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Exploratory evaluation of solar radiation and ambienttemperature
In twenty locations distributed in United Kingdom
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Abstract

Solar radiabn and ambient temperatuns a foundation resourceprograms oflargescale
deploymentof solar energytechnologies.This paper summarizesthe analysisof a weather
stationnetwork in United KingdomWhistle 3 years (January 2015December2017) of data
from twenty weather stations distributed across the country. The data compfigekbal
Horizontal Irradiance GHI), Diffuse Horizontal IrradianceDHI), Direct Normallrradiance
(DNI), ambient temperatuyevind speed, and the humiditfetwork design,mplementation, and
data qualityassurance amescribedin order tadocumenthenetworkextentandquality. Fromall
observeddatasetsit wasfound thatPlymouth(locatedin southwesEngland)hasthe dominant
GHI, and ambienttemperature amongll othe 19 locations. The least GHI is observedfor
Aberdeen(locatedin northeast Scotland) estimated at 77.3 kWhidowever, the least average
ambient temperaturis equal t0.1 °C this datawas detectedfrom the weatherstationlocated
in the capital of Swmtland (Edinburgh).Although continued measurementsare neededto
understandhe interannual resourceariability, the currentstudy providessignificant guidance
for preliminary technology selection, power plant modeling, and restaneeasting.

Keywords: Solar resources; GHI; Ambient Temperature; UnkKetydom.

1. Introduction

The United Kingdom estimates the country will need enormous enmespurcesn the coming
decadedor electricity generationdesalinationand processheatto meetthe need of a rapidly
growing populationand economy[1]. In orderto use petroleumfor highervalue purposesand
export,there is a need to develoastainable energy mix that includes renewadsiergybased
on local resourcesBasedon an expectedlarge solar resource,solar energy has long been
considered promising [2].

The Departmentof Energy & Climate Change(DECC) in the United Kingdom is leadingthe
renewablesnergyresourcanonitoringand mappingacrossthe country[3], hence tosupportthe
large increasesto the country solar generationcapacity, moving toward a sustainableenergy
generation As of February2018report thetotalinstalledcapacityof solarphotovoltaidn the UK
reachedl2,713 MW across 942,247 installations [4].
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Whether regionally or on a local level successfulsolar technology developmerdand power
projectapplicationsrely, in part, upon understandinghe availablesolar characteristics such as
spatial, temporal, and spectr&or project deployment, characterizatiasf the solar resource
drives technologydesign,and characterizeshe leadingsourceof uncertaintyin power project
outputestimateswith implications for financing terms and returns on investments[5]. Thus,
accuratemeasurement®f the solar resourcealong with environmentalparameterssuch as
ambientair temperatureand dust levels are critical to project arrangemerest practices in
solar resource measurement aml-establishedsuch as those documented the National
Renewable Energy Laboratory (NRHE].

Studies have previously investigatedthe weather conditions in various regionsacross the
world. For example the assessmendf solarradiationresourcesn SaudiArabiais presented by

Z. Erica et al [7].Where tle assessment is based the datasets collected from 30 distributed
stations The presentedmethodologyis based on the analysis of the Global Horizontal
Irradiance (GHI), Diffuse Horizontal Irradiance (DHI), Direct Normal Irradiance (DNI), and
related metorological parameters such as wind speed, and daily ateragerature.

A feasibility study of solar energyin South Korea is presentecby O. Nematollahi and K. C.
Kim [ 8], wherethe solar assessmeistbasedn themaximum,minimum,andtheaveragersalues
of yearlyhorizontalradiation collectedrom twenty-four weatherstationsfor a period offive
years Monthly andannualclearnessndicesof the solar irradianckave also been considered

An alternative studyR. Iswadiet al [9], presented the delment of an automatic solar station
to measurehe potentialof solarenergyresourcein the uniquetropical region like Pekanbaru,
Indonesia.While, A. Emadet al [10] offered a uniqgue model to estimate solar dineatmal
irradiance. The evaluation qmess was possible by comparing various dataset tiibf@rent
regions across the united states

Additional advancedsolar radiation forecastingis widely presentedin researchliterature,
however, mostrecently, in 2018, authors in [11] presented a deasitipn-clusteringensemble
(DCE) learningapproachfor solarradiationforecasting.The performanceof the proposedDCE
learning approach for a solar ration dataset in Beijing, Chindé was found that thenaximum
accuracyin estimatingthe solar radigion oneday-aheadis 88.24%. Another interestingsolar
forecastingis proposedby R. Abbas et al [12], which isbasedon a Gaussianprocess
regression with ¥old across validation process. Theggest advantage of the proposed
technique thait canbe used with small datasize;the modelhasbeentestedin Mashhad,Iran,
where its maximum accuracy is equabgo.

In theUK, there is a lack aissessmerfior installedweatherstationsandsolar radiation methods.
Some primaty work established by [135], but still, the solar irradiancand temperature
assessmerdre basedon small scalestudieddatasetsyet more, the assessmeris based ona
historical data set over short period of time (one year as a maximum). Additionally, the
analysis of the weathe&s usually based on the solar irradiance data presented ih Fig.
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In order to overcome this significant knowledge gap,found in the literature, we have
establisheda dataanalysis tool to examine the behavior of various weather stations installed in
different UK based locationsT his papersummarizeshe analysisof three years of data (January
201571 December2017) for a network of twenty weather statiahstributedacrosghe country.
Thedatacompriseghe GlobalHorizontallrradiance(GHI), Diffuse Horizontal Irradiance (DHI),
Direct Normal Irradiance (DNI), and the ambiéatperatureNetwork design, implementation,
and data quality assurance are described to docutimenetwork extent and quality. This is
beingthe main contribution of this work. In addition the current study should have significant
applications for preliminarytechnology selection, power plant modeling, and resource
forecasting, not only in theK, butinternationally.

Yearly total of global horizontal irradiation [kWh/m2] w
UK and Ireland
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Fig. 1. Yearly total GHI in the United Kingdomthe nmap is taken from the European
Commission Joint Research Center [16]
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2. Data Gathering and AnalysisMethods

The data used in this paper is based on three years of reslanrce measurements (Global
Horizontal Irradiance [GHI], Diffuse Horizontal Irradieg [DHI], and Direct Normalrradiance
[DNI]) and the average ambient temperature. The atmospheric data is collected by a ghbset of
weather stations distributed across the UK, this section briefly describesthe network
instrumentatioranddesign,alongwith thedatacollectionprocess.

Multiple needsfor accurategroundbased measurement®f solar radiation and applicable
atmospheric parameters shaped the basis for the network architecture, to acheli@mihg
objectives:

1 Supportthe growth of anaysistoolsfor evaluatingandpredictingsolarresourcdevels
andtechnology presentatiarharacteristics

1 Support instant prospecting by potential solar resource power pleggners
1 Support atmospheric studies into unique climate characteristics dKth

Solar radiation can be transmitted,absorbedor scatteredby an interveningmediumin
fluctuating amount dependingon the wavelengthover the approximaterange of 300 up to
3000 nm. The interactionsof the E a r tatmospherewith inward solar radiaton result in
three fundamentatomponentsof interestto solar energyconversiontechnologieg17], these
componentgan beillustrated agollows:

9 Direct normalirradiance(DNI): the direct radiationavailablefrom a 5° field of view
acrossthe solar dek on a surface oriented nor mal
Measurement®f DNI are madewith a Pyrheliometermountedin a solartracker.This
solar componentis of particular interest to concentrating solar technologies such as
ConcentratingPhotovotaic (CPV) systems [18] and Concentrating Solar Power (CSP)
[19].

1 Diffuse horizontal irradiance (DHIthe scattered solar radiation from the sky except
from thesolardisk (i.e., notincludingDNI) onahorizontalsurface Measurementsf DHI
aremadewith a shadedpyranometef20]. Levelsof DHI aregenerallylower underclear
sky conditionsthan undercloudy sky conditions.DHI dataare helpful for assessinghe
Planeof-Array (POA) irradiance [21], and daylighting architectural desigplications.

1 Global horizontalirradiance(GHI): total hemisphericor geometricsum of the DNI
and DHI componentsavailableon a horizontal surface.GHI measurementare made
with anunshaded pyranometer. GHI data represent the amount of solar radiation incident
on horizortal flat platesolarcollectors,andcanbe usedto estimatethe solarradiationon
tilted flat plate collector$22].
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A total of twenty weatherstationsarein operationin the studiedareas.The list of the stations
and their locations are listed in Table 1. In this work, the locations have been studied in

different parts of the United Kingdom, we have examinedl5 weatherstationsin England,?2

weather stations in Wales, and 3 weather stations in Scotland. The alstrdbution of the
weather statiosis shown in Fig2.

Table 1 Details on weather stations used in various locations

Site Location Site Site Name Latitude Longitude Elevation
Number

1 Plymouth 50.371 -4.143 17

2 Exeter 50.726 -3.527 49

3 Bristol 51.454 -2.597 15

4 Oxford 51.752 -1.258 70

5 London 51.507 -0.128 19

6 Cambridge 52.203 0.125 20

England 7 Norwich 52.629 1.292 26

8 Nottingham 52.953 -1.149 45

9 Liverpool 53.405 -2.981 41

10 Manchester 53.479 -2.244 55

11 Huddersfield 53.647 -1.782 93
12 Hull 53.744 -0.339 9

13 York 53.959 -1.082 21

14 Sunderland 54.906 -1.375 28
15 Whitehaven 54.547 -3.589 9

Wales 16 Cardiff 51.482 -3.179 17
17 Aberystwyth 52.414 -4.082 6

18 Glasgow 55.857 -4.244 29

Scotland 19 Edinburgh 55.950 -3.191 72

20 Aberdeen 57.148 -2.093 53
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Fig. 2. Distribution of weather stations in the studied locations

Each weather station comprises various senatiish measures the following environmental
parameters:

1 Wind speed, range: 2 to 150 mile per hour (mph)

1 Wind direction

9 Temperature, range40 °C to 65 °C

1 Relative humidity, range: 0% tt00%

1 Rainfall in mm orinches

{ Solar irradiance (DNI, DHI, and GHI), range: 0 W@ 2000W/m?

These weather statioase wirelessly connected to a monitoring unit called Vanfaigp2 which
is accessiblausingan IP addresdrom the Huddersfieldsite. The connectionnetworkis shown
in Fig. 3(a). As can be noticed, there are two main substationslocated in Oxford and
Edinburgh which gather the data from different locations All data is gathered atthe
Huddersfieldsite, where theanalysigprocesss preformegaspresentedh Fig. 3(b).

In fact,aproperoperatiorandmaintenancef theusedweatheistationsalongwith documentation

of these practices, is critical for constragtireliable weather measurements. We have follcaved
procedure such that cleaning and maintenance are carried out twice iaekhe observed
stations as per best practices deveReoewabld by t
Energy Laboratory[17]. Major tasksduring cleaningand maintenancancluded cleaningall

sensors and checking the wireless connections. Instrument calibration is plannedholbeed
everythreeyearsas per manufacturerecommendationf23] and [24] the instrumentswill be

sentto the manufacturers to perform the badition.
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Moreover, additional data may be relevant to forecast the effectiveness of solar energy
exploitation such as wind velocity (which may affect temperature and efficiency of PV modules
and also hat of solar thermal panels), humidity or water vapor pressure (which may affect the
spectrum of solar and, consequently, the efficiency of PV panels based on different
technologies). These factor@Vind velocity and Humidity) are covered in this article,
particularly in sectior8.3.

The data at Huddersfieldsite were analysedto determinetrendsand patternsby station and
region. The averageyearly total solarradiation(in kWh/m?) was calculatedfor GHI, DNI, and
DHI, to assesghe overallmagnitudeof the solarresourceat eachsite andwithin eachregion.The
valuesof maximumandminimum yearlytotal solarradiation(GHI, DNI, andDHI), alongwith
the average total GHI and DNI, were analyzed to identify resource variabilityteangdoral
patterns.In addition, the average ambient temperaturéend speed and humiditgmong all
studied locations weralso examined

In thisarticle,thedatameasurement®r all weatheistationsvereanalysedlogged,andcompared
over the period from January 2015 to &mel of December 2017 (@ars).

Aberdeen

Weather station

Edinburgh
4G\ sgow

aSunderland
“Whitehaven
aYork
Manche e,
» Hudcare jeld
Liverpool
“Nottingham
*Norwich
#Aberystwyth

“Cambridge

“Cardiff 2xiey

Bn;lo. London

Exetera

sPlymouth

()
Edinburgh Oxford
L
Huddersfield —»
(b)

Fig. 3. (a) Connection network from all observed weather stations, (b) Weather stations
allocation, where Huddersfield site procedures the analysis of the all measured data
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3. Results andDiscussion

The analysisincludesassessmertf the monthly solarirradiation datafrom all studiedweather
stations, as well as the ambient temperatugasurements.

1.1Solar Irradiation and Ambient Temperature in England and Wales

In this section,the weatherstationsplacedin variouslocationsin Englandwill be comparedAs
statedearlierin section2, the datais capturedover a periodof threeyears(2015to 2017).The
yearly averageGHI, DNI, DHI, and ambienttemperaturas reportedin Tables2 to 4; Table2
summaresthe measurements 2015, Table3 correspondso datacapturedn 2016,andfinally
Table 4 summaries the measuremer(mh?7.

Since the GHI is the addition of DNI and the DHI with respect to the incident f jté the
irradiancewe will analyseandcompareheinvestigatedocationsbasednthe GHI, andaverage
ambienttemperatureThe GHI is calculated using (1).

"TTARDEUT I PASEOCAROGI &1) AT SEALOOKUB( DAL
It is noticeable from Tables 2 to 4, that thaximum observed GHI is at Plymouth cityhereas
London is rankedthe secong where the GHbf 98 KWh/n?. The minimum irradiancelevel
over the studiedperiod (3 years)is observed for Huddersfield town with a@average 084.6

kWh/n? yearly. The second rmimum GHI is observedfor the weather station mounted in
Sunderland city, where the average Gi¥erthe studied period is equal to 85.6 kWRA/m

On the other hand,the highestaverageambienttemperaturdbetween2015and 2017 amongall
studied locationsni England is obtained at Plymoutivérage ambient temperature 12.2. e
second highest average ambient temperature is found in Liverpool city, wiappaoximateof
11.7°C. However, Sunderland had the lowest average ambient temperature beOléesmd
2017, which iequalto 9.1°C.

In northernregionsof England,the yearly GHI is relativelylow, comparedo southernregions.

For example, York, Manchester, Huddersfield, and Sunderland have a yearly averagad®H]
90 kWh/nt. However, if we selecouthern locations such as Plymouth, Exeter, and Lorttien,
yearly averageGHI is above 95 kWh/n?. The map in Fig. 4(a illustratesthe geographical
distribution of the yearly average GHI in all studied locatiortsrigland.

The annual average ambientmigerature detected by the weather stations in England
geographically mapped and presented in Fig. 4(lg.evident that Plymouth hate maximum
yearly averagetemperaturecompetedto all other locations. In fact, the distribution of the
temperaturevaries in different areas of England, for example, Sunderland city hasexage
yearly temperature of 9.1 °@Qvhereas Whitehaven is arountl.2 °C Both cities are 144 km
apart.

Out of all examinedlocationsin England, Plymouth had the highest yearly average GHiI,

whereas Huddersfield had the lowest level. The maximum GHI is detectedby Plymouth
weatherstation inJune2015 at 204 kWh/n?, the minimum GHI is observedin Huddersfield
at 14.9 kWh/n?, DecembeR016. With reference to the ambient temperatBhgmouth city had
the highest levelshowever, Sunderlantiad the lowest amongall observedlocations. The
maximum and minimum monthly temperature is ’ICand 3.1 °Crespectively.



Table 2 Summary of the average solar irradiance and ambient tempar&ogband2015

Location

Plymouth
Exeter
Bristol
Oxford
London

Cambridge
Norwich
Nottingham
Liverpool
Manchester
Huddersfield
Hull
York
Sunderland
Whitehaven

Average GHI
(KWh/m?)
106

96
95
92
98
91
92
88
95
85
83
92
85
83
93

Average DNI
(kWh/m?)
114

87
88
83
94
84
88
79
94
73
75
93
78
83
94

Average DHI
(KWh/m?)

46
52
49
51
50
51
50
50
47
51
48
49
49
46
44

Average Temp.
(°C)
12.5

12
12
10.9
11.6
11.4
11.4
10.5
11.2
10.8
104
10.5
10.2
9.6
11.2

Table 3 Summary of the average solar irradeaand ambient temperature in Engla0d6

Location Average GHI Average DNI Average DHI  Average Temp.

(KWh/n?) (kWh/n?) (KWh/n) (°C)

Plymouth 102 106 a7 12
Exeter 95 87 52 115
Bristol 93 88 49 115
Oxford 89 80 51 10.4
London 97 93 49 11.1
Cambrdge 90 83 50 10.8
Norwich 93 88 50 10.8
Nottingham 90 82 51 10
Liverpool 96 97 48 10.5
Manchester 87 77 50 10.2
Huddersfield 87 80 49 9.8
Hull 95 99 49 10
York 88 84 50 9.7
Sunderland 88 94 46 8.9
Whitehaven 96 98 45 10.4
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Table 4 Summary ohe average solar irradiance and ambient temperature in England 2017

Location Average GHI Average DNI Average DHI  Average Temp.
(KWh/m?) (KWh/m?) (kWh/m?) (°C)
Plymouth 101 100 50 12.1
Exeter 95 85 53 11.6
Bristol 91 81 51 11.6
Oxford 89 78 52 10.3
London 95 88 51 10.9
Cambridge 90 82 51 10.7
Norwich 92 85 50 10.8
Nottingham 88 79 50 10
Liverpool 96 97 48 10.6
Manchester 86 76 50 10.3
Huddersfield 84 74 49 9.9
Hull 94 94 49 10
York 87 81 50 9.7
Sunderland 86 86 46 9
Whitehaven 94 94 46 10.8

In Wales, two weather stations have been installed, be first is located in Cardiff and the
secondat Aberystwyth.Thedistancebetweerthe weatherstationsis 92.4 km. A summarfpr the
yearly averagesolar irradianceand ambienttemperatureare repored in Table 5. As can be
noticed, Cardiff hasa much higher yearly averagesolarirradianceover the last threeyears.In
addition, the variations of thentgeraturearecomparativelydentical.

In fact, Cardiff rankedthe secondin termsof the yearly avaage GHI comparedto all other
observed sites considered in this work (including England, Wales, and Sdodatidns), the
first site which has the maximum yearly average GHI has been already discudsegnevious
section,Plymouth.The assessmeribr all observedocationswill summarizedriefly lateron in
sectior4.

Table 5 Summary of the average solar irradiance and ambient temperailakesn

Year Location Average GHI Average DNI Average DHI Average
(KWh/m?) (KWh/m?) (kWh/m?) Temp. C)
2015 Cardiff 102 102 48 12
Aberystwyth 85 69 49 12
2016 Cardiff 101 101 48 11.5
Aberystwyth 86 75 48 115
2017 Cardiff 98 94 51 11.4

~ Aberystwyth 81 _ 63 _ 49 _ 11.6
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Fig. 4. (a) Digribution of yearly average GHI for the studied locations in Engéamt\Wales(b)
Yearly average ambient temperature in 15 different locations in Engtahd locations in Wales
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1.2Solar Irradiation and Ambient Temperature in Scotland

In Scotland (nortlof the United Kingdom), three weather stations data have inspacted. The
first is locatedin Edinburgh(capital of Scotland),whereasthe secondand third are sited in
Glasgow, and Aberdeen.The distancebetweenthe weather stations betweenGlasgow and
Edinburghis around70.4km. However thedistancas muchlongerbetweerbothweatheistations
fitted in EdinburghandAberdeen154.7km. Thedistancrom eachweatherstation islabeled in

Fig. 5b).

Table6 summarieshesolarirradianceandambientemperaturéen theobservedocationsbetween
2015and2017.It is evidentthatEdinburghhasthehighestyearlyaveragegsHIl, whereagshesecond
is Glasgow.For moredataremarks,Fig. 5(a) presentghe averagemonthly GHI detectedoy the
weather stationg=rom the observed data measurements, it was found that ovamgidered
studyperiod, Edinburghand Glasgowreacheshe maximumGHI at 175 (kWh/m?), this datais
presented in Fig.(&). Edinburgh weather station detected this data in July 2015, howlewer
weather station in Glasgow detected this measurement last year 2Oay

Table 6 Summary of the average solar irradiance and ambient temperature in Scotland from
2015 to 2017

Year Location Average GHI Average DNI Average DHI Average
(kWh/m?) (kWh/m?) (kWh/m?) Temp. PC)
2015 Glasgow 79 67 48 10.1
Edinburgh 84 94 48 9.6
Aberdeen 79 84 44 9.7
2016 Glasgow 83 75 49 9.2
Edinburgh 89 94 48 8.7
Aberdeen 82 84 45 9
2017 Glasgow 82 73 49 9.6
Edinburgh 85 82 48 9
Aberdeen 71 7 78 7 46 9

Approximately all locations have identical average ambient temperature ovepriB&lered
period. Fig. 7(b) illustratesthe yearly averageambienttemperatureobservedby the weather
stations, which can be classified as follows (maximumitgamum):

9 Glasgow 9.6°C
9 Aberdeen: 9.2 °C
1 Edinburgh: 9.1 °C
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Fig. 5 (a) Monthly average GHI for three examined locations in Scotland, (b) Yearly average
ambient temperature for the examined locations in Scotland
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1.3Wind Speed and Humidity

The wind speed and humidity in all studied locations are summarized in Fig. 6. The annual mean
of the wind and humidity are taken over a period of three years: 2015 to 2017, where the wind
speed is in km/h, while the humidity isggented in percentile.

As presented in Fig. 6(a), costal locations such as Whitehaven, Liverpool, Aberysiwgth,
Plymouth had the highest annual mean wind speed ranging from 23.6 km/h to 19.2 km/h.
Locations sited in middle of the UK such as Manche®ettingham, Huddersfield, and York

had always an annual mean wind speed below 14.5 km/h.

Fig. 6(b) presents that the annual mean humidity in almost all locations are ranging from 85% to
80%. The highest annual mean humiditydetectedn Glasgow at 84.5%while the lowest is
observed iWhitehaven an&underland at 77%.

5 8 oo
] -
20 e R A
a1 = % 343333
k:
B
g10
=
:
0
& y@y & oéb_o > é"ap'eﬁ'
ﬁ‘&«f;ﬁ &i,é’ " ‘*"i&ﬁ e &yff}%fy &

845

&8 8 & 2

Annual Mean Humidity (%)
S B 3 3
|
I 83
83
82.5
82
81.5
81
81
81
81
I 30
I 380
. I 79
79
. 78.5
e 785
—— 73
E—— 77.5
2 77
' I 77

(b)
Fig. 6. (a) Annual mean wind speed (km/h) (b) Annual mean humidity (%)
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4. Overall Assessment for Solar Irradiance and Ambient Temperature: compared wiit
data observed by the European Commission Joint Research Center (JRC)

In orderto draw a relevantassessmerior the entire presentedesults,all studiedlocationshave
been compared, and analysed based on the average GHI and ambient temperaturdtsire res
illustrated in Fig.7.

Fig. 7(a) presents a geographical map for yearly average GHI for all studied locations during
the consideregeriod(January20151 Decembe2017).As canbe noticed,Plymouth(locatedin
southwesEngland)hasthedominantGHI with annualestimateof 103kWh/n?. TheleastGHI is
observedfor Aberdeen(locatedin northeastScotland),the data collected from the weather
station sited in Aberdeen shows that the average annual GHI is equal kOVH7 .

On average,t is evident that the middle region of England,containing Oxford, Nottingham,
Huddersfield,and Manchester relatively have low yearly GHI. On the other hand, London,
northeast London, and southwest England have high irradiance profile, this is summdfiged in
7(a) by the yearly average GHI in the followilogations:

{1 Plymouth: 10kWh/n?
{ London: 99.&Wh/n?

1 Exeter: 95.XWh/n?

1 Bristol: 93kWh/n?

1 Norwich: 92.4kWh/m?

{ Cambridge: 90.5KWh/n?

The yearlyaverageambienttemperaturen all 20 locationsis summariedin Fig. 7(b). The least
averageambienttemperaturas detectedby the weatherstationin Scotland(Edinburgh),where
the annual awage ambient temperature is 9.1 ¥bwever, the highesambienttemperature
profile is detectedin Plymouth, where the annualtemperaturas equalto 12.2 °C The second
highestannualambienttemperaturas observedn London atl1.7 °C

Themiddleandeastiocationsof Englandhadanannualambientemperaturalwaysbelow11 °C
Whereaghe westregionsof Englandhavean annualambienttemperaturdetweenl1li 12 °C
Six locationshadrelativelylow ambientemperaturamonghethreeyearsof thestudy,theannual
ambient temperature for these locations are summariZeticass:

9 Edinburgh: 9.2°C
1 Sunderland: 9.2C
1 Aberdeen: 9.2C

1 Glasgow: 9.6C

9 Manchester: 9.8C
1 Nottingham: 9.2C
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Fig. 7. (a) Distribution of yearly average GHI for the studied all locations, (b) Yearly average
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A comparison between the obtained results found in this research with data gathered by the
European Commission (UC) Photovoltaic Geographical Information System (PVGIS) [25] has

been analysedOnly the GHI and ambient temperature is comgasince the PVGIS does not
have valid data for the wind speed and humidity across the studied locations.

Table 7summarizes the results of the GHI and ambient temperature for all studied locations.
Remarkably, it was found that the rank (highest to loneastained for both the GHI and ambient

temperature in this article are almost identical with those obtained by the P& dingly,

this results confirms the applicability and accuracy of (i) sensors integrated in the weather

stations, (ii)sampling ra e

ulssamgle/secora ,

need to be modified or changed.

and

Ciii)

t he si

t e

Furthermore, Table 7 confirms that the optimum city with the highest GHI is Plyrastithated
at 102.5- 103.0 KWh/n%, whistle Aberdeenocated inScotlandhad the lowest af6.6- 77.3
KWh/m?. Moreover Plymouth had the higheambient temperature around 12.22.4 °C, while
the lowest with ambient temperature is measured in Edintai@hi 9.2°C.

Table 7 Comparison between results obtainetthis article with results gathered by the
European Commission PVGIZ9] from 2015 to 2017

Obtained results

by locaton  resultsin this DY, e European
(highest to article g%rggs[sélg]n
lowest) (KWh/m?) (KWh/m?)
Plymouth 103.0 102.5
Cardiff 100.3 99.7
London 96.7 96.5
Liverpool 95.7 95.5
Exeter 95.3 954
Whitehaven 94.3 95.1
Hull 93.7 93.7
Bristol 93.0 93.2
Norwich 92.3 92.1
Cambridye 90.3 91.2
Oxford 90.0 89.8
Nottingham 88.7 89
York 86.7 86.6
Manchester 86.0 86
Edinburgh 86.0 85.7
Sunderland 85.7 85.5
Huddersfield 84.7 84.4
Aberystwyth 84.0 83.9
Glasgow 81.3 82.1
Aberdeen 77.3 76.6

Ambient

Obtained results

temperature rank Obtalne_d by the European
. results in S

by_ location this article Commission

(highest to (°C) PVGIS [25]
lowest) (°C)
Plymouth 12.2 12.4
London 11.7 12.1
Liverpool 11.7 12
Aberystwyth 11.7 11.8
Cardiff 11.6 11.5
Whitehaven 11.2 11.2
Bristol 11.0 11.1
Hull 11.0 11
Huddersfield 10.8 10.9
Cambridge 10.8 10.9
Exeter 10.5 10.5
Oxford 10.4 10.3
Norwich 10.2 10.1
York 10.2 10.1
Nottingham 10.0 9.9
Manclester 9.9 9.9
Glasgow 9.6 9.5
Aberdeen 9.2 9.4
Sunderland 9.2 9.4
Edinburgh 9.1 9.2

of
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5. Conclusion

This paperpresentsa detailed assessmenfior 20 weatherstaions data installed at different
locationsin England ScotlandandWales.Thisresourcanonitoringnetworkhasbeenspecifically
designedo meetthe objectiveof improving availabledataand modelsof solarresourcesn the
UnitedKingdomto supportpower projectdeveloperstesearchergndpolicy decisionmakersTo
thatend,thenetworkhas usedhelatestequipmentaindprotocolsfor operationandmaintenance,
and tiered the station capabilities as appropriate to achieve spatial coverageffacidnt
maintenance in remotecations.

This papersummarizeshe datameasurementver threeyears,specificallyJanuary?2015to the

end of December 2017. The data analysis has been carried out at Huddersfield Town site.

detailed assessment for the yeaalyerage global horizontal irradiance (GHI) aadhbient
temperature arievestigated.

It wasfound that Plymouth(locatedin southwesEngland)hasthe dominantGHI, andambient
temperatureamongall other 19 locations.The leastGHI is observedfor Aberdea (locatedin
northeastScotland)which is equalto 77.3 kWh/n?. The leastaverageambienttemperature has
been analysed for the capital of Scotland (Edinburgh y), the obsamerdgeemperature by the
weather statioover three years is equal to 9.1 °C

Costal locations such as Whitehaven, Liverpool, Aberystwyth, and Plymouth had the highest
annual mean wind speed ranging from 23.6 km/h to 19.2 km/h. Locations sited in middle of the

UK such as Manchester, Nottingham, Huddersfield, and York had alwaysnaial mean wind
speed below 14.5 km/h. On the other hand, the highest annual mean humatiseigedin
Glasgow at 84.5%, while the lowest is observed in Whitehaven and Sunderland at 77%.

The datapresentedn this work arevaluablefor creatingandvalidating solarresourcdorecasts
to support utility scale plant operation and electric grid integration of -bakedpower
generation Also the presentedyeographicaimapscould be usedto analysethe impact of the

irradianceand ambienttemperaturen each location, thus estimatethe annual production of

renewable energy resources, specifically Photovaiatems.

This papemrepresentsnly asegmenbf examinatiorthatcanbe donewith thedataseandof other

researclon solarresourcesn the United Kingdom. As the next stage detailedanalysiscould be

doneat eachstationlocation combinedwith local knowledgeand otherenvironmentablatasets,
and comparison could be made to other solar resource assessments in thérebainy in

Europe) Also, theClearnessndexcouldbecalculatedor eachstation to furtheridentify seasonal
and regionapatterns.
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