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Abstract 

In Zimbabwe, the access to electricity is significantly low, especially in rural areas. This inhibits the 
economic and social development of the country. In order to tackle energy poverty, the government 
aims at improving the electrification rate from around 40 % to 100 % by 2040.  

The objective of this study is to investigate the optimal electrification pathways for Zimbabwe, in 
order to achieve its energy access goals and support the sustainable energy transition in the country. 
 

The electrification analysis was accomplished by using the Open Source Spatial Electrification Toolkit 
(ONSSET) developed by Division of Energy System Analysis at The Royal Institute of Technology, 
Stockholm. A geographic information system operator was fed with open source data. The data was 
processed and utilized as input in a Visual Basic model in Microsoft Excel. Along with assumptions 
on population growth, diesel price and cost for renewable energy technologies and the grid, several 
scenarios were developed and assessed. The model ultimately provided an estimation of the total 
investment and capacity requirements, the lower possible levelized cost of electricity achieved per 
settlement and the optimal geospatial distribution among the suggested technological solutions.  
 

The results show that the grid will become more important with higher electricity consumption. When 
the cost of the grid increases, the optimal technology solution will be more stand-alone technologies in 
the low demand scenarios and more mini grid and stand-alone in the high demand scenarios. The total 
investment costs vary between 29.10 and 83.67 billion USD and the total added capacity between 
494.42 to 2,769.27 MW for the chosen scenarios.  
 

The Open Source Spatial Electrification Toolkit can hence be used to investigate probable outcome in 
order to achieve the energy target in Zimbabwe by 2040. The model presents the total investment cost, 
the levelized cost of electricity and the technology distribution and a visualization of the results gives a 
clear view of the possible outcomes in the future and can be used as recommendations for stakeholders 
engaged in energy planning.  
 

  



	

Sammanfattning 

För att säkerställa ekonomisk och social utveckling i ett land är tillgången till elektricitet nödvändig. I 
Zimbabwe saknar 80 % av befolkningen på landsbygden och 20 % av den urbana befolkningen 
tillgång till elektricitet. Det nationella målet är att alla ska ha tillgång till elektricitet år 2040.  

Målet med studien är att undersöka hur detta mål kan uppnås genom implementering av Open Source 
Spatial Electrification Toolkit (ONSSET), utvecklad av Division of Energy System Analysis på 
Kungliga Tekniska Högskolan. Modellen utgår från data från geografiska informationssystem som 
tillsammans med antaganden angående populationstillväxt och kostnader, matades data in i en Visual 
Basics modell i Microsoft Excel. Genom att variera kostnaden för elnätet, hushållens 
energikonsumtion och dieselpriset skapades olika scenarier. Slutligen gav modellen en kartläggning 
över de optimala energiteknologierna, kapacitetsökningen, den lägsta möjliga kostnaden för 
elektricitet samt de totala investeringskostnaderna för respektive scenario. 

Resultaten visar att elnätet är av större betydelse då hushållens konsumtion av elektricitet ökar. När 
kostnaden för elnätet ökar föreslår modellen att fördelningen av teknologier behöver bestå till större 
delen av stand-alone och mini grid system. Den totala investeringskostnaden varierar mellan 29,10 och 
83,67 miljarder USD i de olika scenarierna. Kapacitetsökningen varierar mellan 494,42 och 2 769,27 
MW.  

Analysen ger tydliga värden över kostnader, kapacitetsökning och en uppdelning av energiteknologier. 
De framtagna resultaten kan användas som ledning för att hela Zimbabwes befolkning ska ha tillgång 
till el vid 2040.  

 

 
 

  



	

Table of Contents 

List of Figures ........................................................................................................................................ 1 

List of Tables .......................................................................................................................................... 3 

List of Equations .................................................................................................................................... 5 

Acronyms ................................................................................................................................................ 6 

Acknowledgment .................................................................................................................................... 7 

1. Introduction ........................................................................................................................................ 8 
1.1 Context and background ............................................................................................................ 8 
1.1.1 General information Zimbabwe ............................................................................................. 8 
1.1.2 Energy situation ........................................................................................................................ 8 
1.1.3 Opportunities .......................................................................................................................... 10 
1.1.4 GIS in electrification planning .............................................................................................. 10 
1.1.5 Objective ................................................................................................................................. 11 

2. Methodology ..................................................................................................................................... 12 
2.1 Description ................................................................................................................................. 12 
2.2 ONSSET ..................................................................................................................................... 12 

2.2.1 Data availability ................................................................................................................... 12 
2.2.2 Preparing data ...................................................................................................................... 12 
2.2.3 Population projection ........................................................................................................... 16 
2.2.4 Generating population thresholds ........................................................................................ 17 
2.2.4.1 Levelized cost of electricity .............................................................................................. 17 
2.2.4.2 Electricity cost of the grid ................................................................................................. 18 
2.2.4.3 Electricity consumption per household ............................................................................. 18 
2.2.5 Electrification algorithm ...................................................................................................... 19 
2.2.6 Cost model ........................................................................................................................... 19 
2.2.7 Sensitivity analysis ............................................................................................................... 20 

3. Results ............................................................................................................................................... 21 
3.1 Scenario 1 ................................................................................................................................... 21 

3.1.1 Urban settlements ................................................................................................................ 23 
3.1.2 Rural settlements .................................................................................................................. 24 
3.2 Scenario 2 ................................................................................................................................ 25 
3.2.1 Urban settlements ................................................................................................................ 27 
3.2.2 Rural settlements .................................................................................................................. 28 

3.3 Scenario 3 ................................................................................................................................... 29 
3.3.1 Urban settlements ................................................................................................................ 31 
3.3.2 Rural settlements .................................................................................................................. 32 

3.4 Scenario 4 ................................................................................................................................... 33 
3.4.1 Urban settlements ................................................................................................................ 35 
3.4.2 Rural settlements .................................................................................................................. 36 

3.5 Scenario 5 ................................................................................................................................... 37 
3.5.1 Urban settlements ................................................................................................................ 39 
3.5.2 Rural settlements .................................................................................................................. 40 

3.6 Scenario 6 ................................................................................................................................... 41 
3.6.1 Urban settlements ................................................................................................................ 43 
3.6.2 Rural settlements .................................................................................................................. 44 

3.7 Scenario 7 ................................................................................................................................... 45 
3.7.1 Urban settlements ................................................................................................................ 47 
3.7.2 Rural settlements .................................................................................................................. 48 

3.8 Scenario 8 ................................................................................................................................... 49 
3.8.1 Urban settlements ................................................................................................................ 51 



	

3.8.2 Rural settlements .................................................................................................................. 52 
3.9 Summary results ........................................................................................................................ 53 

4. Discussion ......................................................................................................................................... 54 
4.1 Conclusion .................................................................................................................................. 56 

5. References ......................................................................................................................................... 57 

 



	

1	

List of Figures 
Figure 2.2.2a. Population in Zimbabwe 2015 [people/km2]................................................................13 

Figure 2.2.2b. Wind capacity factor in Zimbabwe [%].......................................................................13 

Figure 2.2.2c. Hydropower potential...................................................................................................14 

Figure 2.2.2d. Global Horizontal irradiation in Zimbabwe [kWh/m2/year] ......................................14 

Figure 2.2.2e. Roads and travel time to nearest major city [hours] ..................................................16 

Figure 2.2.2f. Existing and planned grid in Zimbabwe.......................................................................16 

Figure 2.2.7. Scenarios used in the analysis.......................................................................................20 

Figure 3.1a. LCOE in scenario 1........................................................................................................21 

Figure 3.1b. Technologies in scenario 1............................................................................................22 

Figure 3.1.1. Technology distribution in urban settlements in scenario 1.........................................23 

Figure 3.1.2. Technology distribution in rural settlements in scenario 1..........................................24 

Figure 3.2a. LCOE in scenario 2.......................................................................................................25 

Figure 3.2b. Technologies in scenario 2...........................................................................................26 

Figure 3.2.1. Technology distribution in urban settlements in scenario 2........................................27 

Figure 3.2.2. Technology distribution in rural settlements in scenario 2..........................................28 

Figure 3.3a. LCOE in scenario 3.......................................................................................................29 

Figure 3.3b. Technologies in scenario 3...........................................................................................30 

Figure 3.3.1. Technology distribution in urban settlements in scenario 3........................................31 

Figure 3.3.2. Technology distribution in rural settlements in scenario 3.........................................32 

Figure 3.4a.  LCOE in scenario 4......................................................................................................33 

Figure 3.4b. Technologies in scenario 4............................................................................................34 

Figure 3.4.1. Technology distribution in urban settlements in scenario 4.........................................35 

Figure 3.4.2. Technology distribution in rural settlements in scenario 4..........................................36 

Figure 3.5a. LCOE in scenario 5.......................................................................................................37 

Figure 3.5b. Technologies in scenario 5...........................................................................................38 

Figure 3.5.1. Technology distribution in urban settlements in scenario 5........................................39 

Figure 3.5.2. Technology distribution in rural settlements in scenario 5.........................................40 



2	

Figure 3.6a. LCOE in scenario 6......................................................................................................41 

Figure 3.6b. Technologies in scenario 6...........................................................................................42 

Figure 3.6.1. Technology distribution in urban settlements in scenario 6........................................43 

Figure 3.6.2. Technology distribution in rural settlements in scenario 6.........................................44 

Figure 3.7a. LCOE in scenario 7......................................................................................................45 

Figure 3.7b. Technologies in scenario 7...........................................................................................46 

Figure 3.7.1. Technology distribution in urban settlements in scenario 7........................................47 

Figure 3.7.2. Technology distribution in rural settlements in scenario 7.........................................48 

Figure 3.8a. LCOE in scenario 8......................................................................................................49 

Figure 3.8b. Technologies in scenario 8..........................................................................................50 

Figure 3.8.1. Technology distribution in urban settlements in scenario 8.......................................51 

Figure 3.8.2. Technology distribution in rural settlements in scenario 8........................................52 

  



3	

List of Tables 
Table 2.2.4.2. Calculated electricity import cost of the grid................................................................18 

Table 2.2.4.3. Levels for the electricity consumption per household in 2040......................................18 

Table 2.2.5. Population and minimum distance to the grid and roads for urban and rural 
settlements.............................................................................................................................................19 

Table 2.2.7. Values in the chosen scenarios for urban and rural settlements......................................20 

Table 3.1. Percentage of technologies in scenario 1............................................................................22 

Table 3.1.1. Investment costs, number of people with access to electricity and added capacity for 
different technology types in urban settlements in scenario 1...............................................................23 

Table 3.1.2. Investment costs, number of people with access to electricity and added capacity for 
different technology types in rural settlements in scenario 1................................................................24 

Table 3.2. Percentage of technologies in scenario 2............................................................................26 

Table 3.2.1. Investment costs, number of people with access to electricity and added capacity for 
different technology types in urban settlements in scenario 2...............................................................27 

Table 3.2.2. Investment costs, number of people with access to electricity and added capacity for 
different technology types in rural settlements in scenario 2................................................................28  

Table 3.3. Percentage of technologies in scenario 3............................................................................30   

Table 3.3.1. Investment costs, number of people with access to electricity and added capacity for 
different technology types in urban settlements in scenario 3..............................................................31   

Table 3.3.2. Investment costs, number of people with access to electricity and added capacity for 
different technology types in rural settlements in scenario 3..............................................................32 

Table 3.4. Percentage of technologies in scenario 4...........................................................................34    

Table 3.4.1. Investment costs, number of people with access to electricity and added capacity for 
different technology types in urban settlements in scenario 4..............................................................35 

Table 3.4.2. Investment costs, number of people with access to electricity and added capacity for 
different technology types in rural settlements in scenario 4..............................................................36 

Table 3.5. Percentage of technologies in scenario 5..........................................................................38  

Table 3.5.1. Investment costs, number of people with access to electricity and added capacity for 
different technology types in urban settlements in scenario 5.............................................................39 

Table 3.5.2. Investment costs, number of people with access to electricity and added capacity for 
different technology types in rural settlements in scenario 5..............................................................40 



4	

Table 3.6. Percentage of technologies in scenario 6..........................................................................42  

Table 3.6.1 Investment costs, number of people with access to electricity and added capacity for 
different technology types in urban settlements in scenario 6............................................................43 

Table 3.6.2. Investment costs, number of people with access to electricity and added capacity for 
different technology types in rural settlements in scenario 6.............................................................44 

Table 3.7. Percentage of technologies in scenario 7.........................................................................46   

Table 3.7.1. Investment costs, number of people with access to electricity and added capacity for 
different technology types in urban settlements in scenario 7............................................................47 

Table 3.7.2. Investment costs, number of people with access to electricity and added capacity for 
different technology types in rural settlements in scenario 7..............................................................48 

Table 3.8. Percentage of technologies in scenario 8..........................................................................50   

Table 3.8.1. Investment costs, number of people with access to electricity and added capacity for 
different technology types in urban settlements in scenario 8.............................................................51 

Table 3.8.2. Investment costs, number of people with access to electricity and added capacity for 
different technology types in rural settlements in scenario 8..............................................................52 

Table 3.9. Summary of results in scenarios 1-8..................................................................................53   

 

 
  



5	

List of Equations 
Equation 2.2.2a. Factor to correct the population density..................................................................12 

Equation 2.2.2b. Calculation of diesel price.......................................................................................15 

Equation 2.2.4.1. Calculation of the LCOE........................................................................................17 

  



6	

Acronyms 
ArcGIS – Aeronautical Reconnaissance Coverage Geographic Information System 

dESA –Division of Energy System Analysis 

GDP – Gross Domestic Product  

GHI – Global Horizontal Irradiation 

GIS – Geographic Information System 

IEA – International Energy Agency 

KTH – The Royal Institute of Technology (Kungliga Tekniska Högskolan) 

LCOE – Levelized Cost of Electricity  

META – Model for Electricity Technology Assessment  

MG – Mini grid 

MW – Mega Watt  

O&M – Operational and Maintenance 

ONSSET – Open Source Spatial Electrification Toolkit 

PV – Photovoltaic 

SA – Stand-alone  

SAPP - Southern African Power Pool  

TEMBA – The Electricity Model Base for Africa 

USD – United States Dollar 

ZERC – Zimbabwe Electricity Regulatory Commission 

ZESA – Zimbabwe Electricity Supply Authority 

 
  



7	

Acknowledgment 
I would like to take this opportunity to express my gratitude to everyone who have guided and 
supported me while conducting this study.  

First of all I would like to thank my supervisor Prof. Mark Howells for his continuous encouragement 
and for enabling me to accomplish this analysis.  

I would also like to express my utmost gratitude to Alexandros Korkovelos for his support, guidance 
and for sharing his experiences and knowledge.  

I want to thank everyone at the Division of Energy System Analysis at the Royal Institute of 
Technology for welcoming me as part of the team and for being a source of inspiration.  

Finally, I want to thank my friends and family for their endless support and love.  

 

 

 

Stockholm, 2016 

Olivia Krakau 

  



8	

1. Introduction  

1.1 Context and background 

Access to electricity is fundamental for economic- and social development. The energy supply must be 
reliable, affordable, safe and of a good quality to be meaningful for households and the community. 
Access to this kind of energy has a great impact on human development in a country. It improves 
educational facilities in the sense of extended education hours and access to information with 
computers. The health care is enhanced due to power for equipment, refrigeration of vaccines and 
improved lighting. It gives clean water supplies to households and creates employment. Various 
problems with traditional fuels, such as firewood and crop residues, in rural areas are the health-effects 
from high indoor pollution and the time consuming burden of firewood collection for women and 
children. There are also difficulties due to cold baths and extended cooking hours (The World Bank, 
2013). 
 
Today, about 620 million Africans live without access to electricity (Global Tracking Framework 
2015). This is a big problem for the economic and social development in these countries, which is why 
Sustainable Energy for All is one of the UN Sustainable Development Goals. The seventeen goals 
were set 2015 for people, planet and prosperity to strengthen universal peace in larger freedom. Each 
goal has specific targets to be accomplished by 2030 (UN, 2015). The particular targets in the seventh 
goal are Universal Energy Access, Renewable Energy and Energy Efficiency (SE4All, 2015a). 
Universal access to modern, reliable and affordable energy services and an increased share of 
sustainable energy in the global energy mixture are important milestones in the target. To double the 
global rate of energy efficiency, enhance cooperation to clean energy research and to expand 
sustainable energy services for developing countries are also specific targets in the goal (SE4All, 
2015b). The basic minimum threshold of modern energy services should be around 1,200 kWh per 
person per year (IIASA, 2012).  

 

1.1.1 General information Zimbabwe  

The Republic of Zimbabwe is a landlocked country surrounded by Zambia, Namibia, Botswana, South 
Africa and Mozambique (CIA, 2016). The country has a physical area of 390,757 km2 and the capital 
is Harare (REN21, 2015). Zimbabwe had a total population of 14,229,541 people in 2015. The 
economy is mainly dependent on mining and agriculture. The Gross Domestic Product (GDP) in 2015 
was 13.91 billion USD. The main export partners are China, The Democratic Republic of Congo and 
Botswana. The external dept was 9.13 billion USD in 2014. The current president is Robert Mugabe, 
who has been the leader since the independence in 1980 (CIA, 2016). 
 

1.1.2 Energy situation  

The transmission grid in Zimbabwe was set up the late 1950´s with the main bulk supply points at 
Harare, Norton, Kariba South, Sherwood and Bulawayo (Masawi, 1996). In 1985-1989, the First 
Phase of rural electrification took place and resulted in electrification in 24 settlements in rural areas. 
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Due to increasing costs, the program was postponed. The Zimbabwe Electricity Supply Authority 
(ZESA) implemented a 1% levy for rural electrification purposes, which led to electrification of 110 
communities. There are also some local initiatives for electrification in rural areas, but the majority of 
the rural population still does not have access to the grid (Dube, 2001). 
 

In 2002, a new Electricity Act was enacted to accomplish the restructuring of the ZESA and the setup 
of an autonomous regulatory group to encourage investments in the energy sector. The Zimbabwe 
Electricity Regulatory Commission (ZERC) was established in 2005 in agreement with the Electricity 
Act to harmonize regulation in the energy sector (Ministry of Energy and Power Development, n.d).  

 

The current electricity produced in the country comes mainly from hydropower and coal. In 2013, the 
total electricity production was 9 483 GWh: about 52.5 % from hydropower, 46 % from coal, 1 % 
from oil and 0.50 % from biofuels. About 20 % of the electricity was imported from neighbouring 
countries South Africa, Botswana and Mozambique (IEA, 2013b).  
 
One of the major problems with the energy situation in the country is the low electrification rate in the 
rural areas. The access of electricity in the rural areas is much lower due to the costs of extending the 
national electricity grid. Lack of required capacity is a major problem since there have not been any 
new developments since 1988 and only around 60 % of the installed capacity in the country is 
available for production (Afribiz, 2013). Some factors for the high costs of rural electrification 
through expansion of the grid are illegal tapping, vandalism and the dispersion of the settlements 
(Zindoga T., 2015).  
 
The obstacles with rural electrification in Zimbabwe are both technical and socio-economic. Many 
people live in residences that are not suitable for grid electrification and the average distance to the 
closest grid in these rural areas is about 60 km. The load is also varied and low, fluctuating between 
50-100 kV. These obstacles demand the construction of 132 kV lines and various substations, which 
become a major expense for the small amount of people benefiting from the construction. The 
incomes of the communities are irregular relative to season. Many people would prefer to pay the 
daily fees on alternatives like candles and firewood for example instead of the higher charges for 
electricity, though the substitutes are more costly than the cost of grid power in the long term (Dube, 
2001).  

 
In Zimbabwe, the national electrification rate is 40 %. In 2013, access to electricity was 80 % in urban 
areas and 20 % in rural areas (IEA, 2013a). To build a more competitive and resilient economy, it is 
important to ensure electricity for all. The current national energy goals today in Zimbabwe are to 
improve the electrification rate to 85 % by 2020 and 100 % by 2040. 300 MW of renewable energy 
are expected to be added by 2020, where 100 MW is to come from solar power. An additional 150 
MW of small-scale hydropower are expected to be added by 2020 (REN21, 2015).  
 



10	

1.1.3 Opportunities 

Despite the obstacles with electrification in Zimbabwe, there are many opportunities to be considered. 
The average daily solar irradiation in Zimbabwe is about 5.56 kWh/m2, which is relatively high. Solar 
energy could be used in rural areas for pumping water and for electricity production at rural 
institutions where there is no grid. It could also be used to heat water. There are some small 
hydropower projects prioritized for development (Ministry of Energy and Power Development, n.d.). 
With sustainable energy, Zimbabwe can go directly to a cleaner energy-system. The utilisation of 
renewable energy sources could, according to ZESA, meet the energy requirement in rural areas. This 
would lead to an increased demand for this type of technology and a reduction of environmental 
emissions (Dube, 2001). Moreover, Zimbabwe has large mineral deposits with diamonds, gold, coal, 
copper, nickel and platinum. These resources need to be distributed in a fair way to even out the 
economic disparities in the country. In order for Zimbabwe to have a broad-based growth, links 
between sectors like mining and manufacturing is important (African Development Bank Group, 
2013).  

Between the years 1980 and 2001, the access electricity from the grid grew from 20 % to 42 % due to 
the increased demand and uptake of grid access of small and commercial enterprises (Pachauri S. et al, 
2012). This is an example of a development in the right direction as a result of political will. 

To reach the national energy access targets in 2020 and 2040, the Zimbabwe Energy Supply Authority 
(ZESA) has plans to build a new coal-fired power plant with the capacity of 1 400 MW (Kachembere, 
2015). The estimated cost for contribution of power to internal and external markets would be 
approximately 1.4 billion USD (Ministry of Energy and Power Development, n.d.). There is also a 
plan on expanding the capacity of the Hwange Power Station with 600 MW and to add 300 MW to the 
Kariba Dam Hydroelectric Power Station (Kachembere, 2015). The Batoka Gorge Hydro Power 
Project has a potential of 1,600 MW and the estimated cost of the project is 2.5 billion USD. 
Furthermore, there is a resource of coal bed methane in the country with around 1,132.7 billion m3 of 
potentially recoverable gas that could be used for electricity generation. The country has a goal to 
substitute 10 % of the fuel necessities in the country with bio-fuels by producing ethanol from sugar 
cane. There is already a processing plant for bio-diesel with the capacity of producing 35 million litres 
of biofuels per year (Ministry of Energy and Power Development, n.d.).  
 

1.1.4 GIS in electrification planning 

This thesis investigates the integration of Geographic Information System (GIS) in electricity planning 
for Zimbabwe. GIS is designed to capture, manage and present spatial or geographical data. It has 
several advantages in this field since data can analyse the demand at the location and make projections 
based on the characteristics of the settlements and their energy targets. GIS takes into account the 
energy potentials and resource availability and can also be used to create interactive maps, which are 
easy to communicate with policy makers. ArcMap is the main module of the Aeronautical 
Reconnaissance Coverage Geographic Information Systems (ArcGIS). It is a toolbox that can be 
downloaded for desktop users in order to analyse and visualize geospatial data (Esri 2016).  
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The Division of Energy System Analysis at The Royal Institute of Technology in Stockholm, KTH-
dESA is developing an energy model to analyse and visualize the most cost effective electrification 
option by incorporating the geospatial data retrieved from GIS. The model is called Open Source 
Spatial Electrification Toolkit (ONSSET). It is focused on assessment and deployment of primary 
renewable energy technologies in line with the UN sustainable development goal Sustainable Energy 
for All (SE4All). The analysis will construct a cost-optimal split between the different technologies in 
order to electrify all of the households in the population settlements. The technologies are divided into 
grid, mini-grid (diesel, PV, wind- and hydropower) and stand-alone systems (diesel and PV) (Fuso 
Nerini F. et al., 2016). Prior to this thesis, ONSSET has been applied to Ethiopia, Nigeria and India by 
Dimitrios Mentis et. al. (2015) and Fuso Nerini F. et al. (2016).  

 

1.1.5 Objective  

The overall objective of this thesis is to investigate electrification pathways in Zimbabwe, as an 
attempt to help the country achieve its energy access target by 2040. In particular, the goal is to 
employ ONSSET in order to identify the optimal electricity generation mix and provide an estimate of 
the total investment its achievement requires. A sensitivity analysis based on the variation of the most 
important factors, will be represented through alternative scenarios aiming to support policy and 
sustainable electrification strategies development in Zimbabwe. 
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2. Methodology 

2.1 Description 

To perform the electrification analysis, the steps in the ONSSET toolbox developed by KTH-dESA 
were followed (Kungliga Tekniska Högskolan, 2016). Data was downloaded from open available 
sources and transferred to ArcMap to construct the layers required as input for the electrification 
analysis. In particular, population density, existing- and planned infrastructure and renewable energy 
potential layers for solar-, wind and hydropower and diesel generators were developed and formatted. 
Thereafter, GIS information was fed into a Visual Basic model in Microsoft Excel to identify the most 
cost effective electrification option between grid, mini-grid and stand-alone systems. This ultimately 
provided an estimation of the investment requirements as well as identification of the optimal 
technology for the electrification target to be reached in Zimbabwe.  

2.2 ONSSET 

2.2.1 Data availability 

Firstly, the data was downloaded from online sources and transferred to ArcMap. Data was collected 
from resource maps available in online services. The administrative area for Zimbabwe was 
downloaded from Global Administrative Areas (2009) as a shapefile. The data for the population 
distribution in Zimbabwe was taken from WorldPop (2013). The wind speed information come from 
GES DISC (2011). The data for the transmission lines come from was downloaded from Geofabrik 
(2014) in osm.pbf format. This data had to be transformed by Osmosis in order to insert the necessary 
data in ArcMap. Osmosis is a JAVA application for processing osm-data and has to be installed in 
order to operate. The installation on Windows can be accessed through OpenStreetMap WIKI (2016) 
along with information on the application. Data for the global horizontal irradiation was downloaded 
from Stackhouse P. (2016). The data for the travel time to the nearest city come from the JRC EU 
(2015) and the data for the roads come from GIS LAB (2002).  

2.2.2 Preparing data 

Secondly, the downloaded information was processed in ArcMap and subsequently projected to the 
coordinate system WGS 1984 World Mercator projection map. The raster-file for the population was 
adjusted to the resolution 2.5 km2 with the resample-function and bilinear method. Thereafter, the 
layer was converted to points in order to connect all essential attributes to the population settlements. 
In the attribute table, each settlement had to be multiplied with a factor since the population density 
changed, see Equation 2.2.2a: 

𝑁𝑒𝑤 𝑟𝑒𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛
𝑂𝑙𝑑 𝑟𝑒𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛

 =
2500!

95.150252!
= 690.33538 

Equation 2.2.2a. Factor to correct the population density. 
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Figure 2.2.2a illustrates the population distribution in Zimbabwe:  

 

Figure 2.2.2a. Population in Zimbabwe 2015 [people/km2]. 

The wind speed data for Zimbabwe was downloaded accordingly to the instructions in the ONSSET-
methodology. This gave the wind capacity factor for January and the same process was repeated for 
each month and the average value for the whole year was calculated. Figure 2.2.2b demonstrates the 
wind capacity factor distributed in Zimbabwe: 

 

Figure 2.2.2b. Wind capacity factor in Zimbabwe [%]. 
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The raster layers for the global horizontal irradiation, wind capacity, travel time to nearest city and the 
current- and future diesel prices were also projected to the WGS 1984 World Mercator and extracted 
to the population settlements points. The join function in ArcMap was used to determine the 
hydropower potential in each settlement. Figure 2.2.2c presents the hydropower potential in the 
country.  

 

Figure 2.2.2c. Hydropower potential.  

Figure 2.2.2d displays the horizontal irradiation in Zimbabwe in 2015: 

 

Figure 2.2.2d. Global Horizontal irradiation in Zimbabwe [kWh/m2/year]. 
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The current diesel price was calculated in raster calculator with Equation 2.2.2b (Fuso Nerini F. et al., 
2016): 

𝐷𝑖𝑒𝑠𝑒𝑙 𝑝𝑟𝑖𝑐𝑒 =  
𝑃!
3

∙ 1 + 0.08 ∙ 𝑡 +  0,01 

Equation 2.2.2b. Calculation of diesel price. 

Where 𝑃!  is the diesel price in 𝑈𝑆𝐷/𝑙𝑖𝑡𝑒𝑟  and 𝑡  the travel hours. Maintenance, operation and 
administration costs are considered as default value with a 2 % investment per year for renewable 
energy and a 10 % of the capital investment per year for diesel generators. For the current diesel price 
𝑃! = 1.09 𝑈𝑆𝐷/𝑙𝑖𝑡𝑒𝑟 (GlobalPetrolPrices, 2016). For the future diesel price, two scenarios were 
created; a high and a low diesel price scenario for the respective target years. The estimated values are 
based on projections from The World Energy Outlook (2015) from the IEA. The prices were adjusted 
with an empirical value of 1.15, since it is assumed that the price of diesel is 15 % higher than crude 
oil price.  

Ø In the low scenario in 2040 the diesel price is estimated to be 85 𝑈𝑆𝐷/𝑏𝑎𝑟𝑟𝑒𝑙, which corresponds to 
𝑃! = 0.53 𝑈𝑆𝐷/𝑙𝑖𝑡𝑒𝑟. This gives a corrected diesel price of 𝑃! = 0.6148 𝑈𝑆𝐷/𝑙𝑖𝑡𝑒𝑟. 
 

Ø In the high (current policies scenario) scenario in 2040 the diesel price is 150 𝑈𝑆𝐷/𝑏𝑎𝑟𝑟𝑒𝑙, which is 
equal to 𝑃! = 0.94 𝑈𝑆𝐷/𝑙𝑖𝑡𝑒𝑟. This gives a corrected diesel price of 𝑃! = 1.0849 𝑈𝑆𝐷/𝑙𝑖𝑡𝑒𝑟. 

The polylines for the existing and planned transmission lines and the roads were cropped by the 
administrative area with the clip-function in ArcMap. These were also projected to the layer WGS 
1984 World Mercator. Thereafter, the near-function was utilized to calculate the distance from the 
existing and planned grid to the created population points. The values from the attribute tables were 
thereafter exported to Microsoft Excel. The planned grid is both transmission lines extended to mines 
and transmission lines above 69 kV. Figure 2.2.2e demonstrates the travel time to major cities in hours 
and the road-network in the country:  
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Figure 2.2.2e. Roads and travel time to nearest major city [hours]. 

The existing and planned transmission lines are presented in Figure 2.2.2f: 

 

Figure 2.2.2f. Existing and planned grid in Zimbabwe. 

2.2.3 Population projection 

In this step, a projection of the population in Zimbabwe in 2040 was accomplished. Firstly, the 
population values had to be corrected with a value from a reliable source. The population points from 
ArcMap are values for 2015. According to The World Bank (2014a) the total population in Zimbabwe 
in 2014 was 15,245,855 people and the annual population growth rate was 2.3 %. The growth rate was 
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used to estimate the total population in 2015. Thereafter, the values in the population settlements were 
corrected by multiplication with the quote between the total population from ArcMap and the 
population from The World Bank (2014a).  

Secondly, the population settlements had to be divided into urban and rural. This was performed in 
Microsoft Excel by applying a limit-value. According to the World Bank (2014b), about 33 % of the 
population was urban in 2014. This percentage was used to calculate the number of people per 
settlement that are considered as urban or rural. Consequently, less than 8,300 people per settlement 
were considered as rural and more people per settlement are considered to be urban. The same 
restriction for the urban population in the base year was applied for the populations in the target year 
to get the same number of rows for the urban populations for all the years and likewise for the rural 
settlements.  

Finally, the population in the target year 2040 was projected. The current, annual population growth 
rate in urban areas in Zimbabwe is 1.8 %. In rural areas, the growth rate is 2.5 % (Trading Economics, 
2014). The same growth rates were used for every year to calculate the population in 2040 for the 
urban and rural settlements. The total projected population for 2040 is 21,152,486 (Live Population, 
2014). This value was used to correct the population in the settlements for 2040. Two additional 
columns were added to determine if the population in each settlement is rural or urban in year 2040. 
By using the filter in Microsoft Excel, the urban and rural settlements could be separated.  

2.2.4 Generating population thresholds 

In this step, the population thresholds were generated. This required some assumptions concerning 
household size, prices of different types of technology, electricity import cost of the grid together with 
the energy consumption per household and year. A separate step was also made where the investment- 
and operation- and maintenance costs were set to zero. 

The average household size in 2015 was 5.6 people in urban areas and 5.4 people in rural areas 
(African Development Bank, n.d.). The household size in the target year is then estimated to be the 
same as in the base year.  

The investment costs, efficiency life, operation- and maintenance, transmission- and distribution costs 
come from ESMAP (2007) along with the Model for Electricity Technology Assessment, META 
(ESMAP, 2012). The cost projections were made according to the International Energy Agency (IEA) 
New Policies Scenario.  

2.2.4.1 Levelized cost of electricity 

The levelized cost of electricity represents the final cost of electricity for the overall system over the 
lifetime of the project. It is calculated with Equation 2.2.4.1 (Fuso Nerini F. et al., 2016):  

𝐿𝐶𝑂𝐸 =  

𝐼! + 𝑂&𝑀! + 𝐹!
(1 + 𝑟)!

!
!!!

𝐸!
(1 + 𝑟)!

!
!!!

 

Equation 2.2.4.1. Calculation of the LCOE. 
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Where 𝐼!  is the investment cost, 𝑂&𝑀!  are the operation and maintenance costs, 𝐹!  the fuel 
expenditures, 𝐸!  the generation of electricity and 𝑟 is the discount rate and 𝑛 the lifetime of the 
system. The costs are demonstrated in the Appendix.  

2.2.4.2 Electricity cost of the grid 

The electricity cost of the grid is a critical value in the analysis has a big impact on the result. To 
determine the effect from this number and create a span of possible outcomes for the result, a low- and 
a high electricity cost were used for the grid. 

In the low scenario, an average value of 0.06 USD/kWh was used based on the output from the 
Electricity Model Base for Africa (TEMBA) at KTH-dESA. This model calculates for different years 
and this average value is specific for Zimbabwe.  

In the high scenario, the electricity cost of the grid is based on values for urban settlements in 
Zimbabwe in the year 2010 (IRENA, 2013). Since 52.5 % of the electricity in Zimbabwe comes from 
hydropower and 46 % of the electricity comes from coal, an weighted average electricity import cost 
of the grid was calculated based on these technologies. The used and calculated values are presented in 
Table 2.2.4.2: 

Table 2.2.4.2. Calculated electricity import cost of the grid. 

LCOE Hydro 
[USD/kWh] 

LCOE Coal 
[USD/kWh] 

Calculated LCOE of 
the grid [USD/kWh] 

0.133 0.157 0.142 

 

2.2.4.3 Electricity consumption per household 

The electricity consumption per household in 2040 was set to a high and a low level based on a 
simplified version of the multi-tier framework for the access to household electricity services (Fuso 
Nerini F. et al., 2016) (Global Tracking Framework Report, 2015). The chosen levels for this analysis 
are presented in Table 2.2.4.3:  

Table 1.2.4.3. Levels for the electricity consumption per household in 2040. 

 Low electricity 
consumption 
[kWh/household, year] 

High electricity consumption 
[kWh/household, year] 

Rural electricity consumption 
[kWh/household, year] 

695 1,800 

Urban electricity consumption 
[kWh/household, year] 

1,800 2,195 
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A yearly electricity consumption of 695 kWh per household implies general lighting, air circulation, 
television, computing and printing along with small appliances like general food processing and 
washing machine. A consumption of 1,800 kWh per household and year is assumed to consist in the 
same appliances as for an electricity consumption of 695 kWh per household and year along with 
medium or continuous appliances. These can be water heating, ironing, water pumping, microwave, 
rice cooking and refrigeration for example. An annual electricity consumption of 2,195 kWh per 
household is estimated to contain the same appliances as for the lower levels with additional heavy or 
continuous appliances, such as air conditioning.  
 

2.2.5 Electrification algorithm 

In this step, the initial electrification status was determined for the urban and rural settlements. The 
current electrification status for each settlement was determined by three factors: the number of people 
in each settlement in 2015, the distance from the existing grid and the distance from roads. The 
Solver-function was used in Microsoft Excel to determine the restrictions, which are presented in 
Table 2.2.5:  

Table 2.2.5. Population and minimum distance to the grid and roads for urban and rural settlements. 

 Urban Rural 

Minimum distance grid [m] 15,050 13,751 

Minimum distance roads [m] 14,800 12,551 

Population  100 100 

 

To determine the electrification status in 2040 for urban and rural households these restrictions were 
utilized along with the distance from the planned grid and the population in 2040 for urban and rural 
settlements respectively.  

The new electrification status for the target year was then inserted in the electrification algorithm in 
ONSSET. In the previous step, the amount of people living within a certain distance from the grid was 
determined for the different levels of electricity consumption per household. This was also used as an 
input in the electrification algorithm to calculate the electrification status in the settlements at a 
specific distance from the grid.  

2.2.6 Cost model  

In the final step in the electrification model, the data from the earlier steps was inserted and 
calculations were made to identify the cost-optimal solution for electrification in the settlements. A 
linear function was used to estimate the LCOE for stand-alone photovoltaic power. The results were 
exported back to ArcMap in order to visualize the future electrification distribution for the 
investigated technologies: solar-, wind and hydropower and diesel generators.  
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2.2.7 Sensitivity analysis 

The result from the electrification analysis is divided into three scenarios based on the electricity cost 
of the grid, the consumption levels and diesel price. Figure 2.2.7 demonstrates the various scenarios 
chosen for this analysis:   

 
Figure 2.2.7. Scenarios used in the analysis. 

 

A value of 0.06 USD/kWh was used as the low electricity cost of the grid and 0.142 USD/kWh was 
the high cost. A high and a low electricity consumption level were set. The low level signifies an 
electricity consumption of 695 kWh/household for rural settlements and 1,800 kWh/household for 
urban settlements. The high level means an electricity consumption of 1,800 kWh/household for rural 
settlements and 2,195 kWh/household for urban settlements. The low diesel price is set to 0.6148 
USD/litre and the high diesel price to 1.0849 USD/litre. Table 2.2.7 demonstrates the costs and values 
in the different scenarios.  

 

Table 2.2.7. Values in the chosen scenarios for urban and rural settlements. 

 Low cost of 
grid 
[USD/kWh] 

High cost of 
grid 
[USD/kWh] 

Low electricity 
consumption 
[kWh/household] 

High electricity 
consumption 
[kWh/household] 

Low diesel 
price 
[USD/litre] 

High diesel 
price 
[USD/litre] 

Urban 0.06 0.142 1,800 2,195 0.6148 1.0849 

Rural 0.06 0.142 695 1,800 0.6148 1.0849 

 

 

Scenario  

Low cost of 
grid 

Low 
consumption 

Low diesel 
price Scenario 1 

High diesel 
price Scenario 2 

High 
consumption 

Low diesel 
price Scenario 3 

High diesel 
price Scenario 4 

High cost of 
grid 

Low 
consumption 

Low diesel 
price Scenario 5 

High diesel 
price Scenario 6 

High 
consumption 

Low diesel 
price Scenario 7 

High diesel 
price Scenario 8 
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3. Results  

3.1 Scenario 1 

The total investment cost with a low cost of the grid, a low electricity consumption level and a low 
diesel price is 34.24 billion USD. The total added capacity is 494.42 MW. The added capacity in this 
analysis is calculated only for mini grid and stand-alone systems and not for the grid. The LCOE is 
demonstrated in Figure 3.1a: 

 

Figure 3.1a. LCOE in scenario 1.  

From the figure above it is observed that the levelized cost is higher in the southern part of the country 
and lower close to the grid.  
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The distribution of technology types is demonstrated in Figure 3.1b: 

 

Figure 3.1b. Technologies in scenario 1. 

 

The main technology is SA diesel and the grid will electrify people close to the transmission lines. 
MG hydro, MG wind and SA PV also occur.  

The percentages of the various technology types are presented in Table 3.1:  

Table 3.1. Percentage of technologies in scenario 1. 

Technology Percentage [%] 

Grid 16.94 

MG Diesel 0 

MG PV 0 

MG Wind 0.003 

MG Hydro 0.26 

SA Diesel 79.41 

SA PV 3.39 
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3.1.1 Urban settlements 

The investment costs, electrified population and capacity addition in urban settlements is presented in 
Table 3.1.1: 

Table 3.1.1. Investment costs, number of people with access to electricity and added capacity for different technology types 
in urban settlements in scenario 1. 

Technology type Investment cost  [million USD] Electrified 
population  

Capacity 
addition [MW] 

GRID 11,387.93 10,099,183 - 

MINI GRID 0 0 0 

Diesel 0 0 0 

PV 0 0 0 

Wind 0 0 0 

Hydro 0 0 0 

STAND ALONE 572.59 215,719 16.42 

Diesel 572.59 215,719 16.42 

PV 0 0 0 

TOTAL 11,960.52 10,314,902 16.42 

 

The distribution between the different systems is presented in Figure 3.1.1: 

 

 

Figure 3.1.1. Technology distribution in urban settlements in scenario 1.  
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24	

3.1.2 Rural settlements 

The investment costs, electrified population and capacity addition in rural settlements is presented in 
Table 3.1.2: 

Table 3.1.2. Investment costs, number of people with access to electricity and added capacity for different technology types 
in rural settlements in scenario 1. 

Technology type Investment cost  [million USD] Electrified 
population  

Capacity 
addition 
[MW] 

GRID 6,558.35 9,127,888 - 

MINI GRID 110.27 110,755  3.22 

Diesel 0 0 0 

PV 0 0 0 

Wind 1.04 1,225 0.11 

Hydro 109.23 109,529 3.11 

STAND ALONE 15,615.66 16,013,306 474.79 

Diesel 15,186.94 15,367,354 435.43 

PV 428.72 645,952  39.35 

TOTAL 22,284.29 25,251,949 478.00 

 

The distribution between the systems is displayed in Figure 3.1.2:  

 

 

Figure 3.1.2. Technology distribution in rural settlements in scenario 1.  
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3.2 Scenario 2 

The total investment cost with a low cost of the grid, a low electricity consumption level and a high 
diesel price is 29.10 billion USD. The total capacity added is 978.08 MW. The levelized cost of 
electricity is demonstrated in Figure 3.2a: 
 

 

Figure 3.2a. LCOE in scenario 2.  

From the figure above it is observed that the LCOE is relatively high in the southern part of the 
country and lower close to the grid. The costs are generally higher than with a low diesel price in the 
major part of the country.  
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The distribution of technology is demonstrated in Figure 3.2b: 

 

Figure 3.2b. Technologies in scenario 2. 

 

SA PV is the dominant technology and the grid generates electricity to people close to the 
transmission lines. Moreover, MG hydro, MG PV, MG wind and some SA diesel occur.  

The percentages of the various technology types are presented in Table 3.2:  

Table 3.2. Percentage of technologies in scenario 2. 

Technology Percentage [%] 

Grid 16.94 

MG Diesel 0 

MG PV 0.02 

MG Wind 0.02 

MG Hydro 2.49 

SA Diesel 3.17 

SA PV 77.35 
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3.2.1 Urban settlements 

The investment costs, electrified population and capacity addition in urban settlements is presented in 
Table 3.2.1: 

Table 3.2.1. Investment costs, number of people with access to electricity and added capacity for different technology types 
in urban settlements in scenario 2. 

Technology type Investment cost  [million USD] Electrified 
population  

Capacity 
addition [MW] 

GRID 11,387.93 10,099,183 - 

MINI GRID 19.69 215,719 38.81 

Diesel 0 0 0 

PV 19.69 215,719 38.81 

Wind 0 0 0 

Hydro 0 0 0 

STAND ALONE 0 0 0 

Diesel 0 0 0 

PV 0 0 0 

TOTAL 11,407.62 10,314,902 38.81 

 

The distribution between the different systems is presented in Figure 3.2.1: 

 

 

Figure 3.2.1. Technology distribution in urban settlements in scenario 2.  
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3.2.2 Rural settlements 

The investment costs, electrified population and capacity addition in rural settlements is presented in 
Table 3.2.2: 

Table 3.2.2. Investment costs, number of people with access to electricity and added capacity for different technology types 
in rural settlements in scenario 2. 

Technology type Investment cost  [million USD] Electrified 
population  

Capacity 
addition [MW] 

GRID 6,558.35 9,127,888  - 

MINI GRID 548.61 583,775 19.23 

Diesel 0 0 0 

PV 2.27 55,036 3.80 

Wind 5.94 6,986 0.65 

Hydro 540.40 521,753 14.78 

STAND ALONE 10,572.02 15,540,286 920.04 

Diesel 796.78 806,246 22.84 

PV 9,775.24 14,734,040 897.20 

TOTAL 17,678.99 25,251,949 939.27 

 

The distribution between the systems is displayed in Figure 3.2.2:  

 

 

Figure 3.2.2. Technology distribution in rural settlements in scenario 2.  
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3.3 Scenario 3 
The total investment cost with a low cost of the grid, a high electricity consumption level and a low 
diesel price is 73.48 billion USD. The total capacity added is 1,240.22 MW. The levelized cost of 
electricity is demonstrated in Figure 3.3a: 
 

 

Figure 3.3a. LCOE in scenario 3.  

From the figure above it is observed that the LCOE is relatively high in the outskirts of the country 
and lower close to the grid.  
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The distribution of technology is demonstrated in Figure 3.3b: 

 

Figure 3.3b. Technologies in scenario 3. 

 

The main technology is SA diesel and the grid generates electricity to people close to the transmission 
lines. Moreover, there is some MG hydro, MG PV and  MG wind.  

The percentages of the various technology types are presented in Table 3.3:  

Table 3.3. Percentage of technologies in scenario 3. 

Technology Percentage [%] 

Grid 18.21 

MG Diesel 0 

MG PV 6.52 

MG Wind 0.02 

MG Hydro 2.44 

SA Diesel 72.81 

SA PV 0 
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3.3.1 Urban settlements 

The investment costs, electrified population and capacity addition in urban settlements is presented in 
Table 3.3.1: 

Table 3.3.1. Investment costs, number of people with access to electricity and added capacity for different technology types 
in urban settlements in scenario 3. 

Technology type Investment cost  [million USD] Electrified 
population  

Capacity 
addition [MW] 

GRID 13,427.37 10,099,183 - 

MINI GRID 0 0 0 

Diesel 0 0 0 

PV 0 0 0 

Wind 0 0 0 

Hydro 0 0 0 

STAND ALONE 698.24 215,719 20.02 

Diesel 698.24 215,719 20.02 

PV 0 0 0 

TOTAL 14,125.61 10 314 902 20.02 

 

The distribution between the different systems is presented in Figure 3.3.1: 

 

 

Figure 3.3.1. Technology distribution in urban settlements in scenario 3.  
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3.3.2 Rural settlements 

The investment costs, electrified population and capacity addition in rural settlements is presented in 
Table 3.3.2: 

Table 3.3.2. Investment costs, number of people with access to electricity and added capacity for different technology types 
in rural settlements in scenario 3. 

Technology type Investment cost  [million USD] Electrified 
population  

Capacity 
addition [MW] 

GRID 25,107.58 10,463,326  - 

MINI GRID 943.51 1,777,113 265.34 

Diesel 0 0 0 

PV 131.31 1,303,023 229.39 

Wind 11.51 6,986 1.68 

Hydro 800.68 467,104 34.28 

STAND ALONE 33,303.25 13,011,510 954.86 

Diesel 33,303.25 13,011,510 954.86 

PV 0 0 0 

TOTAL 59,354.34 25,251,949 1,220.20 

 

The distribution between the systems is displayed in Figure 3.3.2:  

 

 

Figure 3.3.2. Technology distribution in rural settlements in scenario 3.  
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3.4 Scenario 4 

The total investment cost with a low cost of the grid, a high electricity consumption level and a high 
diesel price is 40.81 billion USD. The total capacity added is 2,596.47 MW. The levelized cost of 
electricity is demonstrated in Figure 3.4a: 
 

 

Figure 3.4a.  LCOE in scenario 4.  

From the figure above it is observed that the LCOE is generally higher than in previous scenarios. It is 
also lower close to the grid and in dispersed settlements.  
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The distribution of technology is demonstrated in Figure 3.4b: 

 

Figure 3.4b. Technologies in scenario 4. 

 

The dominant technology is MG PV. The grid electrifies people close to the transmission lines and 
some MG hydro, MG wind and SA diesel occur.  

The percentages of the various technology types are presented in Table 3.4:  

Table 3.4. Percentage of technologies in scenario 4. 

Technology Percentage [%] 

Grid 18.21 

MG Diesel 0 

MG PV 79.32 

MG Wind 0.02 

MG Hydro 2.44 

SA Diesel 0.004 

SA PV 0 
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3.4.1 Urban settlements 

The investment costs, electrified population and capacity addition in urban settlements is presented in 
Table 3.4.1: 

Table 3.4.1. Investment costs, number of people with access to electricity and added capacity for different technology types 
in urban settlements in scenario 4. 

Technology type Investment cost  [million USD] Electrified 
population  

Capacity 
addition [MW] 

GRID 13,427.37 10,099,183 - 

MINI GRID 23.79 215,719 47.33 

Diesel 0 0 0 

PV 23.79 215,719 47.33 

Wind 0 0 0 

Hydro 0 0 0 

STAND ALONE 0 0 0 

Diesel 0 0 0 

PV 0 0 0 

TOTAL 13,451.16 10,314,902 47.33 

 

The distribution between the different systems is presented in Figure 3.4.1: 

 

 

Figure 3.4.1. Technology distribution in urban settlements in scenario 4.  
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3.4.2 Rural settlements 

The investment costs, electrified population and capacity addition in rural settlements is presented in 
Table 3.4.2: 

Table 3.4.2. Investment costs, number of people with access to electricity and added capacity for different technology types 
in rural settlements in scenario 4. 

Technology type Investment cost  [million USD] Electrified 
population  

Capacity 
addition 
[MW] 

GRID 25,107.58  10,463,326 - 

MINI GRID 2,253.03  14,787,594 2,549.07 

Diesel 0 0 0 

PV 1,438.34 14,312,294 2,512.81 

Wind 14.01 8,196  1.97 

Hydro 800.68 467,104 34.28 

STAND ALONE 2.63 1,029 0.08 

Diesel 2.63 1,029 0.08 

PV 0 0 0 

TOTAL 27,363.25 25,251,949 2,549.14 

 

The distribution between the systems is displayed in Figure 3.4.2:  

 

 

Figure 3.4.2. Technology distribution in rural settlements in scenario 4.  
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3.5 Scenario 5 

The total investment cost with a high cost of the grid, low electricity consumption level and a low 
diesel price is 40.99 billion USD. The total added capacity is 527.15 MW. The levelized cost of 
electricity is demonstrated in Figure 3.5a:  

 

Figure 3.5a. LCOE in scenario 5.  

In the figure it is observed that the LCOE is lower close to the transmission lines and the road-
network. It is higher close to the borders.  
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The distribution of technology types is demonstrated in Figure 3.5b: 

 

Figure 3.5b. Technologies in scenario 5.  

The main technology is SA diesel. Some MG hydro, MG wind and SA PV also occur and the grid is 
the optimal technology close to the transmission lines.  
 

The percentages of the various technology types are presented in Table 3.5:  

Table 3.5. Percentage of technologies in scenario 5. 

Technology Percentage [%] 

Grid 15.71 

MG Diesel 0 

MG PV 0.001 

MG Wind 0.004 

MG Hydro 0.28 

SA Diesel 81.29 

SA PV 2.71 
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3.5.1 Urban settlements 

The investment costs, electrified population and capacity addition in urban settlements is presented in 
Table 3.5.1: 

Table 3.5.1. Investment costs, number of people with access to electricity and added capacity for different technology types 
in urban settlements in scenario 5. 

Technology type Investment cost  [million USD] Electrified 
population  

Capacity 
addition [MW] 

GRID 16,317.85 10,099,183 - 

MINI GRID 0 0 0 

Diesel 0 0 0 

PV 0 0 0 

Wind 0 0 0 

Hydro 0 0 0 

STAND ALONE 572.59 215,719 16.42 

Diesel 572.59 215,719 16.42 

PV 0 0 0 

TOTAL 16,890.44 10,314,902 16.42 

 

The distribution between the different systems is presented in Figure 3.5.1: 

 

 

Figure 3.5.1. Technology distribution in urban settlements in scenario 5.  
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3.5.2 Rural settlements 

The investment costs, electrified population and capacity addition in urban settlements is presented in 
Table 3.5.2: 

Table 3.5.2. Investment costs, number of people with access to electricity and added capacity for different technology types 
in rural settlements in scenario 5. 

Technology type Investment cost  [million USD] Electrified 
population  

Capacity 
addition [MW] 

GRID 7,073.72 7,836,497 - 

MINI GRID 147.79 162,104 4.94 

Diesel 0 0 0 

PV 0.22 5,457 0.35 

Wind 1.94 2,306 0.22 

Hydro 145.63 154,341 4.37 

STAND ALONE 16,882.79 17,253,348 505.79 

Diesel 16,538.70 16,735,170 474.19 

PV 344.09 518,178 31.60 

TOTAL 24.104.31 25,251,949 510.73 

 

The distribution between the systems is displayed in Figure 3.5.2:  

 

 

Figure 3.5.2. Technology distribution in rural settlements in scenario 5.  
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3.6 Scenario 6 

The total investment cost with a high cost of the grid, a low electricity consumption level and a high 
diesel price is 35.38 billion USD. The total added capacity is 1,042.39 MW. Figure 3.6a exhibits the 
levelized cost of electricity distributed in the country:  

 

Figure 3.6a. LCOE in scenario 6.  

The LCOE is higher compared to previous scenarios. It is lower close to the grid and in some scattered 
settlements.  
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The distribution of technology types is demonstrated in Figure 3.6b: 

 

Figure 3.6b. Technologies in scenario 6.  

The main technology is SA PV. The grid is the optimal technology in areas close to the transmission 
lines and some MG hydro, MG PV and MG wind occur.  

The percentages of the various technology types are presented in Table 3.6:  

Table 3.6. Percentage of technologies in scenario 6.   

Technology Percentage [%] 

Grid 15.71 

MG Diesel 0 

MG PV 0.09 

MG Wind 0.02 

MG Hydro 2.58 

SA Diesel 4.62 

SA PV 76.99 
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3.6.1 Urban settlements 

The investment costs, electrified population and capacity addition in urban settlements is presented in 
Table 3.6.1: 

Table 3.6.1. Investment costs, number of people with access to electricity and added capacity for different technology types 
in urban settlements in scenario 6.  

Technology type Investment cost  [million USD] Electrified 
population  

Capacity 
addition [MW] 

GRID 16,317.85 10,099,183 - 

MINI GRID 19.69 215,719 38.81 

Diesel 0 0 0 

PV 19.69 215,719 38.81 

Wind 0 0 0 

Hydro 0 0 0 

STAND ALONE 0 0 0 

Diesel 0 0 0 

PV 0 0 0 

TOTAL 16,337.54 10,314,902 38.81 

 

The distribution between the different systems is presented in Figure 3.6.1:  

 

 

Figure 3.6.1. Technology distribution in urban settlements in scenario 6.  

  

98%	

2%	
0%	

Technology	Split	

GRID	 MINI	GRID	 STAND	ALONE	



44	

3.6.2 Rural settlements 

The investment costs, electrified population and capacity addition in rural settlements is presented in 
Table 3.6.2: 

Table 3.6.2. Investment costs, number of people with access to electricity and added capacity for different technology types 
in rural settlements in scenario 6. 

Technology type Investment cost  [million USD] Electrified 
population  

Capacity 
addition 
[MW] 

GRID 7,073.72 7,836,497 - 

MINI GRID 652.24 941,652 38.82 

Diesel 0 0 0 

PV 12.59 308,112 20.27 

Wind 7.77 9,200 0.85 

Hydro 631.88 624,341 17.69 

STAND ALONE 11,313.57 16,473,800 964.76 

Diesel 1,166.92 1,180,784 33.46 

PV 10,146.65 15,293,016 931.30 

TOTAL 19,039.54 25,251,949 1,003.58 

 

The distribution between the systems is displayed in Figure 3.6.2:  

 

 

Figure 3.6.2. Technology distribution in rural settlements in scenario 6.  
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3.7 Scenario 7 

The total investment cost with a high cost of the grid, a high electricity consumption level and a low 
diesel price is 83.67 billion USD. The total added capacity is 1,322.83 MW. The levelized cost of 
electricity is demonstrated in Figure 3.7a: 

 

Figure 3.7a. LCOE in scenario 7.  

The LCOE is lower close to the grid and the roads and higher in the outskirts of the country where 
MG PV is the optimal technology (see Figure 3.7b).   
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The distribution of technology types is demonstrated in Figure 3.7b: 

 

Figure 3.7b. Technologies in scenario 7.  

The population close to the grid will get electricity from the transmission lines. The most common 
technology is SA diesel, but some MG hydro, MG PV and MG wind also occur.  

The percentages of the various technology types are presented in Table 3.7:  

Table 3.7. Percentage of technologies in scenario 7. 

Technology Percentage [%] 

Grid 17.25 

MG Diesel 0 

MG PV 6.60 

MG Wind 0.02 

MG Hydro 2.49 

SA Diesel 73.64 

SA PV 0 
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3.7.1 Urban settlements 

The investment costs, electrified population and capacity addition in urban settlements is presented in 
Table 3.7.1: 

Table 3.7.1. Investment costs, number of people with access to electricity and added capacity for different technology types 
in urban settlements in scenario 7. 

Technology type Investment cost  [million USD] Electrified 
population  

Capacity 
addition [MW] 

GRID 19,439.14 10,099,183 - 

MINI GRID 0 0 0 

Diesel 0 0 0 

PV 0 0 0 

Wind 0 0 0 

Hydro 0 0 0 

STAND ALONE 698.24 215,719 20.02 

Diesel 698.24 215,719 20.02 

PV 0 0 0 

TOTAL 20,137.38 10,314,902 20.02 

 

The distribution between the different systems is presented in Figure 3.7.1:  

 

 

Figure 3.7.1. Technology distribution in urban settlements in scenario 7.  
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3.7.2 Rural settlements 

The investment costs, electrified population and capacity addition in rural settlements is presented in 
Table 3.7.2: 

Table 3.7.2. Investment costs, number of people with access to electricity and added capacity for different technology types 
in rural settlements in scenario 7.  

Technology type Investment cost  [million USD] Electrified 
population  

Capacity 
addition [MW] 

GRID 26,894.12 9,439,904 - 

MINI GRID 1,029.51 1,899,923 281.86 

Diesel 0 0 0 

PV 138.52 1,375,981 242.25 

Wind 11.51 6,986 1.68 

Hydro 879.48 516,956 37.94 

STAND ALONE 35,608.38 13,912,121 1,020.95 

Diesel 35,608.38 13,912,121 1,020.95 

PV 0 0 0 

TOTAL 63,532.01 25,251,949 1,302.81 

 

The distribution between the systems is displayed in Figure 3.7.2:  

 

 

Figure 3.7.2. Technology distribution in rural settlements in scenario 7.  
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3.8 Scenario 8 

The total investment cost with a high cost of the grid, a high electricity consumption level and a high 
diesel price is 48.78 billion USD. The total added capacity is 2,769.27 MW. The levelized cost of 
electricity is demonstrated in Figure 3.8a: 

 

Figure 3.8a. LCOE in scenario 8.  

The LCOE is relatively high in the major part of the country. It is lower in areas close to the 
transmission lines.  
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The distribution of technology types is demonstrated in Figure 3.8b: 

 

Figure 3.8b. Technologies in scenario 8.  

The most common technology is MG PV. MG hydro has a higher occurrence than in previous 
scenarios. Areas close to the transmission lines will be electrified by the grid and some MG wind also 
occur.  

The percentages of the various technology types are presented in Table 3.8:  

Table 3.8. Percentage of technologies in scenario 8.   

Technology Percentage [%] 

Grid 17.25 

MG Diesel 0 

MG PV 80.24 

MG Wind 0.02 

MG Hydro 2.49 

SA Diesel 0.004 

SA PV 0 
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3.8.1 Urban settlements 

The investment costs, electrified population and capacity addition in urban settlements is presented in 
Table 3.8.1: 

Table 3.8.1. Investment costs, number of people with access to electricity and added capacity for different technology types 
in urban settlements in scenario 8. 

Technology type Investment cost  [million USD] Electrified 
population  

Capacity 
addition [MW] 

GRID 19,439.14 10,099,183 - 

MINI GRID 23.79 215,719 47.33 

Diesel 0 0 0 

PV 23.79 215,719 47.33 

Wind 0 0 0 

Hydro 0 0 0 

STAND ALONE 0 0 0 

Diesel 0 0 0 

PV 0 0 0 

TOTAL 19,462.93 10,314,902 47.33 

 

The distribution between the different systems is presented in Figure 3.8.1:  

 

 

Figure 3.8.1. Technology distribution in urban settlements in scenario 8.  
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3.8.2 Rural settlements 

The investment costs, electrified population and capacity addition in urban settlements is presented in 
Table 3.8.2: 

Table 3.8.2. Investment costs, number of people with access to electricity and added capacity for different technology types 
in rural settlements in scenario 8. 

Technology type Investment cost  [million USD] Electrified 
population  

Capacity 
addition [MW] 

GRID 26,894.12 9,439,904 - 

MINI GRID 2,426.40 15,811,015 2,721.87 

Diesel 0 0 0 

PV 1,532.91 15,285,863 2,681.95 

Wind 14.01 8,196 1.97 

Hydro 879.48 516,956 37.94 

STAND ALONE 2.63 1,029 0.08 

Diesel 2.63 1,029 0.08 

PV 0 0 0 

TOTAL 29,323.15 25,251,949 2,721.94 

 

The distribution between the systems is displayed in Figure 3.8.2:  

 

 

Figure 3.8.2. Technology distribution in rural settlements in scenario 8.  
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3.9 Summary results 

In total, 31 479 768 more people will have access to electricity. In the urban settlements, 6 227 819 
more people will have access to electricity and in the rural settlements, 25 251 949 more people will 
be electrified. A summary of the total investment costs, total added capacity and distribution of 
technologies for the different scenarios is displayed in Table 3.9: 

 

Table 3.9. Summary of results in scenarios 1-8. 

Scenario Grid 
[%] 

MG 
Diesel 
[%] 

MG 
PV 
[%] 

MG 
Wind 
[%] 

MG 
Hydro 
[%] 

SA 
Diesel 
[%] 

SA PV 
[%] 

Total 
investment cost 
[billion USD] 

Total 
capacity 
added 
[MW] 

1 16.94 0 0 0.003 0.26 79.41 3.39 34.24 494.42 

2 16.94 0 0.02 0.03 2.49 3.17 77.35 29.10 978.08 

3 18.21 0 6.52 0.02 2.44 72.81 0 73.48 1,240.22 

4 18.21 0 79.32 0.02 2.44 0.004 0 40.81 2,596.47 

5 15.71 0 0.001 0.004 0.28 81.29 2.71 40.99 527.15 

6 15.71 0 0.09 0.02 2.58 4.62 76.99 35.38 1,042.39 

7 17.25 0 6.60 0.02 2.49 73.64 0 83.67 1,322.83 

8 17.25 0 80.24 0.02 2.49 0.004 0 48.78 2,769.27 

 

The total added capacity here refers to added capacity for mini grid and stand-alone systems in both 
urban and rural settlements. The total investment cost is the investment cost for all the technologies in 
urban and rural settlements.   
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4. Discussion  

This study is the first to apply the Open Source Spatial Electrification Toolkit on Zimbabwe to 
determine the future electrification mix and investment necessity by 2040. The different outcomes 
generated in the analysis can be used as suggestions for electricity planning in the country.  

The electrification model is based on various assumptions. Important elements that need to be 
estimated are the population growth, prices for the different types of technologies, diesel price and 
electricity cost of the grid.  

The data used as input in the electrification analysis was accessed through online databases and was 
not always updated with current values. The population data was therefore corrected according to the 
present population. Other important data such as distance to roads and transmission lines was not 
completely updated, which may have an impact on the result. Data such as wind capacity and global 
horizontal irradiation might also change in the future due to climate change.  

To increase the certainty in the population projection, values for the estimated population in 2040 was 
based on two different sources and also divided between urban and rural population. The prices for the 
different types of technologies used in the model were general for the whole Africa and not specific 
for Zimbabwe, (see Appendix). A more accurate analysis could therefore be made with specific prices 
for the different types of technology for Zimbabwe and projections of the prices in 2040. It is difficult 
to estimate the total uncertainties in the projections since the future cannot be predicted and prices are 
highly likely to change until 2040. Climate change could also have an impact on the total costs for 
renewable energy technologies and diesel. 

The electrification model was created in order to satisfy the electricity needs for households only. The 
residential sector accounts for around 73.5 % of the electricity demand in the country today (SE4All, 
2010). Electricity to industries or public facilities is not included in the analysis, but these are also 
important parameters in the economy that need to be considered in the total electricity planning in 
Zimbabwe.  

In this thesis, the rural population is assumed to consume less electricity than the urban population, 
since the overall residential electricity consumption today is higher in urban areas (Bacon R. et al, 
2010) (SE4All, 2010). 

The electricity cost of the grid is a critical value in the analysis and therefore a low- and a high 
scenario were generated. The value in the low scenario, 0.06 USD/kWh, is the most realistic and 
updated import cost of the grid for the current energy situation in Zimbabwe. In the high scenario, a 
value of 0.142 USD/kWh was used based on future projections adopted by IRENA (2013). The value 
is relatively high, but realistic in dry-seasons, since half of the electricity produced in the country 
comes from hydropower. Thus, due to lack of rain in dry-seasons, water levels descend in dams and 
hydro power plants have difficulties to operate. In the target year 2040, dry-seasons may be more 
common due to climate change and the electricity import cost of the grid may therefore be higher.  

The results give various images of the future electricity distribution with the different scenarios. The 
LCOE grows as the consumption level and diesel price increases. It is also higher with a higher cost of 
the grid.  
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From the results we can observe that the total investment cost is 29.10 billion USD in the most 
economic case and 83.67 billion USD in the most expensive scenario. The total investment cost 
increases with a higher electricity consumption level and a higher cost of the grid. It also increases 
with a lower diesel price, which may seem contradictive. A low diesel price leads to more stand-alone 
diesel systems and a high diesel price to more stand-alone photovoltaic power for a low demand and 
more mini grid photovoltaic power for a high demand. Due to the assumptions on technology prices, 
this will consequently lead to higher total investment costs.  

In general, the investment costs are relatively high in comparison with earlier studies (UN-dESA, 
2015) due to price-assumptions (see Appendix) and the diesel price.  

With increased electricity consumption, the grid will play a more important role. There will be more 
stand-alone technologies with a higher cost of the grid in the low demand scenarios and more mini 
grid and stand-alone in the high demand scenarios. No mini grid diesel power was selected in any of 
the scenarios, which may be caused by the relatively high price of diesel. Other technologies may 
therefore be more suitable.    

The total added capacity increases with a higher diesel price, higher electricity consumption and 
higher cost of the grid and varies between 494.42 to 2,769.27 MW in the various scenarios. The added 
capacity in this analysis only refers to stand-alone and mini grids, thus not to the grid. Results on new 
added capacity to the grid can be found in TEMBA.  

According to the results, there is no MG diesel. This is quite abnormal since SA diesel appears in the 
scenarios. It is also unexpected that there is less MG hydro in scenario 3 and 4 in comparison with 
scenario 2. The same applies for scenario 7 and 8 in comparison with scenario 6.  

There is also a contradiction in the scenarios with a high demand. The capacity increases from 
scenario 3 to 4 and 7 to 8 respectively, but the investment costs decrease, which is unrealistic.  

By demonstrating specific costs and technology distribution, energy planners in Zimbabwe can get 
recommendations for possible outcomes in the future. In order for Zimbabwe to ensure economic- and 
social development, access to electricity for all is of great importance. It can improve education and 
health care, create employment and diminish gender inequalities. Zimbabwe is a country with a large 
potential for solar power. By basing the future electricity technology on mainly renewables, the 
country could take the lead in energy planning in the world and play an important role in human and 
economic development. 

 

 

  



56	

4.1 Conclusion 

In conclusion, this analysis confirms that the Open Source Spatial Electrification Toolkit can be used 
to investigate probable outcomes in order to achieve the energy target in Zimbabwe by 2040. The 
model presents the total investment cost, the levelized cost of electricity and the technology 
distribution for various scenarios. Visualization of the results for the technologies and LCOE in the 
country gives a clear view of the possible outcomes in the future and can be used as recommendations 
for stakeholders engaged in energy planning.  

The results show that the grid will be more important with an increased electricity demand. When the 
cost of the grid increases, the optimal technology solution will be more stand-alone technologies in the 
low demand scenarios and more mini grid and stand-alone in the high demand scenarios. The total 
investment costs are between 29.10 and 83.67 billion USD and the total added capacity from 494.42 to 
2,769.27 MW for the chosen scenarios. Zimbabwe has a large potential for solar power and could 
become one of the leading countries in sustainable energy planning.  

The data from this analysis and more maps are available at Kungliga Tekniska Högskolan upon 
request. The electrification analysis ONSSET can be applied in any country in the world with the same 
methodology. The tutorial and steps are also available by the Division of Energy System Analysis at 
KTH.  
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Appendix – Assumptions used in the ONSSET online tool 
 
Table 1. Electricity generation technology parameters used in the model. Sources: 1–4 

Plant type Plant 
capacity 

(kW) 

Investment 
cost ($/kW) 

O&M costs 
(% of 

investment 
cost/year) 

Efficiency Capacity factor Life 
(years) 

Diesel 
Genset Mini 

Grid 

100 721 10% 33% 0.7 15 

Small Hydro 
Mini Grid 

1000 5000 2% - 0.5 30 

Solar PV 
Mini Grid 

100 4300 2% - Obtained for 
each grid point 
depending on 

solar availability 

20 

Wind 
Turbines 

Mini Grid 

100 2500 2% - 0.2 - 0.4 20 

Diesel 
Genset 

Stand Alone 

1 938 10% 28% 0.5 10 

Solar PV 
Stand Alone 

0.3 5500 2% - Obtained for 
each grid point 
depending on 

solar availability 

15 

 
Table 2. Transmission and distribution costs in the model. Sources: 1,5 

Parameter Value Unit 
Life 30 Years 

HV line cost (108 kV) 53000 USD/km 
HV line cost (69 kV) 28000 USD/km 
MV line cost (33 kV) 9000 USD/km 
LV line cost (0.2 kV) 5000 USD/km 

Transformers 5000 USD/50 kVA 
Additional connection cost per 

household connected to gird 
125 USD/HH 

Additional connection cost per 
household connected with mini 

grid 

100 USD/HH 

T&D losses 10% of capital 
cost/year 

O&M costs of distribution 2% of capital 
cost/year 

 
Table 3. Other model parameters and assumptions. Sources: 6 

Parameter Value Unit 
Electricity cost (fuel cost) 0.06 USD/kWh 

Discount rate 8% - 
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Table 4. Current and future diesel prices. Sources (WEO 2015, IEA).  

Parameter Value Unit 
Diesel current price 1.09 USD/liter 

Diesel future low price 0.61 USD/liter 
Diesel future high price 1.08 USD/liter 
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