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1. INTRODUCTION

1.1.DOCUMENT PURPOSE

The choiceof the Data Centre location could have important impact in t&heooling system and also for the
renewable energy usage. The purpose of this document is to present a free software tool that will be used for
GreenDataNet project to identify the best locat®of the Demonstrator It allows other uses to identify

within Europewhat could be the best locatianof Data Centre depending of free cooling potential, solar
irradiation and wind speedut also the method to generate a decision map taking into account all their
relevant data and parameters

Hence other renewalkel resources (as biomass or hydropower) data, economic data as electricity prices, and
environmental data as greenhouse gases emissions could be considered by a data center developer to select
the best locatios and could be integrate through maps withintie used software toolAs the frameworlof

the Task 1.2 inot to gather data and to build a wide variety of nsqjit has been decide® focus on the most
relevant ones for urban data center in Europe as defined for the GreenDataNet project: tempe@tdireef
cooling, solar irradiation and wind speed for electricity production.

The following documentorresponds to the part othe Work Package 1 (WPTIgask 1.2 (Investigation of
renewable energy potentiaurposeand the associated delivery [31.

1.2.DEFINTION, ACRONYMS ANBBREMTIONS

1.2.1. KEY DEFINITIONS
Not applicable.

1.2.2. KEY ACRONYMS AND RBBATIONS

DC Data Centre

ESS Energy Storage System

GEC Green Energy Coefficient

GUI GraphicalUserInterface

KPI Key Performance Indicator

NASA National Aeronauticand Space Administration
PV Photovoltaic

QGIS Quantum Geographic Information System
REF Renewable Energy Factor

S2D Solar simulation data producer

SOE State Of Energy




1.3.KEY REFERENCES AUPP®RTING DOCUMENITCAN
The references and supporting documation are defined in the footnote of the pages.
1.4.DOCUMENT OVERVIEW

The document is organized in several parts consisting:

1) Tointroduce the QGIS to@nddescribe the use of QGIS linked with GreenDataNet project

2) To identify and propose some locat®for the demonstratorof a urban Data Centre

3) To presentresults of simulatiors on the environmental impact of suclData Centre by using
Photovoltaic Renewable Enerfpr various potential locations
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2. QGISTOOLDESCRIPTION

2.1.INTRODUCTION

QGIS is a free and Op8ource Geographic Information System (GIS). QGIS isphatfitirm tool and supports
numerous vector and database formats and functionalities. By usingiQ@ise visualizel, manage, edited
and analyzd maps. The QGIS is used in this project in otdgresent the variation of the temperature, wind
speed and irradiation in order to determine the good location for the integration of the renewable energy to
Data Cente. However it could be used to integrate other parameters as electricity prices, goeselyases
emissions, and hydropower potentias soon as data and maps are available.

2.2.DOWNLOAD AND INSTALILON OF QGIS

The first step is to download and install QGIS tool from the next link:

http://www.qgis.org/fr/site/forusers/download.html

The current version is QGIS 2.4 and was released in June 2014. QGIS is available on Windows, MacOS X, Linux
and Android.

After downloading the application for the associated Operating System, thdlat&ia procedure has to be
followed and QGIS could be launched.

Launch the QGIS desktop from the start menu:

| QGIS Chugiak
0 msvs
() 05GeodW Shell
i QGIS Browser 2.4.0
L QGIS Desktop 24.0 |

=] $a6{ QGIs Desktop 240 )
& Setup L
|| GRASS GIS6.4.3
The QGIS tool environment showgpear:
5 240 Crugi TN B S~ |y _— e
Pect £t Vew layer Sottngs Pugms lecty fast Gsubwe Wb frocesang o
DEBRLR [OOSR PL AL g -W-p e BE =D G - @ W
’ 1 T - g W g W
B B (8| 4 (%
— 5 —r %
V S Ox T @ '
= Home & 8 GOALIOGR [32 geoagerithms]
= Favourites ¢ GRASS commands [167 geoalgonithms]
Q oo RS G157 commands 15 geaalgrns]
© g §or wides [3 gzoakontina]
i oo (g o) 53 gl
AR ;gu(lsoleommnq;zz[ -
®» | go Pt
g W rostcrs arots [13 ithms)
.| ci
®| 2=
£ ®
A
@
L
el e #x
%
Wv
.

advenced pierfoce
et | comdrate: 1.282,0.974 Sede || 121559 552 = |3 Render || =55 ane

ol
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http://www.qgis.org/fr/site/forusers/download.html

2.3.LOADING DATA IN TREIS ENVIRONMENT

Toachievethe objective of the GreenDataNet project, tfalowing three sets of dataeed to be loaded in the
QGISnvironment:

1) The temperaturegair side and water sideconomizemmappingallowing to identify the best location in
term of coolingefficiency

2) The solar irradiation mapping allowing to locate the besgtion of photovoltaic usage

3) The wind mapping allowing identifying location that could host wind generator.

Thelimitation of the performed work within GreenDataNit the scale ofvailable mapdecausethey only
have 100km square accuracy

This is not rough to analyze the annual renewable energy potential and the associated temperature for a
given location in order to design with accuracy the renewable energy plant and cooling components for a data
centre. But n all the case, it should be sufficientittentify some specific locatianor areasand proceed to the

PV simulation accordinglivloreover similar methogas the one presented herepuld be later applied if maps

with better accuracy are available.

The next procedure should be followed up to Idadta in the QGI8&nvironment:

1 Download the QGIS GreenDataNet zip file fiware.
1 Unzip thecontentand open the GreenDataNet qgs project file
The next interface should appear

p=tos x|

<
3

SHDAMNSDINAN;

RS
23

b
S

Saved project to: X ~System Speciicaion end DesrTL.2 - Ivestigaton of Heat Revse end €98 Cordnate

Only countries and ocean layer are enabled. The solar, wind and temperature layer are disabled.
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http://www.greendatanet-project.eu/tzr/scripts-admin/downloader2.php?filename=DOC001/docs/72/2d/4zubimp0e8c2/2&mime=application/zip&originalname=QGIS_for_GreenDataNet.zip&moid=44

1 Enablethe solar irradiation mapThe QAS environmentappears as the following screenshot with
lower solar resources in blue and higher in rede Trradiationdata are average of annual irradiation
from NASA database and the format of data is directly applicable within QGIS project.

4

b BRLADANSIINANS x[]

- S SR —
19| cosinese: | 770,5.9 |[scde [ 1221607 [ [3 Rercs || 25 <26 | @[ 2]

1 Enable he temperature layer with the countries and ocean layers and disable the other Iéyemes
solar irradiation mapjn order to visualize the temperature variation on the map. The present data is
yearly aerage temperature of the glob&he temperature datgomes from NASA website.

¥ gis 220 Valmier -
st £t yew Loy Setngs fhgns ey Remw Cowbue Prowang beb

NEBRLR [0% PP HBPLRAAKR Qe H-ReEEg=-03° @3- B
Y/ BRR G~ B i "Emggagges 0808 0EDMMEME AN

— :v_:mm CE] , ’v —_ = s
. |9 % oceanclayer 7

QG 2 1 solarradiation map

ﬂ :k'a"mr-Zv

»

Q

L=}

%

®R

Q

%

ng

3

s

&

3

1 More detailsor datacan be added to the map by drag and drop of files with the extension .asc.

1 However not all the data is available in the required format. It is the case for samaedming from
the NASA websiteas the wind speed and temperature data used in GreenDataNet Then a
. NB 1 SN thas heenpdveloped in order froduce a GIS formdile with .asc extensiotior
the wind speed map anfilom the wind speed data with NASA format.

NASA Meteorology and solar
irradiation data set GIS

St b i st 55 s e
e . Broker_N
e i X asa_GIS
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The .asc files contain infoation organized like in the following figure. Each value in this file
represents the data for a pointf the map:

pCoLs 360

NROWS 180

MLLCORMER -180

Y¥LLCORMER -90

cellsize 1.0

NODATA_value -9999, 000
04

7.03 7.03 7. 7.03 7.03 7.03 7.03 7.03 7.04 7.04 V.04 V.04
7.09 7.09 7.09 7,09 7.09 7.09 7.09 7.09 7.09 7.09 7.09 7.09
7.05 7.06 7.06 7.05 7.05 7.05 7.05 7.06 7.06 7.07 7.07 7.07
F.23 7,23 7.23 7.23 7.23 7.23 7.23 7.23 7.23 7.23 V.23 V.23
7.10 7.10 7.10 7.10 7.10 7.10 7.11 7.11 7.12 7.13 7.13 7.14
F.43 7043 7043 7042 7,042 7042 7041 7041 7041 7040 7040 7,040
7.16 7.16 7.17 7.17 7.18 7.18 7.19 7.20 7.21 7.22 7.22 7.23
7.67 7.66 7.66 7.66 7.65 7.65 7.64 7.63 V.62 7.62 V.61 V.60
7.08 7.09 7.09 7,10 7.10 7.11 7.12 7.12 7.13 7.14 7.15 7.16
7.90 7.90 7.90 V.89 7.88 7.88 V.80 V.85 V.85 7.84 V.83 7.82
6.87 6.87 6.87 6.87 6.87 6.88 6.88 6.89 6.89 6.90 6.91 6.92
.13 .13 B8.13 B8.12 8.12 8.11 B.10 8.08 8.07 8.06 B8.05 B.04
6.78 6.78 6.77 6.78 6.78 6.78 6.78 6.79 6.79 6.79 6.80 6.81
8.28 B.27 B.27 B.25 B.24 B.23 B.23 8.22 §.22 8.21 B.20 B.19
6.82 £.8B2 ©.82 ©£.82 6.82 6.82 6.82 6.82 6.82 6.82 ©6.82 ©.83

1 Enable the wind speed layer with the countries and ocean layers and disable the other layers

(temperature and solar irradiation maps) order to visualize thevind speed layewariation on the
map.

7 Q1S 220 Valmiera ™ |5 ]
3 Ploes Voo B #ro

QAR @ 6-5-i & B % v L9

8 . Solar wradiation map
1 Temperature map
o Yondspeed map

Rl

e BSLADONSSVYNANS

B 5 - e S .‘ﬂ
8] Comanae| sama /s |[m 221607~ 7| merc | s [ @[

1 The color representation of each layer could be setup through the next step
.1. Double click on the desired layer :

Layers

E| ® ) Countries layer

.....

ﬂ Solar irradiation map
- .TempEﬁduH:map
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Next figure appears:

/! Layer Properties - Wind speed map | Slyl:a-

(9 o]

W Band rendering z
Render type | Singleband pseudocolor
Band Band 1 - Generate new color map
Color interpolation Linear - [ W spectral v %] Invert
E] D Mode |Equalinterval |~ Classes 10 |5
e
Min | 3.01124 Max | 11.3912
Value Color | Label |
T-3.011240 3.011240 Classify
3.942347 3.942347
- 4.873453 4.873453 Min / max origin:
- 5.804560 5.804560
1 6.735667 6.735667 Estimated cumulative cut of full extent.
7.666773 1.666773
-~ 8.597880 8.597880
9.528987 9.528987 Load min/max values
- 10.460093 -10.460093 cumuiat
- 11.391200 11.391200 umulative £ -
o e (20 (3] -(80 (3% |
Min / max I
Mean +/- -
standard deviation x %0 [~
Extent Accuracy
® Ful ® Estimate (faster)
Current Actual (slower)
Load |
Clip
w Color rendering
Blending mode | Mormal -
Brightness 0 |3 [ Contrast 0 = E
Restore Default Style Save As Default Load Style ... Save Style ...
oK. Cancel - Help
= d

Generate new color map

- Greys hd

+ | Classes |10 &

Invert

Mode | Equal interval

Min | 3,01124 Max | 11,3912
Classify

Min [ max origin:

Estimated cumulative cut of full extent.

After applying tleseparameters, thefollowingrepresentation iget:

Qs 220 Valmier

" @ O
O & »® s

-

Rasr DotabaseProceasng_ b
& A 0
ARPPO K

s
Al

Layes
~ Countres layer

Oceans layer

11, solar radiation map

Temperature map

s

& coanate:
1 Same procedure could brepeatedfor the other layerof data

6.53,45.20
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2.4.USEFUL PROCEDURE GRRENDATANET

2.4.1. INFORMATION TOOL

In order to obtain information about a specifioipt of the map, the information tool \ﬂ“’ )is used

First, lect from the layers window the information needed by a click

Layers

El- % ' Countries layer

El- % ' Oceans layer

2 (3 "« solar irradiation map
| Temperature map
.. Wind speed map

In this case, the solar irradiation map is selected.

Thenby clicking on the location on the map through the information tobk tlata appearsas shown in the
followingwindow:

.
/> Identify Results @Iﬂ
i F - -
|Feamre I\v‘alue |
E-0 Solar irradiation map

=+ Solar irradiation m...
{Derived)
Band 1 1435.43

@EE )G e

This procedure will be used in the next part of the document to identify for each map the minimum
and maximum values corresponding to European cadestThrough this, it will help to determine
the locatin of DC depending of the weight of egudrameter(wind, solar or temperatures).
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72.4.2. GEOREFERENCER PLUGIN

wlkaidSNI RFGF Ay DL{ IINB YIFIiNAROSa 2F RAaAONBGS OStfta
Each cell in the raster gristhsthe sane size, and cells are usually rectanguldre Georeferencer Plugin is a
tool for generating world files for rasters. It allows to reference rasters to geographic or projected coordinate
systems by creating a new GeoTiff or by adding a world file to #igtieg image. The basic approach to
georeferencing a raster is to locate points on the raster for which you can accurately determine coordinates.

To illustrate the use of this plugithe next map published bEuropeanEnvironment Agency(seeFigure1)

could be referenced rasters to the geographic system used in the previous paraBaphis Part should help

to import data, which is not a table but a map, to the GreenDataNet QGIS interface. For that a method (plugin)
and spedic information are needed in order superimpose accurately the different layers.

Figurel - Distribution of full load hours in Europeap

! www.energyeu/publications/a07.pdf

17

0Kl


http://www.energy.eu/publications/a07.pdf

|2.4.2.1. ENTERING GROUND CREIL POINTS (GCPS)

To start georeferencing an unreferenced rastiérhas to be loadedising the'Dbutton. The raster wilbe
shown up in the mainworking area of the dialog. Once the raster is loadedanbe started to enter reference
points.

” .
Using the; Add Point 1y ytton, add points to the main working area and enter their coordinates. For this

procedure you havéo dick on a point in the raster image and enter the X and Y coordinates manually.

It can alsdbe dlicked a pointin the raster image and clsenthe fmm map caMeytton to add the X and Y
coordinates with the help od georeferenced map already loaded in the QGIS map canvas.

>
With the;'ﬂbutton, the GCBIin both windowscan be movedif they are at the wrong place.
Continue entering points. You should have at least four points, and thre koordinates you can providbe
better the result will be. There are additional tools on the plugin dialogaom andto mark outthe working
area in order to locate a relevant set of GEpints.

After this step, the result appears likethe following screenshot (sdeigure2):

. Georeferencer - European Wind Load Hours tif r ool o)

e ES Vew Settngs hep
] ’ 57 S| 3 37
Q “'n’e

Gpase &%
onfoff | @ | s | scr | dsx | dstr | axiowes) | aviowes] resduapiess]
o | 3| 201 6n4 000 000 000
woz e 000 0.0 000
G 0 % ]
0 N 000 000, 000
e en 000 0.0 000

w8 @ 0.00 6.00 0.0
7 w0 0.00 0.00 0.00

Transform: Notset | -263.1,-102.7 | tone| |

Figure2 ¢ Georeferencer sting points

The GCP®oints that are added to the magre stored in a separate text file usually together with the raster
image. This allows us to reopen the Georeferencer plugin at a later date and add new points or delete existing
ones to optimize theesult.
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http://docs.qgis.org/2.2/en/_images/mActionAddRasterLayer.png
http://docs.qgis.org/2.2/en/_images/mActionAddGCPPoint.png
http://docs.qgis.org/2.2/en/_images/pencil.png
http://docs.qgis.org/2.2/en/_images/mActionMoveGCPPoint.png

2.4.2.2. DEFINING THE TRANBMATION SETTINGS

. & aStSOlAy3a a{StGiAay3aas¢d I'p ac¢ NI yaTF2 N litids 2oype ap@ied(i A y I |3

the next parameterso getthe best transformation from the original map to the QGIS map:

Afterd AO1 Ay 3f 8§ UEKSAEH TR NI the B2t NBIBVG dpiesiartl tha defaudt coordinator
reference systenof the imported picture (here WGS84) to the QGIS environrhastto bevalidated.
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