
 

 

 

Abstract—Botswana like many developing countries is 

experiencing energy challenges due to fossil fuel depletion and 

fluctuating prices.  The growing environmental concern over global 

climate change caused by greenhouse gas emissions has fueled the 

initiative of shifting from carbon rich energy sources to green 

energy. Renewable energy resources such as biofuels are a promising 

alternative to non-renewable energy resources, which offer 

developing countries socio-economic, ecological and security 

benefits with the possibility of self-sufficiency in terms of national 

energy supply. Botswana has abundant renewable energy sources in 

the form of solar energy, biomass mostly from cattle dung for biogas 

production and other waste products such as used frying oil from 

food outlets for biodiesel production. Therefore, this country can 

optimize on the potential sustainable benefits of a green economy to 

alleviate some of its energy challenges. This paper discusses the 

potential for shifting from a high to a low-carbon intensive economy 

in Botswana and assesses the prospects and benefits of promoting 

renewable energy policies and technologies.  
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I. INTRODUCTION 

NERGY is an essential resource in all present-day sectors 

of the economy, from the primary sector dealing with 

extraction of natural resources to the tertiary sector, which 

comprises of the service industry. As countries develop their 

economies, the demand for energy intensifies thus applying 

pressure on local/ regional and international supplies. This 

leaves developing countries such as Botswana faced with the 

challenge of a rising demand for energy and less secure 

supplies. Economic and population growth coupled with rural 

to urban migration are some of factors contributing to increase 

in energy demand. The country relies heavily on fossil fuels as 

its major energy source and the bulk part is imported. As the 

world is faced with diminishing fossil reserves, they have 

become an unsustainable source of energy. Moreover global 

concern for the environment caused by the use of carbon-

based fuels has led to the need to shift towards cleaner and 
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sustainable energy sources.  

Southern African countries have been experiencing energy 

shortages, resulting in the reduction of imported electricity to 

Botswana [1]. This has created pressure on local production 

and supply as energy demand highly exceeds local energy 

production from coal currently at 21% of the energy mix in 

the country [2]. Therefore utilizing renewable sources of 

energy would improve the energy situation in the country as 

well as other social economic benefits. These include 

environmental protection, creation of green jobs, small to 

medium companies and energy poverty reduction.  

Abundant renewable energy resources in Botswana include 

solar as it experiences irradiation levels at 21 MJ/m
2
 and 

biogas from cattle dung with 2.2 million cattle at 3kg 

dung/LSU/day [1]. Currently, the country relies on non-

renewable forms of energy, which include coal for electricity, 

firewood and petroleum-based fuels. Replacing the fossil fuels 

with these various renewable energy forms would promote the 

greening of the Botswana economy [3]. In this article, the 

potential of shifting from a carbon-intensive to a green 

economy is assessed as well as the prospects and benefits of 

adopting green energy technologies. 

II.  ENERGY SECTOR IN BOTSWANA 

Coal and petroleum are the major energy sources in 

Botswana. Since the country’s demand exceeds its supply, 

energy has to be imported to meet the nation’s needs, thus 

negatively impacting its balance of payments. In 2013, 76% of 

electricity was imported mainly from neighboring South 

Africa, 21% from coal produced locally, and the remaining 

from diesel generators [4]. Thus a total of 79% of energy in 

Botswana is imported. The rapid increase in electricity 

consumption can be attributed to the shift of economic activity 

from agriculture to mining, rural to urban migration and the 

growing of the middle class [1].   

With coal being in abundance in Botswana (200 billion 

tonnes), a wide range of possibilities exist for local and 

international market energy generation. These include the 

direct exportation of coal to European and Asian markets as 

well as local processing into various by-products such as gas, 

liquid fuel and coal-bed methane [2].   

Nearly all of the petroleum fuels in the country are 

imported from South Africa, while a small amount is obtained 

from Namibia [4].  Botswana being a landlocked country 

relies on road, rail and air for transporting goods and 

passengers over long distances. Therefore there is a significant 
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amount of energy consumed by this sector, which has majorly 

contributed to the increase in energy demand in the country 

[5]. Due to challenges in accessibility of farms as they are 

mostly remote, the agriculture sector uses petroleum products 

especially diesel, to power generators and borehole water 

pumps. About 1% of solar is used in agriculture [2]. 

The most widely used energy sources in households include 

paraffin, LPG and fuel wood. It was reported that in 2007, 

77% households used fuel wood in rural areas, and 46% 

countrywide [2]. However, the trend observed was a move 

towards LPG and electricity for lighting. The use of solar 

energy was very low at 0.23% of households nationally [4]. In 

trying to meet the energy demands in rural locations, the 

Botswana Power Corporation (BPC) in a partnership with 

Electricity de France formed BPC-Lesedi, which supplied 

integrated energy packages of solar home systems. Some of 

the packages include solar water heaters and lanterns, wood-

efficient stoves, services include standalone stations that 

generate electricity through a hybrid of solar and biogas [2]. 

A. Greenhouse gas (GHG) emissions overview 

The most recent evaluation of Botswana’s GHG emissions 

was an inventory for 2000, compiled in the Second National 

Communication (SNC) and was submitted to the United 

Nations Framework Convention on Climate Change 

(UNFCC).  This was an assessment of the country’s national 

circumstances and reactions to climate change.  It considered 

three GHGs namely CO2, CH4 and N2O.  The emissions were 

recorded in accordance to three key sectors, which are energy, 

agriculture and waste [4].  

The energy sector contributed to most of the emissions at 

74.5% while agriculture and waste were 24% and 1.5% 

respectively. Error! Reference source not found. shows 

major CO2 sources within the energy segment. Fuel 

consumption in the residential subsector is mostly through 

cooking and lighting. Electricity and heat production from 

coal were responsible for the recorded amount of emissions in 

industry while emissions in transport were from combustion of 

petroleum products [4]. With energy production contributing 

to most greenhouse gas emissions, predominantly from 

residential and industrial sub sectors, mitigation efforts mainly 

targeted these areas.   

B. Climate change policy and actions 

Botswana is a non-Annex 1 country according to the 

UNFCCC; therefore it does not have any requirement to 

reduce GHG emissions [4].  

However it should frame, implement and report national 

programmes for climate change mitigation. Methods of 

implementing climate change mitigation are included in the 

SNC. The recommended measures were based in the on the 

country’s National Development Plan 8 which contained 

energy policy objectives and guiding principles [4]. 

 
Fig. 1: Major sources of CO2 in the energy sector [4] 

 

Table 1 contains mitigation options in all key sectors. These 

contain critical steps which can decrease the effects of GHGs. 

Reference [4] reported the following measures: 

1) Encouragement of the use of efficient bulbs in 

households, service sector and industry 

2) Promotion of energy efficiency 

3) Promotion of renewable energy 

4) Renewable energy grid installations 

5) Substitutions of fossil fuels. 

III. POTENTIAL RENEWABLE ENERGY SOURCES IN BOTSWANA 

The demand for energy in Botswana, like any developing 

country, is forecasted to increase, with an annual growth rate 

of 2% from 2000 to 2035 (Error! Reference source not 

found.). In order to meet these demands for sustainable 

energy development, alternative sources of energy must be 

adopted. The country has abundant renewable energy sources 

in the form of solar energy, biomass and animal and vegetable 

waste.  

 

A. Solar Energy 

With more than 3200 hours/annum of sunshine, and one of 

the highest daily irradiation levels of 21 MJ/m
2
-day on 

average, Botswana has the potential to meet one of the 

recommendations of its long term vision 2016, to be a center 

of excellence for solar energy technology [4], [6]. The country 

receives an estimate of around 1300 million GWh/year solar 

energy and with current research reporting energy conversions 

of up to 30% [7], the possible amount of energy from solar  is 

390 million GWh/year at this efficiency. The primary energy 

supply from Botswana Power Corporation (BPC) in 2013 was 

3650.1 GWh, which is 0.00094% of the available energy from 

solar when utilized at 30% efficiency. As a vast country with 

sparse population, mostly in rural areas, off-grid rural 

electrification using solar and biogas hybrid systems would be 

more economical than grid expansion [2].  

Barriers that have caused the slow adoption of solar 

technology in Botswana include high costs, technology 

uptake, low wattage output and lack of familiarity. In an effort 

to address these issues, BPC-Lesedi was formed with the 

assistance of the United Nations Development Programme and 

the Global Environment Facility. BPC-Lesedi is however no 

longer in operation [8]. 
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TABLE I 

MITIGATION OPTIONS IN THE KEY SECTORS 

Sector Mitigation options 

Energy Energy efficiency in households  

Replacing fuel wood with use of LPG and biogas 

Building insulation 

PV electricity 

Waste Landfill gas recovery 

Agriculture Livestock waste management through 

 Aerobic manure composting 

 Biogas capture (for rural households) 

Industrial Process Energy efficiency (electric furnace, space heating, general lighting purposes and motors) 

Energy audits 

Transport Modal shift 

Fuel economy 

Biodiesel buses 
 

 

B. Biomass feedstock 

Energy from biomass is derived from plants, microbial cells 

and wastes obtained from the processing of such materials. In 

Botswana, biomass can be in the form fuel wood, food waste, 

cattle dung and any biodegradable waste [9].  
 

C. Fuel wood 

A significant part of the population uses fuel wood as an 

energy source. There is still lack of inventory and recent fuel 

wood data. The rate of regeneration in 2001 was greater than  

demand; the estimated values however lacked accuracy [6]. 

Even so, these like any other natural resources, need to be 

managed. The use of wood efficient stoves could reduce the 

rate of consumption of fuel wood, save the time spent in 

collecting and also reduce the emission of nuisance gases [1]. 
 

D.  Animal and food waste 

Animal or food waste can be converted into biofuels such 

biogas and biodiesel. Besides, producing clean energy this also 

cleans the environment and increase landfills life spans [9].  

Cow dung is a feedstock for biogas production. 2.2 million 

cattle as reported in 2008 would produce enough waste to 

support the running of stand-alone biogas plants Botswana. 

However, since farming practice is mostly free range, [6] 

abattoirs and sewage treatment plants could be sources of such 

feedstock until closed ranch farming is encouraged and 

adopted [1]. 

 

 
Fig. 2: Projected energy demand for Botswana [4]

Food waste from canteens or restaurants can be fed into bio-

digesters for the production of electricity from biogas.  Small-

scale electricity producing equipment may be installed in 

restaurants or canteens and households. Waste in the form of 

sewage or food fed in the bio-digesters will be used as the 

feedstock. This would be a way of reducing energy poverty in 

poor communities.  Currently, there are 15 known biogas 

plants in the country, 2 used mainly for research, 2 at 

wastewater treatment plants while the others are used at hotels 

and households [8].  

A feasibility study carried out for the production of biofuels 

in Botswana found that biodiesel and bioethanol could be 
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obtained from Jatropha oil and sweet sorghum [8]. Used frying 

oil is a potential feedstock for biodiesel production. In addition 

to producing a clean fuel, the environmental care is promoted 

through waste utilization [10]. The number of restaurants in 

the country is large and ever increasing and hence a critical 

energy source. The use of such biofuels would not only 

mitigate climate change through reduction of GHG, other 

benefits include; the creation of green jobs and energy security 

as well as trade balance issues could be resolved [9]. 
 

E. General waste 

Through thermochemical processes such as pyrolysis, 

torrefaction and gasification waste plastics, tyres and agro 

material can be converted into energy and valuable products. 

Hence waste utilization can lead to material and energy 

recovery and as well environmental protection. [11]. Fig. 3 

shows the thermochemical pathways in biomass conversion. 

IV. POLICIES FOR SUSTAINABLE DEVELOPMENT 

The 10
th

 National Development Plan proposed attaining 

self-sufficiency by reducing energy. In view of the fact that 

Botswana is rich in coal, the National Energy Policy goes 

further by aiming for energy exporting. That is, by ensuring 

that the resources are utilized efficiently to meet the nations 

needs and export the surplus. The energy policy’s goal is to 

“provide affordable, reliable and adequate supply of energy for 

sustainable development, as well as to improve access to and 

efficient use of energy resources” [8]. It is guided by three 

main principles namely: economic development, equity and 

environmental responsibility. The energy policy objectives are 

summarized below [8]:  

a) Improve economic efficiency, security and reliability of 

energy supply;  

b) Promote sustainable socio-economic development and 

minimise energy related impacts on the environment; 

c) Increase share of new and renewable sources of energy in 

the energy supply mix of the country; 

d) Provide effective institutional arrangement and 

governance for the energy sector; 

e) Improve availability of energy information for policy 

making and planning; 

f) Establish an effective and sustainable energy research and 

development programme that addresses the country’s 

energy development priorities. 

 
Fig. 3: Thermochemical pathways in biomass conversion [11]

 

V.  CONSTRAINTS TO RENEWABLE ENERGY DEPLOYMENT 

The main barrier to the uptake of renewable energy 

technologies is low energy prices.  This is caused by the 

abundance and low cost of coal making it preferable over 

alternative energy sources. Obstacles that were identified at the 

renewable energy conference in 2014 for all renewable energy 

technologies generally include; the resistance to change caused 

by low awareness, inadequate technical capacity, lack of 

product standards and regulatory framework, and a lack of 

established incentives by the government [12].  

In overcoming these barriers, the following interventions 

were recommended at the conference; conducting public and 

education awareness, conducting research and development 

relevant to the energy source, developing clean technology 

protocol of Botswana and encouraging private sector 

participation [10]. If the goals and strategies discussed in the 

latest draft national energy policy are met, the constraints to 
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renewable energy technology adoption in Botswana could be 

thwarted. 

VI. CONCLUSION 

Botswana still highly depends on fossil fuel such as coal and 

petroleum as energy sources. Increasing the share of renewable 

energy in the country would offer the possibility of alleviating 

its energy insecurities and increasing access to energy services 

nationwide. Biomass and solar are the abundant renewable 

energy forms in the country. These resources have been 

utilized at small scale for some years. To successfully utilize 

these resources, technology adoption, improvement and 

development is required. This will enable and promote the 

shift towards a less carbon intensity and sustainable economy. 

A close association between research institutes and industry 

where knowledge and experience can be inter-changed and 

applied could aid in technology advancement.  

Through public awareness, the development of policies and 

relevant framework, the barriers to the adoption of such 

technologies could be removed. Policies towards green energy 

such as price – setting and quantity forcing policies, cost 

reduction policies and public investments and market 

facilitation activities should be promoted and supported. Based 

on the 2015 draft energy policy, Botswana has the potential for 

developing a sustainable green energy economy. 
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