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Foreword 

 

Entering the growing network of Centres of African Excellence, supported by the German 

Academic Exchange Service (DAAD), the Kenyan-German Centre of Excellence for 

Mining, Environmental Engineering and Resource Management (CEMEREM) was 

launched in 2016 as the eighth such centre in Africa, the first one to be engineering-

oriented. CEMEREM is hosted at Taita Taveta University (TTU), within a mineral-rich 

county. The main goal of CEMEREM is to enhance the advanced training and supply of 

practice-oriented resources engineers and managers for the greater Eastern Africa, a 

region endowed with rich natural resources and huge unexploited potential in the 

mineral, oil and gas sector. Postgraduate training and research together with industry 

and international exposure has been a key feature of CEMEREM, a means to the desired 

end goals.  

 

The grant received from the German Academic Exchange Service (DAAD) has been used 

to set up CEMEREM at the main campus of the hosting institution, Taita Taveta 

University, in Voi. The other CEMEREM partners are The University of Applied Sciences 

at Dresden (HTW-Dresden) and Freiberg Technical University of Mining and Technology 

(TU Bergakademie Freiberg, Germany). The partnership supports postgraduate training, 

curriculum development, staff and student exchange, infrastructure development, and 

research. Responding to the global trends shaping modern education and research, 

CEMEREM has made internationalisation and digitalisation key focal points of its 

evolving programmes. As such, CEMEREM commands a vantage position of influence 

in training and technology development for sustainable mining and natural resource 

management in Eastern Africa.   

 

COVID-19 has not spared the mining sector, a strategic sector for Kenya under the 

Economic Pillar of Vision 2030. The ensuing disruptive implications are setting fresh 

agenda for reimagining mining and natural resource management education, research, 

policy development and industrial revolution in a new era. Debates arise on a diversity 

of issues, ranging from the state of mining and natural resource management, green and 
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circular economy, to jobs and automation. These are important topics under the 

Sustainable Development Goals (SDGs).  

 

This international conference presents a new opportunity for academics, researchers, 

university students, policymakers, the private sector, civil society, and local communities 

to present and discuss findings that should inform Africa’s preparedness for radical shifts 

in policy and technology agenda for sustainable natural resource management in a post-

pandemic world.  
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About the CEMEREM Conference Series  

 

A series of biennial CEMEREM conferences organised by CEMEREM partners has since 

2017 been shaping the training, research and policy dialogue essential to transforming 

outcomes for Africa’s mining sector. The conferences deliver on the broad objectives of 

CEMEREM. The inaugural conference took place in Nairobi in September 2017. The 

second conference was held in Voi, Kenya, in September 2019.  

 

This year, 2021, we are once more excited to invite researchers, academia, policymakers, 

and postgraduate students to the 3rd Biennial CEMEREM Conference on Sustainable 

Mining and Natural Resource Management in Africa: Implications for post-COVID-

19 Renaissance. The conference will take place in a hybrid mode over the period 16 – 17 

September 2021 at Taita Hills Safari Resort & Spa. The hybrid mode will accommodate 

both face-to-face and virtual participants.  

 

Participants will discuss sustainable mining and natural resource management in Africa 

with a focus on COVID-19 implications. About fifty speakers drawn from across Africa 

and Europe will present their well-researched and evidence-based keynotes, papers, 

posters, and other innovative projects and initiatives informing policy, planning and 

practice in mining and natural resource management. The presentations will cut across 

the following sub-themes. 

Programme: Conference Sub-Themes 

The conference will feature more than 40 presentations in the form of keynotes, technical 

presentations, posters, and exhibitions. The following sub-themes will be covered. 

 

1. State of mining and natural resource management in Africa: Past, present and future 

 

2. Perspectives on natural capital and resource economics for sustainable development 

in Africa 
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3. Revitalising agriculture for enhanced urban and rural livelihoods in the post-COVID-

19 Africa 

 

4. Policy and technology implications for mining and natural resource management in 

the post-COVID-19 Africa 

 

5. Education 4.0 and Mining 4.0: Post-pandemic frontiers for sustainable mining and 

natural resource management 

 

6. Decision support systems for sustainable mining and agricultural communities in the 

post-COVID-19 Africa 
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CEMEREM Journal Information 

 

The African Journal of Mining, Entrepreneurship and Natural Resource Management 

(AJMENRM) is the flagship journal of Taita Taveta University (TTU) under CEMEREM. 

It publishes papers and critical reviews in Geology, Mining Engineering, Metallurgy, 

Mine Rehabilitation, Mining Surveys and GIS, Environment, Mineral Processing, Waste 

Recycling, Entrepreneurship, Natural Resource Management and related disciplines.  

Both full length and short papers reporting original research making a significant 

contribution to Mining, Geology, and Environmental Science/Management, 

Entrepreneurship, Mineral processing, Natural Resource Management and related 

disciplines are welcome. Letters to the Editor are welcome when these comments on 

matters relevant to the above areas. Reviews can be published on request from the Editor.  

The primary criterion for publication is new insight that is of broad interest to the said 

disciplines. It also presents the technical publication of the activities that are organised 

by the CEMEREM. The publication is done once a decision about rejection or acceptance 

after peer review has been reached, not later than four to six weeks maximum after the 

date of submission. Participants are, therefore, encouraged to take advantage of this 

opportunity to have their peer-reviewed full papers published after the conference. 

https://www.citefactor.org/journal/index/25715/#.YUBvisviuMo


 

11 

 

Technical Session 1: 

State of mining and natural resource management in Africa: Past, 

present and future 

Session presentations (7) 

 

Life beyond excitement and fanfare of mining industry: A review of 

Namibia legal framework for mine closure 

1Tshivute Iipinge, 2Andreas T. Salom, 1Benjamin Mapani, 1Maweya Kasonde & 3Douglas Sims 

1Department of Mining and Processing Engineering, Faculty of Engineering, University of Science 
and Technology, Windhoek, Namibia 

2Department of Engineering, Faculty of Engineering, University of Porto, Porto, Portugal 

3Department of Physical Sciences, College of Southern Nevada, North of Las Vegas, USA. 

 

Abstract 

During Namibia’s first decade of independence, the government enacted several laws, 
regulations, and policies to protect the fragile ecosystems and manage mining operations 
to ensure that all commercial development projects eliminate and mitigate adverse 
impacts on the environment, human health, and wildlife. That aligns with Article 95 of 
Namibia's Constitution, which gives the government the mandate to manage and utilise 
the Namibian natural resources in a sustainable manner.  The adoption of   a new 
legislative framework brought about a realisation of the state’s need to provide the legal 
guidance to the new and old mine owners the expected standards of acceptable mine 
closure. Namibia needs the general theme of mine closure that will help to promote 
sustainable development. Namibia should consider following an international practice on 
mine closure that would greatly assist in the mitigation of mining -related environmental 
impacts. This article also looks at the current literature view on mine closure. The 
objective is to provide an appraisal of the current Namibia Legal framework on mine 
closure. In addition, this objective is to support the realisation of a complete mine life cycle 
and avoid creating another abandoned mine site. Furthermore, this objective is to 
promote sustainable development in the mining industry. This article will propose 
international best practice that Namibia must follow to formulate closure plans. The article 
will further elaborate on how stakeholder can be consulted in the development of closure 
objectives and plans. Lastly, a comprehensive closure report and adequate financial 
assurance will be provided before the requisite development and mining permits for the 
new mines are approved. 

Keywords: International best practice, Legal framework, Mine closure, Sustainable development 
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Enhancing mining sector performance in Africa through technologically 
leveraged land governance 

 

Nashon Adero 
 

Taita Taveta University, Voi, Kenya, nashon.adero@gmail.com 

Abstract 

The Africa Mining Vision has key provisions for knowledge-driven mine planning to ensure 
transparency, equity, and optimal exploitation for “broad-based sustainable growth and 
socio-economic development”. For sound mineral resource governance, the agenda-
setting processes in mining policy and planning contexts need to be transparent, 
inclusive, participatory and anchored on shared and location-based visual evidence. 
Legal reforms in the land and mining sectors across Africa are not uncommon, Kenya 
being a key example of inspiring reforms featuring Africa’s arguably most modern and 
progressive mining law. The limited view of transparency, however, ends with the 
publishing of mining activities, production levels, revenue receipts, and agreements while 
involving legislators in the approval of protected areas. Shared and georeferenced visual 
evidence remains a critical omission in this model. Despite the well-meaning regulatory 
reforms, implementation gaps still exist, evident in frequent and widespread land 
degradation, environmental impacts, and violations of human rights in the mining sector. 
Versatile data-driven tools for effective policy enforcement and compliance monitoring in 
the mining sector are urgently needed. According to the Natural Resource Governance 
Institute, the Resource Governance Index (RGI) on transparency and accountability in 
the oil, mining and gas sector demonstrates that many sub-Saharan countries have wide 
implementation gaps between their mining legislations and the reality of daily practice on 
the ground. Poor governance continues to suppress the mineral-driven socioeconomic 
outcomes for mineral-dependent countries (MDC) in the region. This inconvenient fact 
further dims the prospects of the growing attention many African countries such as Kenya 
are giving their young and growing mining sectors through targeted sector prioritisation 
strategies and regulatory reforms. The prevalence of unregulated artisanal mining 
activities in Africa leads to land degradation and land-related conflicts. This paper has 
reviewed the historical and longstanding governance gaps in the mining sector across 
Africa. Technologically leveraged land governance has emerged as a critical missing link. 
Achieving the twin goals of substantive rationality and procedural rationality has been 
elusive in the prevailing land governance systems. Though substantive rationality is 
important as a key source of the scientific evidence needed to support strategic action, 
even more critical is procedural rationality — a key ingredient for harmonising and 
standardising the multi-stakeholder and complex processes involved in choosing the right 
course of action, complete with the required predictability. These procedural contexts are 
typically complex, messy, and focused on negotiation, dialogue, and debate. The situation 
calls for measures to achieve spatial integrity through enhanced precision and 
predictability in the land-centred systems used to support the administration of mining 

mailto:nashon.adero@gmail.com
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rights and the management and monitoring of changes in the physical and social 
environment. GIS-based models are recommended to support scenario visualisation, 
environmental monitoring, and policy simulations to close the revealed governance gaps. 
 
Keywords: GIS-based models, land governance, procedural rationality, resource governance 

index, substantive rationality 

 

 

The comparative study of sodium carboxymethyl cellulose and 
sodium hexametaphosphate as a depressant in rutile flotation 

Richard M. Kasomo and Kinyua, E. M 

 
Taita Taveta University (TTU), P.O. Box 635-80300, Voi, Kenya, 

richard.kasomo@yahoo.com 
 

Abstract  

Selecting suitable depressants that strongly depress gangue minerals but have little effect 
on the floatability of rutile is of great significance.  In this study, the flotation separation of 
rutile from almandine using sodium carboxymethyl cellulose (Na-CMC) and sodium 
hexametaphosphate (SHMP), as depressants were investigated and the comparisons 
drawn thereafter. The depressant NA-CMC is known to be cheap, easily available and 
non-toxic, while depressant SHMP is expensive as compared to Na-CMC and it is also 
somehow toxic. The two depressants performances were compared in terms of floatability 
and adsorption mechanism. The floatabilities of minerals were conducted through micro 
flotation tests. While the adsorption mechanism of the depressants was illustrated through 
XPS analysis.  The micro flotation tests clearly demonstrated that both the depressants 
had selectivity, with sodium carboxyl methyl cellulose being considered the best. The 
adsorption mechanism of depressants on almandine was mainly attributed to: the 
electrostatic interaction and chemical interactions. The findings from this study could be 
replicated in all rutile concentrators, since the said flotation reagents have not been used 
in the industry before. 
 
Keywords: Almandine, Adsorption mechanism, floatability  
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Photovoltaic solar energy for sustainable livelihoods 

 

James Gacheru Wanjiku*1, Philip Marx2, Marianne Maghenda1, Susanna Kettner2, Anne Kelly 

Kambura1, Ulrike Feistel2, Mwamburi Mcharo1, Bernard Alunda3, Benard Mwololo1 and Jakob 

Ebermann2 

 
1Taita Taveta University, School of Agriculture, Earth and Environmental Sciences, Voi, Kenya 

jmark@ttu.ac.ke. 
2HTW Dresden University of Applied Sciences, Faculty of Civil Engineering, Germany Albert str. 10 · 

01097 Dresden, Germany 
3Taita Taveta University, School of Mines and Engineering, Voi, Kenya 

 

Abstract 

 

Energy is essential for mining, processing of minerals, mine reclamation and for many 
other economic development activities like agriculture. With such development and the 
quest for more minerals/agricultural produce the demand for electricity is bound to rise. 
The increase in electricity demand is likely to cause environmental degradation in a 
country like Kenya which depends on hydropower and fossil fuels. Production of energy 
through hydropower has become unreliable and unsustainable because of climate 
variability. Often production of electricity through fuel combustion requires continuous 
running of generators while hydropower stations require huge volumes of water running 
to turn the turbines. The combustion of fuels discharges carbon dioxide, methane, sulphur 
dioxide, and nitrogen oxide which acts as pollutants contributing to global warming. They 
are concomitantly associated with anthropogenic ill health. It is therefore prudent for an 
alternative energy source that could be clean and sustainable. Among the renewable 
sources, solar energy is the most prolific method of energy capture in nature. The 
economic drive to make solar cells more cost effective and efficient alternative especially 
in the tropics where sun radiation is throughout the year. Solar energy replaces 
conventional fossil fuels can prevent the release of pollutants into the atmosphere and 
help combat global warming. Solar panels could also serve as a shade for the workers, 
small trees, vegetables, grass beyond the energy production. In order to find out its 
feasibility and potential for off grid applications,  a fixed frame 2 m high x 12.5 m long x 
3.3 m wide structure was fixed with 24 solar panel (at least 250 Watts). Eight of the solar 
panels were in a series-parallel connection to charge four 200AH lead acid batteries. Two 
batteries were arranged in series and then paralleled connected. A hybrid charger inverter 
was installed to control charging the batteries Vis a Vis convert DC to AC for computer 
and light. The solar energy generated was utilised to power on average six computer for 
14 hours daily translating to about 29 KWh. If all the solar panels were used then an 
estimated equivalent of 88 KWh would have been realised. Inferentially, this power could 
be harnessed to drive some mining operations equipment like shakers, infra drier, 
electromagnetic, pot mill, vacuum filtration unit and many others equipment with up to 30 

mailto:jmark@ttu.ac.ke
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HP. This indicates that solar power harnessing has a potential to support off grid mining 
activities, homes and offices.  
 

Keywords: Electricity, dual output, mining, renewable energy. 

 

 

Enigmatic nocturnal mammals of Taita Hills and their potential role in 

sustainable eco-tourism 

 
Hanna Rosti1,2, Henry Pihlström3, Simon Bearder4, Lucas Mwangala5, Marianne Maghenda6, 

Petri Pellikka7,8 & Jouko Rikkinen1,2 
 

1 Organismal and Evolutionary Biology Research Programme, Faculty of Biological and Environmental 
Sciences, P. O. Box 65, University of Helsinki, 00014 Helsinki, Finland, hanna.z.rosti@helsinki.fi 

2 Finnish Museum of Natural History Luomus, P.O. Box 7, University of Helsinki, 00014 Helsinki, Finland, 
jouko.rikkinen@helsinki.fi 

3 Molecular and Integrative Biosciences Research Programme, Faculty of Biological and Environmental 
Sciences, P. O. Box 65, University of Helsinki, 00014 Helsinki, Finland, henry.pihlstrom@helsinki.fi 

4 Nocturnal Primate Research Group, Oxford Brookes University, Oxford OX3 0BP, UK, 
skbearder@brookes.ac.uk 

5Taita Taveta University (TTU), P.O. Box 635-80300, Voi, Kenya, lucas.mwandala@ttu.ac.ke 
6Taita Taveta University (TTU), P.O. Box 635-80300, Voi, Kenya, wmaghenda@gmail.com 

7 Department of Geosciences and Geography, Faculty of Science, P.O. Box 64, University of Helsinki, 
00014 Helsinki, Finland, petri.pellikka@helsinki.fi 

8 Taita Research Station of University of Helsinki, P.O. Box 1156, Wundanyi, Taita Taveta 80304, Kenya 
 

 

Abstract 
 

The indigenous forests of Taita Hills, Kenya, are amazingly diverse biologically. They are 
considered one of the world’s biodiversity Hot Spot areas. In Taita Hills, there is only 
about 6 km2 of indigenous forest left, leaving species dependent on these forests on the 
brink of extinction. Our research, conducted from the Taita Research Station, has focused 
on poorly studied nocturnal mammals. Perhaps the most interesting of these mammals is 
the Taita tree hyrax (Dendrohyrax sp.), which is most likely a scientifically undescribed 
species. This peculiar mammal, which weighs about 5 kg and looks like a guinea pig with 
tree sausage-like toes and small tusks, is related to elephants. The Taita tree hyrax is 
highly vocal, and many people have heard its striking calls in the forest. Our research has 
showed that Taita tree hyraxes also communicate by singing, which is a kind of behaviour 
that was not known from tree hyraxes previously. Singing is quite rare among mammals. 
The bushbabies or galagos are also intriguing, nocturnal mammals. There are two 
species in the Taita Hills, the small-eared greater galago (Otolemur garnettii) and the 
dwarf galago (Paragalago cocos), which weighs only about 100 grams. This dwarf galago 
was first discovered in 2001 and we were able to confirm its presence in Taita Hills in 
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2020. Both galago species are prosimians, as are Makis and lemurs in Madagascar. We 
have studied the behaviour, population size, taxonomy and acoustic communication of 
these nocturnal mammals. Our research material consists of hundreds of hours of 
recordings, photos and thermal imaging camera videos. Our latest paper, “Vocalization 
analyses of nocturnal arboreal mammals of the Taita Hills, Kenya”, was published in 
December 2020 in the open access journal Diversity. This article gained lots of 
international interest, and many journals around the world have published articles about 
it. There is great and growing interest towards the Taita tree hyrax and the mysterious 
Taita dwarf galago. Conservation and reforestation of indigenous forests of the Taita Hills 
are necessary for many reasons in the Taita Hills, including preventing Taita tree hyrax 
and Taita dwarf galago from going extinct. We believe that these species could attract 
considerable sustainable ecotourism to the area. This would lead to win-win situation, for 
local people and for nature. In many parts of the world there are tours where people go 
to see nocturnal animals with guides, and this could be done in the Taita Hills too. As 
these animals are arboreal, they are usually not afraid of people. Since they can move in 
the canopy, the animals are not disturbed by people watching them from the ground. If 
local people would benefit from conservation, in the form of income and jobs created by 
the tourist industry, the conservation of forests and increase of indigenous forests would 
be easier. Conservation of indigenous forests is important to prevent further extinctions, 
for mitigation of climate change, improving water security, and preventing erosion. 
Sustainable ecotourism could be an important tool to achieve these goals in a way that 
would be beneficial to all. 
 
Keywords: bushbaby, conservation, galago, reforestation, tree hyrax 
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Experimental research on quartz dust wettability based on contact 

angles 

 
Gekonde, Clif1,2 

1TU-Clausthal, Department of Underground Mining Methods and Machinery 

Erzstraße 20 - D-38678 Clausthal-Zellerfeld 

2Taita Taveta University (TTU), P.O. Box 635-80300, Voi, Kenya, gekondeclif@ttu.ac.ke 

 

Abstract 
 

The African mining and construction industry was negatively impacted by Covid-19 in 
2020 and over the next two years, growth is expected to remain impacted due to the 
economic downturn caused by the COVID-19 pandemic. Despite near term challenges, 
the medium to long term outlook remains positive. Given the sector’s size and resilience, 
mining and construction will be given a central place in the recovery plans of many mineral 
producers. The strength of the recovery will vary across countries and subregions. The 
incidence of respirable quartz dust or respirable crystalline silica (RCS) constitutes one 
of the most serious and adamant challenges arising from mining and allied industries 
such as construction, stone quarrying, and masonry. Workers exposed regularly to RCS 
over a long period face the of developing serious and fatal lung diseases, that is, silicosis 
and silico-tuberculosis. Water sprays and ventilation are the most common methods for 
dust control, and research has proved that dust control efficiency can be improved by 
adding surfactants to enhance the wettability of quartz by reducing the surface tension.  
Literature on application of surfactants is biased to underground coal mining and there is 
little/no-prior works on surfactant-aided dust suppression in other mines where quartz 
dust is prevalent.  Thus, experimental investigation on quartz wettability by surfactants is 
essential for developing effective and robust dust suppression products. Quartz wettability 
is an important factor that plays a significant role in studying the effectiveness of quartz 
dust suppression. Of all the known methods used to quantify quartz wettability, 
measurement of the contact angles formed between a liquid droplet and a quartz solid 
surface provides a direct parameter for evaluating wettability. Therefore, rock samples 
from a quartz-hosted vein deposit (gold mine) were thin-sliced, rough and smooth grinded 
with silicon carbide (SiC) grit sizes P120 and P9 respectively. Water-surfactant solutions 
from all the types of surfactants which include acidic/alkaline water mixtures; water-brine 
mixtures; methanol-water mixtures; anionic-, non-anionic-, cationic-, and amphoteric-
water mixtures were prepared at different concentrations. Water was used as a control 
solution. Measurements of contact angles (Sessile Drop) and surface tension (Pendant 
Drop) were taken using the Drop Shape Analyzer Krüss DSA25E equipment. The results 
were used for comparative analysis on performance of water-surfactant solutions on 
wettability of thin-sliced quartz substrates. Preliminary experiment results show that 

mailto:gekondeclif@ttu.ac.ke
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compared to the use of water, quartz wettability was significantly improved by specific 
water-surfactant solutions at different concentrations, which is indicated by the achieved 
smaller contact angles. This is attributed to reduced surface tension of water-surfactant 
solutions and interaction of water-surfactant solutions on quartz.  A strong correlation 
between surface tensions and contact angles existed for those surfactants which 
comparatively wetted the substrates better than water where smaller contact angles 
indicate that quartz dust will get easily wetted when using those specific surfactants. This 
study provides a guideline on both the evaluation method and application of water-
surfactant when studying the wettability of quartz rock samples. As the next step, further 
research directions will focus on the dynamic interaction between the quartz dust and 
water-surfactant spray droplets in a wind tunnel or well-controlled onsite conditions. 
 

Keywords: Pendant Drop, Respirable crystalline silica (RCS), Sessile Drop, 
   Surfactants/Wetting agents 
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Analyzing Africa’s efforts in leapfrogging barriers to profitable 
mining: Evolution in the mining industry over the years 

Kevin Sang1 and  Nasubo Imelda2 

1China Gezhouba Group Company Ltd, Kenya, kevinsang94@gmail.com 
2Taita Taveta University, nasubo.imeldapatricia@students.ttu.ac.ke 

Abstract 

Africa takes pride in its wealth of natural resources, with about 30% of the known global 
mineral reserves. The natural resource stock also consists of arable land, lakes and 
oceans with fish besides the mineral and oil reserves. Mining contributes largely to the 
continent’s economy and some countries entirely depend on it for their revenue. The AfDB 
estimates that the extractive resources in Africa are capable of contributing over USD 30 
billion per year in terms of government revenue for the next 20 years. Even so, there have 
been barriers in the past to realizing this potential and some of them are still being 
overcome currently. From this paper, we get to understand these barriers in depth, how 
some different African countries have tried leapfrogging them and the future they have 
economically, socially and environmentally in relation to mining.  
 
Keywords: governance, natural resources, sustainability  
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Technical Session 2: 

Perspectives on natural capital and resource economics for 

sustainable development in Africa 
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The success of a small gemstone retailing business in Germany 

Martina Schöpe 

AMETHYST, Rothenburger Straße 46, 01099 Dresden, Germany, amethystamethyst@gmx.de 

 

Abstract 

Kenya offers a wide variety of beautiful gemstones such as ruby, blue sapphire, red garnet 
and garnet with colour change, different coloured tourmalines, aquamarine, amethyst, 
iolite and as a local rarity the green garnet variety – tsavorite. However, at German trade 
fairs, the experience here has not captured their respective retailers nor any gemstones 
and minerals from Kenya. Only the internet offers both a few raw crystals of ruby and 
sapphire and tsavorite, raw or cut. Experience in running a small retailing business 
dealing in minerals, fossils and gemstone jewellery for 30 years has involved seeing 
costumers visit the shop for diverse reasons: collectors of minerals seeking additions to 
their collections, men, women and children enjoying the beauty nature offers, others 
looking for a nice and special piece of jewellery and people counting on the effect of 
gemstones on their bodily and mental health and the general wellbeing. Accordingly, the 
select gemstones and minerals are of a particular processing and shape. Collectors love 
mineral specimens and crystals while others admire a beautiful, polished piece for 
decoration or as hand charms or lucky charms. Lovers of jewellery select raw or polished 
gemstones for their necklaces, rings or earrings that are either drilled or set in silver. A 
well-assorted offer is of utmost importance in small gemstone retailing business. It might 
include simple as well as high-quality minerals and gemstones to individually choose 
from. Generally, high quality of processing is much esteemed in Germany. The minerals 
and gemstones offered come from all over the world. They are purchased from Mineral 
Shows and Jewellery Trade Shows usually via wholesalers and in rare cases from 
collectors. As the majority of gemstones are mined by small often family-run businesses, 
international marketing is difficult. However, through direct contact facilitated by the 3rd 
Biennial CEMEREM conference, a first step could be taken to revive fair trade in Kenyan 
gemstones. 

Keywords: gemstones, minerals, jewellery, retail, Germany market 
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Application of public private partnerships in natural resource 
exploitation and management in Kenya 

 

Daniel Mutegi 
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Abstract 

Kenya is endowed with vast natural resources including renewable ones such as water, 
forestry and fisheries, in addition to non-renewable resources such as minerals, coal, gas 
and oil. An analysis of the mining activities in Kenya by KPMG (2016) found out that the 
sector contributes only an average of 0.4% of GDP. This is a low productivity for a sector 
with immense potential, and has been contributed by concentration on soda ash and 
small quantities of other minerals. According to the Kenya Statistical Abstract (2017), 
between 2010 and 2016, mineral contributions to the GDP ranged from 0.8 to 1.1%, and 
engaged approximately 15,196 persons. It is expected that if the existing minerals and 
natural resources are extracted properly, they can contribute more than 10% to GDP by 
2030 (Republic of Kenya; Ministry of Mining, 2016). The way natural resources have been 
exploited in Kenya before cannot sustain the intended growth going forward. The many 
mineral resources like geothermal, wind, solar and recently discovered oil and gas 
requires adequate exploitation and management for economic prosperity. The immense 
natural resource endowments therefore have not translated into better life for citizens and 
investors because of inadequate financing, technology and inappropriate skills for the 
resource utilization and management. Considering the prevailing situation of natural 
resource exploitation and management in the country, this paper explored the applicability 
of PPPs for the effective natural resource exploitation and management for economic 
growth. Secondary data sources, including government, KPMG, World Bank and 
international publications, have been utilized to review the situation in Kenya’s extractive 
sector. This was then analysed and conclusions drawn, justifying the application of PPPs 
for natural resource exploitation and management in Kenya. It was found out that PPPs, 
when structured in an effective manner and where the interests of public and private 
sectors are aligned, are applicable for the effective and efficient natural resource 
exploitation and management in Kenya. It was found out that there is an enabling legal, 
regulatory and policy environment for PPPs application in natural resource exploitation 
and management in Kenya. The implications from the study is that application of PPPs 
avails capital, technology, innovation, managerial expertise, which will enhance extraction 
of the immense mineral wealth for Kenya, in addition, PPPs produces overall efficiency 
gains to make the sector profitable. The main recommendation is for Kenya to embrace 
use of PPPs to exploit and manage natural resource endowments, because PPPs bring 
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about project cost effectiveness, leverage on technology, and avail affordable financing 
which enables projects to be completed on time, thereby realizing good value for money 
for investors and citizens. Application of PPPs will lead to greater extraction, utilization, 
value addition, processing, refining and creation of more value from the minerals so that 
more citizens can be employed and investors can make their much needed profits.  
 
Keywords: affordable financing, GDP, public and private entities, PPPs, sustainability,  
   value for money 
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Technical Session 3: 

Revitalising agriculture for enhanced urban and rural livelihoods 

in the post-COVID-19 Africa 

Session presentations (3) 

 

Carbon credit trade management and community livelihood 

improvement in Taita Taveta County 

Catherine Ndung’u 1*, Maurice Juma Ogada 1, Shadrack Mwakio 1 
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Abstract  

Carbon credit trade is one of the global Kyoto protocol initiatives that were developed to 
mitigate excessive emission of greenhouse gases causing global warming. The essence 
of the carbon trade is to make greenhouse gases emissions economically unattractive 
and provide economic incentives and rewards known as carbon finance to industries, 
organisations and people who reduce or offset greenhouse gas emissions to the 
atmosphere. A carbon credit is a permit that allows an organisation to produce a certain 
amount of carbon equivalent emission and which can be traded if the full allowance is not 
used. The credits are measured in terms of tons of carbon dioxide equivalent (tCO2e). 
Various studies have been done on carbon credit trade but hardly have they explored the 
management, effectiveness and economic viability of the trade. This study sought to 
address this gap. Using a combination of propensity score matching and qualitative 
approaches, the study found that the Kasigau carbon credit trade had measurable 
economic value in livelihood improvement to community members of between 13.3 % - 
13.2% based on nearest neighbour and kernel p-score matching respectively, if a 
respondent was a participant than not.  Over Kenya shillings 75 million carbon sales funds 
had been ploughed back into community development projects.  The project had been 
effective in carbon sinks improvement where 15,296,463 metric tons of carbon dioxide 
equivalents had been sequestrated 2010-2019 and 190,110 tree seedlings had been 
planted in the area.  A flat organisational structure was used by the coordinating agency. 
Both administrative and community policing mixed with modern technologies were 
applied as control mechanisms. Project community overreliance, climate change, cattle 
influx, felling trees for charcoal production was some highlighted risks the project faced. 
The information can be useful to the National and County Governments of Kenya, public, 
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students, conservation institutions and international organisations to guide in policy 
formulation, research and scientific knowledge dissemination. 
 

Keywords: carbon credit trade, climate change, community livelihood, management 
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Abstract 

Currently, the global solar energy harvesting has exceeded 570 Giga watts with over 90 
percent photovoltaic panels installed either on the ground or on the roof tops. With this 
trend and with increasing demand for renewable energy, competition of agricultural land 
with space to install solar panel is inevitable. Conversely, integrating agriculture with 
photovoltaic electricity production would reduce such conflicts and probably provide 
synergies like shielding the crops from extreme temperatures. Nonetheless, the tolerance 
of tropical crops to the shading effects adjusted microclimate need to be quantified. To 
evaluate the potent feasibility and performance of tropical crops under photovoltaics 
shading, a 2M high x 12.5 M long x 3.3 M wide structure was erected in the highlands of 
Taita-Ngerenyi and 24 solar panel (PV) were fixed on East to west orientation. Beneath 
the PV, various vegetables (kales, cabbage, Swiss chard and currently beet roots) were 
cultivated in succession. Depending on sun’s orientation, the area under PV received 75-
100 % shading. A separate area north of the structure was cultivated with the same crop 
to serve as control. Various growth and physiological parameters were collected and later 
analysed with R-statistical tool. The solar energy harvested by eight solar panels was 
used to power six computer daily for 14 hours and charge six portable lights. The 
vegetables waxed normally with kales having no significant shading effect on all the 
parameters to that of the reference area. However, there was significant shading effect 
noted on cabbages and Swiss chard to that of the reference area in terms of single 
harvest yields (Swiss chard) and head size (cabbage). For leafy vegetables (Swiss chard 
and kales) there was extended harvesting period beneath panels either reducing or 
extending the yield differences for Swiss chard and kales respectively. This implies that 
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combination of solar energy harvesting and farming is feasible. This could provide 
perpetual renewable energy particularly for off grid farmers and create a micro climate for 
shade tolerant crops.  However, quality aspects of the crops produced under the PV need 
to be validated. 
 
Keywords: energy consumption, microclimate, multiple output, shade tolerance 
 

 

Utilization of mine water to provide food solutions to the  artisanal 

miners – case of Mkuki, Taita Taveta, Kenya 

Phillis Mutheu Mbinda 

Taita Taveta University, Voi, Kenya, phillismbinda@ttu.ac.ke 

Abstract 

Though artisanal mining is a crucial economic activity in Taita Taveta County, Kenya, the 
miners work in an environment characterized by water and food scarcity. The quality of 
food has a direct effect on the health of an individual. This study sought to analyse the 
mine water and overburden in Mkuki, Taita Taveta County and find out the viability to 
grow vegetables and drought-resistant crops. In this area, vegetables which are 
antioxidants and a great source of dietary fibre are expensive and almost inaccessible to 
the artisanal miners. Mine water is usually pumped out and discarded by miners as it is 
considered dirty and unfit for purification or treatment. 

Keywords: Artisanal miners, cultural perspectives, mine water treatment, sustainable mining, 
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Policy and technology implications for mining and natural 
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Potential application of liquid soils in mining 
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Abstract 

The liquid soil process (Flüssigbodenverfahren in German) is an innovative backfill 
process that has been used for more than 170 applications since 1998 mostly in Germany 
and some other countries. Liquid soil is typically produced from excavated soil by 
adapting the mechanical, technologically relevant and rheological properties of the soil 
(which it does not possess in its natural or excavated state) to the requirements of the 
particular case. In Germany, the application of liquid soil is becoming popular by virtue of 
waste avoidance within the framework of the circular economy law. In context to Africa’s 
vast mining operations and growing construction sector that result in large amounts of 
excavated material/overburden and tailing dam waste as well as growing solid waste 
generation, this presentation highlights some case studies wherein liquid soil has been 
used to stabilise railroad tunnels and underpasses and to backfill subterranean cavities. 
Experiences from Germany have shown that the liquid soil process also allows the safe 
and permanent immobilization of contaminated excavated soil. The contaminated soil can 
be safely used for backfilling of underground cavities, even if the surrounding subsurface 
of the cavities is permeable and is prone to water ingress. Therefore, liquid soil can also 
be used for solid waste landfill bases. The feature of adjustable properties of liquid soil 
opens new professional avenues. A new role is created for planners, who have to 
determine the properties of the liquid soil for its specific application. Consequently, the 
planner needs to select an economical installation process for the liquid soil. The 
professional development and qualifications required is offered in Germany by the liquid 
soil process-developer in cooperation with qualified planners and construction 
companies. With the development of different applications of liquid soil, new roles for 
professional stakeholders have begun to emerge. The liquid soil process offers project 
planners and users of the process a comprehensive set of instruments to enhance 
sustainable use of resources (re-use/ solid waste avoidance) and safeguard work quality. 
 
Keywords: backfill, circular economy, Flüssigboden 
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Digitalisation: Prospects for the mining sector in Africa 

 
Nashon Adero 
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Abstract 
 

With the emerging global trends in big data revolution and automation, digitalisation 
presents growing opportunities for improving mining sector governance while enhancing 
operational efficiencies, productivity and safety. This new dispensation has been referred 
to as Mining 4.0 in the mining industry. The global demand is rising for the strategic 
minerals needed for powering Industry 4.0 and the accompanying needs, which are 
mainly in consumer electronics, safe and clean transport including hard and lightweight 
materials for aviation, the beauty industry, communication technology, nanotechnology, 
synthetic biology, and the medical industry’s requirements in optics and replacement 
surgery. Africa is poised to gain increasing global attention as home to these strategic 
minerals and metals, such as cobalt, coltan, copper, diamonds, lithium, palladium, 
platinum, precious stones, rare earth minerals, and titanium. From the abundance of 
cobalt and columbite-tantalite (coltan) in Congo, copper in Zambia, to uranium in Niger, 
Namibia and South Africa, Africa is rich in the critical resources driving clean and climate-
smart energy megatrends such as the production of electric vehicles. The mining sector 
in East Africa has also been gaining attention since 2000, for the right reasons: the 
discovery of oil in Uganda and Kenya, the most modern and progressive mining law in 
Africa enacted in Kenya in 2016, the formation of a new Kenyan Ministry dedicated to 
mining followed by the National Airborne Geophysical Survey supposed to be completed 
in 2021 and the launching of digital land and mining information management systems, 
among others. This paper shares findings on how digitalisation can enhance outcomes 
for policy, planning and practice in the mining sector in Africa. The key result areas include 
enhancing human capital development, data governance for sound decisions, 
transparency and transactional integrity, and multistakeholder engagement. The findings 
imply that the skills and jobs of the future in the mining sector would have to be responsive 
to automation and the accompanying data-driven digital revolution. Human-machine 
teaming managers are among the new jobs to be considered as the role of engineers and 
resource managers also becomes increasingly focused on data analytics and data 
management for policy and technology development.  
 
Keywords: big data, data governance, data revolution, mining 4.0, transactional integrity 
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Abstract 

The mining sector is a key contributor to global GDP and it accounts for about 4% to 7% 
of total global greenhouse-gas (GHG) emissions.3 Notwithstanding the significant 
emissions, global mining operations have hitherto incorporated sustainable climate 
change governance only peripherally. However, the evolving architecture of climate 
change instruments at the international, regional and national levels places sustainable 
climate change governance at the centre of planning and development of a full cycle of 
mining projects. This paper evaluates gaps in extant policy and legal frameworks that 
regulate the mining sector in Kenya. Against the backdrop of climate change interventions 
in the global mining sector, parallels are drawn from international best practices that 
address climate change-related impacts in the mining sector. The authors of this paper 
adopt a four-pronged approach that generally contributes to the discourse on climate 
change sustainability in the mining sector in a novel way. First, inquiry is made into the 
major 21st century climate change related concerns in the global mining sector. Second, 
we identify positive trends in the mining sector that have been adopted to engender 
climate change sustainability at the international level. Third, the paper examines steps 
that have been taken by international and regional organizations to address 
environmental sustainability challenges in the mining sector. Finally, insights gleaned 
from the three foregoing parts are employed to analyse the Kenyan legal and policy 
regulatory framework. Specific inquiry is made into approaches that Kenya employs to 
regulate climate change related impacts within its mining sector. The paper makes the 
overall finding that climate change related interventions in the Kenyan mining sector are 
inchoate and ripe for review in a number of respects that are detailed in the paper. This 
finding leads to major recommendations. 
 
Keywords: climate change, decarbonization, emissions, greenhouse gases, mining sector, 
   sustainability. 

 

 

 
 
 
3McKinsey and Company, (2020) ‚‘Climate Risk and  Decarbonization: What  Every Mining CEO needs  to Know’ 
McKinsey and Company, p. 2 
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Abstract 

In terms of energy consumption, the global mining industry is classified as a heavy 
industry in carbon footprint. The other associated ecological footprints of mining go 
beyond the energy sector to include adverse impacts on land, water resources, and 
biodiversity. The prevalent artisanal mining activities in Africa, though less consumptive 
of energy, are no less important when it comes to degradation at the extended scale 
covering the larger physical and social environment. Whereas the Africa Mining Vision 
and various national development visions are keen on leveraging the mining sector for 
enhanced socioeconomic outcomes, the post-COVID-19 era is, rightfully, placing a 
greater demand on countries to ensure environmental responsibility in the extractive 
sector. The concepts of circularity and green growth for sustainable consumption and 
production are gaining currency as a result. Assessing the capacity for circularity and 
biodiversity restoration in the mining sector is key to mitigating climate risk, meeting 
decarbonisation targets, and minimising ecological degradation. Citing specific examples 
across Africa, Taita Taveta included, and referring to factors inherent in culture as well as 
policy and technology developments, this paper assesses both the demonstrated and 
potential capacity to reform mining practices so as to reduce the overall ecological 
footprint of the mining sector, mainly by implementing the circular and green economy 
concepts. African culture has established practices that encourage resource circularity 
and green growth, hence a key institutional aspect of sustainability. The comparative 
advantage of the continent in the strategic mineral resources needed for clean 
development mechanism, such as cobalt and rare earth minerals, make urgent the need 
for policy and technology development in response to the emerging innovation and 
market needs of a new era. The preliminary findings show that there will be increasing 
interest in extracting Africa’s strategic mineral wealth as exploration and mining 
technologies advance in a region with young and growing mining sectors. The prevalence 
of foreign investors in Africa’s mining sector implies that an environmentally responsible 
and well-regulated investment climate for the capital-intensive industry will be a 
necessary, though not sufficient condition, for sustainability. Even more critical will be an 
enabling environment for encouraging local content, technology transfer, and 
environmental sustainability in the mining sector. The results of this research are readily 
applicable to advancing local practices, policy and business processes, and participatory 
technology development in the mining sector in ways that encourage circularity and 
reduce environmental degradation. 

Keywords: carbon footprint, circular economy, decarbonisation, strategic minerals 
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The future of the mining sector in Kenya post COVID-19 

Chepkoech Ronnice 
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Abstract 

Kenya is currently facing a rapid and huge development slowdown due to the outbreak of 
the COVID-19 pandemic. The mining sector, being one of the major pillars of economic 
development in Kenya, is affected. Government restrictions to minimize the spread of the 
virus through social distancing have slowed down the mining projects while putting on 
hold other projects until further notice. The outbreak of COVID-19 has made the future of 
mining sectors in Kenya uncertain. The purpose of this research study is to assess the 
implications of COVID-19 for the mining sector and use the outcome to predict the future 
of mining and come up with automated solutions and policy responses to address the 
problem. This research paper provides an overview of the implications of COVID-19 for 
the mining sector and solutions to mitigate the effects in the future. This includes the 
impacts of the pandemic on the supply and demand of minerals. The effects include the 
supply and demand changes on the prices of the commodities and the general impact on 
economic growth in the country. The current and the past data on the mining sector are 
used to predict the future of mining using regression model equations. The main findings 
indicate that the outbreak of COVID-19 in Kenya has dramatically decreased the 
production of mineral commodities from the mining industries by approximately 40% in 
the past 14 months. The reduction in the supply of minerals often led to an increase in 
the price of the commodities which in turn reduced the demand for the products which 
affect the mining operations. In addition, a decline in demand growth led to a reduction in 
the prices of the products, which led to negative economic impacts. The economic 
forecast of Kenya in the past 12 months indicates a decline of 3.8%. The most affected 
areas of the mining pillars include the development of new projects and feasibility studies. 
Therefore, the implications of COVID-19 have both short- and long-term impacts for 
mining, including shortages in the future natural resources in the country. However, the 
implications can be mitigated in the future through technological innovation to reduce the 
required human workforce and implement effective policy measures to reduce the spread 
of the pandemic while improving the products in the mining sector and developing societal 
and economic resilience to the future pandemics. This research paper helps predict the 
future of mining after the pandemic and determines the best solutions to the crisis by 
adopting possible technologies and policy measures to mitigate the future implications. 
However, the information on the impacts of the COVID-19 on mining commodities is not 
well documented.  
 
Keywords: demand of minerals, impacts of Covid-19, mining commodities, supply of minerals. 
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Abstract 

The geology of Kenya makes it one of the countries in the world where fluoride occurs in 
high concentrations, not only in rocks and soil, but also in surface and groundwater. It is 
estimated that 19.5% of groundwater contain fluoride concentrations above 5 mg/L. 
Fluoride levels above 1.5 mgL-1leads to skeletal and dental fluorosis, cases which are 
common in parts of Central Kenya. Reducing the level of fluoride below the World Health 
Organization level of 1.5 mgL-1 was recommended in the millennium development goals. 
Defluoridation of water is usually an expensive process and there are many methods that 
include: adsorption, ion-exchange, membrane filtration processes and distillation. An 
alternative method using locally available plant materials that is environmentally friendly 
and affordable to the rural communities was hence sought. In this study, the ability of the 
Maerua subcordata root powder to remove fluoride was determined. Six samples were 
obtained boreholes in Upper Tana in Kenya namely Kimichu, Umma University, Thika 
Ananas, Gathima and Naivas Supermaket in Thika, Kenya. Fluoride determination was 
carried out using a Fluoride ISE meter while pH was determined potentiometrically. 
Borehole samples were found to contain high F concentrations of up to 4.38 mgL-1 which 
is above the WHO-recommended limit.  A bio-sorption method using Maerua Subcordata 
root powder was hence developed to remove fluorides. The process parameters varied 
include F concentration, dosage of bio-sorbent, time and volume. Concentration was 
varied to 2, 4 6, 8 and 10 mgL-1 F while adsorbent dosage was varied from 1 to 100 gL-1. 
Reaction time was varied from 0.5 - 4 h and the adsorption isotherms were hence plotted. 
The highest F removal was at 2 mg/L with removal of up to 64.5 %. Adsorbent dosage of 
100 gL-1 recorded the highest removal compared to 20 and 1 g/L at all F concentrations. 
Variation of time from 30 min to 4 h did not have any significant difference in F removal 
(P≤ 0.005). In the borehole samples, F removal ranged between 32.8-48.3% while pH 
reduced between 11.09 – 23.49%. It was concluded that Maerua subcordata root powder 
has good absorption properties for removal of F. Since the material is locally available, 
the method can be adopted in rural communities. For practical aspects, the adsorbent 
can be packed in a column with a pre-determined retention time to treat small volumes of 
up to 20 L to be used as drinking water.  
 
Keywords: fluorosis, groundwater, isotherm, Maerua subcordata 
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Abstract 

Conveyors have long been referred to as the arteries of a mining operation critical to the 
movement of material through the system. If the conveyors stop, the mine stops. Better 
management of the conveyors gives better production efficiency as well as safety of the 
operators. This research paper is a case study of Karsan Ramji Sons Ltd, an aggregate 
mining company using a conveyor system in transporting materials from the crusher to 
the screens and discharging of final products. The current conveyor system at the site is 
inefficient in terms of controlling the conveyors’ operations. In case of an incident which 
requires immediate shutdown of the conveyor system, the operator has to run to the 
control room which is 200 metres from the mobile jaw crusher, thereby risking the life and 
the wellbeing of the conveyors. Thus, there is a need to provide a structured control 
system that can allow the operator to control the conveyors remotely. Radio waves 
technology was applied to control the conveyors using locally available electronics. 
Compared to other control systems that require the use of IoT, or GSM controllers that 
require the use of use of a strong network and monthly chargers, the radio wave controller 
does not require any monthly charges for functionality and their operating range is within 
the design of the proposed crush-screening layout.  

Keywords: conveyor, crusher, electronics, radio waves, screen  
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Abstract 
 

Mineral resources are essential for propelling both human and economic development in 
Africa. Their application is projected to rise in the future due to the expected growth of 
human population. Minerals are also a key component in adopting clean energy systems 
as they are vital for manufacturing batteries, solar panels and wind turbines amongst 
others. Despite the immense contribution from the mining sector, the industry has 
continuously faced economic challenges that have been further exacerbated disruption 
of global economy due to Corona virus 2019 (Covid-19). As a result, some companies 
responded by temporarily shutting down while others closed prematurely. For example, 
Mineira de Cotoca, the leading diamond producer in Angola suspended all operations, 
thereby negatively affecting its gross domestic product. The situation was not different in 
De Beers of Angola, the leading producers of diamond having suffered production decline 
of 7% to 5.6% million carats. Therefore, to inject economic resilience into the sector 
against the face of global crisis, it is imperative to study the emerging risks and impacts 
of covid-19 in all mining stages and develop a coping mechanism in the sector through 
‘responding, managing and recovering’. This study reports preliminary reflections on the 
impacts of Covid-19 on mining in Africa. Various stages of the mining projects are 
dissected to assess the potential risks and opportunity to steer mining cycle forward. The 
findings from this study report that feasibility study and mine development as the most 
affected phases in mining projects followed by exploration stage. Further analysis indicate 
that production phase is the least affected stage, which is majorly due to heightened 
mineral demand from first world countries. In order to reduce the potential risks in the 
various mining phases, this study further proposes a three-step resilience model of how 
mining companies should respond, manage and recover from economic crisis. This model 
suggests that during the response phase, it is critical for organizations to safeguard the 
miners and businesses by maintaining required production rates and supply chains. This 
is followed by management phase where companies need to re-adjust operation 
techniques by introducing automation to reduce risks and costs while maintaining the 
required production and efficiency. Lastly, the recovery phase entailing implementation 
of new policies that would re-align mining strategies to respond to the longer-term fallout 
from Covid-19.  
 
Keywords: Covid-19, mining risks, opportunities, surviving strategy 
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Abstract 
 
This study is an analysis of the effect of policy and technological innovation on 
environmental conservation in artisanal and small-scale gold mining in Kenya. Along the 
Neo-Archaean greenstone belt, in the Lake Victoria Goldfields, mining is an economic 
activity for local communities. However, there are numerous health and environmental 
challenges associated with artisanal and small-scale gold mining (ASGM) particularly in 
the use of mercury together with cyanide. The focus of this study is to determine the 
performance of artisanal small-scale gold mining (ASGM) in environmental conservation 
in line with current policies in Kenya and to determine technological advancement in 
ASGM that can promote environmental conservation in Kenya. The COVID-19 malady, a 
public health emergency, social, human and economic crisis of unknown nature has 
affected the most vulnerable. This includes women, children, the elderly and informal 
workers. During the Virtual Leaders’ Summit of the Group of Twenty (G-20) on the 
COVID-19 Pandemic (26 March 2020), the UN Secretary-General made a clear cut call 
to focus on people. This includes the informal sector and vulnerable groups who are 
already at risk of being affected or infected by covid-19.All these factors manifest in the 
booming ASGM sector. Numerous studies and reports have been conducted on the 
environmental and health consequences of informal mining however little regard has 
been made in studying local manufacturing opportunities, local innovation and 
technological transfer to mitigate the environmental and health challenges of ASGM in 
line with current policies in Kenya. This study will highlight on some of the innovations in 
ASGM and encourage the ASGM sector to be compliant with current policies in Kenya 
thus promoting environmental conservation and safety in artisanal and small-scale gold 
mining. 
 
Keywords: Covid-19, environmental management, Minamata convention 
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Peter Ochieng1, 2Dennis Kaburu 

 
1Taita Taveta University, Onexpeters@gmail.com 

2Jomo Kenyatta University of Agriculture and Technology, dennis.kaburu@jkuat.ac.ke 

 

Abstract 
 
Artisanal and small-scale miners (ASM) contribute significantly to the mining sector in 
Kenya. ASM miners are mostly people who are vulnerable economically and  engage in 
mining as a resilient option for livelihood. Despite this scale of need, many development 
partners and mining boosting programs don’t engage with ASM by fearing that they may 
be engaging in illegal or dangerous activities. Therefore, ASM activities remain grossly 
underfunded and neglected  compared to other poverty driven activities such small-scale 
agriculture, fisheries, and so on. The perception that ASM may be participating in illegal 
activities is generated  from the fact that most ASM  are not up to date with the current 
policies guiding the sectors hence predisposed to engage in an illegal activities  
inadvertently. This is due to the fact that most Artisanal and small-scale activities occur 
in the most remote areas of the country where policy documents and education may not 
be readily accessible. The question that arises is how do we keep ASM  abreast with the 
dynamic mining policies so that their activities may eventually be accepted with the main-
stream organizations which focus on promoting  mining activities? This research  
proposes a self-educating  chatbot that can have a near natural conversation with a ASM. 
The miner  poses a question to the chatbot about any mining activities he or she is about 
to engage in, the chatbot then initiates a conversation based on this question as it collects 
crucial information from the miner. Eventually, the chatbot will offer concise advise to the 
miner giving him or her a verdict on whether the mining activities he or she is about to 
engage in is allowed by the currently existing policies. The technology developed under 
this chatbot is  bundled into a mobile phone. Therefore any miner with any type of mobile 
phone is able to utilize the chatbot. The initial evaluation of the chatbot precision of the 
answers generated by the chatbot is 68% and is a promising alternating of educating 
miners on the existing polices. 
 
Keywords: artisanal,  chatbot, small-scale miners, policy. 
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Abstract 

Widespread concern on the state of the environment and the adverse impacts of natural 
and anthropogenic influence on ecosystems advances the need to determine the drivers 
of change and map them at a basin scale to monitor their environmental impacts. Gully 
erosion remains a critical concern worldwide. Overgrazing, mining activities, farming, and 
deforestation have aggravated gully erosion in the Mwatate Watershed. This research 
presents a methodological framework for mapping and analyzing gully erosion in the 
Mwatate watershed using geographic information system (GIS) and Remote sensing 
techniques. Vector datasets extracted from aerial images were used to quantify the basin 
scale of land cover change by analysing the gully density (m/ha) change between years 
2011 and 2021. Gullies were detected by visual interpretation from georeferenced aerial 
images for both years and manually digitized as polylines, and vectorisation techniques 
for GIS grid data used to delineate the gullies. GIS binary modelling was used to quantify 
the presence/absence of the gullies in the study area. In addition, land use land coverage 
(LULC) analysis was conducted to quantify the main land cover changes driving the gully 
erosion. It was observed that the gully density in the study area changed from 980 m/ha 
to 1200 m/ha between the years 2011 to 2021, an increase of 21%. NDVI analysis 
revealed a significant change in healthy state vegetation from 0.8 to 0.3 between 2011 
and 2021. The LULC changes for the area also showed an increase in the developed 
area by 106%, total vegetation cover slightly  increased by 21%, bare land reduced by 
36% for the same period. The state of the environmental degradation from the gully 
erosion was mainly aggravated by human activities that have progressively increased in 
the area. Therefore, this study puts into perspective the need for environmental 
monitoring practices at the grassroot level and the need for strict enforcement of 
environmental regulations to avert the degrading human activities prevalent in the area, 
such as overgrazing and unsustainable farming practices and deforestation. 
 
Keywords: binary modelling, land-use change, soil erosion, vector grid-based modelling 
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Abstract 

Artisanal and small-scale mining (ASM) has continued to increase in recent years. 
According to reports, small-scale mining is expanding rapidly in developing countries.  
The ASM has been identified and recognised as a considerable economic contributor to 
national economies. This has seen many developing countries recognize ASM by 
enacting rules and regulations to formalise the sector and govern it. Sub-Saharan 
countries including Kenya, Uganda, and Tanzania have not been an exception to the 
continuous increase in ASM. A primary characteristic of the ASM is that the mining 
operations are predominantly simplified forms of exploration, extraction, processing, and 
transportation with human labour dominating its operations. While these forms are 
relatively cheap, there are negative consequences that hinder the sustainability of the 
ASM operations. Based on a case study of the ASM sector in Kenya, this paper discusses 
and examines the technologies the sector can employ to ensure sustainability post 
COVID-19. Data for the prevalent methods in use in the mines in Taita Taveta, Baringo, 
Kakamega, and West Pokot counties was collected and used to aid the recommendation 
of technology and advanced approaches to overcome the usual predicaments and 
shortcomings. Data from the mines already using the advanced technologies proposed 
in this paper was collected and used for comparison purposes. From the comparative 
analysis, it was found that the ASM sector needs to apply GIS technology for location 
suitability analysis and environmental monitoring. In the extraction process, the sector 
should utilise airleg drilling approach and haul the material using a monorope winch 
system for the underground mines. Lastly, value-addition processes for the raw minerals 
are necessary to ensure higher prices for the mined minerals. Leveraging technology in 
the sector will have critical benefits that ensure sustainability in the post-pandemic era. 
The recommended technological interventions lead to low operational costs, higher 
prices, reduced accidents and deaths, and stronger linkages between mining and other 
economic sectors. These steps and outcomes are fundamental in aiding the successful 
resumption of mining in the ASM sector after the COVID-19 restrictions. 
 
Keywords: Artisanal and small -scale mining (ASM), GIS, Post covid recovery, monorope winch. 
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Mining 4.0: A model that adopts working from home! 
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Abstract 

This paper focuses on the changes that need to be taken to ensure that the challenges 
faced due to the covid-19 pandemic will be effectively addressed in the future within the 
education and mining sectors in pursuit of sustainable mining practices. Following the 
onset of covid-19 various measures were initiated in an attempt to ensure continuity of 
mining operations such as working from home. According to a Kenyan newspaper, 
Business Daily, by June 2020, 1.7 million Kenyans had lost their jobs after the government 
imposed the lockdown following the first cases of covid-19. This paper covers some of 
the measures that if implemented will enable us efficiently work from home thus reducing 
the need of retrenching workers due to any lockdowns that might take place in the future.  
Within the mining sector, the concept of working from home is a new endeavour. This has 
been characterised by some of the mining companies in Kenya closing down due to the 
lockdowns. From literature review, the paper intends to innovate a model to help the 
mining sector solve the problem of career insecurity through the adoption of the concept 
of working from home. The model comprises the following: a remote-control application 
(this application will help an operator to operate mining machinery from home without the 
need of being physically at the work station), a decision support platform, the necessary 
tools that will promote online meetings, and finally the necessary tools that will facilitate 
supervisory and advisory support from professionals. Through the model, the operators 
will not only hold online meetings with the executive and obtain advice from professionals 
but also get involved directly in the day-to-day operations of the mining machinery. 
Through the literature review undertaken, the following findings were obtained. Firstly, the 
concept of working from home is new and that the area has the potential to increase cash 
flow with or without a pandemic. Prior to covid-19, less than 15% of mining companies in 
Kenya had adopted the concept. Secondly, following covid-19, mining companies and 
institutions of learning have started holding online meetings. With more than 50% of the 
mining companies having not adopted the use of automated solutions to control the 
machines and operations from home, most of them ended up reducing production and 
retrenching their employees. At the onset of Covid-19, 1.7 million Kenyans lost their jobs. 
This was attributed to the lockdown imposed by the government to curb the spread of the 
virus. With a majority of the employees retrenched, the mining sector was affected and 
as a result reduced productivity. With the pandemic, the future of work is working from 
home! It will enable employees to operate mining machinery from home without the need 
of physically being at the work station. The education sector provides the skills needed 
by the job market. By ensuring that these skills are taught in schools, the future 
professionals will have acquired the skills needed by the job market through the 
incorporation of Education 4.0. 
Keywords: Advisory support, career security, remote control and supervisory support 
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Abstract  

PhotoVoltaic (PV) plays an essential role in the efforts to reduce carbon emissions. 
Currently two key developments are taking place worldwide: ever-larger PhotoVoltaic 
installations on the one hand and numerous smaller Agri-PhotoVoltaic (Agri-PV) systems 
on the other hand. Despite the technical advances there is little understanding of the 
impact in particular large solar parks have on the environment including the soil water 
balance. The redistribution and modification of water and global radiation through rows of 
panels leads to typical patterns in the soil moisture distribution and dynamics. Some 
impacts, in particular the shading can help in reducing water losses through reduced 
evapotranspiration. Research has been undertaken by the team at four locations in 
Germany including a small solar park, a lysimeter station, a small Agri-PV plant and a 
large solar park since 2017. Measurements focus on soil moisture profiles to 1 m and 
near-surface pattern and Temperature. Data has been recorded at a reference area, 
under the dripping edges and under the panels. The measurements are complemented 
by modelling of the unsaturated zone with and without solar panels. Because of shading, 
global radiation is reduced by 10 % under the panels. Air and soil temperature 
measurements in summer show lower daily temperatures under the panels compared to 
the reference area together with a reduction in amplitude. Subsequently 
evapotranspiration is reduced resulting in a moderated drop in soil moisture in the upper 
layers under the panels is less compared to the reference area. Agri-PV not only provides 
an opportunity for the dual use of land to produce food and generate energy but also 
benefits from the shading of the agricultural land helping to manage scarce water 
resources. Kenya has been suffering from droughts in the past seriously affecting the 
national food production which had to be supplemented by expensive imports. Agri-PV 
could be a means of dealing with local conditions in particular high temperatures and little 
rainfall. 
Keywords: Agri-Photovoltaics, Evapotranspiration, Photovoltaics, Soil moisture,  
   Soil temperature 
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Abstract 

Data revolution in the context of big data has seen emerging earth observation services 
and technologies providing open and analysis-ready data or decision-ready data, such as 
the continental Digital Earth Africa (DEA). These recent developments inspire the 
elevation of spatial data as a strategic asset for impacting the science-policy interface for 
sustainable outcomes in key economic sectors. The mining sector is one such promising 
sector in Africa, a continent rich in unexploited mineral wealth and ready for a mineral-
driven economic renaissance in the post-COVID-19 era. Sustainability is gaining policy 
attention worldwide, hence a central goal in the mining sector. To leverage sustainable 
mining, decision support systems must provide timely and actionable location-based 
intelligence. Satellite-based imaging technologies provide the critical spatial and temporal 
data needed to deliver on this key objective. To demonstrate the power, precision and 
economy of these technologies, services from DEA have been applied to a case study of 
Taita Taveta, a mineral-rich Kenyan county experiencing land-use changes from mining 
activities and other anthropogenic drivers of space use. The period covers 2000 – 2017. 
Spectral analysis based on different ratios were used on the study area to reveal the 
changes in land use and land cover over the study period. In this research, land change 
was used to investigate impacts of mining in Taita Taveta. Several algorithms were used 
to detect deforestation, such as Normalized Difference Vegetation Index (NDVI), Water 
Observations from Space (WOfS), Normalized Difference Water Index (NDWI), and 
Fractional Coverage. Changes in vegetation in the study area using Enhanced Vegetation 
Index (EVI) showed losses caused by deforestation, claiming about 340 hectares. The 
findings imply a growing role of open data cubes and their derivative spatial models in 
enhancing decision support for sustainable mining and natural resource management in 
Africa. The lessons from this case study are applicable to advancing effective policies 
and strategies aimed at achieving sustainability in mineral resource sector development 
through the enhanced environmental monitoring outcomes, which are also economical 
and adaptively effective at scale. 
 

Keywords: analysis-ready data, decision-ready data, Enhanced Vegetation Index, 
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Abstract 

This paper reviews the influence of various controllable factors on rock fragmentation by 
blasting and the methods of quantifying rock fragmentation performance. The controllable 
parameters include blast geometry and explosive parameters. The parameters reviewed 
include spacing to burden ratio, burden to hole diameter ratio, stemming to burden ratio, 
stiffness ratio, subdrilling, air-decks, stem plugs, powder factor and velocity of detonation 
of explosive, and the firing pattern. Rock fragmentation may be evaluated in terms of 
particle size distribution and the muckpile profile. Both aspects influences the efficiency 
of loading and haulage equipment. To attain the desired rock fragmentation, optimisation 
of blast designs is achieved by field experimentation or by application of blast 
fragmentation models to simulate and predict the rock fragmentation. Field 
experimentation is too difficult and less commonly used due to high implementation costs 
and time required. However, the current blast fragmentation models only predict particle 
size distribution of the fragments; they do not predict muckpile profile of the fragments. 
Future research on the models should be aimed at developing models that are able to 
simulate both aspects of rock fragmentation.  
 
Keywords: blasting models, muckpile profile, particle size distribution 
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Abstract 

Some of the challenges faced by miners are land-related. In Taita Taveta County, Kenya, 
they include double-licencing, illegal selling of mining rights, inauthentic land agreements, 
and operations without licenses. Digital mining cadastre is a digital register of mining 
properties and a new technology in the mining sector in Kenya, which was introduced to 
resolve these problems.  Over 60% of mineral production in this county is attributed to 
artisanal mining. Adoption of innovations is usually affected by communication, need, 
relative advantage, compatibility, complexity, trialability and observability of the 
technology.  This study purposed to determine the level of communication and adoption 
of the digital mining cadastre by the artisanal miners of Taita Taveta County. A cross —
sectional survey design was adopted and telephone interviews conducted on 34 of the 
75 members of Mzedu Community Based Organization (CBO). The data collected was 
quantitatively analysed. Of the 79% that heard about the cadastre, only 19% used it, 41% 
did not use it, and only 9% have used it. It is recommended that the artisanal miners be 
sensitized on the benefits and values of cadastre through meetings and other avenues, 
have their capacities to use it enhanced, access to relevant equipment provided, and  be 
assisted with allocation of mining areas.  

Keywords: adoption of innovation, communication, land 
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Abstract 

Sustainable mining methods selection is one of the most important decisions that most 
mining engineers must put in consideration in areas where communities practice 
Agriculture especially after COVID-19 pandemic in Africa. It is an upward task for mining 
engineers to make sound decision in choosing a suitable underground mining method 
and extraction of mineral deposits mostly in places where agricultural activities take place. 
The dominant explanation for sustainable mining in agricultural communities is to use 
acropolis framework. Previous research has primarily on underground mining selection 
system which is part of multiple decision making system which had difficulties in decision 
making and never put in consideration communities practicing agriculture. We use 
methods such as acropolis framework for decision support systems, concepts and issues 
related to a number of web-based decision support systems, knowledge driven decision 
support system based on knowledge warehouse and data mining for market management 
and a case study on the development of decision support system for sustainability 
evaluation. In this paper a web based and model-driven decision support system was 
designed to aid decision makers in analysing the situation during mining activities in 
communities which practice agriculture during and after COVID-19 pandemic period. The 
model driven DSS was built using optimization, forecasting methods because the models 
can be distributed using the web to stakeholders especially when they are involved in 
critical decision making process when organization addresses the issue of stakeholder 
participation and transparency. 
  
Keywords: mining methods, model driven, sustainable mining, web based 
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Abstract 

Carbon (IV) oxide (CO2) is emitted majorly from fossil fuel combustion and industrial 

production. The main sources of CO2 in the study area are mining activities, transport 

system, and industrial processes. Mining is a heavy industry that uses fuel and 

infrastructure services intensively and as such leads to carbon emissions along the value 

chain. In Kenya, the two main sources of energy are wood fuel and the fossil fuel. This 

means, increase in economic activities is likely to cause more CO2 emissions. 

Understanding the dynamics of CO2 concentration and how human activities contribute 

to this is important for policy and technology development for mining and natural resource 

development in the post-COVID-19 Africa. The main objective of this research was to 

monitor the effects of COVID-19 containment measures on CO2 concentration trend and 

forecasting the possible future concentrations. A statistical modelling approach was 

applied. The Orbiting Carbon Observatory-2 and the Orbiting Carbon Observatory-3 

secondary data were used. The HDFView software was used to access the data. Data 

analysis was done in MS Excel environment. In this research, three scenarios were 

generated and discussed, namely: pessimistic scenario, which describes over-reliance 

on fossil fuel for economic recovery; business-as-usual scenario that describes the status 

quo in terms of energy sources; and the optimistic scenario that describes reliance on 

green energy for economic recovery. There was a reduction in CO2 concentration, due to 

COVID-19 mitigation measures put in place by Kenyan government, by approximately 

50.5 ppm between March 2020 and January 2021 inclusive. In addition, the models in 

this research show that the CO2 emissions are high. This shows that the country still relies 

more on fossil fuel. Recently, the CO2 concentrations have been following the business-

as-usual scenario path. This means that by 31st December 2021, CO2 concentrations will 

be about 408.1 ppm. The optimistic and pessimistic scenarios project concentrations of 

about 360.1 ppm and 545.9 ppm respectively. This research illustrates, to the policy 

makers, the relationship between energy sources and carbon dioxide emissions. Since 

the reduction in CO2 emission was due to decreased use of fossil fuel as there was 

decrease in economic activities, then Kenya is likely to experience CO2 emission 

reduction if she relies more on green energy than fossil fuel in post COVID-19 period. 

That is, CO2 concentration trend is likely to follow the optimistic scenario path, hence a 

reduction in CO2 concentration of about 48 ppm by the end of the year 202. This research 
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recommends investment in solar energy by energy-intensive companies, mine machinery 

and equipment maintenance, investment in electric vehicles, and doubling tree planting 

efforts to achieve the 10% cover. 

Keywords: energy-intensive, forecasting, greenhouse gas, green energy, 

   Hierarchical Data Format, Orbiting Carbon Observatory-3. 
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Abstract  

Access to clean water and sanitation is a key development and life-support goal, boldly 
pronounced under the sixth Sustainable Development Goal (SDG 6). To achieve a proper 
assessment of surface water quality from satellite imagery, the relationship between 
satellite multi-spectral data and concentrations of surface water quality pollutants 
(SWQPs) should be modelled spatio-temporally. Much effort has been directed towards 
monitoring of surface water quality with respect to the many activities around the surface 
waters and in particular mining activities. Questions arise on how best to measure the 
water quality parameters within our vicinity. Approaches previously and currently given 
this task have included, among others, the application of GIS, a system designed to 
capture, manage, analyse, manipulate, model, and visualise spatial data. Satellite remote 
sensing provides an important source of spatial data. It offers effective ways to observe 
the changes in surface water. The integration of remote sensing and GIS works well in 
gathering, storing, analysing, and visualising data from any location on Earth. Voi River 
is an example of surface waters with myriads of activities within its environs that make it 
a suitable case for this investigation. The use of satellite remote sensing guarantees the 
acquisition of detailed spatial information and spatial modelling. This research presents 
the location-based water quality parameters that were captured and geocoded along Voi 
River using field sampling, laboratory testing and geospatial information analysis and 
modelling techniques. A GIS-based model was developed to share visual evidence 
spatially correlating the observed water quality outcomes with the activities prevalent in 
close proximity to the river, sand harvesting, deforestation and overgrazing being key. 
Notably, the findings revealed the trends, scale and patterns of Total Dissolved Solids 
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(TDS) increasing downstream, in sync with increasing prevalence of the observed land-
degrading human activities in that direction. The lessons from this study inform the greater 
need to deploy high-resolution imagery solutions to monitor river water quality while 
sharing results with the local community for co-owned and, hence, sustainable 
interventions for integrated water resources management.  
 
Keywords: GIS, GNSS, Total Dissolved Solids, water quality parameters 
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Abstract  

The research result in the development of an integrated management system (IMS) of 
artisanal and small-scale gold mining (ASSGM) in Migori County, Kenya. Given that 
ASSGM are complex in the way they handle their business in Kenya. The research work 
analyzes the social, economic, health and environmental information and data available 
to develop the IMS. Kenya’s ASGM activities contribute significantly to the national 
economy even though they are sometimes operating illegally and at a disadvantage 
compared to large-scale industrial mining companies. Nevertheless, complex issues of 
land tenure, social stability, mining regulation and taxation, and environmental 
degradation undermine the viability and sustainability of ASGM as a livelihood strategy. 
Thus, through the development of IMS the issues will be solved. As well, through the 
research cheaper and affordable methods for processing gold will be designed using 
locally available materials which increases the economic livelihoods of the communities 
involved in ASSGM. The model which was developed will be further adopted to other 
counties where ASSGM and other forms of artisanal and small-scale mining are being 
done within the region.  
 
Keywords: artisanal and small-scale gold mining (ASSGM), economic livelihood, 
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Abstract 

Water covers approximately 1.386 billion cubic kilometres; 97% of the water lies in seas 
and oceans, containing saltwater, 2% as ice caps and glaciers, and 1% including rivers, 
lakes, and groundwater. Lakes constitute approximately 0.017%, about 304 million water 
bodies in total. The fluctuation of the water levels in lakes affects the community in many 
ways, from floods damaging land and property, separation of families, loss of lives, 
increased risk from wildlife, such as crocodiles, reduced tourism, among others. In recent 
years, Lake Baringo and most of the lakes in the Rift Valley have been swelling at an 
alarming rate. This study aimed at analysing the causes of these changes, predicting the 
future and planning effectively to reduce adverse effects on the community. The main 
objective was to determine the fluctuation of water levels in Lake Baringo, the causes of 
the fluctuation and the prediction of future water levels with the extent of effects. Several 
processes are necessary to achieve the desired results. The methods and techniques 
included delineation of the water basin and the production of land use and land cover 
maps to determine the effects of human activities on the water levels. Since Lake Baringo 
has no visible outlet, it is assumed that siltation is blocking the underground outlet hence 
the determination of erosion using RUSLE. It has been assumed that the fluctuation of 
water is brought about by human activities around the riparian land, the increase of rainfall 
due to climate change, and siltation, necessitating measures to reduce them where 
necessary. After determining the causes of the fluctuation, the prediction of the water 
level for 2030 was effected using exponential smoothing. This study is useful to the 
community as it helps to identify the causes of the fluctuations of water in the lake and 
the extent in which it will be in the next ten years in order for the county and the national 
government to plan effectively the measures to reduce the effects of flooding in the area. 
The community needs to be educated on best practices with less negative environmental 
impacts on the water basin. 
 
Keywords: erosion, land use land cover, RUSLE, siltation, water-levels 
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Abstract 

A decision support system (DSS) uses a combination of raw data, documentation, human 
knowledge, and business models to assist users in making decisions. The artificial 
intelligence that must be applied in decision-making is the topic of this paper. A decision 
support system (DSS) is a web-based information system that analyses large volumes of 
data to assist individuals in making better business decisions. DSS supports an 
organization's management, operations, and planning levels in making better mining and 
agricultural industry decisions. This study aims at helping the government in achieving a 
smooth digital migration for digital transformation support to local mines and stakeholders, 
such as training in facilitation and management tasks, to accomplish sustainable mining 
and natural resource management. To re-energise the mining industries new technology 
based on decision support systems must be deployed to revive the economy that the 
pandemic has affected. Data from multiple sources, particularly inter-office data, is stored 
in the DSS database, characterized by different applications, and data obtained from the 
Internet. ArcGIS is a management information system that uses organizational and 
computational models to evaluate difficult data and generate useful information. The 
information will be used in the mining and agricultural sectors that will play a vital role in 
boosting the mine output and the farm produce. 
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