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1 Open Data Workshop 2024

1.0.1 Open data resources: modelling (& open data publishing)

—> Last year in Sunyani...

1.0.2 Goal:

Find open data resources - to model an existing power grid - to model a future scenario of a power
grid

1.0.3 Question:

e What data do we need?

1.0.4 Tools:

o Python for Power System Analysis (PyPSA)
e PyPSA Earth

... Work in Progress

1.0.5 Preparations

[ 1: # Suppress FutureWarnings and UserWarnings
import warnings
warnings.simplefilter('ignore', category=FutureWarning)
warnings.simplefilter('ignore', category=UserWarning)

# Importing the required libraries

import yaml

import fiona

import geopandas as gpd

import pandas as pd

import powerplantmatching as pm

import atlite

import xarray as Xr

from pathlib import Path

from scripts._helpers import (two_2_three_digits_country,
two_digits_2_name_country)


https://pypsa.org/
https://pypsa-earth.readthedocs.io/en/latest/index.html
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1.1 Geographical Data
1.1.1 Specify the Country (or Region)
Countries can be specified with country codes according to ISO 3166-1 alpha-2

# Load the config.yaml file
with open('config.yaml', 'r') as file:
config = yaml.safe_load(file)

# Get the country code from the config.yaml file
country_code = config.get('countries', [])[0]

# Define the country manually
country_code = 'GH' # 'GH' for Ghana or 'CO' for Colombia

# Spectify the country using the _helper module

country = two_digits_2_name_country(country_code) # 'Ghana’ or 'Colombia’
country_gadm = two_2_three_digits_country(country_code) # 'GHA' or 'COL’
print (country_code, country, country_gadm)

1.1.2 Country Shapes and Administrative Borders
Import country shapes from GADM (Global Administrative Areas)

gadm_filename = f"gadm4l_{country_gadm}"
gadm_url = f"https://geodata.ucdavis.edu/gadm/gadmé.1/gpkg/{gadm_filename}.gpkg"

gadm_path = 'data/gadm/'
gadm_inputfile_gpkg = gadm_path + gadm_filename + '.gpkg'
gadm_inputfile_gpkg

import requests
import shutil

# Create directory if it does not exzist
Path(gadm_path) .mkdir (parents=True, exist_ok=True)

# Download GADM data if it does mot exist
if not Path(gadm_inputfile_gpkg) .is_file():
r = requests.get(gadm_url, stream=True, timeout=300)
with open (gadm_inputfile_gpkg, 'wb') as f:
shutil.copyfileobj(r.raw, f)

# List available administrative layers
list_layers = fiona.listlayers(gadm_inputfile_gpkg)
list_layers


https://en.wikipedia.org/wiki/ISO_3166-1_alpha-2
https://gadm.org/about.html
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# Plot GADM shape
country_borders = gpd.read_file(gadm_inputfile_gpkg, layer='ADM_ADM_0')
country_borders.boundary.plot ()

shapefile = gpd.read_file(gadm_inputfile_gpkg, layer='ADM_ADM_1')
shapefile.boundary.plot ()

1.2 Electricity Network

o PyPSA Earth uses OpenStreetMap (OSM) data for the electricity network of any country
— Generators
— Transmission lines (and cables)
— Substations (used as buses)

o For Europe, ENTSO-E data are available (used by PyPSA-EUR)

e Check the electricity network on FLOSM

# Path to raw osm files

osm_path = 'resources/' + country_code + '/osm/raw/'
# Lines
lines_file = 'all_raw_lines.geojson'

lines = gpd.read_file(osm_path+lines_file)

# Substations (buses)
buses_file = 'all_raw_substations.geojson'
buses = gpd.read_file(osm_path+buses_file)

# Generators
generators_file = 'all_raw_generators.geojson'
generators = gpd.read_file(osm_path+generators_file)

# Plot network with buses and power plants

import matplotlib.pyplot as plt

fig, ax = plt.subplots(figsize=(8,8))

shapefile.boundary.plot(ax=ax, linewidth=0.2, color='darkgreen',
~label='Administrative Boundaries')

lines.plot(ax=ax, color='grey', label='Lines')

buses.plot (ax=ax, markersize=25, color='black', label='Substations')

generators.plot(ax=ax, markersize=100, color='blue', label='Power Plants')

plt.legend(loc="upper left', bbox_to_anchor=(1, 1))

1.2.1 Postprocessing OSM Data

PyPSA Earth uses an algorithm to postprocess OpenStreetMap (OSM) data for use in energy
system models.

1. Purpose:
e Cleans raw OSM data, which includes extracting power-related infrastructure like sub-
stations, power lines, and transformers, for use in energy system modeling.


https://www.openstreetmap.org/#map=17/53.152774/8.167938
https://www.entsoe.eu/data/map/
https://pypsa-eur.readthedocs.io/en/latest/
https://www.flosm.org/en/powergrid.html?lat=53.1527196&lon=8.16848604&r=265.96523&st=0&sw=cabledistributioncabinet,powerbay,powerbusbar,powercable,powercompensator,powerconverter,powerline,powerline110k,powerline115k,powerline20k,powerline220k,powerline220v,powerline225k,powerline30k,powerline380k,powerline3k,powerline400k,powerline420k,powerline500v,powerline50k,powerline6k,powerline750k,powerline765k,powerlinedchigh,powerlinedclow,powerminordistribution,powerplantarea,powerpole,powersubstation,powerswitch,powertower,separationzone,transformer
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2. Input Parameters:
e Accepts input OSM data in GeoJSON format from the data/osm directory.
o Filters for specific tags related to energy infrastructure (e.g., substation, power lines,
transformers).
3. Cleaning Data:
o Filters out irrelevant data and keeps only the records with necessary tags like substations,
transformers, and power lines.
4. Handling Missing Values:
o The script removes or fills missing values in important columns to ensure the data is
usable for further modeling.
5. Transforming Coordinates:
o Converts the geographical coordinates to a suitable projection system (e.g., EPSG:3035
for Europe) for accurate spatial analysis.
6. Saving Clean Data:
e The cleaned OSM data is saved in GeoJSON format for use in energy system models,
specifically in the PyPSA-Earth project.
e Output files are stored in a predefined directory, typically resources.

# Path to clean osm files

osm_path = 'resources/' + country_code + '/osm/clean/'
# Lines
lines_file = 'all_clean_lines.geojson'

lines = gpd.read_file(osm_path+lines_file)

# Substations (buses)
buses_file = 'all_clean_substations.geojson'
buses = gpd.read_file(osm_path+buses_file)

# Generators
generators_file = 'all_clean_generators.geojson'
generators = gpd.read_file(osm_path+generators_file)

# Plot network with buses and power plants

import matplotlib.pyplot as plt

fig, ax = plt.subplots(figsize=(8,8))

shapefile.boundary.plot(ax=ax, linewidth=0.2, color='darkgreen',
~label='Administrative Boundaries')

lines.plot(ax=ax, color='grey', label='Lines')

buses.plot (ax=ax, markersize=25, color='black', label='Substations')

generators.plot(ax=ax, markersize=100, color='blue', label='Power Plants')

plt.legend(loc="upper left', bbox_to_anchor=(1, 1))

1.2.2 Power Plants

PyPSA Earth uses Powerplantmatching to improve power plantdata. This is a tool - designed to
match and standardize global power plant data from various sources - combines information about
power plants, such as their location, capacity, fuel type, and operational status, into a unified


https://github.com/PyPSA/powerplantmatching
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dataset - helps users create a comprehensive and consistent inventory of power plants, which is
essential for energy system modeling, analysis of electricity grids, and understanding the role of
renewable and conventional power generation in different regions - commonly used in research and
projects related to energy planning, decarbonization, and climate policy.

Resources:

1. Global Power Plant Database (World Resources Institute)
A global, open-source dataset containing information about power plants worldwide.

2. ENTSO-E Transparency Platform
The European Network of Transmission System Operators for Electricity provides data on
electricity generation and grid operations in Europe.

3. Platts WEPP (World Electric Power Plants Database)
A commercial database that provides detailed information on power plants around the world
(subscription required).

4. Open Power System Data (OPSD)
A platform offering data on European power systems, including power plants and electricity
generation.

5. Global Energy Observatory (GEO)
A public platform that provides information on energy infrastructure, including power plants
and fuel sources.

6. U.S. Energy Information Administration (EIA)
U.S. government agency that provides detailed energy data, including power plant statistics
and operational information.

7. Bundesnetzagentur (Germany)
The Federal Network Agency in Germany provides data on electricity generation, grid man-
agement, and power plants.

# Load config file
config = pm.get_config('configs/powerplantmatching config.yaml')

# Select target countries
config['target_countries'] = [country]
config['target_countries']

# Dounload and process power plants from different sources
'data/ppl/' + country_code + '/'
'powerplants.csv'

ppl_path
ppl_file

# Create directory if it does not exzist
Path(ppl_path) .mkdir(parents=True, exist_ok=True)

if Path(ppl_path + ppl_file).is_file():
ppl = pd.read_csv(ppl_path + ppl_file, index_col=0)
else:


https://datasets.wri.org/dataset/globalpowerplantdatabase
https://transparency.entsoe.eu/
https://www.spglobal.com/commodityinsights/en/ci/products/world-electric-power-plants-database.html
https://data.open-power-system-data.org/
http://globalenergyobservatory.org/
https://www.eia.gov/
https://www.bundesnetzagentur.de/EN/
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# include solar and wind

ppl = pm.powerplants(from_url=False, update=True, config update=config) .
opowerplant.fill missing_decommissioning_years()

# drop renewable power plants

#ppl = pm.powerplants(from_url=False, update=True, config_update=config).
wpowerplant. fill_missing_ decommissioning_years().query('Fueltype not iny
o ["Solar", "Wind"]')

ppl.to_csv(ppl_path + ppl_file)

ppl.head )

Plot Country Shape with Substations and Power Plants
import matplotlib.pyplot as plt

# Define Coordinate Reference Systems (CRS)

geo_crs = 4326 # general geographic projection, not used for metric measures.
»"EPSG:4326" is the standard used by OSM and google maps

area_crs = 6933 # projection for area measurements only. Possible recommended,,
wvalues are Global Mollweide "ESRI:54009" (but 54009 is not supported by,
watlite, use 6933 instead)

# distance_crs = 3857 # projection for distance measurements only. Possible
wrecommended values are "EPSG:3857" (used by OSM and Google Maps) ->
wcurrently not used

# Read coordinates from power plants and buses

ppl_geometry = gpd.points_from_xy(ppl['lon'], ppl['lat'])

ppl_capacities =gpd.GeoDataFrame(ppl, geometry=ppl_geometry, crs=geo_crs)
#buses_capacities =gpd.GeoDataFrame(buses, geometry=buses_geometry, crs=geo_crs)

# Plot network with buses and power plants

fig, ax = plt.subplots(figsize=(8,8))

shapefile.boundary.plot(ax=ax, linewidth=0.2, color='darkgreen',
~label='Administrative Boundaries')

lines.plot(ax=ax, color='grey', label='Lines')

buses.plot (ax=ax, markersize=25, color='black', label='Substations')

ppl_capacities.plot(ax=ax, markersize=100, color='blue', label='Power plants')

plt.legend(loc="upper left', bbox_to_anchor=(1, 1))

1.2.3 Technology Cost Data
PyPSA maintains its own technology cost database (see also the Documentation)

e Purpose: Provides open-source data for energy technologies to be used in energy system
modeling with PyPSA.

e Content: Includes technical and economic parameters for energy technologies like power
generation, storage, and transmission.

o Data Sources: Compiled from government agencies, research institutions, and industry


https://github.com/PyPSA/technology-data
https://technology-data.readthedocs.io
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reports.

e Use Case: Helps in simulating future energy systems and analyzing decarbonization scenar-

ios.
e Goal: Offers standardized, transparent datasets for research and policy analysis in energy
systems.
Sources:
File/Folder/Function in
Description Script

Danish Energy Agency Technology Database, most technologies

Vartiaien et. al., utility-scale solar PV

Fraunhofer ISE Studie, gas pipeline costs

Older data collected by the PyPSA team from a variety of sources
The European Technology and Innovation Platform for
Photovoltaics, solar rooftop

Lazard, conventional carriers

Zappe et. al., fuel cost

Umweltbundesamt — Entwicklung Kohlendioxid, fuel cost

technology data* xlsx, en-

ergy_ transport_ data_ sheet_ dec_ 2017.xls3
function in script

Fraunhofer ISE *.csv

costs_ PyPSA.csv

function in script

function in script
function in script
function in script

# Load cost data

year = 2020 # can be 2020, 2025, 2030, 2035, 2040, 2045 or 2050
filename = 'data/technology-data/outputs/costs_' + str(year) + '.csv' # The CSV,

~file has been created with PyPSA-Earth

filename
costs = pd.read_csv(filename, index_col=0)

# Look for PV technology
costs.loc['solar']

1.2.4 Electricity consumption and prediction

PyPSA Earth uses the Global Energy GIS to predict demand.

Population and GDP prediction is based on Shared Socioeconomic Pathways scenarios, data

are available from the IIASA Website

# TODO: Create a function to calculate the demand profile

# Hourly demand profile per bus

load_profile_file = 'data/demand/' + country_code + '/demand_profiles.csv' #,

~The CSV file has been created with PyPSA-Earth

load_profile = pd.read_csv(load_profile_file, index_col=0, parse_dates=True)

# The peak load for Colombia ts less than the installed hydropower capacity,

wlet's increase it by 40/
if country_code == 'CO':
load_factor = 1.4


https://ens.dk/en/our-services/projections-and-models/technology-data
https://onlinelibrary.wiley.com/doi/full/10.1002/pip.3189
https://www.ise.fraunhofer.de/de/veroeffentlichungen/studien/wege-zu-einem-klimaneutralen-energiesystem.html
https://etip-pv.eu/
https://etip-pv.eu/
https://www.lazard.com/media/451086/lazards-levelized-cost-of-energy-version-130-vf.pdf
https://doi.org/10.1016/j.apenergy.2018.08.109
https://www.umweltbundesamt.de/publikationen/entwicklung-der-spezifischen-kohlendioxid-5
https://github.com/niclasmattsson/GlobalEnergyGIS
https://en.wikipedia.org/wiki/Shared_Socioeconomic_Pathways
https://iiasa.ac.at/models-tools-data/ssp

else:

load_factor = 1
load_profile = load_profile * load_factor
load_profile

1.2.5 Determining Renewable Potentials
Climate & Renewable Energy Data:

e Climate Data Store:
— If you want to use the API (Application Programming Interface), you need to register:
https://cds.climate.copernicus.eu/how-to-api
— Most useful datasets for Renewable Energy: ERAb5-Land hourly data from 1950 to
present
o Photovoltaic Geographical Information System (PVGIS): Uses SARAH2 and ERA5
datasets
« Renwables.ninja: Uses MERRA2 reanalysis and SARAH2 datasets

PyPSA uses Atlite for converting weather and climate data into time series of renewable energy
potential. It is widely used in energy system modeling and research.

e Key Features:
— Converts weather data (e.g., wind speeds, solar radiation) into usable data for energy
system modeling.
— Supports various renewable energy sources, including wind, solar, and hydro power.
— Utilizes spatial and temporal data from global climate datasets, such as ERA5 or
SARAH.
— Provides tools to calculate energy availability based on location, time, and technology
parameters.
o Input Data: Works with climate reanalysis datasets (e.g., ERA5) and Geographic Informa-
tion System (GIS) data.
e Output: Delivers spatially and temporally resolved energy generation potential, often used
in energy system optimization.

[ 1:|# Ezample from the website:
cutout = atlite.Cutout(
path="western-europe-2011-01.nc",
module="erab",
x=slice(-13.6913, 1.7712),
y=slice(49.9096, 60.8479),
time="2011-01",

#cutout.prepare() # Currently throws an error


https://cds.climate.copernicus.eu/
https://cds.climate.copernicus.eu/datasets/reanalysis-era5-land?tab=overview
https://cds.climate.copernicus.eu/datasets/reanalysis-era5-land?tab=overview
https://joint-research-centre.ec.europa.eu/photovoltaic-geographical-information-system-pvgis_en
https://navigator.eumetsat.int/product/EO:EUM:CM:MULT:SARAH_V002
https://www.renewables.ninja/
https://climatedataguide.ucar.edu/climate-data/nasas-merra2-reanalysis
https://atlite.readthedocs.io/en/latest/examples/create_cutout.html
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1.2.6 Plotting Solar and Wind Resources

# Load the cutout

cutout_file = 'cutouts/' + country_code + '/cutout-2013-era5.nc'
cutout = atlite.Cutout(cutout file)
cutout

import matplotlib.pyplot as plt
import cartopy.crs as ccrs

# Calculate the wind and influzx

wnd100m = cutout.data.wnd100m.mean(dim="time")

influx = cutout.data['influx_direct'].mean(dim="time") + cutout.
~datal['influx_diffuse'] .mean(dim="time")

# Get the total bounds of the shapefile
minx, miny, maxx, maxy = shapefile.total_bounds

# Plot the wind and influz

# TODO: check the units and print them on the legend
import matplotlib.pyplot as plt

import cartopy.crs as ccrs

# Create a figure with two subplots
fig, ax = plt.subplots(l, 2, subplot_kw={'projection': ccrs.PlateCarree()},
~figsize=(15, 7))

# Set titles for each subplot

# TODO: titles mot wistible

ax[0] .set_title("Mean Wind Potential in m/s", fontsize=14, pad=20)
ax[0] .set_extent ([minx, maxx, miny, maxy], crs=ccrs.PlateCarree())
ax[1] .set_title("Mean Influx in W/m2", fontsize=14)

ax[1] .set_extent([minx, maxx, miny, maxy], crs=ccrs.PlateCarree())

# Plot data on the first subplot
wnd100m. plot (ax=ax[0], cmap="Blues")
shapefile.to_crs(geo_crs) .plot(ax=ax[0], edgecolor="k", color="none")

# Plot data on the second subplot
influx.plot(ax=ax[1], cmap="Reds")
shapefile.to_crs(geo_crs) .plot(ax=ax[1], edgecolor="k", color="none")

# Adjust layout to prevent overlap
plt.tight_layout(rect=[0, 0, 1, 0.95])

# Adjust the space around the titles if mecessary
#plt.subplots_adjust(top=5) # Adjust the wvalue if needed



[]1:

[ 1:

# Display the figure
plt.show()

1.2.7 Calculate and Plot Wind and Solar Potential

# Calculate the area of each cell in the cutout

area = cutout.grid.to_crs(area_crs).area / 1le6

area = xr.DataArray(area.values.reshape(cutout.shape), [cutout.coords["y"],
<cutout.coords["x"]])

#area

# Define renewable resources
resources = [
{'method': 'wind', 'turbine': 'Vestas_V112_3MW', 'capacity_per_sqkm': 4.6,
~'resource': 'onwind'},
{'method': 'pv', 'panel': 'CSi', 'orientation': 'latitude_optimal',
~'capacity_per_sqkm': 2, 'resource': 'solar'},
]

correction_factor = 1

# Create new geodataframe for the capacities
capacities = shapefile

datasets = {}

shape = shapefile.set_index("NAME_1")

# Calculate capacities per resource
# TODO: check the algorithm for correctness and efficiency
for resource in resources:
method = resourcel['method']
res = resourcel['resource']
profile_path = 'resources/' + country_code + '/renewable_profiles/profile_',
»+ res + '.nc'
if Path(profile_path).is_file():
print('Profile found:', res)
ds = xr.open_dataset(profile_path)
profile = ds['profile']
capacity = ds['capacities']
capacities[method] = capacity
datasets[res] = ds
else:
print('Profile not found:', res)
cap_per_sqkm = resourcel['capacity_per_sqkm']
print (method)
params = [resource.pop(key) for key in ['method', 'capacity_per_sqgkm',
'resource']] [0]
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print(resource)

func = getattr(cutout, params)

capacity_factor = correction_factor * func(capacity_factor=True,
~**resource)

#print (capacity_factor)

layout = capacity_factor * area * cap_per_sqkm

#print (layout)

profile, capacity = func(shapes=shape, per_unit=True,
wreturn_capacity=True, layout=layout, **resource)

#print (capacity)

capacities[method] = capacity

ds = xr.Dataset ({

'profile': profile.rename({'NAME_1': 'bus'}),

'capacities': capacity.rename({'NAME_1': 'bus'})

i)

datasets([res] = ds

ds.to_netcdf (profile_path)

datasets

capacities['area'] capacities.to_crs(area_crs).area / 1le6 # convert to km2
capacities['area'] = capacities['area'].round(1)

capacities['wind'] = capacities['wind'].round(1)

capacities['pv'] = capacities['pv'].round(1)

capacities['wind_per_sqkm'] = capacities['wind'] / capacities['area']
capacities['pv_per_sqkm'] = capacities['pv'] / capacities['area']

#capacities

# Plot wind and solar potential in subplots

# TODO: check units

ncols = 3

nrows = 2

fig, ax = plt.subplots(nrows=nrows, ncols=ncols, subplot_kw={'projection': ccrs.
~PlateCarree()}, figsize=(20, 15))

for i in range(nrows):
for j in range(ncols):
ax[i, j].set_extent([minx, maxx, miny, maxy], ccrs.PlateCarree())

capacities.plot(ax=ax[0, 0], column="wind", legend=True, cmap="Blues", )

ax[0,0] .set_title("Wind Potential in MW")

capacities.apply(lambda x: ax[0,0].annotate(text=x['NAME_1'], xy=x.geometry.
~centroid.coords[0], fontsize=10, ha='center'), axis=1)

capacities.plot(ax=ax[0, 1], column="wind_per_sqkm", legend=True, cmap="Blues")

capacities.apply(lambda x: ax[0,1].annotate(text=x['NAME_1'], xy=x.geometry.
«~centroid.coords[0], fontsize=10, ha='center'), axis=1)

ax[0,1] .set_title('Wind Potential in MW per km?2')
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wnd100m.plot (ax=ax[0, 2], cmap="Blues")
ax[0,2] .set_title("Wind Resource in W/m?>")
shapefile.to_crs(geo_crs) .plot(ax=ax[0, 2], edgecolor="k", color="none")

# PV

capacities.plot(ax=ax[1, 0], column="pv", legend=True, cmap="Reds")

ax[1,0] .set_title("PV Potential in MW")

capacities.apply(lambda x: ax[1,0].annotate(text=x['NAME_1'], xy=x.geometry.
«~centroid.coords[0], fontsize=10, ha='center'), axis=1)

capacities.plot(ax=ax[1, 1], column="pv_per_sqgkm", legend=True, cmap="Reds")

ax[1,1].set_title('PV Potential in MW per km?')

capacities.apply(lambda x: ax[1,1].annotate(text=x['NAME_1'], xy=x.geometry.
«~centroid.coords[0], fontsize=10, ha='center'), axis=1)

influx.plot(ax=ax[1, 2], cmap="Reds")

ax[1,2] .set_title("Solar Resource in W/m?>")

shapefile.to_crs(geo_crs) .plot(ax=ax[1, 2], edgecolor="k", color="none")

plt.show()

1.2.8 Further Resources

o Protected Areas:
— Data from World Database on Protected Areas (WDPA)

o Exclusive Economic Zones (EEZ) and Maritime Boundaries
— VLIZ EEZ Boundaries

e Hydrobasins
— Data from Hydrosheds
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https://www.protectedplanet.net/en/thematic-areas/wdpa?tab=WDPA
https://www.marineregions.org/downloads.php
https://www.hydrosheds.org/products/hydrobasins
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