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Introduction

❖ The societal benefits of deploying non-energy nuclear radiation technologies are tremendous,

with global markets exceeding 500 billion US Dollars annually and growing rapidly.

❖ Nuclear Science and Technology hold great development potential to meet the objectives of the

African Union’s Agenda 2063 and the Sustainable Development Goals (SDGs) of the United

Nations on the continent.

❖ Nuclear Science and Technology have the potential to support socio-economic development in

diverse sectors (such as health, food and agriculture, security, mining) through skills development

for driving the 4th Industrial Revolution and a knowledge-based economy in alignment with the

objectives of the 11th National Development Plan and Vision 2036 of Botswana.
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Botswana and BIUST
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❖ Botswana gained independence

from Britain on 30 September 1966.

❖ ~2.352 million people.

❖ Similar in size to France.

❖ Middle-income country.

❖ Stability and good governance.

❖ Least corrupt country in Africa.

❖ World’s biggest producer of diamonds

by value.

❖ Largest elephant concentration in

Africa.

❖ Economy dominated by mining, cattle,

and tourism.

❖ Highest Human Development Index of

Sub-Saharan Africa.

Botswana

❖ Government university.

❖ Graduated 1st cohort of students in 2017.

❖ 2500 hectare campus.

❖ Research intensive university.

❖ ~ 2000 students (aim to reach 6000).

❖ All lecturing staff have a PhD degree.

❖ Selected Projects: building Botswana’s first

satellite; host AVN/SKA radio-telescopes, coal

beneficiation; medical drones; Botswana

Institute for Nuclear Science and Technology.

Botswana International University 
of Science and Technology (BIUST) 



Nuclear Science and Technology at BIUST
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❖ BIUST needs to capitalize on the deployment of high-tech nuclear technologies for basic, applied,

and industrial research, with innovations leading to commercialization and income generation.

❖ We have limited human capital and research infrastructure in Nuclear Science and Technology at

BIUST (and other local universities and research institutes).

❖ Current research focusses mainly on: environmental radioactivity, accelerator technologies,

radioisotope production, detector development, fundamental nuclear reaction and structure

physics, and materials science.

❖ Research mostly enabled through access to research infrastructure with international partners.

❖ To identify relevant Applied Nuclear Science and Technology R&D projects for Botswana and to

develop the corresponding skilled human capital, we are working with the IAEA and other

international partners to assist us in establishing the Botswana Institute for Nuclear Science

and Technology (BINST).



International Linkages and Partnerships

❖ International Atomic Energy Agency.

❖ Joint Institute for Nuclear Research, Russia.

❖ iThemba Laboratory for Accelerator-Based

Sciences, South Africa.

❖ University of Witwatersrand, South Africa.

❖ Radiation Protection Inspectorate, Botswana.

❖ Debswana Diamond Mining Company,

Botswana.

❖ University of Botswana.

❖ Botswana Institute for Technology Research

and Innovation.
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❖ North-West University, South Africa.

❖ University of Stellenbosch, South Africa.

❖ Technical University Darmstadt, Germany.

❖ Kyushu University, Japan.

❖ Research Center for Nuclear Physics , Japan.

❖ CERN, Switzerland.

❖ University of York, UK.

❖ Synchrotron Light Research Institute, Thailand.



Towards Establishing the Botswana Institute 
for Nuclear Science Technology
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❖ In September 2018, BIUST requested assistance from the IAEA, through the Ministry of

Tertiary Education, Research, Science, and Technology, to develop a business plan for

establishing training and teaching programmes in Nuclear Science and Technology to

support key projects in Botswana through the Country Programme Framework.

❖ Our goal is to develop sustainable human capital through rigorous training in Nuclear

Science and Technology to “build resilient infrastructure, promote inclusive and sustainable

industrialization and foster innovation (Sustainable Development Goal 9) in alignment with

Vision 2036 and the 11th National Development Plan.

❖ In November 2018, the IAEA sent an expert (Professor Edward Akaho, University of Ghana)

to Botswana to meet with stakeholders from: BIUST, University of Botswana, Radiation

Protection Inspectorate, National Food Technology Research Centre, and the Botswana

Institute for Technology Research and Innovation.

❖ Professor Edward Akaho produced a 49-page report titled “Business Plan for Establishing

Nuclear Science and Technology Education Programmes in Botswana”.



IAEA Recommendation to BIUST
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❖ Accelerator Research Centre (25 MV Electron

Accelerator, 3 MV Tandetron Accelerator);

❖ Nuclear Physics Teaching Lab;

❖ Alpha and Gamma Spectrometry Lab;

❖ Environmental Nuclear Metrology Lab;

❖ Water Analysis and Radon Monitoring Labs;

❖ Isotope Hydrology Lab;

❖ Radiotracer and Non-Destructive Testing Labs;

❖ Radiation Processing Laboratories for Food

Preservation and Medical Sterilization;

The IAEA report proposed the establishment of the Botswana Institute for Nuclear Science and

Technology (BINST) to form part of the Botswana International University of Science and Technology

(BIUST) at Palapye. The following Scientific Laboratories were proposed to be established:

❖ Radiation Entomology Labs;

❖ Radiation Biology Lab;

❖ Radiation Protection and Health Physics Labs;

❖ Gamma Cell equipped with Cobalt-60 Source;

❖ Secondary Standard Dosimetry Lab;

❖ Radioactive Waste Management Centre;

❖ Digital Electronics and Nuclear

Instrumentation Lab;

❖ Mechanical Workshop.



IAEA Recommendations to BIUST
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❖ BIUST should liaise with Government and stakeholders to establish the Botswana Institute

for Nuclear Science and Technology (BINST) to solve local socio-economic problems and

generate income through services and the commercialization of products emanating from

innovative research using state-of-the-art nuclear technologies and facilities;

❖ BINST should be established as a National Nuclear Institute to serve all universities in

Botswana, as well public and private research institutions, and industries.

❖ BINST should be supervised by an Atomic Energy Board yet to be established by an Act of

Parliament as an Operating Organization: the Board is to be separated from an Independent

Regulatory Body.

❖ The Executive Director of BINST should be answerable to the Office of the Deputy Vice

Chancellor for Research Development and Innovation at BIUST.



❖ Develop and organize postgraduate academic programmes in the Application

of Nuclear Techniques in Industry, Applied Nuclear Physics and Technology,

Accelerator Physics and Engineering, and Radiobiology.

❖ Collaborate with relevant national authorities to identify and characterize

the site for BINST for the installation of nuclear facilities.

❖ Establish a Project Management Team for the design and construction of

physical infrastructure for the BINST secretariat and laboratories.

❖ The IAEA will arrange for the recruitment of experts to advise Botswana on

the purchase of equipment and facilities, as well as installation,

commissioning, and effective utilization.

IAEA Recommendations to BIUST
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Cost Estimates and IAEA                     
Recommendations to Government

❖ The cost of the laboratory infrastructure, including accelerators, is estimated at 10 million USD.

❖ The cost of teaching equipment is estimated to be about 550,000 Euros.

❖ A detailed budget for the construction of buildings, cost of acquisition of nuclear facilities,

installation, commissioning and operation, will be done in consultation with the IAEA.

❖ Government to establish an Atomic Energy Board through an Act of Parliament to serve as an

Operating Organization for the overall supervision of all nuclear installations.

❖ Government to sign and ratify all relevant legal nuclear instruments, treaties and conventions for

ensuring the smooth implementation of nuclear programmes in Botswana.

❖ Government to fund the construction of buildings, the acquisition of accelerators, and

recruitment of qualified and competent human capital for BINST.
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Botswana Response and Recommendations
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❖ December 2019: The Executive Management Team at BIUST endorsed the

recommendations from the IAEA report.

❖ February 2020: The Ministry of Tertiary Education, Research, Science and

Technology (MoTE), wrote a letter to the IAEA requesting assistance to:

▪ perform a comprehensive cost analysis for infrastructure, equipment, and

human capital development;

▪ determine the final specifications for the accelerator facilities with

maximal benefit for Botswana.



IAEA Concept Project and Nuclear Activities
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❖ May 2020: Prof Hillhouse was designated by IAEA as the Project Counterpart for Concept Project

BOT2020003 titled “Development of National Nuclear Science Training Programme and Research

Capacities” to draft the project design for 2022 and 2023 with IAEA assistance.

❖ The IAEA Concept Project requests for core financing of about 300,000 Euros for Human Capital

Development Fellowships and equipment to establish a multidisciplinary Nuclear Science and

Technology Laboratory.

❖ Organising workshop series titled “Peaceful Applications of Nuclear Science and Technology for

Sustainable Development in Botswana” to identify the relevant local stakeholders and promote

collaborative synergies in Applied Nuclear Science and Technology.

❖ First workshop was held on 7 October 2021 titled “Nuclear Science and Technology Landscape in

Botswana – An Overview” with more than 120 participants.

❖ Follow-up workshops will focus on specific themes identified by local stakeholders in

consultation with international partners.

❖ Drafting Project Plan for Establishing the Botswana Institute for Nuclear Science and Technology

in consultation with IAEA and local stakeholders: identified preliminary workstream initiatives

and milestones for the period 2021 – 2026.



Invitation to Collaborate
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Organisations and persons interested in collaborating

with us in contributing towards the establishment of

the Botswana Institute for Nuclear Science and

Technology are cordially invited to contact me

(Gregory Hillhouse).



For more information contact:

Prof. Gregory Hillhouse

Faculty of Sciences

Department of Physics and Astronomy

Tel: (+267) 7531 5505

E-mail: hillhouseg@biust.ac.bw
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Thank you for you attention!

mailto:Mmualebe@biust.ac.bw
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(if time allows for this)



Research Projects

❖ Measurement of excitation functions of proton-induced

reactions on Th/Mg using the stacked-foil technique.

❖ Structural and optical modifications of phosphate

glasses by gamma radiation.

❖ Characterization, modification and application of track

membrane for the selective filtration of Aflatoxin M1

from cow milk prior to human consumption.

❖ Surface modifications of metal oxide nanoparticles

through ion implantation for photocatalytic applications

❖ Isotope hydrology techniques to evaluate the age and

origins of surface and groundwater in Botswana

❖ Preservation of indigenous vegetables of Botswana by

irradiation.

❖ Modification of ZnO for selective catalysis and hydrogen

gas production. Part of the modifications involve ion

implantation using nuclear accelerators.

❖ Magnetised and exotic dense matter and neutron star

equations of state.

❖ Relativistic models of exclusive proton-induced proton-

knockout reactions.
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❖ Detection of large diamonds in kimberlite using the

tagged neutron method.

❖ Radiation damage in plastic scintillators.

❖ An evaluation of the level of naturally occurring

radioactive materials in Botswana.

❖ Assessment of ambient background radiation in

Botswana.

❖ Assessment of indoor radon concentration Levels in

Serule, Botswana.

❖ Evaluation of naturally occurring radioactive

materials and toxic heavy metals in the surface soil

around Serule prospective mining area in Botswana.

❖ Radiological risk assessment of water sources in the

Serule area of Botswana.

❖ Biological shielding calculations for a 10 MeV

Rhodotron electron accelerator facility.

❖ Characterization of incomplete fusion reactions.

❖ Investigation of exotic isomeric nuclear states.

❖ Study of cluster effects in photo-fission of heavy

nuclei at the JINR microtron facility.

❖ Fine structure of the isoscalar giant quadrupole

resonance.



Accelerator R&D Projects
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❖ Food and Water – An Industrial facility could be established for sterilizing meat and agricultural

produce for local consumption and international export, through irradiation with electron

beams and X-rays to destroy harmful bacteria. The food will be rendered safe without

degrading the nutritional value and taste. The electron beams will remove contamination in

water treatment plants and thereby destroy any disease-causing microorganisms and

converting toxic chemicals to benign products.

❖ Energy and the Environment – The emission of coal-fired flue gas which contains large amounts

of sulphur dioxide and nitrous oxides is posing environmental hazard in the Palapye region.

Electron-beam technologies could be deployed for the treatment and consequent removal of

the harmful emissions.

Accelerator-Based Research and Development projects could initially focus on:



Accelerator R&D Projects
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❖ Health and Medicine – Research and Development could lead to the development and

application of electron-beam technologies for treating malignant tumors in cancer patients.

Short-lived radioisotopes could be produced for diagnostic medical purposes. The locally

produced radioisotopes will be deployed in hospitals with nuclear medicine facilities. The

potential exists for Botswana to generate income in the region through the sale of radioisotopes

and a regional radiation cancer therapy programme.

❖ Mining – Deploy nuclear techniques for detecting large diamonds in kimberlite to avoid damage

by conventional crushing of ore.

❖ National Security – Accelerator-based technologies could be developed for the inspection of

vehicles and cargo containers entering the borders of Botswana. In addition, neutron beam

applications could be developed for the detection of explosives, contraband, and illicit drugs

being smuggled into the country.



Accelerator R&D Projects
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❖ Materials Science – Electron beams and X-rays could be used for the modification and

subsequent characterization of electrical and mechanical properties of materials for specific

applications. Additional applications could focus on using electron beams for producing new

polymer composites for the construction industries, as well as the hardening materials to

produce properties that are more favourably compared to those produced by traditional heating

methods. Neutron activation analysis techniques could be used for quantitative multi-elemental

analyses of major, minor and trace elements in samples of different origins (agricultural,

biological, environmental, industrial, high purity matrix, geological) which are of interest to the

Research and Development sectors in the SADC region;

❖ Non-Destructive Testing (NDT) – For design analysis, a NDT radiography facility could be

developed for the identification of manufacturing defects in industrially manufactured objects

including relatively small objects such as turbine blades to larger objects such as heavy

equipment castings and vehicles.


