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1. Introduction 
 

This work was commissioned to ENEA from the Ministry of the Environment, Protection of the Territory and 

Sea (MATTM) within the framework of  ENEA-MATTM Convention and  of the Memorandum of 

Understanding Italy-Botswana of 11 December 2015. The study is a first exploration of the potential  of 

renewable sources market in Botswana using available databases and taking into account the technical 

features and costs of commercially available technologies. 

In particular, solar photovoltaic is the renewable energy with the greater potential in the country and 

attention has been focused on this technology.  

Wind energy is far from the being exploited, given the average speeds of 2 - 3 m/s in the whole country. 

This value is lower than 7 m/s, value which represent the limit for economic convenience of the installation 

of wind turbines. Moreover, the orographic shape of the country, without mountains and marine 

shorelines, precludes the existence of a micro-zoning more favorable to wind, not detectable from 

currently available databases. 

Regarding biomass energy, the lack of detailed databases available and the number and complexity of the 

data needed to carry out a detailed assessment, prevents at the moment an appropriate study. In 

qualitative terms it can be stated that the country's characteristics, with large wild pasture livestock farms, 

agriculture suffering from water scarcity problems, large forested areas included in natural parks of 

immense naturalistic value, pose some major difficulties to exploit in economical way the biomass potential 

while respecting the country's food production priorities and natural resources. 

The assessment will make a comparison of the solar photovoltaic energy economy with the fossil sources 

currently used in the country, providing an estimate of the potential of penetration of renewable energy 

that can be reached with current technologies.  The barriers that currently hinder the opening of the 

photovoltaic market in Botswana are identified and some suggestions for their overcoming are provided. 
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2. Reference data 
2.1.  Population  and productive activities  

The population of the Republic of Botswana is 2.02 million inhabitants (2011), distributed over a territory of 

581,726 km2 with a density of 3.7 inhabitants/km2. The actual population is concentrated in the eastern 

part of the country, where rainfall, though scarce, allows farming and supplying of water to cities. The 

northern part has a water supply coming from the North through the Okavango River, which forms an 

internal delta of vast proportions. The predominantly deserted central and western areas are largely 

depopulated. 

Fig. 1 - Population distribution in Botswana 

 

Mining activities, predominantly diamonds, but also copper, gold, nickel, platinum and coal are 

concentrated in this eastern region, contributing to the concentration of the population. 

Fig. 2 - Mining resources in Botswana 

 

https://www.google.it/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjZxNCB3cbTAhUJvxQKHQzfCpgQjRwIBw&url=http://www.sciencedirect.com/science/article/pii/S1872497315000381&psig=AFQjCNEYKVmFK1NS9KnGjZYpwkdHtBs55g&ust=1493454252210089
https://www.google.it/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjJqMLY4MbTAhXK0RoKHTdoAm0QjRwIBw&url=https://mg.co.za/article/2013-11-08-00-botswana-in-thrall-of-riches&psig=AFQjCNGeDPeXP262BiCUODJVDKarCZypKA&ust=1493455300807643
https://www.google.it/url?sa=i&rct=j&q=&esrc=s&source=imgres&cd=&cad=rja&uact=8&ved=0ahUKEwjEk4CcsfHTAhWD1RoKHZSbB4wQjRwIBw&url=https://www.slideshare.net/miningontop/botswana-0940-tyapohudsonmining-on-top-2014-presentation-16jun14&psig=AFQjCNFD-rTJEvo-cXbeaRrH_jabaoIm_Q&ust=1494919963652978
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The average nominal per capita income is $ 7,020 (2012), placing the country at 79th place (mid-low 

income country). 

Only 30% of the population is connected to the aqueduct in their home and 53% have access to electricity. 

2.2. Electric system 

The electricity production, transmission and distribution system is managed by Botswana Power 

Corporation (BPC), a government-owned, monopoly system. The main data on the electrical system1 are 

shown in the following table 

 

Tab. 1 Electrical system data 2009-2015 

  2015 2014 2013 2012 2011 2010 2009 

system maximum demand (MW) 610 572 578 542 553 553 503 

total energy (generated +imported) (GWh) 4030 3704 3650 3551 3551 3414 3369 

energy  imported (GWh) 1575 1783 2981 3371 3180 2984 2748 

energy generated (GWh) 2.859 2.213 760 249 437 532 620 

energy supplied (GWh) 3.495 3.449 3.310 3.197 3.118 3.151 2.917 

ratio total energy /max power (hours/year) 5.730 6.030 5.727 5.899 5.638 5.698 5.799 
Source: elaboration ENEA on BPC Annual Report 2015 

 

The maximum power demand in 2015 was 610 MW, with an annual average increase of 3.5% since 2009. 

The total energy in 2015 was 4.030 GWh, of which approximately 70% was produced by the 600 MW coal –

fired power plant of Morupule-B. The plant has come into operation in 2014, bringing an increase in 

national production and the corresponding decrease in imports. For technical problems, the power plant is 

unable to get into full production. Previously the Morpule-A coal-fired power plant of 132 MW was 

operating; currently is in a refurbishment phase, that will end in May 2017. 

The import of energy, visibly diminished after 2014, is mainly from South Africa, with contributions from 

Zambia, Zimbabwe and Namibia. 

The capacity factor is high,  5.730 hours/year, revealing a power demand stable during  the day and during 

the year. The BPC implements a power demand limitation plan of users during peak hours, 6-10 am and 6 

pm to 10 pm. 

The breakdown of final energy uses is reported for 2015  in the following table. 

 

Tab. 2 Final energy uses year 2015 

Mining (GWh) 1.194 34% 

Commercial (GWh) 1.059 30% 

Domestic (GWh) 941 27% 

Government (GWh) 301 9% 

Total sales (GWh) 3.495 100% 

Transmission and 
distribution losses (GWh) 

535 

System losses (%) 15% 
Source: elaboration ENEA on BPC Annual Report 2015 

                                                           
1
 Source: BCL Annual Report 2015 
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It can be underlined  that mining represents about a third of the total, while the rest is made up of  civil 

sector, including commercial, domestic and government sectors. 

The losses of 15% of the total are high, indicating an over-utilization of the transmission and distribution 

system. 

The following figure shows the country's power transmission system. It can be noticed that at the moment 

wide areas of the country are not connected by transmission lines. The South area is also affected by 

network capacity constraints in the face of growing  energy demand. 

 

Fig. 3 Electric transmission system 

 

 
 

 

The BRC has begun to expand the Morupule-B power plant with a 300 MW additional coal-fired section, 

that will be operational in June 2018. 

Overall, after year 2018, 1032 MW coal-fired power stations will be available,  reaching a 15% capacity 

reserve. With these interventions, BRC has the goal of independence from electricity imports, whose low 

availability and reliability is critical to the development of the country. 

The West Transmission Grid Connection (NWTGC) is also under construction. 

 

Electricity is sold at a price subsidized by government  of 64 € / MWh , while the average cost of production 

is 113 €/MWh. The government corresponds to BRC a Tariff Subsidy Grant; in 2015 it was  174 M€ . 

 

Access to electricity is guaranteed to 53% of the population. In order to meet the lighting requirements, 

households not connected to the network mainly use paraffin lamps and candles, with a minimum 

contribution of wood. Other sources such as solar and diesel are used in a modest percentage (see 

following table). 

 

 

https://www.google.it/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjkpcb11sbTAhXBbxQKHfN6DKQQjRwIBw&url=https://www.slideshare.net/informaoz/nchena-mothebe-botswana-power-corporation-copy&psig=AFQjCNGI9ADCw6rdftBQFqQ4kXnTS_WG8w&ust=1493452620185073
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Fig. 4 Lighting energy sources 

 

 
 

The departments most electrified are South-East and Chobe, with electrification rates around 75%, other 

departments are characterized by electrification rates of around 40%. It should be noted therefore that the 

presence of a transmission network does not necessarily imply the installation of a capillary distribution 

network at the villages, dispersed in the territory of departments. 

Fig. 5 Lighting energy sources in department 
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2.3. National GHG reduction pledges 
 
In the framework  of climate change pledges undertaken during COP21 in Paris in 2015, the Botswana 

republic communicated2  a  GHG emissions reduction of 15% by 2030, taking 2010 as the base year. Base 

year emission estimation is  8.307 Mt CO2eq,  then the reduction in emissions will be 1.246 Mt CO2eq. 

The GHG emission balance  for the year 2000 in the Second National Communication of Botswana3 (the 

latest available at the time), shown in the following table, estimates total emissions of 7.434Mt CO2eq, with 

a 74% contribution from the energy sector.  

Tab. 4 - GHG emission balance- year 2000 

 

Source: Second National Communication of Botswana 

 

In year 2000, electricity production came only from Morupule-A coal-fired power plant, with a production 

of 1,034 GWh and an emission estimated at 0.980 Mt CO2, the rest of the electricity demand was met by a 

large import from abroad4. 

In 2010, electricity production5 was 532 GWh, with an emission estimated at 0.505 Mt CO2. 

  

Official documents on GHG emission scenario 2030 are not available at the current time.  An estimation of 

this 2030 scenario,  limited to electric power sector, can be implemented, assuming a yearly increase in 

energy demand of 3.5% per annum, and a full production of current coal-fired power plants and those in 

which the service is expected in the coming years. With this assumptions a production of coal-fired power 

plant of 6.146 GWh will be expected, with an increase in emissions compared to 2010 of 5.333 Mt, 64% 

more than the 2010 total emissions. 

The primary need of a national electricity production from local fossil sources poses major difficulties to 

respect the international emission reduction pledges and fight climate change. 

 

 

                                                           
2
 http://www4.unfccc.int/ndcregistry/PublishedDocuments/Botswana%20First/BOTSWANA.pdf 

3
 http://unfccc.int/resource/docs/natc/bwanc2.pdf 

4
 Source: BCL Annual Report 2007 

5  Source: BCL Annual Report 2015  

http://www4.unfccc.int/ndcregistry/PublishedDocuments/Botswana%20First/BOTSWANA.pdf
http://unfccc.int/resource/docs/natc/bwanc2.pdf
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3. Solar photovoltaic potential 
 

Two available databases were used to analyze the potential of solar photovoltaic (PV): the Nasa Surface 

Meteorology and Solar Energy Data Subset6, and the PVGIS Photovoltaic Geographic Information System of 

the Joint Research Center7 (see below: PVGIS horizontal solar radiation map for Africa).  

 

Fig. 6 – Africa average daily solar radiato on horizontal surface 

 
 

 

From the comparison of the data, for example, a difference of 2% was observed at annual average solar 

radiation for the Gaborone site. It should be pointed out that to obtain the accuracy of the European 

databases, it is necessary to carry out a comparison with experimental data taken from a network of 

ground measurements. At the moment  this possibility is not available for Botswana. 

For the purpose of this study, the accuracy of weather data is fully compatible with the variability of other 

technical-economic data considered in the following paragraph.  

At the contrary for detailed technical-economic feasibility studies, needed to receive loans, a database 

comparison with experimental data will be important. 

For this study, it was decided to consider Nasa's database, which was more complete as general weather 

data. Data is available at monthly average. Total and diffused solar radiation and maximum air temperature 

of two meters from the ground were considered.  

                                                           
6
 https://eosweb.larc.nasa.gov/project/sse/sse_table 

7
 http://re.jrc.ec.europa.eu/pvgis/apps4/pvest.php?map=africa 

https://eosweb.larc.nasa.gov/project/sse/sse_table
http://re.jrc.ec.europa.eu/pvgis/apps4/pvest.php?map=africa
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 The input data extracted from the NASA database for the Gaborone site and the detailed elaboration of 

photovoltaic productivity from these data are reported below. 

Tab. 5 - Site statistical weather data – Gaborone lat 24°29’ Sud  / 24° 54’ Est 

 
Jan Febr Mar Apr May Jun  July Aug Sept Oct Nov Dec annual total 

H bh (direct horizontal radiation) 
(kWh/m2 day) 4,66 4,23 4,02 3,74 3,73 3,45 3,77 4,16 4,57 4,55 4,67 4,65 4,2 

Hdh (diffuse horizontal radiation) 
(kWh/m2 day) 2,35 2,18 1,79 1,33 0,84 0,72 0,69 0,93 1,35 1,92 2,27 2,42 1,6 

Htot (total horizontal 
radiation)(kWh/m2 day) 7,01 6,41 5,81 5,07 4,57 4,17 4,46 5,09 5,92 6,47 6,94 7,07 5,7 

albedo of surface around the plant 0,2 0,2 0,2 0,2 0,2 0,2 0,2 0,2 0,2 0,2 0,2 0,2   

max temperature  - monthly 
average (°C) 28,9 29,8 29 26,9 23,55 19,3 20,1 23,8 28,1 29,5 29,6 28,7 26,4 

 

The total average daily horizontal radiation is 5.7 kWh / m2, equivalent to 2,100 kWh / m2 per year. 

From this data a simulation model for a photovoltaic system developed by ENEA was used; this model takes 

into account also the variations in efficiency of the modules at temperature variation. The optimal angle of 

inclination of the photovoltaic module and the monthly and yearly electrical productivity of a  PV plant for 

each site were found. The reference PV system chosen uses polycrystalline PV modules and has an average 

system efficiency (excluding the temperature effect on modules) of 86%. 

 

Tab. 6 – Photovoltaic electric production calculation - monthly average 

Module peak nominal power 
(kW) 

1 
            

Modules slope (°) 27 
            

Modules surface(m2) 6 
            

              
month Jan. Febr. March April May June  July Aug. Sept. Oct. Nov. Dec. Annual 

Total radiation on 
sloping surface 
(kWh/m2/day) 

6,22 6,06 6,03 5,99 6,22 6,07 6,35 6,46 6,51 6,29 6,25 6,18 6,22 

Module average 
temperature (°C) 

51,9 52,8 52 49,9 46,55 42,3 43,1 46,8 51,1 52,5 52,6 51,7 49,4 

Efficiency corrected 
with temperature 

13,5% 13,5% 13,5% 13,7% 13,9% 14,2% 14,1% 13,9% 13,6% 13,5% 13,5% 13,5% 13,7% 

Specific net specific 
energy supplied  
(kWh/day/m2) 

0,72 0,70 0,70 0,70 0,74 0,74 0,77 0,77 0,76 0,73 0,72 0,72 0,73 

Supplied energy from 
PV (kWh/day) 

4,67 4,53 4,52 4,54 4,80 4,78 4,98 4,97 4,91 4,71 4,67 4,64 1.702 

 

It can be noted that the average output power is not influenced by significant seasonal variations. 

For the Gaborone site, the annual net electricity output of a nominal PV unit of 1 PV (plant capacity factor) 

is 1,702 KWh/year. 

 

Different sites have been chosen to evaluate the production of a photovoltaic plant, selected on the basis 

of proximity to and power grids and to the largest cities.  

For each site, the optimum inclination angle of the PV modules and the net electrical output of the PV plant 

were calculated. The results of the evaluation are shown in the following table. 
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Tab. 7 – Photovoltaic electric production calculation in different sites- monthly average 

 

 

 

 

 

 

It is evident that even considerable distances between sites do not significantly influence photovoltaic 

energy production: the uniformity of meteorological characteristics of the eastern part of the country is 

reflected in North-South uniformity of solar production as well. For the following economic evaluations it 

will be conservatively referenced a production of 1.700 kWh / year. 

The West desert areas are not taken into account in this context, due to the considerable distance away 

from power lines and cities that makes the installation not economical, also if the solar radiation is slightly 

higher than the East area. 

 

Fig. 7 -  Botswana districts 

 

  

Site District Latitude Slope 
Capacity factor (specific 
energy production of 1 

KWp)   (KWh/year) 

Tsabong Kgalagali 26° 01 S 27 1.719 

Gaborone  South-East 24° 29' S 27° 1.702 

Orapa Central 21° 18' S 24° 1.701 

Maun Ngamiland 20° 00' S 23° 1.725 
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4. Levelized cost of energy(LCOE)  of photovoltaic  
 

For a technical and economic evaluation of solar photovoltaic resources, four different types of plants must 

be considered: 

1. Utility-scale installations, installed on the ground, with power in the range 50-500 MW  

2. Residential and commercial installations, installed on the ground or on the roof of buildings, with 

powers in the range 2-200 kW 

3. Off-grid installations for remote mining facilities, mini- grid suppling villages, pumping systems for 

agriculture, in the range of 2-2.000 kW  

4. Small, diffused, domestic or portable electrification systems in the range 5-500 W. 

 

For each type of plant an assessment of the Levelized Cost of Energy (LCOE) is carried out, taking into 

account following parameters: 

 investment costs,  

 operating and maintenance costs, including insurance,  

 extraordinary maintenance costs, scheduled every 10 years,  

 end-of-life decommissioning, 

 revenue from the sale of energy at a fixed cost, considering the yearly decrease of power of 

polycrystalline modules, 

 investment interest rate,  

 lifetime of the plant. 

 

The annual energy production and the economic balance for each year are calculated, net of taxes and 

subsidies. The net present value (NPV) of each year's budget is calculated; with iterative procedure the  

LCOE value is calculated so as to make null the total NPV, summation of all the year's budget. 

4.1. Utility-scale plant 

For PV utility- scale plants the parameters available to carry out an accurate and appropriate assessment to 

the local context of Botswana are not easy to apply.  

According to the report "Solar PV costs in Africa" IRENA 20168, the African continent is characterized by a 

considerable variability in PV installation costs, from 4 to 1.2 US $/W, which strongly affects the LCOE of the 

plant. (see fig.) 

The value of the interest rate is also heavily influenced by local contexts, reflecting not only the technical 

risks, but also the regional socio-political risks; the political stability of the Botswana is an advantage in 

comparison to others African countries. 

The prospective in the coming years is a downward trend in PV installation costs, almost everywhere in the 

world. An important factor in cost containment is the economy of scale resulting from a plant of 

considerable size. In our study the reference minimum size of utility-scale  installations is 100 MW. 

 
 

 

                                                           
8
 https://www.irena.org/DocumentDownloads/Publications/IRENA_Solar_PV_Costs_Africa_2016.pdf 

 

https://www.irena.org/DocumentDownloads/Publications/IRENA_Solar_PV_Costs_Africa_2016.pdf
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Fig. 8 Investment cost of utility-scale PV plant in Africa – years 2010-2019 

 
Source: Solar PV costs in Africa” IRENA 2016 

 

 

 

A "base case" and two cases (max and min) were considered, considering the most appropriate parameters 

in the local context of Botswana: a politically stable country, a modern road transport network in the most 

populated areas, an electrical transmission network already realized,  a wide availability of areas for the 

installations. It was taken into account also the government's ability to evaluate and select the most cost-

effective investment proposals from a technical and economic point of view. This particular aspect will be 

improved through capacity building activities  in the framework of MoU Botswana –Italy. 

In this study there was no particular differentiation of sites, considering the substantially uniform solar 

radiation throughout the territory. The most suitable sites for the realization are therefore near the centers 

of energy demand, represented by city centers and mining sites, if possible near the electrical substations 

of the transmission lines. 

The input parameters for the "base case" are given in the following table. 
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Tab. 7 - Economic parameters of PV plant 

Investment return rate (IRR) 5% 

Plant lifetime (years) 25 

Guaranteed power at the end of  lifetime 80% 

Decreasing power per year 0,83% 

Capacity factor (kWh/kWp) 1.700 

  
 Operating & maintenance cost   

 
Ordinary maintenance (€/kWp year) 10 

All risk insurance (civil liability, theft, 
atmospheric events) (€/kWp year) 

10 

 total 20 

  Extraordinary maintenance at 10 years 
(€/kWp) 

106 

  Cost dismantling modules at the end of life 
(€/kWp) 

7 

 

 

Based on these parameters and considering a 100 MW plant, the calculation of main economic values is 

performed, as described below. 

Tab. 8 – Main economic values of a 100 MW PV plant 

PV nominal power (MWp) 100 

Investment cost  (€)         101.774.800  

Operating & maintenance cost ordinary (€/ year)              2.017.748  

Operating & maintenance cost extraordinary (€/ year)            10.550.000  

Cost dismantling modules at the end of life (€)                  700.000  

 

 

                 Tab. 6 -Disaggregated specific 
plant cost (€/kWp)   

Polycrystalline photovoltaic modules 450 44% 

Ground supports 150 15% 

Inverters  80 8% 

Cables,  switchboards , transformers 100 10% 

Installation and civil works 85,8 8% 

Design, supervision, commissioning 52 5% 

Transport 100 10% 

Total 1.018 100% 
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The production of energy during the lifetime, considered when the power decreases more than 20%, is 

showed in the following table. 

Tab. 9 – Energy production during PV plant lifetime 

year 
Energy production 

(MWh) 

1 170.000 

2 168.583 

3 167.167 

4 165.750 

5 164.333 

6 162.917 

7 161.500 

8 160.083 

9 158.667 

10 157.250 

11 155.833 

12 154.417 

13 153.000 

14 151.583 

15 150.167 

16 148.750 

17 147.333 

18 145.917 

19 144.500 

20 143.083 

21 141.667 

22 140.250 

23 138.833 

24 137.417 

25 136.000 

26 134.583 

27 133.167 

28 131.750 

29 130.333 

30 128.917 

 

Cash flow and NPV calculation and below reported. 
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Tab. 9 - Cash –flow of PV plant 

years Investment 
Operating & 

maintenance - 
ordinary 

Operating & 
maintenance - 
extraordinary 

Electricity sales 
Dismantling at the 

end of life 
Input-output 

balance 

1 -        101.774.800 -            2.017.748 
 

9.920.415 
 

-  93.872.133 

2 
 

-            2.017.748 
 

9.837.745 
 

7.819.997 

3 
 

-            2.017.748 
 

9.755.075 
 

7.737.327 

4 
 

-            2.017.748 
 

9.672.405 
 

7.654.657 

5 
 

-            2.017.748 
 

9.589.734 
 

7.571.986 

6 
 

-            2.017.748 
 

9.507.064 
 

7.489.316 

7 
 

-            2.017.748 
 

9.424.394 
 

7.406.646 

8 
 

-            2.017.748 
 

9.341.724 
 

7.323.976 

9 
 

-            2.017.748 
 

9.259.054 
 

7.241.306 

10 
 

-            2.017.748 -      10.550.000 9.176.384 
 

-    3.391.364 

11 
 

-            2.017.748 
 

9.093.714 
 

7.075.966 

12 
 

-            2.017.748 
 

9.011.044 
 

6.993.296 

13 
 

-            2.017.748 
 

8.928.373 
 

6.910.625 

14 
 

-            2.017.748 
 

8.845.703 
 

6.827.955 

15 
 

-            2.017.748 
 

8.763.033 
 

6.745.285 

16 
 

-            2.017.748 
 

8.680.363 
 

6.662.615 

17 
 

-            2.017.748 
 

8.597.693 
 

6.579.945 

18 
 

-            2.017.748 
 

8.515.023 
 

6.497.275 

19 
 

-            2.017.748 
 

8.432.353 
 

6.414.605 

20 
 

-            2.017.748 -      10.550.000 8.349.683 
 

-    4.218.065 

21 
 

-            2.017.748 
 

8.267.012 
 

6.249.264 

22 
 

-            2.017.748 
 

8.184.342 
 

6.166.594 

23 
 

-            2.017.748 
 

8.101.672 
 

6.083.924 

24 
 

-            2.017.748 
 

8.019.002 
 

6.001.254 

25 
 

-            2.017.748 
 

7.936.332 
 

5.918.584 

26 
 

-            2.017.748 
 

7.853.662 
 

5.835.914 

27 
 

-            2.017.748 
 

7.770.992 
 

5.753.244 

28 
 

-            2.017.748 
 

7.688.322 
 

5.670.574 

29 
 

-            2.017.748 
 

7.605.651 
 

5.587.903 

30 
 

-            2.017.748 
 

7.522.981 -        700.000 4.805.233 

 

 

 

 

 



    
                                           

17 
 

 
Tab. 10 - NPV- Net Present Value (€) 

 

Year 
Input-output 

balance 

1 -  17.326.331 

2 1.044.005 

3 1.014.130 

4 985.026 

5 956.673 

6 929.053 

7 902.148 

8 875.941 

9 850.416 

10 -        909.877 

11 801.340 

12 777.759 

13 754.794 

14 732.431 

15 710.654 

16 689.450 

17 668.805 

18 648.703 

19 629.133 

20 -        813.576 

21 591.535 

22 573.481 

23 555.907 

24 538.803 

25 522.155 

26 505.953 

27 490.186 

28 474.842 

29 459.912 

30 366.549 

total 0 

 

As stated above, with the iterative procedure,  for the “base case” the LCOE value is calculated at 57.4 

€/MWh. 

For the "max case" the main reference parameters considered are: 

 Investment: 1250 € / kWp 

 Interest rate: 7% 

 Plant life: 20 years 
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In this case, an LCOE of 88 €/MWh is obtained 

 

For the "min case" the main reference parameters considered are: 

 Investment: 920 € / kWp 

 Interest rate: 2% 

 Plant life: 30 years 

In this case, an LCOE of 42 €/MWh is obtained 

It can be stated that the evaluation results ( 42-88 €/MWh) are in the range of values obtained in the latest 

Power Purchase Agreements (PPA) contracts for large-scale plants in countries such as India, Mexico, Saudi 

Arabia, Brazil. 

 

As regards the economic competitiveness with the coal-fired power stations, it can be argued that the 

convenience with respect to the installation of new plants is well demonstrated, considering the  LCOE of 

coal-fired  power station in the range 70 - 120 € /MWh.  

In the present case of Botswana, however, the choice of installing new power has already been made (see 

par. 2.2)  and this power may be sufficient at least until 2030. Then adding photovoltaic plants has only the 

economic effect of decreasing the marginal costs of production of the coal-fire power station, which can be 

estimated at around 25-30 €/MWh, lower than the PV LCOE even in the most favorable case. 

In the absence of incentives or of taxation of CO2 emissions, there is therefore no economic advantage in 

the installation of photovoltaic utility plants. 

4.2. Residential and Commercial plants 

For diffused PV grid-connected plants two types of configurations are considered and evaluated: a first 

example, representative of the residential sector, of a size of 10 kWp, serving a building or a small district of 

3- 10 families; a  second example, representative of the commercial and tertiary sector, of the size of 100 

kWp, serving a shopping mall or a government office building. 

For the cost estimation is assumed that development of a local chain of small size PV plant have been 

initiated, through government support to:  

 local companies of PV installation and maintenance,   

 specific training of technicians,  

 dedicated  funding chain in local banks, 

 Energy Service Company (ESCO)  

 

For the "Residential case" the main reference parameters considered are: 

 Investment: 1.765 € / kWp 

 Interest rate: 5% 

 Plant life: 25 years 

The LCOE obtained from the evaluation is 109 € / MWh. 

For the "Commercial case" the main reference parameters considered are: 

 Investment: 1.575 € / kWp 
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 Interest rate: 5% 

 Plant life: 25 years 

The LCOE obtained from the evaluation is 98 € / MWh 

 

It can be noted that the LCOE in both cases residential and commercial is higher than the current BPC sales 

price, so it is not cost-effective. 

If a feed-in tariff  will facilitate the residential user who has installed a PV plant, with the same subsidy that 

the government corresponds to BPC, the installation budget would be slightly active.  

If the feed-in tariff will add an higher subsidy taking in account also the environmental benefits, the positive 

budget  can significantly move the private market. 

4.3. Off-grid plant 

Off-grid installations may have different typologies and sizes, depending on the characteristics of the users. 

Users can be identified among the following: 

1. Mining facilities; 

2. Pumping systems for agriculture; 

3. Mini-grid suppling villages, with uses for lighting, handicraft, storage and processing of agricultural 

products 

Depending on the users, different configuration of PV plants can be installed: 

- Case 1 - PV integration of diesel generator(e.g. in mini-grid supplying mining sites or villages that 

already have a diesel) 

- Case 2 - PV plant with direct supplying  of irrigation pumps (daytime use without energy storage) 

- Case 3 -PV with batteries and diesel back-up  

The economic comparison of the off-grid PV plants is implemented considering the alternative of 

generating electricity from a  diesel generator. In this general study, it is not possible to analyze and 

compare the option of realization of transmission line for connection to the national grid, whose cost is 

extremely variable depending on the site. 

For comparison average cost of conventional diesel generator is estimated in the following table, referring 

to the fuel cost currently available in Botswana and to a modern medium-sized plant. 

Tab. 11 – Diesel generator power station   

Input economic parameter and calculation of LCOE 

Gasoil fuel  consumption (lt/kWh) 0,27 

Gasoil fuel cost (€/lt) 0,65 

Diesel generator investment cost (€/kW) 300 

Lifetime diesel generator (years) 8 

average operating hours (hours / year) 5000 

 
 

Investment cost (€ /MWh) 9 

Fuel cost (€/MWh) 176 

Operating and maintenance cost (€/MWh) 9 

Total cost diesel generation (€/MWh) 195 
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Case 1 -Considering a PV plant that, without electric storage, only integrates diesel production during 

the hour of sunshine, it is sufficient to refer to the assessment already made in the previous paragraph 

for PV on-grid plants of the residential and commercial sector. These plants demonstrate a LCOE from 

109 to 98 € / MWh, which is more favorable than diesel production.  

In this case, the solar sources can integrate the diesel generation with a rate of 20-40%, depending on 

the distribution of the power demand   of the load during the day. 

 

Case 2 - For PV systems that directly supply irrigation pumps, reference data may vary widely in 

relation to dimensions. Referring to small plants (1-10 kW), the main economic parameters taken for 

reference are: 

 Investment: 2.095 €/kWp 

 Interest rate: 5% 

 Plant life: 25 years 

The LCOE obtained from the calculation is 139 €/MWh. Even in this case the PV plant is economically 

advantageous compared to the diesel generator. 

In this case, the solar sources can integrate the diesel generation with a rate of 70-100%, depending on 

the distribution of the power demand  of the irrigation during the year. 

 

Case 3 - The PV plant considered  supply mini-grid for villages, using energy for lighting, small craft 

activities, storage and processing of agricultural products (refrigerators, mills, etc.). In this type of 

system is installed an electric storage with batteries and the diesel generator is used only as back-up 

during the cloudy days. Storage greatly increases the cost of investment and the cost of overtime 

maintenance after 10 years.  The breakdown of costs for a PV plant with a storage of 4 kWh per kWp of 

PV is reported; this configuration assumes a reasonable low night rate of energy demand.  

 

Tab. 12 - PV off-grid with storage  

 Disaggregated specific plant cost (€/kWp) 

Polycrystalline photovoltaic modules 450 

Ground supports 150 

Inverter 80 

Cables,  switchboards , transformers 100 

Batteries and  inverter (4 kWh / kWp) 3600 

Back-up  diesel generator 300 

Installation and civil works 85,8 

Design, supervision, commissioning 78 

Transport 200 

Total 5.044 
  

Given this investment cost, set at 5% the interest rate and 25 years the plant life, a LCOE of 408 € MWh is 

obtained, well above the cost of the diesel generation.  
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Although at present the economic evaluation does not favor this type of plant, it should be considered in 

the near future a drastic reduction in the cost of accumulating batteries, in particular Li-ion technology, and 

a rise in cost of fuel. 

 

In conclusion  it can be stated that in the country all off-grid PV installations with direct energy use, without 

storage systems, are more competitive of diesel generators. In the near future, even plants with storage 

will be able to achieve this result. 

4.4. Small domestic appliances 

For all small villages spread across the territory, with modest energy requirements, mainly lighting and 

cellular charging, small PV systems for diffused, domestic or portable electrification in the range of 5-500 W 

are the most appropriate technology. The cost of these devices is largely variable, depending on the quality 

of the components, distribution conditions, availability of installation and maintenance technicians. 

According to the IRENA report9, the annual cost of using a small 20W PV system is in the range of 45-210 

€/year, while in Botswana lighting costs with no-electric fossil sources are estimated at 150-210 € / year. It 

can be stated, therefore, that, in the optimal conditions of installation and marketing, a small PV system 

can be competitive with fossil sources, providing further advantages in term  of air and lighting quality 

inside the homes; furthermore power is available for cell phones, television, and computers. 

The total energy content of fossil fuels avoided by the introduction of small PV systems is negligible in the 

energy balance of the country, but add big social value for the most disadvantaged inhabitants of the 

country. 

  

                                                           
9
 https://www.irena.org/DocumentDownloads/Publications/IRENA_Solar_PV_Costs_Africa_2016.pdf 

https://www.irena.org/DocumentDownloads/Publications/IRENA_Solar_PV_Costs_Africa_2016.pdf
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5. Actions for 2030  
 

In order to evaluate the possibilities of photovoltaic development in Botswana, referring to the year 2030, 

five actions are defined, considering measures that may have a different impact on the photovoltaic 

market. 

Action n°1 considers the possibility that in the PV on-grid sector the tariff and regulatory situation remain 

unchanged. In this case the only possible market for PV is in the off-grid sector.  A development plan is 

considered covering at 2030 part of the population currently excluded from the electrical service, with PV 

plants without electric storage, e.g. the pumping utilities for agriculture or hybrid PV-diesel plants. 

These are installations where the initial investment can be recovered through savings on fuel avoidance for 

the diesel generator and can be implemented through international loan funds; the intervention of ESCO 

(Energy Service Company) can also facilitate the opening of this market. 

Assuming installations of such off-grid systems involving about 10% of the total population, with some 

assumptions about the required average energy and the PV integration quota of diesel generation, the 

result of the calculation shows that overall intervention involves a total PV installed power of 39 MWp, with 

avoided emission, compared to the diesel generation, of 0.046 MtCO2 (see table below). 

 

Tab. 13 - Action n°1 - Off-grid plants without storage 

Number of mini-grid 73.401 

Involved inhabitants  214.120 

Average energy demand (kWh/year) 3.000 

Mini-grid energy demand  (GWh/year) 220 

PV energy production rate  30% 

PV energy production (GWh/year) 66 

 PV plants total  power (MWp) 39 

Avoided GHG emission  (MtCO2/ year) 0,046 
Diesel generator emission factor: 700 gCO2/kWh 

Considering an average specific cost of 1.800 €/kWp, the value of the investments required for this 

intervention is 70 M€. 

Intervention n°2 , most ambitious, in the field of off-grid systems, considers subsidies at government and 

international level and takes into account also the rapid reduction in the costs of battery storage 

technologies. 

In this case it is assumed to involve 20% of the total population; with assumptions about the required 

average energy and the PV integration rate for generating plants, the result of the calculation shows that 

total operation would entail the installation of plants for a total PV power of 233 MWp, with avoided GHG 

emissions, compared to diesel generation, of 0,278 MtCO2 (see table below). The electric storage involve 

the possibility of a larger production rate of PV, in comparison with intervention n°1, and then a larger 

effect on avoided emissions. 
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Tab. 14 - Action n°2 - Off-grid plants with storage 

Number of mini-grid 146.801 

Involved inhabitants  428.240 

Average energy demand (kWh/year) 3.000 

Mini-grid energy demand  (GWh/year) 440 

PV energy production rate  90% 

PV energy production (GWh/year) 396 

PV plants total  power (MWp) 233 

Avoided GHG emission  (MtCO2/year) 0,278 
Diesel generator emission factor: 700 gCO2/kWh 

Considering an average specific cost of € 2.500/kWp , the value of the investments required for this type of 

intervention is  583 M€. 

Action n°3  involves  the PV on-grid plant sector. It is assumed that PV plants have a subsidies scheme equal 

to or greater than the currently subsidies for coal-fired plants, thus favoring the economic convenience of 

utility-scale plants and of domestic and commercial plants. For utility scale systems it is possible involve 

private companies through contract schemes such as PPA - Purchase Price Agreement, a contract with fixed 

price of produced energy for a predetermined time. 

For residential and commercial installations measures can be considered such as:  feed-in tariff, VAT 

exemption for installations of PV components and legislation that allows the operation to ESCO (Energy 

Service Company).  

Due to the interruptible nature of the solar source, in the absence of electric storage systems and of an 

intelligent network management, the maximum installable power that does not disrupt the stability of the 

electricity network can be conservatively estimated at 30% of the maximum rotating power of the coal-

fired plants. 

Considering the total maximum power projected to 2030 (as outlined in paragraph 2.2) and considering the 

efficiency of PV plants, a maximum PV power of 350 MWp is obtained.   

It can therefore be assumed that this total PV power will be shared in the installation of  three utility-scale 

plants of 100 MWp, (e.g. two in the South-East department and one in the Central department)  and  

diffused PV systems for the residential and commercial sector for a total power of 50 MWp . The effect of 

this intervention in terms of emissions avoided is 0,565 MtCO2, equal to 7% of the 2010 total GHG 

emissions (see table below). 

 

Tab. 15 - Action n°3 - On-grid plants without storage 

PV power (MWp) 350 

Energy production (GWh/year) 595 

Avoided GHG emissions ( MtCO2/year) 0,565 
Coal-fired power station emission factor: 950 gCO2/kWh 

Considering a specific average cost of the utility-scale plant of 1.020 €/kWp and of the residential and 

commercial plants of 1.670 €/kWp, the value of the investments required for this type of intervention is 

390 M€. 
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Action n°4, most ambitious, involves the creation of a smart grid with interruptible power load 

management, storage systems, and enhanced interconnections to neighboring states. In this case we can 

hypothesize the installation of on-grid systems for 80% of the maximum rotating power of the coal-fired 

power plants. The effect of this intervention in terms of emissions avoided is 1,615 MtCO2, equal to 19% of 

the 2010 emissions (see table below).  

Tab. 16 -Action n° 4 - On-grid plants with storage 

PV power(MWp) 1.000 

Energy production (GWh/year) 1.700 

Avoided GHG emission ( MtCO2/year) 1,615 
Coal-fired power station emission factor: 950 gCO2/kWh 

The value of the investments required for this type of intervention, considering only the installation of PV 

systems, is equal to 1,085 M €. A more thorough and detailed study will estimate the costs of the 

realization of the smart grid with electric storage. 

Action n°5  considers the diffusion of portable or home PV systems for lighting in 20% of the population not 

reached by the power grid. This is a measure of low energy importance but of high social impact for the 

most disadvantaged part of the population. 

The overall evaluation of the intervention is shown in the following table. 

 

Tab. 17 - Action n° 5 – PV Lighting rural electrification 

Involved inhabitants 400.000 

PV power per-capita (Wp) 5 

Total power  (MW) 2,00 

Energy production (GWh/year) 3,40 

Avoided GHG emission (MtCO2) 0,002 

 

Considering an average specific cost of 4 €/W, the value of the investments required is estimated at  8 M€. 

Measures in favor of this intervention are: international grant, legislation that allows the work of ESCO, 

dedicated private fundraising campaigns. 

 

A summary table of the five actions is given below. 

 

The contribution of the solar photovoltaic energy  beyond 2030 will certainly be higher than what is 

estimated here, considering the reduction of the cost of electrical storage technologies that will make 

economically viable an electric production predominantly based on photovoltaic. 
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Tab. 18 Summary table of the actions 

 

 

 

 

 

  

  
PV plants 

power (MWp) 
GHG emissions 

avoided (MtCO2) 
Investment 

(M€) 
measures 

action n°1 39 0,046 70 international funding (loan), ESCO 

action n°2 233 0,278 583 
international funding (grant, loan), ESCO, 
government subsidies 

action n°3 350 0,565 390 
feed in tariff, PPA, ESCO, international 
funding 

action n°4 1000 1,615 1085 
feed in tariff, PPA, ESCO, carbon tax, 
international funding (loan) 

action n°5 2 0,002 8 
international funding (grant, loan), 
private fundraising, ESCO 
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6. Conclusion 
 

With this study  we demonstrated the high potential available in Botswana  of solar energy source, which 

can provide an important contribution to fulfill international pledges to reduce GHG emissions, but also 

ensure an adequate, clean and sustainable support to the development of the country.  

 

The economic benefit of the use of photovoltaic solar installations of different sizes and types has been 

demonstrated in comparison to the energy sources, coal and diesel oil, currently used for the production of 

electrical energy. The current framework of subsidies for fossil fuels hinders the opening of the market of 

photovoltaic technology. 

 

Five different actions for the development of photovoltaic systems in the country have been considered, 

identifying support measures of different importance.  

For each action the effect on energy produced, GHG emissions avoided and the necessary investment was 

evaluated. 

 

Less ambitious and smaller-scale actions (e.g. n°1 and n°5)  can be implemented immediately as a first step 

to begin the inevitable path of a low carbon energy transition for Botswana. 

 

 

 


