Emissions 2006/07— Geographic analysis

Legend
Glasgow City:
Total carbon emissions density Map 1.21- 6.88 kg of co2/sq.m

| 6.89-12.80 kg of co2/sq.m

[ 12.81 - 19.80 kg of co2fsq.m
I 19.81 - 29.29 kg of co2/sq.m
B 29.30 - 101.90 kg of co2/sq.m

WMap eraaled by the Lintrsty of Syathchie,
Sustainatis Shegow bufithe

: DEERR. 2007 Hatlskos

8 [ 1625 3,250 6,500 Meters
i 1 i il i L 1 F — |

ighl 2009

Fig. 1 — Representation of Glasgow carbon emissioBsurce:[5].
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Also, previous work has been done in relation tergy consumptiomepresentation

iIn maps:
* Maps showing domestic, industrial and commerciatteicity consumption at
local authority level:

Orknay and Shatland
) l

éﬂ’

Greater London

kWWh per meter

B more than 5,500
W 5200t 5500
B 4,900 t0 5,200
4 BiX) to 4,500
E 4,300 to 4,600
W 40000 4,300
B less than 4 000

> 9

CORETS
e

OrCpeam Copyright All Fagiis Resered
TSEITE2E February 2H1
D Drnaai o A o0 B s, W ssaati on and Skl

Fig. 2 — Representation of United Kingdom (UK) dostie energy consumption (2009) using GIS.

Source: [6].
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* Observation of the relationship between energy wammgion and the building

final purpose.

Annual Energy Consumption F
kWh/m? block area éf

£
<
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Fig. 3 — Representation of the energy consumedddferent purposes in a city area. Source: [7].

» Study of the effect of changes in energy consumppatterns in relation to

different dwelling types and ownership.

Fig. 4 — Clusters of high and low energy consumeSaurce: [8].
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Finally, GIS mapping has also already been usedigmlaying characteristics of the

building energy stock

* Representation of energy performance certificateudtlings (EPC) to suggest a

‘Zone Energy Indicator’:
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Fig. 5 — Representation of the buildings EPC ratin§ource: [9].

However, the approach that is going to be preseimtdtis project has two main
innovative aspects: the energy data origin comes fdirect metering-lectures and it
considers the inclusion of different informatiotridutes in a single map.
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2.2. Introduction to geographic information systems (GIg

GIS are a very powerful tool that allows mappintadaat previously could only be
displayed on a table, which allows trends and padt¢éo be detected. These systems
work by loading some georeferenced data as welh@asnaps of the area of interest.
This data is treated and presented in a suitable (e information output can be
presented in many different ways, but what is ingoaris that it must be consistent
with human capacity for perception). This generadesoutput, which consists of
information, a valuable resource that needs tonberpreted. Moreover, having the
appropriate knowledge can be a crucial factor geoto have a good understanding of

the situation and therefore extract the right cosicns.

data GlIs information _

understanding

knowledge

Fig. 6 — GIS systems functionality.

GIS have been used since the late 1960s at diffecates and with several different
purposes, e. g. analysing the factors causinguatsih; assisting in decision making
processes, assessing risks or displaying foregasiine main initial barrier of this
technology was the accessibility to digital dataywhkver, soon after several countries
set up coordinating bodies in order to formulatel aagulate national geographic
information strategies.

There are different GIS software packages availabillee market at present, such as
ArcGis, Clark Labs IDRISI Selva, etc. However, tevelopment of GIS open soufce
programs has been notable in recent years (diffevebsites can be found in internet
listing open source and commercial GIS softwar@n& of the most common open
source GIS packages are: Quantum GIS (QGIS), GeeS66RASS GIS, OpenMap,
etc. Chen, D. et al (2010) looked over 30 open@®packages to identify a list of the
most suitable to be used for a specific purposéailery particular needs). The study

2 Open source Means that the source code is easily accessibtkjt can be modified, and distributed for

non-commercial purposes.
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highlighted that although QGIS cannot be installedVindows Vista, it can run in
different operating systems, such as Windows oux.imMoreover, tests showed that its
startup time is significantly faster than othetsworks satisfactorily with large size
images and it has low demand for computing ressufte]. For the aforementioned
reasons, the software package selected for thijegirbas been: Quantum GIS 1.7.4.
[11].

QGIS program interface can be roughly divided i following main areas:
1
2- Map legend

Menu and tool bars

3- Map view

4- Map overview
7 Quantum 615 1.7.4- Wrocia {EETE|
Flle Edit View Layer Settngs Plugins Raster Datsbase Vector Help o :
JmEdcs RRPPRURP IS 2d N0 F
NN ABMAAANONDE <« FCH AARRAQLRK PO

-

2L L ELE RS ool TR = Y- ¥ §

Layers @x g

3e+06
El % % airports f 1 degrees
o
&
B \¢_ railroads

=
(=5 3 . alaska
o

ol

Overview &=

i s
o Mf"“-{}_n ,_.-J:f"‘r'— ©QGIs 2012

CRL2EBM@Pu®K u—Y@REw
8] coardinate: | 1891312,2093472 || scale |[27a685 1845731 |[57][% Render |5 2226 [

Fig. 7 — QGIS 1.7.4. interface. Source: [11].

Information is stored in GIS in layers, which camtidden or displayed in the map
view when desired. Hence, a map output is the reswverlaying different information

layers.

There are two different ways to represent the siafioemation, using vector layers

or raster Iayers:
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=

x

Fig. 8 — Representation of the same reality usimgptdifferent methods: vector and raster layers.
Source: [12].

* Vector layers: Are represented by means of discrete poimtg. airports

location; lines e.g. pipelines or roads; or polygoresg. the regions of the
country.
* Raster layers: Are images made up of grids of rectangles or spjagach

having a different colour.

Each entity in the map is defined in terms of isographical location (spatial
coordinates) and their attributes or propertiess Tiformation can be requested when

desired for a single entity, as shown below:

] 3e+06

r 1 degrees

- - (Actions)
& (Derived)

111
F_CODE  Airport/Airfield
SoIKD PABE
MAZ Us38091
- NAME BETHEL
UsE Civilian/Public

cat 30
| Close Help
-
2
N =T SR
o ST
R T R
o e ©QGIS 2012

Fig. 9 — Information display of one point. Sourc§l1].

MSc Renewable Energy Systems & the Environment 190f 111



Approach to energy related city mapping for ugktiand local authorities.

All this information is stored in an ‘Attribute th), which contains the information

associated to all the entities of one layer:

& Attribute table - airports :: 0 / 76 feature(s) selected

: - [B]X]

cat NAZ ELEV F_CODE NAME USE

0 1|Us00157 78 | Airport/Airfield PA MNOATAK Other

i 2/Us00229 Zﬁ Airport/airfield PA AMBLER Other

9 3 /Uso0186 588 Airport/Airfield PABT BETTLES Other

3 4/US59150 9 | Airport{Airfield PACT RALPH WIEN MEM | Civilian/Public

4 5|Us00173 21 Airport/airfieid PA SELAWIK Other

5 6Us00193 1113 Airport/airfield PA INDIAM MOUNTA... | Other

6 7 Us00177 21 Airport/Airfield PA BUCKLAND Other

7 8 Us00146 243 | Airport/airfield PATC TIN CITY LRRS Other

8 9 Us00150 1329 Airport/Airfield PA GRANITE MOUNT... | Other

g 10 |US03057 9 | Airport{Airfield PA PORT CLARENCE... | Other

10 11 /Us00188 207 | Airport/Airfield PATA RALPH M CALHO... |Other

11 12 |US00155 103 | Airport{Airfield PA KOYUK Other

17 13 |US75867 133 | Airport/Airfield PAGA EDWARD G PTTK... | Joint Military/Civil

13 14| USa0244 12 AirportfAirfield PA MOSES POINT Other

14 15 |Us42171 33 | Airport/Airfield PACM NOME Civilian/Public

15 16 |US00211 1461 AirportfAirfield PA KALAKAKET CRE ... |Military

16 17 |Us00436 18 | Airport/Airfield PALUN UNALAKLEET Other

) 18 |US00327 624 | Airport/Arfield PA MINCHUMINA Other

18 19 |Us91222 24 Airport/airfieid PA GAMBELL Other

19 20 |US00453 48 Arport/airfield PA SAVOONGA Other

20 211580563 306 | Airport/Airfield PAMC MC GRATH Civilian/Public

94 22 |Us00342 853 | Airport/arfield PATL TATALINA LRRS Other

22 23 US00466 12 | Airport/Airfield PA IE“'IMONAK Other (]

23 24|US00455 282 | Airport/airfield PA ANVIK Other H

OEEERZDEEEE = e Io) [ ]
Show selected only | | Search selected only (% Case sensitive Advanced search ?

GIS software allow the production of four main tgpeé maps: objects in space (Fig.
11), continuous variation over space (Fig. 12),ropteth maps (Fig. 13) and isoline

maps (Fig. 14):

Fig. 10 — Attribute table. Source: [11].

7

6
M 1degmres

38401

© QGIS 2012

Fig. 11 — Objects in space. Source: [11].
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4
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Fig. 12 — Continuous variation over space. Sour¢&3].

©QGI5 2012

Fig. 14 - Isoline maf. Source: [14].

% Choropleth map: A thematic map in which areas are carefully catouor shaded to distinguish the
classed values of a specific attrib{té].

* Isoline map: A map with lines connecting points with equal \elu
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Heywoodet al. (1995) proved that the slight differences in theywdifferent GIS
implement similar methods, can entail differenuitss Thus, it is crucial to understand
the way GIS software works, enabling any resultdo¢éounderstood and explained

correctly [15].
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2.3. Data sources, management and analysis

The different stages of data processing (Fig. &Bjailing the identification of data
sources, data management processes and the fipalanalysis and interpretation will

be developed in this section.

ENERGY RELATED
DATA
DATA MAMNAGEMENT:
CENSUS AND - Database creation MAPS
SURVEY DATA - Data treatment INTERPRETATION
- GIS representation
GEOGRAPHICAL
DATA e

Fig. 15 — Data processing.

2.3.1. Data sources

Defining the problem of study and selecting thprapriate data are crucial steps in
the design of any GIS project. Hence, a good ptajesign is indispensable for an
appropriate output. Once the data needed in easisadetermined, the identification
of the possible data sources can be completed.

Data representation in the built environment haluge potential, since it can
provide very valuable information to companies &whl authorities. However, it also
contains several significant concerns:

* The first one is how ethical it is to associate/gie population-related data with

discrete geographical locations. To solve thided#int masking techniques can
be used to make the results anonymous so that thienum entity can be a
single house.

e Also, there is a common technical problem: there arany sources of
population data, but these are usually not assatiab any geographical
location, so a spatial referencing process is retede

« Data quality is also crucial to have reliable resuGeographic data has three
components: spatial, temporal and thematic. Dasaahgood quality when it is
accurate, precise, has good resolution, is completk consistent in the three

aforementioned aspects [17].
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@ ©® ©

+ Accuracy  Accuracy v Accuracy ¥ Accuracy
¢ Precision ¥ Precision 4 Precision ¥ Precision

Fig. 16 — Explanation of the Concepts accuracy apcecision. Source: [18].

2.3.1.1. Energy related data

There are two main sources of energy related da¢asured data and data coming

from simulations.

2.3.1.1.1. Measured data

Utilities have the consumption register of all theients, which has been obtained
by a metering lecture. At present, in many cases ldtture is done manually by a
worker of the company, with an approximate freqyeld one visit per month;
however, we are moving towards a metering systamwiging continuous lectures, with
intervals between 15 and 30 minutes, so the avktalof electrical and gas
consumption data for all the households withindhea of study will be an assumption

of this project.

2.3.1.1.2. Data coming from simulations

Data can also come from simulations. Different gesoftware can be used to
obtain energy consumption values, for example: favaoe where the inputs are the
house area, number of rooms, etc., and the owdpatage electrical consumption.

Data from simulations is very useful particulanty future scenarios predictions.

2.3.1.2. Census and survey data

» Building stock information:Local authorities are in possession of buildings

features information: year of construction, dwejlicadastral value, EPC rating,
etc.

*« Census informationtocal authorities also have information aboutditizens:

age, sex, social insurance number, professionmegetc. (This government
trend of defining each citizen by a series of nurabeas defined in 1996 by

Mark Poster as ‘digital citizens’ [19]).
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2.3.1.3. Geographical data

Most of the developed countries have agencies auatidg geographical data,
which is often downloadable free of charge.

‘Ordnance survey' is the national mapping agency &feat Britain, and
geographical data of the country can be accessedofrcharge [20]. This organization
offers vector, raster and point data files coverifferent scales and applications. For
the approach presented, the following file has lskmmnloaded:

e District_borough_unitary_ward_region

‘The Scottish Government’ also offers free of cleaggographic files compatible
with GIS software [21]. The following file has bedawnloaded from this source:

e 2009-2010 Urban Rural Classification Shapefiles

The ‘Scottish Neighbourhood Statistics’ offers fred charge geographic
information Shapefiles too [22]. The following fldnave been downloaded and used in
this approach:

e Datazones_2001

* IntGeography 2001
‘Digimap’ is a collection of EDINA services, a sa® from the University of
Edinburgh that offers free access to maps and géiespata of Great Britain for staff
and students in higher and further education [28g following file has been used for
this approach:

 Topo_Area

2.3.2. Data management

Data management process is composed of the foltpstages:

1) DATA COLLECTION

Registered data, simulated data,

Maps, satellite data. + e

2) DATA TREATMENT

|¢

Classification, standardisation, aggregation, interpolation, error correction, etc.

3) DATABASE OUTPUT

iﬁ

Integrated GIS database

Fig. 17 — The data management process.
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1) Data collectionOnce the required data has been defined accotdinlge project

requirements, it will be collected. At present, healogy provides automatic data
collection devices that allow a large amount ofadit be otained, in order to better
know the reality. However, this data needs to baltdeith in an easy manner that
allows storing and treating it, so that it can lmawerted into a suitable output that
provides the information needed. Databases are nth@agement method most
commonly used, which consist of a set of structutath, being usually accessed by
means of a database management systems (DBMS)pamnputer programmes that
will allow users to deal with data without needitg know how it is physically
structured and stored in the computer. DBMS offffeigent options to present the data
in a suitable manner for the user’s purpose, aligwihe data to be ordered under
specific criteria, filtered, summarised or combinid provide specific information.
However, databases also have limitations. Oxborf@4] summarises the main
databases problems as:

« Complexity Its utilisation may require users training.

e Cost The overall cost includes software developmendl aesign stages,

maintenance and data storage.

» Inefficiencies in processingWhen happening, will require time to get fixgal u

* Rigidity: Some databases do not accept long text stringgher types of data.

Moreover, special attention needs to be put on batkup, recovery, auditing and
security.

The definition and filling of the database with Irdlata (data encoding process) is
often a very time-consuming process (data input amdlating can represent
approximately an 80% of the duration of many lasgale GIS projects [25]) and its
importance cannot be underestimated. The diffedatd input methods are: manual
entry (keycoding), digital data transfer, digitatisn or scanning processes.

At present, the incorporation of GIS systems by tmational companies, local
authorities, etc. is growing; being the softwarenpatibility with the existing internal
databases a crucial aspect for its success. Thakeuser applications have specific
needs, such as security, reliability, integrity,rfpemance and current access by
different users often using intranet systems. Istncases there is a specific department
working with GIS, controlling the data and the a&=xeo it, and dealing with all the
issues described in this chapter.
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Some of the most commonly used DBMS packages are:
* Open source: mySQL, PostgreSQL, etc.
» Proprietary software: Oracle, Microsoft SQL senetc,

2) Data treatment Once data has been collected, it undertakes relfte

transformation processes, depending on the finabgaes, which can include data
classification, standardisation, aggregation, pué&ation, error correction, etc. Errors
are inevitable along these processes (stages 2)aadd its minimisation is crucial, as
the reliability of the results will depend on thata quality. Linking databases to GIS
provides a further level of data value.

3) Database outputOnce the necessary data has been collected fifieredt

sources, a common ‘Coordinates reference systembt& with needs to be chosen (a
commonly used system is WGS84, which is a globajeption system). Also, when
combining data from datasets collected by differamtities, knowing the metadats
necessary in order to know whether it is sensiblaad to represent the different data
together in a single map [26].

The data output format will depend on the map’pse, the audience to whom the
results are directed and the cost constraints.hlige amount of possibilities offered by
GIS software can make the maps design a very tonsuming process, but at the same

time very effective.

2.3.3. Data analysis

Once the data has been collected, treated andsegpieel, the analysis of the results
takes place, which most of the times consists émtiflying spatial patterns, and where
answers to some questions can be given and dexisemade. To do so, GIS provides
some functions such as: measurement of lengthsmmeters and areas, distance
calculations, point in polygon queries (e.g. ig¢han entity with a specific attribute in a

given area?), shape analysis, etc.

® Metadata: By definition it is ‘data about data’. It is aldinormally attached to data files, which

indicates the origins, quality and applicabilitytbé data.
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3. System’s functionality

This is a time of major changes for electricalitigi§, which will have to adapt to
new government regulations in a small period ofetimihe adoption of GIS can be a
useful tool helping this purpose, as will be detgiin this section.

For the specific purpose of this project, whichmeant to be useful to utilities
supplying gas and electricity to a specific urbamaa as well as the competent local

authorities the specific functionalities have beategorised as follows:

Tracking
previously
implemented
projects or
policies

Business,

Action planning social and
(supporting environmental
decisions tool) opportunities

detection

Future
prediction
modelling

Fig. 18 — GIS functionalities.

» Tracking previously implemented projects or pokciBreviously implemented

policies can be tracked along the time to detethel are accomplishing their
original purposes, and if they are not, analysectimeent present situation and
the causes that have led to it. This can be doneepsesenting the variables
change in a single map, which can be become relgtocomplex to perceive, or
by displaying a series of single maps, each onesepting a moment in time
and comparing them, which tends to be easier aypret, as it gives the user an
idea of change in time. Finally, performing an aaiion with the maps just
mentioned is believed to be an excellent way taoduce the temporal

component to spatial data. Some examples of timd ki functionality in the
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energy field would be the implementation of disitdd generation technologies
(e.g. district heating) or the tracking of buildeng@nergy consumption after
efficiency improvement actions have taken place.

e Action planning (supporting decision toolPifferent strategic actions are

continuously being implemented in urban areas. itpdccess to information
directly or indirectly related to the decision topiill allow a decision making
process that takes into account a higher numbeiaabrs, ending up with
overall better results. Most of the time, chordpletaps are the most appropriate
for decision making, as they transmit informatiom @& very clear and
understandable manner. An example of action planwiould be the measures
implemented in order to achieve the climate chaaggets of a specific urban
area. The representation of the policy limitationsa map is also very useful for
action planning.

» Business, social and environmental opportunitieteadi®n: the overlap of

different layers can highlight some causality fielas leading to undesirable
situations. Hence, once they are detected, ac@onbe taken in order to be
improved. Also specific needs can be detected tingedusiness opportunities.
Some examples can be the detection of an area avighall higher carbon
emissions, where action should be taken in orddetwease it, the identification
of where and when infrastructure upgrades are g@pite (e.g. transmission
lines) or the feasibility of a new project depergdon the surrounding area.

» Future prediction modellingfhe representation on a map of the prediction of a

future situation can pinpoint specific needs andegate actions in order to
progress and take actions in advance, in orderveddaor minimise future
problems. For example, the needs of substationsficetttbns can be studied in

a scenario with high deployment of small scale weaide and feed in tariffs.

For all the purposes exposed above, an exampleedfihd of information that has
been considered relevant to be included in a G$$gy within the energy sector is as

follows:
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ATTRIBUTE UNITS

[kWh/year]
Electrical consumption [kWh/year/person]
[kWh/year/nf]

[kWh/year]

Gas consumption [kWh/year/person]

[kWh/year/nf]

[kg COy/year]

Equivalent carbon emissions coming from electriestomption| [kg CO,/year/person

[kg CO,/ year/nf]
[kg COylyear]

Equivalent carbon emissions coming from gas consiomp | [kg CO,/year/person

[kg CO,/ year/nf]

fuel costs %
Fuel poverty (—j %]
income
Heat to power ratio (X1Y)

Table 1 — Energy related data.

ATTRIBUTE UNITS (QUANTITATIVE VARIABLE) /
CLASSING (QUALITATIVE VARIABLE)
Floor area [rfi
Detached house (DH)
Building type Semi-detached house (SD)
Flat (FL).
EPC building rating [Ato G]
Electric heaters (EH)
Heating type Gas fired heaters (GH)
HVAC (HV)

® Fuel poverty: A household suffers from fuel poverty if more the0% of its economic income is used
to pay heating in order to maintain a satisfactergperature [28].
" Heat to power ratio: It is a ratio used to evaluate the suitabilitagdEHP system in a specific site. The

value represents the amount of usable heat gedgrateeach unit of electricity generated [29].
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Sky availability [m?]

Number of inhabitants per dwellirg -

Average inhabitants age Years old

Table 2 — Census and survey data.

ATTRIBUTE UNITS
Geographic information | Mountains, rivers, oceaakes, landform..
Administration information City boundaries, districts...
Roads Motorways, major roads, minor roads...
Generic urban information Postcodes, street names...
Soil type Residential, commercial, parks, industrialf..

Table 3 — Geographical data.

Organizations such as multinational companies,|Igogernments or utilities are
using GIS more and more for a whole range of appbas, like marketing, facilities
location and engineering applications following twwain objectives: driving down
costs and improving customer service [27]. Howgtrer decision of whether to install
a GIS system, which includes justifying the invesitincost, can be complicated. Clear
objectives need to be defined prior to softwareuastion; moreover, costs and benefits
need to be listed and assessed. Some of the mmraao are compiled in the following

table:
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Direct costs Direct benefits
1 Hardware / B Hardware 1 Savings B Reduced cost of information
software m Fewer staff required production and provision
m Software m Fewer staff required
® Software development B Less space required for, e.g., map
® Customization storage
m Consumables (printer supplies, etc.) B Time savings for routine and
B Software upgrades repetitive tasks
® Maintenance and support contracts
®m Communications networks ’ . [
2 Increased W Faster provision of information
effectiveness W Greater range of information
2 Data m Database creation services provided
m Data conversion ® Information more readily available
m Database maintenance B Up-to-date information available
m Data updating
3 New products ® New range of output - maps,
3 Human/admin. ™ Insurance tables, etc.
B Administration B Better-quality output
| Security
m Training
B Rent

4 Method for

choosing system M Pilot project
B Benchmarking
m Cost-benefit analysis
m Consultancy
Indirect costs Indirect benefits

B Increased reliance on computers - vulnerability to
failures, changes in software/hardware, etc.
m Poorer working environment - noise, heat, tedious Stronger competitive ability
tasks for users Better-motivated workforce - more career options,
® Higher-skilled workforce required less tedious tasks
Greater analysis and understanding of problems
Justification for decisions made
® Improved visualization of data

Improved information sharing and flows
Better-informed decision making

Table 4 — Costs and benefits of using GIS. Sourjdes]

A cost-benefit analysis may be a good exerciseetp taking this decision; however
some of the costs and benefits of GIS may not sy éa quantify, especially the
indirect ones.
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4. Mapping process stages: data treatment, representian and

interpretation

A complete approach to energy related informatiapping, which includes data
treatment, representation and interpretation, isgyto be developed in this section.

4.1. Data treatment

Before being displayed on a map, data must be s@dlpnd many times treated,
which includes filtering it, combining it, transfaing it, etc. It is very important that
data quality is assured along this process, asreligbility will depend on it.

One of the most important processes in the reptatsem of energy related data is
the data calculation processes. There are two oaaulations that will be completed
for the purpose of this project: to obtain a eleityr usage value (kWh/year) from a
continuous energy metering lecture (kwh), and amgform the units of the consumed

fuel or electricity (kWh/year) into carbon emisssofikg CQ/year).

4.1.1. Obtaining a power consumption value from continuousnergy

metering lectures
One of the assumptions of this project is thaeww ffears time, continuous metering

systems will be installed around Scotland, so tigdi will have 15 min. resolution

consumption data at their disposal, which represedaily will be:

Demand profile curve - Summer day
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140
120 4 = Total
100 4 = Electrical
80 - Gas
60 -
o &/ \
— =~
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20 - — — ——— . —
0 T T T T T T T T

0 2 4 6 8 10 12 14 16 18 20 22
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Fig. 19 — Example of a summer demand profile cun&ource: [30].
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Demand profile curve - Winter day
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Fig. 20 — Example of a winter demand profile curv@ource: [30].

The consumed poweiis going to be expressed, for the project purposes
kWh/year. The suggested method to calculate thigep@alue is the ‘trapezoidal rule’,
which consists in discretizing the curve into savdntervals (in this case of 15

minutes), and approximating the area under it by:

p o (@) f(b)
jf(x)dx~(b a)—2

a

(Equation 1)

being ‘a’ and ‘b’ the first and last hour valueezfch interval.
The values obtained for each of the 15 minutesvate are added up for a whole
year, and the resulting number is the annual enssggumption for a specific dwelling.
These values have been found to be roughly 10006/y&#r of gas consumption and

3000 kWhlyear of electrical consumption, for a detieebuilding in Glasgow city.

4.1.2. Obtaining carbon equivalent emissions from energyansumption

Once the annual consumed energy is known, it carcdmverted into carbon
emissions by means of the spreadsheet ‘emissi8t§’ yhich allows the conversion of
different types of fuels consumption (kWh/yearpisarbon emissions (g of G@ear).

The following equations for both gas and electitiave been obtained from this
spreadsheet and have been used to obtain the camhiesion values that are displayed

in the maps.

8 Consumed power:rate at which energy is consumed.
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4.1.2.1. Conversion of gas consumption into carbon emissions
The equation obtained from the spreadsheet isotl@ning:
y =2443716x (Equation 2)
where ‘X’ represents the amount of gas consumedpariod of time (in kWh/time

period) and 'y’ the carbon emissions released ftbim consumption (in grams/time
period).

4.1.2.2. Conversion of electrical consumption into carbon emssions

The amount of emissions released per unit of eneoggumed depends on the fuel
mix that has been used to obtain the electricity.tRe period 1 April 2010 to 31 March
2011, the UK fuel mix was as follows [32]:

ENERGY SOURCE | %
Coal 28.9
Natural gas 44.%
Nuclear 17.3
Renewables 7.9
Other 1.7

Table 5 — UK fuel mix breakdown. Source: [32].

Thus, the values presented in Table 5 have beeodirded into the ‘emissions’
spreadsheet to obtain the following equation:
y =325403x- 201 (Equation 3)
where ‘X’ represents the amount of gas consumedpariod of time (in kWh/time

period) and ‘y’ represents the carbon emissionsasdd from this consumption (in
grams/time period).
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4.2. Data representation

There exist multiple ways to represent data on p,reame are better than others,
some are valid and some not; however there is netsingle answer to this question.
Therefore, an extensive study has been carrietbaldgtermine which the most suitable
techniques for displaying energy related informatoe.

The method that has been used for this purposengaure & test. Hence, some
initial representation techniques have been predemthich have been subsequently

evaluated by several energy experts in order terohéte their effectiveness.

4.2.1. Data display introduction

In section3 System’s functionalitythe different information attributes that are
considered to be of interest for this project dstetl. This information cannot be
displayed all at once, as the resulting maps woeldvercrowded. Therefore, the first
step is to study which combination of attributeslddoe represented at the same time in
a single map.

It is sensible to represent just one parametemnefgy data per map except for the
case when the proportion of electrical and gas wopson wants to be compared.
Different census attributes can be represented &ngle map, as well as dwelling
characteristics. Moreover, both census and dweltihgracteristics attributes can be
represented together to provide a higher level mbrimation. These possible

combinations are represented in Fig. 21:

ENERGY
DATA

DWELLING
CHARACTERISTICS

Fig. 21 — Interaction between the variables thatche represented in the maps.
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4.2.2. Scenario creation

In order to show the capabilities of the GIS teqes for the aforementioned
purposes, data is needed. Certainly, real datadwvbal subjected to confidentiality
issues, as has been previously explainedeiction2.3.1 Data sourcestherefore, an
artificial scenario will be created. The area selddor this study has been Glasgow
city, due to real building geographical data avaliy provided by the ESRU
department of the University of Strathclyde. Nekektss, the conclusions of this

approach to representation methods will be valichfty urban area.

For displaying the data, an attribute table mustreated, which shows some of the

selected attributes:

UNITS OF
ATTRIBUTE MEANING DESCRIPTION ORIGIN
MEASURE
X geographic ) Geographic
X . - Numeric value
coordinate data base
y geographic ) Geographic
Y _ - Numeric value
coordinate data base
dwelling Alphanumeric
Ref - . Created
reference code chain
1 — Electric
. . heating Local
Heating_ty Heating type - . N
2 — Gas heating | authorities
3 - HVAC
1 - Energy
Energy efficient
. Local
EPC_rating Performance - to .
-~ _ authorities
Certificate rating 7 — Not energy
efficient)
. ' Local
Area Dwelling area M Numeric value N
authorities

® HVAC: Heating, ventilation and air conditioning.
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. L Local
Cad_value Cadastral value £ Numeric valu N
authorities
1 — Household
with children
2 — Single parent Local
Hh_ty Household type - N
households authorities
3 — Single person
household
Dwelling
. _ _ Local
Aver_age inhabitants Years old Numeric value N
authorities
average age
_ _ Number of ) Local
N_inhabitants . _ - Numeric value N
inhabitants authorities
) Heat to power Numeric value :
HP_ratio _ - _ See Table 7
ratio Numeric value
Local
F_pov Fuel poverty - Percentage .
authorities
Electrical KWh _
Elec_cons _ Vear Numeric value | See Table 7
consumption y
_ kWh .
Gas_cons Gas consumption vear Numeric value | See Table 7
Carbon emissiong
from the kg CO, .
Elec_em _ “vear Numeric value | See Table 7
electrical y
consumption
Carbon emissiong
kg CO, .
Gas_em from the gas “year Numeric value | See Table 7
consumption
Total carbon kg CO, .
Total_em “year Numeric value | See Table 7

emissions

Table 6 — Attribute table.
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The following table shows the data origins and walitons that are carried out in an

external database and imported into the ‘Attrildatde’:

UNIT OF | COLLECTION
ATTRIBUTE | MEANING VALUE ORIGIN
MEASURE METHOD
Date of
Date lecture - dd/mml/yy Utilities automatic collection
collection
Time of
Time lecture - hh:mm:ss Utilities automatic collection
collection
Meter
Elect_lect electric kwWh Numeric value Utilities automatic collection
lecture
Meter gas . - . .
Gas_lect kWh Numeric value Utilities automatic collection
lecture
Electrical KWh .
Elec_cons _ Vear Numeric value |  35040(Elect_lect, - Elect_lec,_,)
consumption y
Gas kWh
Gas_cons _ Vear Numeric value 35040(Gas_lect, - Gas_lec,_,)
consumption y
Carbon
emissions s
kg CO . 325403 El - 201
Elec_em from the LS Numeric value _ Z; ec_cons
— year Elec_em=
. 100C
electrical
consumption
Carbon
. . 365
emissions kg CO, . 2443716) Gas_cons
Gas_em “vear Numeric value Gas em= ~
from the gas y —em= 100¢
consumption
Total carbon|  kgco, Alphanumeric
Total_em o B _ Total_em=Elec_em+Gas_em
emissions year chain
Heat to Numeric value : _ Gas cons
HP_ratio - HP _ratio = = == e
power ratio Numeric value ec_cons
Table 7 — Generation of ‘Atribute table’ contents.
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An artificial scenario has been created with sofrtb®data detailed in Table 6.
The following data has been used for the scenaeation:

e Wards population by age (2010) [33]

* Household types (2010) [33]

» Wards average household size (2010) [33]

* Average ordinary domestic electrical consumptiddil(® [34]

« Average ordinary domestic gas consumption (2082 [

e Number of dwellings of each band per ward [35]

« Percentage of each dwelling type per ward [35]

» Conversion data table from postcodes to data z¢dek

A screenshot of the scenario generated attribbte ta shown below:

| X I ¥ | EPC_rating | Hh_ty | Aver_age | Elec_cons I Gas_cons I Elec_em I Gas_em | Total_em

i} 260004 | 63680 2 1 40.06 3645 14343 11361 3505 15366
1 260042 | 668426 2 1 26.577 2898 10607 9430 2592 12022
2 260050 | 668315 3 1 47.275 3073 11480 10000 2805 12805
3 260067 | 668316 3 1 40,879 2481 8521 8073 2082 10155
4 260081 668379 2 1 40,735 5126 21747 16680 5314 21994
= 260085 | 668425 2 1 45.032 2583 9528 8731 2328 11059
[ 260088 | 068319 3 1 41.046 2826 10248 9196 2504 11700

Fig. 22 — Part of the scenario created attributebta.

4.2.3. General rules for one variable information displayng

The results yield both qualitative (e.g. the compatich supplies the fuel to each
household) and quantitative (e.g. the amount cadissions released in a period of
time) types of information, and it is important toe able to represent these
appropriately. Generally, colour hue and symbolpshare appropriate for showing
categorical differences, while quantities are Weatdpresented by colour lightness and
symbol size[37]. However, many different representations of thens data can be
made, depending e.g. on the map scale, the symebadtion, the data classing or the

way of combining multiple variables.

4.2.3.1. Map scale issues

The geographical maps characteristic of this ambroeonsist of urban areas.
Around the world there are urban areas of manwuifit sizes, which at the same time
can be divided in various ways. For the case stidlyis project, it has been considered
appropriate to work with three different zoom levef the city (Table 8). The possible

divisions of the displayed area are also mentionede table:
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ZO0OM | LEVEL OF DETAIL POSSIBLE DIVISIONS IMAGE

Zoom 1 Streets view - Fig. 23

District Zones’ (DZ) Fig. 24

Zoom 2 Wards view : .
Intermediate Geography(IG) | Fig. 25

Intermediate Geography (IG Fig. 26
Wards* Fig. 27

Zoom 3 City view

Table 8 — Zoom levels and divisions.

Glasgow streets view.

0 100 200
I 2

Fig. 23 — Zoom 1 view.

% Data zones:Small areas in which Scotland is divided, eachtaioing at least 500 residents, which
were created from 2001 Census Output Areas. Sofirék:

" ntermediate Geography: A geography division used in Scotland, which am@sbuilt from grouping
data zones and fit into council area boundariesyTontain at least 2500 inhabitants. Source: [16].

12 Wards: Electoral wards or divisions are the base of Ulnmistrative geography (all other higher

units are built up from themgource: [16].

MSc Renewable Energy Systems & the Environment 410f 111



Approach to energy related city mapping for ugitiand local authorities.

Ward view (Springburn) - District Zones divisions.

] 1000 2000

PN o
b S

Al ##sg‘%ﬁ%f i

&K

Fig. 24 — Zoom 2 view: small areas division.

Ward view (Springburn) - Intermediate Geography divisions.

0 1000 2000
I 2

Fig. 25 — Zoom 2 view: big areas division.
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Glasgow city view - Intermediate Geography divisions.

B QGIS 2012

0 4000 8000
[ I

Fig. 26 — Zoom 3 view: small areas division.

Glasgow city view - Wards divisions.

@ g6I52012

0 4000 8000
[ I

Fig. 27 — Zoom 4 view: big areas division.

In general terms, data must always be legible, aretcrowded maps, as well as
difficult to read maps, must be avoided. Differaaom levels may need different
representation techniques for displaying the sarata,de.g. representing carbon
emissions data in Zoom 1 (Fig. 28) or in Zoom J(FA9) using the same technique

does not result in appropriate results.
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Domestic equivalent carbon emissions from electrical and
gas consumption in Glasgow, 2010.

e —

Annual carbon emissions [Kg]
L I
1615-11518

11518 - 14461
14461-17354
17394 -31832

{ NoXol ]

Fig. 28 — Information display using points in ‘Stegs view’ (zoom 1).

Domestic equivalent carbon emissions from electrical and
gas consumption in Glasgow, 2010.

N I

'

Annual carbon emissions [Kg]

1615-11518

11518 - 14461
14461 -173594
17394 -31832

9000

Fig. 29 — Data representation using points in ‘Wasdiew’ (zoom 2).
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Thus, it is necessary to aggregate the informatsing polygons (Fig. 30):

Domestic equivalent carbon emissions from electrical and

gas consumption in Glasgow, 2010.
e B 0 1000

2000

Annual carbon emissions [Kg]

10000 -12000
12000 - 14000
14000 -16000
16000 - 18000
13000 - 20000
20000 - 22000

Fig. 30 — Data representation using polygons in ‘s view’ (zoom 2).

Therefore, the purpose of this project will be trplere the representation

techniques for the data of interest in order taeahclear and concise maps.

4.2.3.2. Symbol selection

The appropriate choice of the symbols for represgrihe information is crucial for
a good understanding. Symbols can have differameissitextures, colours, orientations
and shapes, and the combination of these chamstatercan lead to a clear map, or a
confusing or non-understandable map. How to seldw most appropriate

characteristics is going to be explained in detaihe following sections.

4.2.3.2.1. Symbol size

The symbol size is often used to represent the malg of the represented

variables; therefore it is mainly used for représgnquantitative variables.

s @g° @ .;H'" e

Fig. 31 — Paints, lines and areas different siz&aurce: [38].
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Commonly squares or circles (Fig. 32), but alsoasgntative shapes (Fig. 33), can
be scaled at wish. It is important that smaller lsgls are displayed above larger ones,

so that they are always visible. For this purpaiéerent degrees of transparency can
also be used.

Domestic equivalent carbon emissions from electrical and
gas consumption in Glasgow, 2010.

E—— ]

|| Sz e T : _ .
:...fQ._Q.ua?s]g.__g_r_h;QMDM'.ﬂ_qﬁ}r_rwpméﬁasé ngh*&w_ﬁm.re arY

0 100 200
I ]

. Annual carbon emissions [Kg]

Fig. 33 — Pictogram variable size for data represation. Source;39].

Cartograms are abstract maps that have the geogmbpineas modified depending on

the value they are representing. Fig. 34 showstagram example:
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Fig. 34 — Cartogram scaling the size of the Unit8thtes of America (USA) to be proportional to the

number of electoral votes. Source: [40].

4.2.3.2.2. Symbol colour

The colours that are selected are a key issue ipsnmapresentation, as the
appropriate option can simplify and increase urtdading, while a poor colour choice,
can confuse the reader. Different colour hues,esland intensities can be used for
different purposes. The following figure summarises different colour options, and
the purpose for which are most appropriate, whetihashow quantitative or qualitative
differences:

I
G O¢ 0 T CdR
Color . p—

Value o L‘.

Intensity . _— L.‘!

Fig. 35 — Variation in colour hue, value and inteitg for points, lines and polygons. Source: [38].

Variations of colour hue can be found very ofteartigularly if they are adjacent in
the spectrum, such as ‘yellow-orange-red’ (Fig..36here are some other hub
combinations commonly used, such as the traffictigjgnalling, with green standing
for ‘yes’ or ‘good’ and red standing for ‘no’ or dd’ and yellow representing an
intermediate state (Fig. 37), or spectral (rainbeahemes, which are commonly used
as they are found to be easy to read by many (sleosvn in Fig. 38). Moreover, there
exist some typical combinations like ‘light-to-dadolours for low-to-high values (red

is used in Fig. 39).
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Domestic equivalent carbon emissions from electrical and
Glasgow, 2010.

Annual carbon emissions [Kg]

1615-11518

11518 -14461
14461 -173%4
17394 - 31832

L X Tels]

Fig. 36 - Sequential scale with colours transitiogellow-orange-red

Domestic equivalent carbon emissions from electrical and

on in Glasgow, 2010.

Annual carbon emissions [Kg]

® 1615-11518

© 11518-14461
O 14451-17394
® 173354-31832

Fig. 37 — Traffic light colour scale.
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Domestic equivalent carbon emissions from electrical and
Glasgow, 2010.

Annual carbon emissions [Kg]

@ 1615-11518

© 11518-14461
© 14451-17394
® 17394-31832

Fig. 38 — Spectral colour scale.

Domestic equivalent carbon emissions from electrical and
gas consumption in Glasgow, 2010.
S —— i s T

Annual carbon emissions [Kg]

© 1615-11518

0 11518-14451
® 14461-17334
® 17394-31832

Fig. 39 — Sequential simple one colour scale: Red.
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Domestic equivalent carbon emissions from electrical and
gas consumption in Glasgow, 2010.

——————

Annual carbon emissions [Kg]

® 1615-11518

© 11518-14461
© 14451-17394
® 17394-31832

Fig. 40 — Cold to hot colour scale.

4.2.3.2.3. Symbol shape

GIS software offers many options as for the symbatkich can be ‘simple
markers’ (Fig. 41), ‘font markers’ (Fig. 42) or &able vector graphics’ (SVG) (Fig.
43).

O0¢C o+ X A A XX T
> P

Fig. 41 — Simple markers. Source: [11].
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Fig. 42 — Font markers. Source: [11].

CORAAENNEREE
EE88n @ =
BAHEREOONRNEA
AERABERARA

Fig. 43 — SVG . Source: [11].
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Although lines and polygons can also be composedifferent symbols, it is not

frequently used.

4.2.3.2.4. Symbol texture

The use of different textures can be applied totpplines and polygons (Fig. 44);
nevertheless it is more often used in data repteddny polygons. Changes in texture

can both represent quantitative and qualitativeaties.
'\\\\\Ki‘ﬁ

A Al

il

Fig. 44 — Different textures for points, lines anmblygons. Source: [38].

Fig. 45 shows an example of data represented &égsawith different textures.
However, colours are more often used for the r@mtasion of a single variable in a
map, and texture variations are frequently usednwizenbining two or more variables

displayed in the same map.

Domestic equivalent carbon emissions from electrical
and gas consumption in Glasgow, 2010.

R

TEpETegl2

0 4000 8000
L I

Annual carbon emissions [Kg]

10000 - 12000
12000 - 14000
- 16000
- 18000

Fig. 45 — Use of different densities to represemiovariable values.
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4.2.3.3. Data classing
How to break the intervals when representing dath different colours is also a
very important issue. Most of the GIS software dffdifferent intervals options such
as:

* Equal intervals (Fig. 46): Splits data into the fn@mof intervals indicated by
the user, of equal with.

e Quantiles (Fig. 47): Data is divided so that eattbrval has the same number of
entries [41].

e Jenks natural breaks (Fig. 48): Splits data ifesses based on minimizing the
variance within groups and maximizing it betweeenth41].

» Standard deviation (Fig. 49): The mean data vaueund and class breaks are
placed above and below the mean at intervals 05,05 or 1 standard
deviations until all the data values are contawétin the classes [41].

* Pretty breaks (Fig. 50): The breaks are made dotlleaintervals width is the
same, but they are rounded. Only some number sbetacan be represented

using pretty breaks.

Domestic equivalent carbon emissions from electrical and
gas consumption in Glasgow, 2010.

| LY o )

| e @ OENO® Bg,
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‘%ﬂuamum GM%&M Eufwrrgﬁfdmabase mgh"

%Tgm@w%%

Annual carbon emissions [Kg] 0 100 200
|
1615 - 7653
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13702 -15745
19745 -25789
25789 - 31832

®9000

Fig. 46 — Equal intervals breaks.
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Domestic equivalent carbon emissions from electrical and
n Glasgow, 2010.

Annual carbon emissions [Kg]

1615 - 10767
10767 -13441
13441 -15638
15638 - 18186
18186-31832

[ X NeoYeols]

Fig. 47 — Quantiles.

Domestic equivalent carbon emissions from electrical and

Annual carbon emissions [Kg]

1615 -8942

8942 -12917
12917 -16346
16346 -202593
20293 -31832
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Fig. 48 — Natural breaks.
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Domestic equivalent carbon emissions from electrical and
gas consumption in Glasgow, 2010.

Annual carbon emissions [Kg]

<-25td Dev (1615 - 5543)
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1 5td Dev-25td Dev (18953 - 23424
2 5td Dev-3 Std Dev (23424 -27594)
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o0
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Fig. 49 — Standard deviation breaks.

Domestic equivalent carbon emissions from electrical and
gas consumption in Glasgow, 2010.
B e N ) aseris
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Fig. 50 — Pretty breaks.
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Cartographers suggest representing the data okstten a histogram, such as the
one shown in Fig. 51, in order to help decide howreak down the data in to intervals.
Representing the extreme data in their own group the other using a standard
method is in general a good technique. The finahkdowns will depend on whether

there is any particular issue that needs to be asipéd in the map.

n= 654 rrlean 579 kBtU)’EEHt

1 1 L L L
27 r

- I|‘|II _
o - -l II...- _____

Fraction oi Sanple
1

200
Tntal Lnnugl EnErgy Lse II‘II:IE)t EBtus/solt

Fig. 51 — Data represented in a histogram. Sour¢42].

Generally, having a higher number of intervals nseahat more detailed
information is provided, but the maps become marfusing, as the identification of
one colour in the legend becomes tougher. Someaulike Brewer (2006) [37] claim
that seven classes is often the maximum for a ghetto map to be readable, however,
other authors make more conservative statements, @81 Heywood et al. [25] who
specify that in most cases a maximum of five cleasge sufficient for most mapping

purposes.

4.2.4. Simultaneous representation of multiple variables

Until this point, information representation teaunes have been reviewed, but only
the representation of a single information attebhas been considered. Nevertheless,
one of the interesting aspects about GIS systertigtsdifferent layers of information
can be displayed at the same time, so patternbecdetected.

There are two main ways to represent more thanimoemation attribute at the
same time; the first one is to express the diffedata using different symbol attributes
and combining them on the map, while the secondodetonsists of mathematically

combining different information attributes to repeat one single variable on the map.
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4.2.4.1. Graphical multivariable representation

The representation of ‘two’ and ‘three or moretributes will be analysed

separately.

4.2.4.1.1. Representation of two attributes using GIS tools

GIS tools allow representing different informatiattributes by means of combining
shapes, colours, sizes, densities, textures aerdtations. To create the maps, some of
the data introduced isection4.2.1 Data display introductiowill be represented on the
three zoom levels that where presenteskiction4.2.3.1 Map scale issues.

Many different two variables combinations coulddigplayed at the same time. For
example:

« Domestic equivalent carbon emissions from eledtiacal gas consumption &

dwelling type (flat, terraced house, detached hoeise).

« Domestic equivalent carbon emissions from eledtiacal gas consumption &

dwelling inhabitants age.

« Domestic equivalent carbon emissions from eledtiacal gas consumption &

dwelling EPC rating.

The representation techniques of two variables aéfpend of the type of variables
(quantitative or qualitative), thus the three polgsicombinations between qualitative

and quantitative variables will be exemplified:

HOUSEHOLD EQUIVALENT HOUSEHOLD TYPE
1. EMISSIONS & qualitative variable
guantitative variable (3 possible values)

ZOOM 1: City view
In the city view zoom the entities are represenivgdpolygons, therefore, the

following ways to display the variables are constdeappropriate:
» Colour-coded quantitative variable & shape-codedlitptive variable (Fig. 52).
» Colour-coded quantitative variable & colour-codedalifative variable (Fig.
53).
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» Colour-coded quantitative variable & qualitativerighle represented using pie
charts (Fig. 54).
» Colour-coded qualitative variable & quantitativerigle represented using bar

charts (Fig. 55).

Domestic equivalent carbon emissions from electrical
and gas consumption & household type, Glasgow 2010.

TEMMEITERLT

0 4000 8000
[ I

Annual carbon emissions [Kg] Household type
[ ] 10803 - 13406 £ Households with children
[_1 13406 - 16008 B3 single person households

B 165008 - 18610
- 18610 - 21213 Single parent households

Fig. 52 — Two variables city view (IG’s divisiong)olour-coded quantitative variable & texture-coded

qualitative variable (3 possible values).
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Domestic equivalent carbon emissions from electrical
and gas consumption & household type, Glasgow 2010.
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(] 10803 - 13406 ] Households with children
[ 13206 - 16008 Single person households

B 16008 - 18610
I~ 3
- 18610 - 71213 Single parent househelds

Fig. 53 - Two variables city view (IG’s divisionsjolour-coded quantitative variable & colour-coded

qualitative variable (3 possible values).

Domestic equivalent car[%on emissions from electrical
and gas consumption & household type, Glasgow 2010.

0 4000 8000
[ I

2

Annual carbon emissions [Kg] Household type

10000 - 12000 [:l Households with children
12000 - 14000 - Single person households
14000 - 16000

16000 - 183000 - Single parent households

Fig. 54 — Two variables city view (wards division§plour-coded quantitative variable & qualitative

variable represented using pie charts (3 possildtues).
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Average household EPC rating & level of domestic equivalent carbon
emissions from electrical and gas consumption, Glasgow 2010.

QG112

0 4000 8000
L

EPC rating

[ Households with children
[ single person househalds
[ single parent households

Fig. 55 — Two variables city view (wards division€polour-coded qualitative variable (3 possible

values) & quantitative variable represented usingricharts.

The selected division areas of the city for Fig.ab@2l Fig. 53 has been IG’s, as the
information transmitted by the map when the divisiaare smaller is higher, and in
these cases the results can be clearly read. Howevé&ig. 54 and Fig. 55, the selected
division has been wards and not GI's; the reasdhaspresence of diagrams (pie and

bar charts), which tend to occupy a large space.

ZOOM 2: Ward view
In the ward zoom view, the variables are also gmweed by polygons, and two

zones’ divisions are suitable: DZ’s and GI's, afivasion into wards would not provide
enough information. In this case, the possibleeggntations are:
» Colour-coded quantitative variable & shape-codedlitptive variable (Fig. 56).
» Colour-coded quantitative variable & colour-codedalitative variable (Fig.
57).
e Colour-coded quantitative variable & qualitative rigble represented
alphabetically (Fig. 58).
» Colour-coded qualitative variable & quantitativerighle represented using bar

charts (Fig. 59).
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Domestic equivalent carbon emissions from electrical
and gas consumption & household type, Glasgow 2010.

g
= — 0 1000 2000

il
[y = _ L i Y L e R
%, 5] |-'{:__-_-_='

3

r i L =
Gk e L Y

Annual carbon emissions [Kg]  Household type
10803 - 13406 3 Households with children

13406 - 16008 m Single person households

16008 - 18610 Single parent households
18610-21213

Fig. 56 — Two variables ward view (DZ'’s divisiongplour-coded quantitative variable & texture-coded

qualitative variable (3 possible values).

Domestic equivalent carbon emissions from electrical

1000 2000

Annual carbon emissions [Kg] Household type
10803 - 13406 2] Households with children

13406 - 16008 Single person househo lds

16008 - 18610 7 o
4 Single parent households
18610-21213 e P

Fig. 57 — Two variables ward view (DZ’s divisiongolour-coded quantitative variable & colour-coded

qualitative variable (3 possible values).
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Domestic equivalent carbon emissions from electrical and

gas consumption & household type, Glasgow 2010.
; "\ 0 1000 2000

Carbon emissions [Kg]  Household type

ﬁ 10803 - 13406 A Households with children

igggg i }ggg‘g B Single person households
18610 -21213 C Single parent households

Fig. 58 — Two variables ward view (IG’s divisions}olour-coded quantitative variable & qualitative

variable represented alphabetically (3 possibleues).

Household type & domestic equivalent carbon emissions,
Glasgow 2010.

1000 2000

Household type Carbon emissions [Kg]

[ Households with children [ Gas equivalent carbon emissions

[ single person households [ | Electricity equivalent carbon emissions
[ single parent households - Total equivalent carbon emissions

Fig. 59 — Two variables ward view (IG’s divisiongolour-coded qualitative variable (3 possible

values) & quantitative variable represented usingricharts.
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In this case, the maps combining different coland textures (Fig. 56 and Fig. 57)
have been divided into DZ'’s, as they can be reailyeand provide a higher level of
information. On the other hand, maps displaying lsyisy or charts (Fig. 58 and Fig.

59) have been divided into IG’s, as a way to ftat#i the map lecture.

ZOOM 3: Streets view

The ‘streets view’ zoom allows the representatibthe data using points, instead

of areas. Up to two variables can therefore belaysgl combining:

» Colour-coded quantitative variable and shape-cogigalitative variable (Fig.
60).

» Colour-coded qualitative variable and size-codeahtjtative variable (Fig. 61).

Domestic equivalent carbon emissions from electrical and
gas consumption & household type, Glasgow 2010.
A= ;.h_—__,...,.-.-.‘ ._ :_ I- I —, H |

i --.ﬁ-"[luéﬁfurﬂ'GM@QQW@%QE‘@&SE ng‘f b0 Gl o v

Carbon emissions [Kg] Household type

0-10000 O Households with children
10000 - 20000 A Single person households
20000 - 30000 O Single parent households
30000 - 40000

Fig. 60 — Two variables streets view: colour-codpehntitative variable & shape-coded qualitative

variable (3 possible values).
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Domestic equivalent carbon emissions from electrical and

sgow 2010.
5‘ ‘\J—

\ R4

G, Quatum GBEERShn o

Household type

O Households with children
O Single person households
O Single parent households

Fig. 61 - Two variables streets view: size-codedrmfitative variable & colour-coded qualitative

variable (3 possible values).

However, there are some special cases where learg|acommonly associated to
one specific representation, e.g. a colour or peha those cases it is sensible to
represent it following the established criterion. chear example is dwellings EPC
rating, which is a qualitative variable that caket& different values (from A to G),
which is strongly associated to a colour scale.(6&). Thus, it would seem sensible for
maps with variables represented by polygons (zoomes and two) to display the
emissions size-based (using bars), and use a cstale to represent the EPC rating
grade (Fig. 63), and for dot represented mapsjsjolay colour-coded EPC rating and
size-coded emissions (Fig. 65).
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Energy Efficiency Rating

Fig. 62 — Energy efficiency rating graph for homeSource: [44].

ZOOM 1: City view

Average household EPC rating & level of domestic equivalent

carbon emissions, Glasgow 2010.
g

) . and

N
/N

*z‘iﬁ‘

EPC rating Carbon emissions [Kg]

- Gas equivalent carbon emissions

[ ] Electricity equivalent carbon emissions
I Total equivalent carbon emissions

g-gal

0 4000 8000
[

512

MmO m s

Fig. 63 — Two variables city view (wards divisionsplour-coded qualitative variable (7 possible

values) & quantitative variable represented by bars

Another possibility to represent these two varighie to classify the emissions
colour-coded and to add a pie chart with the prisgpoiof dwellings of each rating (Fig.
64). Most of the time, including a second levelrdbrmation using pie charts is only
possible for maps in which the information is des@d using polygons (zooms one and
two), as if pie charts where exposed above thetpoihose would be covered and the
first information level would be lost. The polygomsist have a considerable size so that
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the pie charts can be easily identified and read,tae colour of the area under them

can be still visible.

Domestic equivalent carbon emissions from electrical and gas
consumption & EPC rating, Glasgow 2010.

CrRGITg12

EPC rating 0 4000 8000
[ I

Carbon emissions [Kg]
[ 1ooo0 - 12000
[ 12000 - 14000
B 14000 - 16000
I 16000 - 18000

OTMMDOMme

Fig. 64 — Two variables city view (wards division§plour-coded quantitative variable & qualitative

variable (7 possible values) represented usingghiarts.

In this case, a scale of blues has been used tesaq the equivalent carbon
emissions, to avoid colour confusions with the BRa@hg. The resulting figure (Fig.
64) provides a higher level of information than .F&B respectively. Thus, it can be
concluded that the representation of quantitateseéables colour-coded instead of size-
coded gives more information. The use of bars isenswitable when the represented
values are notably different; the fact that notoalis start at the same height (due to its

representation on a map) can cause visual confugtbrsimilar values.

ZO0OM 2: Ward view

As zoom 2 is also represented using polygons, #thads of representation and

conclusions are the same as for zoom 1.
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ZOOM 3: Streets view
In this case the variables are represented usimgspdhe most logical displaying

option for zoom 3 is to represent the average dngdIEPC rating colour-coded and the
emissions size-coded. The use of pie charts onlkemaense for areas that are

composed by different points, but not for the repregation of single dot entities.

Average household EPC rating & total equivalent carbon
emissions from electrical and gas consumption, Glasgow 2010.

EPC rating 0 100 200

e@ooo0ee
OMMDOmE

Fig. 65 — Two variables streets view: Colour-codpehlitative variable (7 possible values) & size-eod

quantitative variable.

LEVEL OF HOUSEHOLD

DWELLINGS EPC RATING
EQUIVALENT CARBON EMISSIONS o )
2. o _ & qualitative variable
qualitative variable _
_ (7 possible values)
(3 possible values)

ZO0OM 1: City view

For the representation of two qualitative variablesng polygons, it will be

distinguished between the variable with higher nenmdd possible values (variable A —
in this case EPC rating) and the one with lower pemnof possible values (variable B —
in this case the level of carbon emissions). Théowang options are suitable for

polygons display:
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» Colour-coded variable A, texture-coded variabld-i&)(66).

» Colour-coded variable B, texture-coded variable>Anot considered as in this
case variable A is strongly associated to a scat®ic.

» Colour-coded variable A, variable B representedgipie charts (Fig. 67).

» Colour-coded variable B, variable A representedgipie charts, (Fig. 68).

» Colour-coded variable A, colour-coded variable B)(69).

* Colour-coded variable B, colour-coded variable /&(F0).

» Colour-coded variable A, symbol-size-coded varidblg-ig. 71).

» Colour-coded variable B, symbol-alphabetical-codadable A (Fig. 72).

Average household EPC rating & level of domestic equivalent carbon
emissions from electrical and gas consumption, Glasgow 2010.

TEMpEITRRL2

EPCrating  Carbon emissions level EH%UO
E= Low carbon emissions

EEZ moderate carbon emissions

High carbon emissions

MMDO0mE

Fig. 66 — Two variables city view (IG’s divisionolour-coded variable A (7 possible values) &

texture-coded variable B (3 possible values).
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Household EPC rating & level of domestic equivalent carbon
emissions from electrical and gas consumption, Glasgow 2010.

E)GIT2gl2

EPC rating Carbon emissions level Eﬂ%ﬁﬂ
A 1 Low carbon emissions
g [ moderate carbon emissions
D B High carbon emissions
E
F
G

Fig. 67 - Two variables city view (wards divisiorJolour-coded variable A (7 possible values) &

variable B (3 possible values) represented using gharts.

Level of domestic equivalent carbon emissions from electrical and
gas consumption & household EPC rating, Glasgow 2010.

BGIS2qL2

0 4000 8000
B

Carbon emissions level EPC rating
[ Low carbon emissions
[ Moderate carbon emissions
Bl High carbon emissions

MmO mE=

Fig. 68 — Two variables city view (wards divisior@§olour-coded variable B (3 possible values) &

variable A (7 possible values) represented using gharts.
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Household EPC rating & level of domestic equivalent carbon
emissions from electrical and gas consumption, Glasgow 2010.

e

TEMpEITEg12
EPC rating Carbon emissions level 0_4900 8000

O Low carbon emissions
@ Moderate carbon emissions

@ High carbon emissions

InR iR Fal=-5-

Fig. 69 — Two variables city view (wards divisior@§olour-coded variable A (7 possible values) &

colour-coded variable B (3 possible values).

Level of domestic equivalent carbon emissions from electrical and
gas consumption & household EPC rating, Glasgow 2010.

Carbon emissions level EPC rating [ﬂ%ﬂﬂ
|:| Low carbon emissions : A
- Moderate carbon emissions P g
B Hich carbon emissions o D
® E
® F
® G

Fig. 70 — Two variables city view (wards divisior@§olour-coded variable B (3 possible values) &

colour-coded variable A (7 possible values).
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Household EPC rating & level of domestic equivalent carbon
emissions from electrical and gas consumption, Glasgow 2010.

E\paireg2
EPCrating Carbon emissions level u%m
A ® Low carbon emissions
B 2k
= c @ Moderate carbon emissions
LD @ High carbon emissions
] E
F
G

Fig. 71 — Two variables city view (wards divisior§olour-coded variable A (7 possible values) & size

coded variable B (3 possible values).

Level of domestic equivalent carbon emissions from electrical and
gas consumption & household EPC rating, Glasgow 2010.

5’\

EMMGIT2HLZ

Carbon emissions level EPC rating u%m
[ 1 Low carbon emissicns A
E Moderate carbon emissions E
B High carbon emissions E
F
G

Fig. 72 — Two variables city view (wards divisior@§olour-coded variable B (3 possible values) &

alphabetical-coded variable A (7 possible values).
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In general, maps with colours are more visual tham ones with alphabetical
symbols. Also, if there is one variable more reféguvhan the other it is recommended to
display it under the secondary variable, occupyagbigger area. Also it is
recommended when combining two colours to use paés for the background, and
use shiny ones for the second attribute, usualiplayed in a smaller area above the
first one. It is also advisable to use pie char®rever it is possible, as they provide

more information and can be easily read.

ZOOM 2: Ward view

The representation techniques and conclusionsarsame than for zoom 1.

ZO0OM 3: Streets view

The logical representation for the selected vaesi a street view zoom level is to

represent EPC rating colour-coded and level of@admissions size-coded (Fig. 73).
Other representation techniques could also be yseticularly for the second variable,
such as shape-coded, texture-coded or even or@mntaided. However the logic will

determine the selected representation techniquy éuee.

Average household EPC rating & level of domestic equivalent
carbon emissions from electrical and gas consumption, Glasgow
i i v -

EPCrating Carbon emissions level
O Low carbon emissions
' Moderate carbon emissions

O High carbon emissions

L X JoNoRs¥-§ ]
MM W=

Fig. 73 — Two variables streets view: Colour-codediable A (7 possible values) & size-coded var@abl

B (3 possible values).
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3. HOUSEHOLD EQUIVALENT CARBON INHABITANTS AVERAGE
EMISSIONS & AGE
guantitative variable guantitative variable

For the representation of two quantitative variapline proposed options are the
following ones:

» Colour-coded variable 1 and colour-coded variab{gig. 74).

» Colour-coded variable 2 and colour-coded variab{Eig. 75).

» Colour-coded variable 1 and variable 2 represeimtadbar diagram (Fig. 76).

» Colour-coded variable 2 and variable 1 represeimtadbar diagram (Fig. 77).

» Colour-coded variable 1 and texture-coded variaklieig. 78).

* Colour-coded variable 2 and texture-coded varidlieig. 79).

ZOOM 1: City view

Domestic equivalent carbon emissions from electrical and gas
consumption & average inhabitants age, Glasgow 2010.

EM)GISEg12

0 4000 8000
L I

Carbon emissions [Kg] Average age

10000 - 12000 25-30
12000 - 14000 30 -35
14000 - 16000 :

16000 - 18000 =
18000 - 20000 40 -45
20000 - 22000 45 -50

do00COE@

Fig. 74 — Two variables city view (IG’s divisionColour-coded variable 1 & colour-coded variable 2.
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Average inhabitants age & domestic equivalent carbon emissions
from electrical and gas consumption, Glasgow 2010.

EMRG

12

Average age Carbon emissions [Kg] 0 4000 8000
o B———— | I
30-35 12885 - 14967
35-40 14967 - 17049

40 - 45

5 50 17049 - 19130

19130 - 21213

@0 080

Fig. 75 — Two variables city view (IG’s divisionolour-coded variable 2 & colour-coded variable 1.

Domestic equivalent carbon emissions from electrical and gas
consumption & average inhabitants age, Glasgow 2010.

.

T EMGIT L2

Carbon emissions [Kg] 0 4000 8000
1 10000 - 12000 L .
] 12000- 14000

B 14000 - 16000

B 15000- 13000

Fig. 76 — Two variables city view (wards divisior@olour-coded variable 1 & variable 2 represented

using bar charts.
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Domestic equivalent carbon emissions from electrical and gas
consumption & average inhabitants age, Glasgow 2010.

Average inhabitants age 0 4000 8000
] 32-24 I
[ ]3a-38
[ 36-28
B :=-40
Bl 20-42

Fig. 77 — Two variables city view (wards divisior@olour-coded variable 2 & variable 1 represented

using bar charts.

Domestic equivalent carbon emissions from electrical and gas
consumption & average inhabitants age, Glasgow 2010.

EGITEgL2

Carbon emissions [Kg] Average age H%OO
10000 - 15000 [125-30
E=3 15000 - 20000 [ 30-35
B3 20000 - 25000 [ 35-40
I 20 -45
Hl 15 -s0

Fig. 78 — Two variables city view (IG’s divisionolour-coded variable 1 & texture-coded variable 2.
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Average inhabitants age & domestic equivalent carbon emissions
from electrical and gas consumption, Glasgow 2010.

EgeiFegLlz

Average age Carbon emissions [Kg] [ﬂﬂﬂ——ﬁﬂlﬂﬂ
20- 30 10000- 12000
B s0-a0 12000 - 14000
& 40- 50 14000 - 16000
16000 - 18000
18000 - 20000
20000 - 22000

Fig. 79 — Two variables city view (IG’s divisioncolour-coded variable 2 & texture-coded variable 1.

It is more sensible to represent the quantitatagable that has more differentiated
numbers using bars, and the other one colour-cadetthjs case Fig. 76 and Fig. 77
represent the same information; however the seonrds easier to understand.

When combining a colour-coded variable with a texcoded variable it is
important that the colours used are light whileuemmg) that the quantitative texture-
coded variable are not divided into many divisioas,both things will make the map

more difficult to read.

ZOOM 2: Ward view

Zoom 2 has the same representation options as sfmwaoom 1, therefore the

conclusions are the same.

ZOOM 3: Streets view

For the streets view representation, it is recomtedrio combine both quantitative

variables one colour-coded and the other one sidedcand vice versa.
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Inhabitants age & domestic equivalent carbon emissions from
electrical and gas consumption, Glasgow 2010.

T | g

o |

[ e === ,J'_

Fig. 80 — Two variables streets view: Colour-codetiable 1 & size-coded variable 2.

Domestic equivalent carbon emissions from electrical and

Carbon emissions [Kg] [im:|
O 0o-10000

(O 10000-20000

@ 20000-30000

@ 30000-40000

Fig. 81 — Two variables streets view: Colour-codettiable 2 & size-coded variable 1.
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4.2.4.1.2. Representation of three or more attributes using G$ tools

Representing three variables in the same map dgrberdone on a few occasions.
As we have seen isection4.2.4.1 Graphical multivariable representatiamost of the
maps already combine different coding systems splay two variables; therefore,
representing a third would result in an overcrowdeap. Only in a few cases, with
maps divided into big areas, would it be feasildeiriclude a third variable. One
example of this is e.g. Fig. 71, in which anothariable could be represented, e.g. the

number of household inhabitants:

Household EPC rating, inhabitants & level of equivalent carbon
emissions from electrical and gas consumption, Glasgow 2010.

0 4000 8000

EPC rating Household inhabitants Carbon emissions level
A

e ]
& ]
-
o 535555
oo o -
. A
i _‘ -

® Low carbon emissions

@ Moderate carbon emissions
@ High carbon emissions

ammoom

Fig. 82 — Three variables city view (wards divisjoColour-coded qualitative variable (7 possible

values), texture-coded quantitative variable andesicoded qualitative variable (3 possible values).

Therefore, to add a third variable in polygon repréed maps, it is recommended
that they are divided into big areas and the csloged are significantly different.

On the other hand ‘queries’ can be a suitable wwlufor displaying further
information. A ‘query’ consists on displaying onflye variables that fulfil a specific
requirement, e.g. Fig. 66 does not seem to be tbleclude any other variable;
however, somebody could be interested in knowirthefe is any pattern between the

two displayed variables (EPC rating and carbon soms level) and the number of
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inhabitants. Therefore a query like: ‘show only tteta of the IG areas in which the

average inhabitants’ age is under 30 years old. (&3).

Household EPC rating, inhabitants & level of equivalent carbon
emissions from electrical and gas consumption, Glasgow 2010.
Filter: average inhabitants age under 30 years old.

Carbon emissions level 0 4000 8000
=1 Low carbon emissians E— @2

B Moderatecarbon emissions
High carbon emissions

Fig. 83 — Two variables city view (IG’s divisioripformation filtered by average inhabitants’ age

under 30 years.
Queries can be more complex, e.g.:
e ‘Or’ condition: Show only areas with average age under 30 yeaisave 40.

* _‘And’ condition: Show areas which suffer from fuel poverty andraselocated

in a specific ward.

» Different variables combinatioishow areas with age under 30 years and

suffering from fuel poverty.

The same queries can be done when the data isesped using dots instead of

polygons.

4.2.4.2. Mathematical combination of variables

Different information attributes can be mathemadtycaombined in order to be
represented in one single GIS attribute. The manpgse of combining more than one
variable is usually to support decisions for spataation, which will be based on

measurable attributes of the alternatives beingsidened (this process is known as
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multi-criteria evaluation (MCE) One decision example would be: ‘which areas of the
city are more suitable for the installation of sinsdale solar thermal panels?’ A
possible combination of variables would be thedielhg:

HOUSEHOLD EQUIVALENT CARBON EMISSIONS
FROM GAS CONSUMPTION

quantitative variable

SKY ACCESS

guantitative variablg

v

To express the suitability of installing small lecaenewables (SSR), different
scores are given to each of the attributes (caifeby means of weighing factors,
depending on its relevance. The procedure to coenwmo or more variables ijxs the
following:

1. Weights (w) must be assigned to each of the variables asreemeage,

representing their relevance. The sum of all thgkte must add to 100%.

>w =1 (Equation 4)
i=0
2. The data must be standardized, so that it contslyaaries from e.g. 0-1, O-
100, 0-250, etc. representing in all cases the twad the best situation, or
vice versa. The most commonly used way of stangation is:

X, =2 My min, (Equation 5)
max, —min,,
Where X= standarized value of the variable

x; = original value of the variable

min,= minimum value of the variable series

max, = maximum value of the variable series
3. The procedure for combining them is: for each gntite result of multiplying

each of the standardised variables by its corrafipgnweight is added, as

shown in the following expression:
{X =W1*X1+W2*X2+...+Wn*Xn} (Equation 6)
Where X = suitability index for location of a $ad entity
w; = weighing factor

X; = standardised variable value
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The distinction between factors and constrainimgortant. They are both criteria,
but while a constraint is a Boolean criteria (ihd#e yes or no), being the legislation a
typical example, the factors are criteria that mkefia degree of suitability, usually
represented by scores.

Therefore, a one variable map like Fig. 84, shgwust the household equivalent
carbon emissions, becomes Fig. 85, which is reptedeusing the same colour scale,
but represents the conjunction of both variablesisehold equivalent carbon emissions

and sky access, in this case equally averaged:

Domestic equivalent carbon emissions from electrical and gas
consumption, Glasgow 2010.

— = = R -

, ..--:-gQuéhgumiGM rriglity database right

Carbon emissions [Kg] 0 100 200
® 5000-10000 L
© 10000 - 20000
© 20000 - 30000
@ 30000 - 40000

Fig. 84 — Monovariable layer.
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Suitability to install SSR thermal devices consideril%g carbon

emission levels a

nd sk_y accgss__!:ie ree

Suitahility 0 100 200
@ Verylow I
@ Llow
@  Moderate
© High
® Veryhigh

Fig. 85 — Multivariable layer.

More than two variables with different weighs candommbined. The chosen factors

can be highly relevant on the results output, ie @ utility wants to install SSR thermal

devices, the factors that it may be interestechtmnkare:

» Dwelling equivalent carbon emissions

e Sky access

» Average age of the dwelling inhabitants

* Property cadastral value

These factors must be analysed by an expert's ctisemand a relevance degree

must be assigned to each of the variables. Tabtefl&cts two possible weighing

options.
FACTOR RELEVANCE | OPTION 1 | OPTION 2
Sky access Yes/No >60% >60%
Equivalent carbon emissions High 50% 60%
Property cadastral value Moderate 25% 30%
Average age of the dwelling inhabitantsloderate 25% 10%
X 100% 100%

Table 9 — Selected variables, given relevance, timde possible weighing factor percentages.
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All the data has been standardized so it goes @rdéonl. The obtained values do not
have any units, but their representation by medns colour scale allows making a
qualitative judgement for the suitability of thevdees installation, for that purpose a
breakdown of 5 equal intervals has been selecteglsgction4.2.3.3 Data classing
dividing the suitability into the following categes: ‘very low’, ‘low’, ‘moderate’,
‘high’, ‘very high’. The results of representingettwo options described in Table 9 are

shown below:

Suitability to install SSR thermal devices considering carbon
emissions, property value and average inhabitants age, limited by
sky access degree above 60%.

P——r

Suitability 0 100 200
@ \Verylow L I
@ low
@ Moderate
@ High
@® \Very high

Fig. 86 — Weighing factors option 1.
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Suitability to install SSR thermal devices considering carbon
emissions, property value and average inhabitants age, limited by
sky access degree above 60%.

Suitability 0 100 200
@ Verylow |
9 low
2  Moderate
@ High
@ Veryhigh

Fig. 87 — Weighing factors option 2.

As it can be seen, in this case, the differencevéen Fig. 86 and Fig. 87 is not very
significant, although some slight variations cardbeected. This fact will depend on the
case of study and the number of variables congidditee same process can be used on
a choropleth map, where the difference betweemthpes is more evident to the naked
eye.

Thus, the final result will depend on who did theCE the data quality and the
selection of the criteria and weighing factors. Brer, Kristin Shrader-Frechette
(2000) illustrates the potential for mod€lso be differently interpreted depending on
the motivations of policy makers [44].

Even though MCE is often used, it has some linateti e.g. the linearly factors
standardisation it doubtingly the most appropriaiey of doing it. Moreover, even
though the chosen weights are usually establisheéxperts, there is not a single

answer, and the results output can be highly deperah the chosen values.

13 Models: Simplification of the reality.
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4.3. Maps interpretation: Energy experts judgement

To complete the identification of the most appraf@irepresentation techniques for
energy related information displayed on maps, tbesagltation to different energy
experts has been considered appropriate. Therdferepinion of a group of 17 energy
experts has been consulted by means of a quesitieroraation, the complete version

of which can be found in Appendix 1.

- QUESTION 1:

Objective: Determine which method of representing data orap is more suitable.

Options:

A: Results displayed using a small squared grichemtap.

B: Choropleth map indicating the sources origin.

C: Results displayed using a bigger slightly tramepasquared grid.
D: Choropleth map.

Results distribution:

Question 1

oA
EB
oc
ob

Fig. 88 — Answers to question 1 presented in aghart.

Conclusions

- In general, figures with coloured areas (choroptetps) are found to be clearer
than the ones with results presented on a disecktzd.

- From the two preferred maps (A and D), there is aatlear fancied option;
essentially A provides more information; howeversCiound to be clearer at a

glance.
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- QUESTION 2:
Objective: Determine which colour scale is better to represartion emissions.

Options:

A: Change in colour hue: yellow to red.

B: Traffic light colour scale: green to yellow to red.
C: Spectral (rainbow) scale.

D: Light to dark (reds).

E: Cold to hot: Blue to red.

Results distribution:

Question 2

oA
@B
ac
Oopb
HmE

Fig. 89 — Answers to question 2 presented in aghart.

Conclusions:

- To represent equivalent carbon emissions ‘theitrigfht colour scale’ (green to
yellow to red) is the most liked opition.

- The options: ‘change in colour hue’: yellow_to rdayht to dark’ (reds) and
‘spectral (rainbow) scale’ are also found apprdpriéor carbon emissions
representation.

- In general, the option ‘cold to hot’ (blue to rad)the less liked to represent

carbon emissions.
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- QUESTION 3:
Objective: The purpose was to see which classing was bétee wanted detect

the buildings with higher carbon emissions.

Options:

A: Natural breaks.

B: Quantiles.

C: Equal interval breaks.
D: Standard deviation.
E: Pretty breaks.

Results distribution:

Question 3

oA
EB
aoc
Oopb
HE

Fig. 90 — Answers to question 3 presented in a ¢ghart.

Conclusions:

- Even though the classing with pretty breaks did ailaiw the detection of any
point in the higher rank, the map with 3 useful aixe (considerably less
information than the other maps) was often chosedye of the experts as a
first preference, highlighting the importance oistkind of breaks for a better
understanding.

- Even though the information provided with the s&addeviation division was
higher (as the number of intervals was bigger) abbpthe fact that the picture
did not show any point in the higher rank dissuaitiedhoice.

- The preferred options as chosen by the energy expeere as follows:
quantiles, natural breaks and equal interval breakswing that in general

higher number of darker points in the figure weref@rred.
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- The personal conclusion extracted from the expedsponse is that in most
cases none of the classing methods offered bydfiwaze were adequate for
presenting the data. The values classing will laliycvary depending on the
map’s purpose, but an appropriate classing wilinteede based on the data
histogram, moreover the interval limits should mat any number, but they
should be made at least slightly ‘pretty’.

- QUESTION 4:

Objective: In this case the preferred way of combining twoiakdes in a small

zoom map was questioned.

Options:

A: Colour-coded variable 1, texture-coded variable 2.

B: Colour-coded variable 1, texture colour-coded \He&.
C: Colour-coded variable 1, variable 2 presented encpiarts.

D: Colour-coded variable 1, variable 2 presented ircharts.

Results distribution:

Question 4

OA
EB
oc
oD

Fig. 91 — Answers to question 4 presented in a ¢ghart.

Conclusions:

- The clearly preferred option, was the one displgyre charts, followed by the
combination of colours and textures.

- Bars were found to be slightly confusing; howewbg concept of representing

gas, electrical and total emissions in three difiiébars was liked.
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- The representation of colour-coded texture waddhst liked, as it was found to
be confusing.

- QUESTION 5:
Objective: The objective was the same as in question 4, b avlarger zoom

detail.

Options:

A: Colour-coded variable 1, texture-coded variable 2.

B: Colour-coded variable 1, texture colour-coded \He&.

C: Colour-coded variable 1, alphabetically representgthble 2.

D: Colour-coded variable 1, variable 2 representdzhincharts.

Results distribution:

Question 5

oA
EB
oc
oD

Fig. 92 — Answers to question 5 presented in a ¢ghart.

Conclusions:
- The representation using letters is found cleaugho
- In general, the three options: mixing colours aadures, colours and letters and

colours and bars are found useful in general.
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- QUESTION 6:
Objective: Determine which combination is better to repredeat attributes using

discrete points.
Options:
A: Colour-coded variable 1, shape-coded variable 2.

B: Size-coded variable 1, colour-coded variable 2.

Results distribution:

Question 6

oA
HB

Fig. 93 — Answers to question 6 presented in a ¢ghart.

Conclusions:

- In this case, none of the options are clearly nlikeel than the other one. The
general impression is that none of the figuresga@d enough, as the different
shapes in option A are found to be difficult to ipeer, while picture B is found
to be overcrowded.

- Both representations with a larger zoom level wauidbably be more liked.
Therefore, when combining different shapes or asl@urelatively low number
of points are needed. It is important that the shdjfference can be easily
identified.

- For the current zoom level aggregating data insaveauld probably turn out to

be a better solution.
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- QUESTION 7:
Objectives: To find the most appropriate representation teaknig detect patterns

between two qualitative variables and detect tledepence in the variable’s displaying

order.

Options:

A: Colour-coded variable 1, texture-coded variable 2.

B: Colour-coded variable 1, variable 2 representedgugie charts.
C: Colour-coded variable 2, variable 1 representedgugie charts.
D: Colour-coded variable 1, colour-coded variable 2.

E: Colour-coded variable 2, colour-coded variable 1.

F: Colour-coded variable 1, size-coded variable 2.

G: Colour-coded variable 2, alphabetically representatible 2.

Results distribution:

Question 7

oA
EB
ac
ob
BE
OF
BG

Fig. 94 — Answers to question 7 presented in aghart.

Comments: This question was found to be difficult to reply by some of the
experts, maybe that is why answers are so unevetiorOE has been more penalised,
but this is probably because the size of the dotsot big enough, and this makes the

map reading more difficult.

Conclusions:
- One of the question purposes was to detect theenarefe in the variable’s

displaying order, but the results do not show argeeference.
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- It can be seen that when the carbon emissionsigpiaged below, the preferred
option for displaying EPC rating is pie charts|daled by letters and the least
preferred option is colours.

- When the emissions are presented on coloured-EfQ,rthe preferred options
are: colour-coded, size-coded, pie chart and textoded.

- Even though the combination of colours and textuvesld seem a good way
for detecting patterns, this is the least likedaptProbably a lower number of

divisions and an intensity graduate pattern woeddund more useful.

- QUESTION 8:
Objectives: To detect the preference in the variable’s digpjyorder and also

which representation technique was better for diep@atterns between two variables

(one quantitative and one qualitative).

Options:

A: Colour-coded variable 1, colour-coded variabler@gler size).
B: Colour-coded variable 2, colour-coded variablerhdller size).
C: Colour-coded variable 1, variable 2 representetibvar chart.
D: Colour-coded variable 2, variable 1 representeaibar chart.
E: Texture-coded variable 1, colour-coded variable 2.

F: Texture-coded variable 2, colour-coded variable 1.

Results distribution:

Question 8

oA
EB
oc
)
HE
OF

Fig. 95 — Answers to question 8 presented in a ¢hart.
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Conclusions:

- To detect the relationship degree between two bksa three possible
combinations where presented: colour-coded & cetmaled, colour-coded &
bar coded and colour-coded & texture-coded. Thergoincide that the bars
are the less favourite option, as they find itsdne@ confusing, followed by
texture-coded, while the preferred option is to bora two different colour-
coded variables, although they agreed that botbucacales should not have
many divisions and its representation should beebigugh to allow the map to

be read easily.
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5. Conclusions

GIS is a very powerful tool that is going to be diseore and more often in the

future. In this thesis, different functionalitieslata treatment and representation

techniques have been explored to display energyectlinformation in maps. This is

thought to be a useful tool for utilities and loeakhorities in many ways, as they can:

Have a support decision tool for action planning.
Detect business and environmental opportunities.
Track the effect of previously implemented actideng.

Model future predictions.

As for the representation techniques, differentctasions on how data should be

displayed have been made:

In general, maps classed into higher number ofvuate provide more detailed
information; however, they become more confusinghascolours identification
in the legend becomes tougher.

In a two variables map, the addition of furtherormhation layers is subject to
maps with big area divisions, which at the same temtails lower resolution.
The representation of quantitative variables smded does allow the
comparison between entities, but does not provElemach information as
colour-coded represented quantitative variables.

The use of bars to express quantitative variallehoropleth maps can become
confusing if the represented values are not sicgnifily different.

The use of pie charts only makes sense for areasath composed by different
points, but not for the representation of singleetdities.

If one variable is more relevant than another,sitrecommended that it is
displayed under the less important one.

When combining two colours, it is good practiceuse pale colours for the
variable underneath and shine ones for the secpdaibute, usually displayed
in a smaller area above the first one.

The use of pie charts it highly recommended, ag grevide a further level of

information and are very visual.
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When using the MCE method, the result will dependao did the MCE, the
data quality and the selection of the criteria amiyhing factors.

Queries can be a suitable solution for filtering thformation shown in maps
that already have two attributes.

If a third level of information needs to be addedimap, it is necessary that the
main area be divided into big divisions (more datggregated, lower
information level) allowing a proper reading.

The display of more than three attributes in alsimgap is not recommended.

Also, the experts’ consultation has lead to thieWing conclusions:

Choropleth maps are found to be very clear anduuskir transmitting
information.

The preferred colours for representing carbon eomssare the ‘traffic light
colour scale’ (green, yellow, red), followed by ttlgange in colour hue (yellow
to red) and then ‘light to dark’ (red).

The classing needs to be done case-specific (lmas#te data histogram and the
map’s purpose). Moreover it is very important tokedhe interval limits as
pretty as possible to make the comprehension easier

In general, when combining two variables, when gnéag the first one colour-
coded, the preferred ways of presenting the ses@mihble are: pie charts,
colour-coded, size-coded and by means of lettelniievthe ones less preferred

are bar charts and texture-coded.
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6. Further work

As for the presented functionality of the systetnepuld be improved with:

* Representation of other none-metered types of iggadl.g. wood/biomass,
oil, liquefied petroleum gas (LPG) or bottled gesal/other processed solid
fuel, etc.

Other functionalities of GIS:

* Once a GIS system has been installed in a utititgan be used for many
other purposes, such as presentation of informatioternal objectives
tracking, etc.

Better conversion from metering lectures to carbassions:

« The equations used to convert energy meteringdatbon emissions does

not include the equivalent emissions of the trassian process (losses).
Further work for better conclusions:

e The comparison of the same urban area maps withyer@nsumption
information for summer and winter seasons would/igk® a deeper level of
knowledge of the current situation, which woulddet more accurate
conclusions.

* Representation in the maps and further compari$@arbon emissions per
m?, carbon emissions/person, etc.

* Create different maps for electrical and thermahaeds and the associated

carbon emissions.
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Appendix 1 — Energy experts questionnaire

Slide 1

PLEASE, READ CAREFULLY

This questionnaire is composed of 8 questions. Its answer will take you max
15 minutes.

You can answer it in the attached word document.

To answer this questionnaire please order the presented maps from first
(the map that serves the purpose explained in the question best) to last (the
map that serves the purpose least).

If you feel that some of the maps serve equally for the purpose that can be
your answer.

If you feel that some of the maps do not serve for the purpose please
indicate it too.

Also, feel free to express any suggestions or ideas that may occur to you
regarding the representation of energy related information using maps.

Slide 2

APPROACH TO CO, CITY MAPPING
FOR UTILITIES AND LOCAL AUTHORITIES

PROJECT PURPOSE: To make an approach to prove how maps can
help understanding the reality of the carbon emissions from the
domestic sector, and to support decisions in order to reduce these
emissions.

OBJECTIVE OF THIS QUESTIONNAIRE: to determine what are the
best representation techniques for displaying energy-related

information.

Note: The carbon emissions represented in the maps are called ‘equivalent carbon
emissions’and represent the amount of CO, released for the consumption of a certain
amount of gas or electricity in a dwelling. Even If in many occasions the emissions are
not physically refeased in the same dwelling, it is represented as such, so that this data
can be compared with other relevant information, helping the detection of pafterms and
relationships.
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Question 1

1) Imagine you would like to know the current carbon
emissions from the domestic sector in Glasgow. Which of
the following representation techniques helps you to better
understand it?

a. b.

Domestic equivalent carbon emissions from electrical Domestic equivalent carbon emissions coming from
and gas consumption in Glasgow, 2010 electrical and gas consumption in Glasgow, 2010
L

c. d.

Domestic equivalent carbon emissions from electrical Domestic equivalent carbon emissions coming from
and gas consumption in Glasgow, 2010 electrical and gas consumption in Glasgow, 2010
1. -

T

Annual carban emissions in Ki Annual carbon emislons in kg
VoA - 12000 10000 « 11000
o 13000 12600 - g 8000
LSO+ 16000 [ 14000 . 10000
LB « 15000 T 16000, 16000
KBTI« OO [0 1a0c0 . 20000
B 20000 - 22000 OO0 « HI0O0
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Question 2

2) Imagine we want to represent equivalent carbon
emissions on a map. Which colors help you to better

understand it?

d.

Domestic equivalent carbon emissions from electrical and
gas consumption in Glasgow, 2010,

b.

Domestic equivalent carbon emissions from electrical and

T, X s

Anmisal carbon emissions [Kg] ﬂ_;
o B818.RESLR
0 130- Al
& GadRD.ETAS
LR E e T
C.

Domestic equivalent carbon emissions from electrical and
gas consumption in Glasgow, 2010,

Annual carbon amissions [iKg] 0 100 300

L — " .
® LIS p181A £
P L8 - Lada) o
B Laaal. 1 Fied
& 1TIN - NIRRY

d.

Domestic equivalent carbon emissions from electrical and
gas consumption in Glasgow, 2010,

Annual carbon emizsions [Kg] 2
& pE1%-3pdn
D E1518-BadEL
TR
T T

Annual carbon emissions [Kg] 1
& E8i% - 1318
O 138 pacey
& aiEr.iTisd
® [T 1R
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Approach to energy related city mapping for ugktiand local authorities.

& N

Domestic equivalent carbon emissions from electrical and
gas consumption in Glasgow, 2010.

o

T _f" . y

Annual carbon emissions [Kg] u_—l
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Question 3

3) Suppose [t\ghat you would like to identify which dwellings
have higher equivalent emissions in the area displayed in
the map, because you want to take some action to reduce
them. Which map/s do you find more useful for that

purpose and why?

a. b.

Domestic equivalent carbon emissions from electrical and  Domestic equivalent carbon emissions from electrical and
gas consumption in Glasgow, 2010,

?ws___ R A T I

o
G D
Annual carbon emissions [Kg] nl—:l L Annual carbon emissions [Kg] D—:_I o
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Approach to energy related city mapping for ugktiand local authorities.

C. d.

Domestic equivalent carbon emissions from electricaland ~ Domestic equivalent carbon emissions from electrical and

gas consumption in Gllmm zum EAs Consyu mntiuﬂ in Glasgow, 2010,
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Domestic equivalent carbon emissions from electrical and
gas consumption in G!asmu, 2010.
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Approach to energy related city mapping for ugktiand local authorities.

Question 4

4) Suppose that you would like to know if the equivalent
carbon emissions and the household type are somehow
related. Which of the presented maps help you to better
answer that question?

a. b.

Domestic equivalent carbon emissions from electrical Domestic equivalent carbon emissions from electrical
and gas consumption & household type, Glasgow 2010, and gas consumption & household type, Glasgow 2010,
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Domestic equivalent carbon emissions from electrical and gas Average household type & domestic equlvalent carbon emlssions
consumption & household type, Glasgow 2010, from electrical and gas consumption, Glasgow 2010,
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Approach to energy related city mapping for ugktiand local authorities.

Question 5

5) Suppose that you @uuld like to know if the equivalent
carbon emissions and the household type are somehow
related. In this case, which of the presented maps help you
to better answer that question?

d.

Domestic equivalent carbon emissions from electrical
and gas consumption & household type, Glasgow 2010,
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C.

Domestic equivalent carbon emissions from electrical and
gas consumption & household type, Glasgow 2010

b.

Domestic equivalent carbon emissions from electrical
and gas consumption & household type, Glasgow 2010,
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Household type & domestic equivalent carbon emissions,
Glasgow 2010.
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Approach to energy related city mapping for ugktiand local authorities.

Question 6

6) Suppose that you would like to know if the equivalent
carbon emissions and the household type are somehow
related. In this case, which of the presented maps help you
to better answer that question?

d. ]
Domestic equivalent carbon emissions from electrcal and Domestic equivalent carbon emissions from electrical and
gas tnnsumprﬁun & household type, Giasgow 2010, gas consumption & household type, Glasgow 2010

| e J
o 181] 200
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Question 7

7) Imagine you would like to know if the equivalent carbon
emissions and the dwellings EPC rating are somehow

related. Which of the presented maps help you to better
answer that question?

Average household EPC rating & level of domestic equivalent carbon Househald EPC rating & level of domestic equivalent carbon
emissions from electrical and gas consumption, Glasgow 2010, emissians from electrical and gas consumption, Glasgow 2010,
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Approach to energy related city mapping for ugktiand local authorities.

C.

Level of domestic equivalent carben emissions from electrical and
gas consumption & household EPC rating, Glasgow 2010,

S S

d.

Household EPC rating & level of domestic equivalent carbon
emissions from electrical and gas consumption, Glasgow 2010,

LR

Carbon emissions level
[ tow maiben emmisn
B mcowate tarton peuminm
Bl cigh carton ewasnng

EPC rating

! ;

LT

Lewvel of domestic equivalent carbon emissions from electrical and
gas consumption & household EPC rating, Glasgow 2010,
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emissions from electrical and gas consumption, Glasgow 2010,
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Approach to energy related city mapping for ugktiand local authorities.

Question 8

8) Imagine you would like to know if the equivalent carbon
emissions and the inhabitants age are somehow related.
Which of the presented maps helps you to better answer
that question?

a. b.

Domestic aguivalent carbon emissions from electrical and gas Average inhabitants age & domestic equivalent carbon emissions
consumption & average inhabitants age, Glasgow 2010, from electrical and gas consumption, Glasgow 2010.
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e. d.

Domestic equivalent carbon emissions from electrical and gas  Domestic equivalent carbon emissions from electrical and ga:
consumption & average inhabitants age, Glasgow 2010, consumption & average inhabitants age, Glasgow 2010.
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Approach to energy related city mapping for ugktiand local authorities.

Domestic equivalent carbon emisslons from electrical and gas Average Inhabitants age & domestic equivalent carbon emissions
consumption & average Inhabitants age, Glasgow 2010 from electrical and gas consumption, Glasgow 2010,
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