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A Geographic Information System (GIS) is an integrated set of hardware and 
software tools,  designed to capture, store, manipulate, analyse, manage, and 
digitally present spatial (or geographic) data and related attribute information.

GIS can relate information from different sources, using two key index variables 
space (or location) and time.

What is GIS and why is it useful?
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Conventional long-term energy models such as OSeMOSYS, TIMES, MESSAGE etc.  fail to 
take into account the spatio-temporal fluctuations of energy resources and demand side.

• To illustrate, the wind speed varies in time and space and so does the potential wind 
energy yield. The same applies to other energy sources with stochastic nature. 

• Also, the power infrastructure differs from one area to another and so does the 

demand. 

• Without GIS models, these details which are essential in energy planning cannot be 
captured.  

What is GIS and why is it useful?
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The use of GIS serves multiple purposes: 

Location based assessments: GIS tools enable assessments to analyse energy related
geospatial information.

What is GIS and why is it useful?
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Preparation of the model - Infrastructure

53 power plants
532 MW

9 “island” 
power grids
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The use of GIS serves multiple purposes: 

Location based assessments: GIS tools enable assessments to analyse energy related
geospatial information.

Remote sensing: The use of GIS tools facilitates the integration of remote sensing
techniques to derive resource availability & energy potentials in cases where such data
are not (publically) available.

What is GIS and why is it useful?
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What is GIS and why is it useful?
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The use of GIS serves multiple purposes: 

Location based assessments: GIS tools enable assessments to analyse energy related
geospatial information.

Remote sensing: The use of GIS tools facilitates the integration of remote sensing
techniques to derive resource availability & energy potentials in cases where such data
are not (publically) available.

Illustration of results: GIS is used to illustrate results in interactive maps, providing an
effective science – policy interface.

What is GIS and why is it useful?
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QGIS (Quantum GIS) 
GRASS GIS …and many more
SAGA GIS

Mapnik …and many more

Autodesk - AutoCAD
ESRI – ArcGIS …and many more

GIS software options 

Open Source Software – Desktop based tools 

Open Source Software – Web based tools
(Open Street Maps) 

Commercial Software – Desktop based tools 

Choose according to your needs!
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Basic GIS concepts of energy planning
Common Data types (models) 

RastersVectors

Arcs (Polylines): Line segments 
forming individual linear features

Polygons: Areas enclosed by arcs

Points: Single coordinate pairs

Grid-Cells: single column/row 
positions

Cell size: Resolution or else the 
accuracy of the data

Spatial Data: Describe the absolute and relative location of geographic features.

Attribute data: Describe characteristics of the spatial features. These characteristics 
can be quantitative and/or qualitative in nature. Attribute data is often referred to as 
tabular data.
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Basic GIS concepts of energy planning
Ellipsoid, Datum & Geographic Coordinate System

Datum: The center and orientation of the ellipsoid

Coordinate System: Simply put, it is a way of describing a spatial property relative to a 
center

World Geodetic Datum 1984 (WGS84)
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Basic GIS concepts of energy planning

Projection is the systematic transformation of the latitude and longitude of a location into a pair of 
two dimensional coordinates or else the position of this location on a plane (flat) surface.

A projection is necessary every time a map is created and all map projections distort the surface in 
some fashion.

Projected Coordinate System & Spatial Reference

WGS 1984 World Mercator World Equidistant Cylindrical (Sphere) Asia North Lambert Conformal Conic
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Basic GIS concepts of energy planning
List of datasets used in OnSSET analysis

# Dataset Type
1 Population density & 

distribution
Raster

2 Admin boundary level 0 Raster 

3 Admin boundary level 1 Raster 

4 Roads Line shapefile

5 Substations Point Shapefile

6 Existing grid network Line shapefile

7 Planned grid network Line shapefile

8 Solar Restrictions Raster

9 Nighttime lights Raster
10 GHI Raster
11 Wind speed Raster
12 Hydro power potential Point shapefile
13 Travel time Raster
14 Elevation Map Raster
15 Slope Raster
16 Land Cover Raster

# Dataset Type

GIS data requirements may vary depending on the objective of the electrification study
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Data acquisition
Setting up the GIS environment

1. Create a folder on your Desktop named OnSSET_model

2. Open ArcGIS and create a new map

3. Right click to layers → Properties → Coordinate system → Geographic
Coordinate Systems → World → WGS 1984

4. Go to Catalog → Connect to folder

5. Insert one by one the layers required for the analysis
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Layer: 
Administrative Boundaries 
level 0 – level 1

Source: 
http://www.gadm.org/coun
try

Data acquisition
Examples – Basic functions – Projection

Polygons Lines Points Raster

1. Download data in main 
folder

2. Insert data in the map as a 
new layer

3. Convert feature to raster

Layer: 
Road network

Source:
https://energydata.info/

1. Download data in main folder 
2. Check attribute table and 

create two sub-layers of 
primary and secondary roads

3. Project data using the WGS 
1984 World Mercator system

Layer: 
Mineral Resources

Source:
https://mrdata.usgs.gov/gene
ral/global.html

1. Download data in main 
folder as csv

2. Insert data as a layer using 
Add XY data..

3. Clip only the points that 
belong to Afghanistan 

4. Export data as shapefile in 
the folder

Layer: 
Population Asia

Source:

http://www.worldpop.org.
uk/

1. Download data 
2. Use Extract by mask 

function to keep data 
only for Afghanistan

3. Project data using the 
WGS 1984 World 
Mercator system

http://www.gadm.org/country
https://energydata.info/
https://mrdata.usgs.gov/general/global.html
http://www.worldpop.org.uk/
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Data creation-manipulation
Digitization 

How to transform a pdf or jpeg to a digitized map in GIS for further processing
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OnSSET dataset preparation
Creating and populating a geo-database

Step 1. Secure that you have all the 16 datasets required as layers onto your map

(the geographic coordinate systems should be WGS84).

Step 2. Project every single layer using the WGS 1984 World Mercator system

Step 3. Create and populate a geo-database with all the layers needed and the

correct naming convention.

Refer to the instruction sheet for a step by step explanation of the process
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OnSSET dataset preparation
Creating and populating a geo-database

Step 1. Secure that you have all the 16 datasets required as layers onto your map
(the geographic coordinate systems should be WGS84).

Step 2. Project every single layer using the WGS 1984 World Mercator system

Step 3. Create and populate a geo-database with all the layers needed and the
correct naming convention.

Step 4. Use GIS functions and tools to assign a number of important attributes to
every single settlement (please note the spatial resolution at the starting point).

Use the GIS Commands for processing file provided by KTH dESA 
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Introduction to python and GIS
Python in an open source – object oriented – programming language that is 

nowadays used in multiple applications and various sectors. 
What is python?

Why using python?

Python and GIS what 
do I need to know?

• Python in open source 

• Is easy to learn 

• Large number of resources are available (and growing)

• Supports multiple systems and platforms (e.g. ArcGIS, QGIS)

• ArcGIS uses a python interface to automate processes (python v. 2.7..)

• Important module – arcpy

• Every tool in ArcGIS provides a corresponding python syntax example

• Auto-complete function when typing is clear and useful



OnSSET dataset preparation
Creating the final csv file

The output of the process will be a dbf file. Excel can be used to open this file and save 
it again as csv.  

or

Use the CSV extraction - python - tool developed by KTH dESA! #OnSSET_GIS_Tool 22



Great Job!


