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Geographical Information System (GIS) data are gaining importance in the 
field of rural electrification. Modern tools exploit the potential of 
georeferenced information to study the optimal electrification strategy in wide 
areas, choosing among centralized and decentralized solutions [1], [2], [3]. 
However, the tools are often very generic and use simplified assumptions to 
deal with a huge quantity of data. 

The authors propose a holistic geospatial based procedure that 
overcomes the limit of available literature, by autonomously performing 
electric network design processes and optimal energy strategy planning. 

The proposed procedure is composed by different steps, it allows to 
design the optimal distribution grid topology in non-electrified rural areas and 
to define the best solution among connection to the national grid, microgrid 
installation or electrification with off-grid systems. The procedure has been 
coded in Python and tested with the real case study of Namanjavira province, 
in Mozambique, thanks to the collaboration with the ngo COSV. 

Chosen a defined case study area, GIS based data, related to energy 
resources, load distribution and terrain characteristics are collected and 
combined together. The territory is subdivided into a regular grid of points, at 
a distance equal to the desired resolution, and to each point are assigned all 
the characteristics relative to its location (e.g. population, elevation, distance 
from road). The information is useful to identify a weighting factor, which 
represents the cost of connecting each point with electric grid lines, e.g. 
points on rivers, mountains or situated in thick forests have a higher penalty 
cost The population density in each location can be used as a proxy indicator 
of the geographical distribution and intensity of the future energy demand. 
The spatial clustering algorithm DBSCAN is applied to identify areas 
(clusters) with higher population density and sparse populated locations 
(outliers). The outliers are locations that are suited to be electrified with off 
grid systems. 

LoadProGen tool and Homer are then used to respectively find the energy 
demand of each cluster and the optimal microgrid size [4].  



 

 

 

 

 

 

 

 

The optimal distribution grid topology is designed for each cluster, 
using graph theory algorithms. An innovative procedure, which is a 
combination of Kruskal and Dijkstra algorithms, is used to connect 
populated points passing by convenient routes, such as roads, and avoiding 
difficult paths. The connection cost of each cluster to the nearest national grid 
primary substation is also evaluated. 

As a final step, the LCOE of microgrid, comprehensive of the distribution 
grid cost, is compared to LCOE of national grid connection and the best 
electrification solution, the one with lowest cost, can be defined.  
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[1] KTH-dESA/OnSSET-2016: Python implementation of the Open Source Spatial Electrification 
Tool (OnSSET). n.d. https://github.com/KTH-dESA/OnSSET-2016 (accessed September 11, 
2019). 

[2] Ellman D. The Reference Electrification Model: A Computer Model for Planning Rural Electricity 
Access. Physics, Princet Univ 2015:109. 

[3] Moner-Girona M, Puig D, Mulugetta Y, Kougias I, AbdulRahman J, Szabó S. Next generation 
interactive tool as a backbone for universal access to electricity. Wiley Interdiscip Rev Energy 
Environ 2018;7:1–12. doi:10.1002/wene.305. 

[4] Bonamini G, Merlo M, Riva F, Mandelli S, Brivio C, Moncecchi M. Novel LoadProGen 
procedure for micro-grid design in emerging country scenarios: application to energy storage 
sizing. Energy Procedia 2017;135:367–78. doi:10.1016/j.egypro.2017.09.528. 

 
Figure 4 Population distribution in 
Namanjavira 

 
Figure 5 Penalty factor distribution in 
Namanjavira 


