The Reach of Technology in Waste Valorization
in Kenya

By RevoWaste Technologies

Ecologically, the environment appreciates waste that is hon-existent; not generated in
the first place. Where this aspiration is forfeited by the necessities of modern production
and consumption systems, the second-best option is technologies that can minimize
environmental harm while maximizing the recovery of material, energetic, and economic
value.

Therefore, when it comes to waste valorization, technology's reach ceases to be merely a question of
engineering sophistication. It determines how much value society can recover before materials
become irreversibly lost to landfills, pollution, or entropy. Practically speaking, technology determines
whether organic waste becomes fertilizer, animal feed, biofuels, and electricity; whether plastics
become industrial feedstock; whether wastewater becomes a resource rather than a liability; and
whether entire waste streams previously regarded as worthless can be repositioned as economically
productive assets. Currently, waste valorizing technologies tied to upcycling waste exist, and on a
substantial industrial scale, as is the case with Mr. Green Africa and TakaTaka Solutions. The
combined turnovers of these two companies are, conservatively speaking, in the upwards of KSH 500
million. Even yet, the new frontier of treating waste purely as a valuable asset demands levels of
technological efficiency that are yet to be implemented for maximum resource capture.

For Kenya, where waste management systems remain largely fragmented, informal, and
undercapitalized, understanding the relationship between technological capability and resource
recovery presents one of the most salient entrepreneurial, environmental, and industrial questions of
the 21st century, and especially in the context of Kenya, a developing nation currently navigating the
full-blown social, environmental, and legal adversities arising from poor waste management
practices.

In this article, RevoWaste Technologies explores that relationship by examining the individual
technologies that engender the possibility of waste valorization, as well as their economics, their
infrastructural requirements, and their applicability within the Kenyan and broader African context.

Kenya's Technological State in Waste Management

Friedrich Nietzsche argued that accepting raw truth requires a profound severing of comforting
illusions. Related to the present article, appreciating the existing opportunity requires that we first
understand the uncomfortable truth. Kenya's waste management sector is overwhelmingly
concentrated in the lowest value segment of the waste hierarchy. The most predominant technologies
that are currently deployed across the country in the efforts to recover, process, and valorize waste
materials span:

e Manual collection and transportation

e Basic material recovery facilities (MRFs)
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e Mechanical balers and compactors

e Plastic shredders and granulators

e Composting systems

e Basic e-waste dismantling facilities

e Incineration for hazardous healthcare waste

e Open dumping and uncontrolled landfilling

Truly, these technologies perform an essential role. Although, despite their indispensability, their
focus primarily centres on waste containment rather than waste valorization. What does this mean?
Society has become patrticularly efficient at moving waste around while remaining comparatively
ineffective at extracting the extraordinary value embedded within it. To a greater extent, the process
of moving waste also remains suboptimized, highlighting the absence of a locus classicus in this area
as well. Consequently, much of Kenya's waste economy remains trapped in a low-value equilibrium
characterized by:

e Informal collection systems

e Poor segregation rates

e High contamination rates

e Low processing capacity

e Inadequate logistics infrastructure
e Insufficient value addition

e Weak industrial integration

The result is a paradoxical economy where enormous material value exists but remains
technologically inaccessible. An eye-opener worth noting is that 3 out of the 7 elements above can be
transformed by simply investing in more objective-oriented training, in addition to ensuring reasonable
compensation models that pay more for clean, well-sorted materials.

The Great Paradox of Waste in Kenya

In Kenya, as in virtually all nations, waste is an infinite resource. Comparatively, waste streams
resemble an above-ground mine that continuously replenishes, rich in polymers, metals, nutrients,
minerals, and stored energy. But unlike conventional mines, society handles these resources with
minimal consideration to efficiency, cost, control, quality, and in line with the best economic principles
for maximal value recovery. This is because of the existing underinvestment in the technologies
necessary to extract their full value. And so, as an industrial feedstock, Kenya does not suffer from a
shortage of waste across all waste streams. In fact, population and urban growth projections in Kenya
and Africa in general are compounding the quality of opportunities available to participate in the
economy of waste. In this respect, Kenya simply suffers from a shortage of technologies capable of
converting waste into economically competitive products.
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Current Recovery
Status

Waste Stream Estimated Recovery Potential

Organic waste >90% <20%
Plastics >80% 10-15%
Paper >85% <30%
Glass >95% <10%
Metals >95% 40-60%
E-waste >95% <5%
Wastewater nutrients >90% <1%
Waste heat >80% Near zero

Table 1: lllustration of the discrepancy representing one of the largest untapped industrial opportunities in Africa.

Generations of Waste Technologies

Generation 1: Collection and Aggregation

In waste management, the first technological layer concerns logistics. Without logistics, waste carries
no value. Before any form of recycling, recovery, or valorization can happen, waste materials must
first be collected, aggregated, transported, and concentrated into economically meaningful quantities.

Historically, this has dominated the waste management technology in Kenya and much of the
developing world. The primary technologies deployed encompass mechanical, logistical, and
organizational elements, but not transformational at the core. These span handcarts, wheelbarrows,
collection trucks, transfer stations, buyback centres, weighing systems, balers, compactors, and
material recovery facilities (MRFs).

Despite the hierarchical positioning of this technological generation, it is impossible to overstate its
importance. Logistics represents the circulatory system of the waste economy. Similar to crude oll,
which possesses little value unless transported to a refinery, waste materials are technically and
practically valueless until sufficient volumes that justify further processing are collected, sorted, and
aggregated.

In Kenya, collection and transportation account for approximately 50—70% of the total costs that
waste management systems incur. Collection coverage remains uneven despite this enormous
expenditure. According to estimates by the Ministry of Environment and various county governments,
major cities such as Nairobi, Kisumu, and Mombasa generate thousands of tonnes of waste daily, yet
only a fraction is formally collected and processed. The remainder is openly burned, dumped, or
enters informal recovery chains.
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These are the examples of Generation 1 technologies currently deployed in Kenya:

e Door-to-door waste collection systems
e Informal waste picker networks

e Buyback centres

e Transfer stations

e Mechanical balers and compactors

e GPS fleet management systems

e Digital collection platforms (route optimization software, Al-powered collection scheduling,
e-collection vehicles)

e Material Recovery Facilities (MRFs)

e Weighbridges and digital inventory systems

RevoWaste Technologies views Gen 1 infrastructure as the indispensable foundation upon which all
subsequent waste valorization technologies must be built. And so, in the absence of efficient logistics,
no circular economy can exist. We understand revolutionizing the waste industry requires a complete
overhaul of Gen 1's efficiency to maximize cost control, optimize material quality, and strengthen the
reverse supply chain as an integrated industrial system. For this to happen, blue ocean strategies
must be employed to identify areas for elimination, reduction, raising, and creation across the waste
value chain. Notably, since waste management companies resemble logistics companies in the
sense that transportation constitutes a significant fraction of the total costs, those that align
themselves with highly efficient technologies to minimize cost and maximize quality win.

Generation 2: Mechanical Valorization Technologies

Essentially, mechanical valorization technologies recover physical materials while preserving their
molecular structures. This recovery, which involves obtaining the economic and physical value of
discarded materials, differs from chemical or biological conversion pathways that alter the
composition of materials. Instead, mechanical technologies rely on sorting, crushing, shredding,
granulation, densification, washing, pelletization, milling, compaction, and related physical processes
to transform waste streams into marketable secondary raw materials. This works, but working can be
mutually exclusive with aspects of efficiency and economics.

Beneficially, the principal advantage of Gen 2 is their relative simplicity, lower capital requirements,
ease of deployment, and ability to rapidly scale within emerging economies. For these reasons, their
positioning in the waste value chain as fundamental value-addition vehicles is of solid standing. The
common technologies within this space are plastic shredders and granulators, glass culletizing
systems, paper balers, metal compactors, textile shredders, tire shredders, and basic e-waste
dismantling operations. These interventions are responsible for turning discarded PET bottles into
plastic flakes and pellets, beverage glass into industrial cullet, waste into feedstock for paper mills,
and scrap metals, which flow into manufacturing supply chains. Thanks to Gen 2 waste management
tech, Kenya has proven capacity in extending material lifecycles, reducing demand for virgin resource
extraction, lowering embodied carbon emissions, and establishing the industrial feedstocks upon
which circular economies depend.
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Every generation of technology has its limits. Mechanical valorization presents explicit shortcomings.
Since molecular structures remain unchanged, this technology cannot singlehandedly recover heavily
contaminated, composite, or degraded materials, posing economic gaps. Nonetheless, this
generation advances mere waste containment and aggregation and technologically bridges the
industry toward more sophisticated biological, chemical, thermochemical, and intelligent waste
valorization systems.

Table 2: Examples of mechanical valorizing machines for different waste streams
Plastics

e Shredders

e Granulators

e Wash lines

e Pelletizers

e Extruders

Paper
e Balers
e Pulping systems

e Fiber recovery systems

Metals

e Magnetic separators

e Eddy current separators
e Hydraulic balers

e Metal shredders

Glass

e Crushers

e Hammer mills

e Trommel screens

e Optical sorting systems

On the above technologies, Kenya has made moderate progress, especially in plastics, with
dominant players like T3 and Mr. Green Africa. Still, there are considerable gaps in optical sorting,
automated separation, industrial pelletization, food-grade recycling, and advanced polymer recovery.

Generation 3: Biological Valorization

Nature does not recognize the concept of waste. This is true on account of the continuous biological
cycles of decomposition, energy transfer, transformation, and regeneration that happen in nature.
Biological valorization technologies are founded upon the premise of these cycles. These
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technologies deploy living systems (insects, bacteria, fungi, algae, and other microorganisms) to
transform waste streams into products of greater ecological and economic value. Biological
valorization technologies in Kenya occupy a broad maturity spectrum, from TRL 5 to TRL 9, with
composting systems being commercially established and advanced bioconversion technologies such
as Black Soldier Fly (BSF) processing and biological wastewater treatment rapidly progressing
toward industrial-scale deployment. Recognizing the advanced stages of these technologies,
technology and knowledge transfer, well-phased implementations, funding support, investment in
RnD, government policy, and optimization of the factors of production can highly advance biological
valorization in Kenya while consequently generating immense value as a consequence.

Generation 4: Thermal Valorization

This is a largely absent technological class in Kenya, to which more attention must be paid. The
concept of waste-to-energy (WtE) finds its most direct expression through thermal valorization
technologies. More fundamentally, thermal valorization entails the application of controlled thermal
processes such as combustion, gasification, pyrolysis, hydrothermal liquefaction, and thermal energy
storage systems to recover the latent chemical energy stored within discarded materials. Distinct from
other forms of waste valorization, thermal valorization unlocks the energetic value embedded within
matter itself. To us Africans, this is a compelling proposition because of the duality of waste. Many
areas are rapidly urbanizing, and production systems are expanding to meet the current consumption
patterns. As a result, thousands of tons of high-calorific municipal, agricultural, industrial, and
biomass waste streams are being generated at the same time, energy insecurity, rising fossil fuel
costs, and unreliable electricity supply are presenting as serious threats.

On viability, thermal valorization technologies have demonstrated both technical feasibility and
strategic importance. Ethiopia's Weppie WtE plant that commissioned in 2018, processed an
estimated 1,400 tons of municipal waste per day and generates up to 25 MW. At the other side of the
hemisphere, South Africa's Interwaste and EnviroServ have deployed landfill gas capture and
waste-derived fuel (RDF) systems to supply energy-intensive industries, particularly cement
manufacturing. Being an agricultural powerhouse, Kenya has abundant agricultural residues such as
bagasse, rice husks, coffee husks, sugarcane trash, and sawdust, which have espoused biomass
thermal energy systems (TES) in the EAC. Therefore, a massive industrial opportunity lies where a
maniacal sense of urgency tied to efficiency in addressing these challenges would prevail.

Table 3: Thermal Valorization Technologies
Refuse-Derived Fuel (RDF)

e Multilayer plastics

e Textiles

e Contaminated packaging in industrial fuel
High-Calorific Briquettes

e Household fuel

e Institutional fuel

e Industrial fuel
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Pyrolysis
e Bio-oils
e Syngas

e Biochar

Gasification
e Industrial gases
e Electricity

e Heat

Waste-to-Energy CHP Systems
e Electricity
e Industrial heat

e District heating

Generation 5: Urban Mining and E-Waste Recovery

If the essence of a thing remains unchanged, by what authority do we declare it worthless? Urban
mining as a concept emerges from the concept of waste and value, and from the ontological paradox
this question poses. In this recognition, cities are not centres of consumption and waste generation.
They are constantly replenishing repositories of metals, minerals, polymers, and rare earth elements.
Therefore, Generation 5 is technically an above-ground mine with a concentration of valuable
materials that often exceeds that of conventional geological deposits. For a greater perspective, a ton
of discarded mobile phones can contain significantly higher concentrations of gold than a ton of
mined gold ore, alongside recoverable quantities of silver, copper, palladium, platinum, cobalt,
lithium, and rare earth elements.

The cherry on top when it comes to economies of scale can be seen here; the Global E-waste
Monitor estimates that the world generated over 62 million tonnes of e-waste in 2022. Ghana and
South Africa have already demonstrated the enormous economic opportunity and environmental risks
associated with formal e-waste recovery. In Kenya, where e-waste generation exceeds 50,000
tonnes annually, with but a fraction undergoing formal collection and recovery, it does not baffle the
mind that the substantial urban mineral reserve remains untapped. A glimpse of the future of e-waste
in Kenya is even more evident with existing data on electronics purchases. Out of Jumia's Gross
Merchandise Value (GMV) of $122.7 million reported in 2025 in Kenya, electronics and smartphones
were among the highest-volume drivers across its entire platform.

Although a technologically missing generation at the scale of absolute recovery and economic and
social efficiency, there is a massive potential. Viewed through the lens of readiness level, Gen 5
e-waste recovery falls between TRL 4 and 8, manual dismantling and basic material separation
progressing toward commercial maturity (TRL 8-9), and automatic sorting, hydrometallurgy,
pyrometallurgy, rare-earth recovery, and precious metal refining standing at pilot to early commercial
stages (TRL 4-6). But with supply chain trends seeing serious cost-and-competition-driven elements,
technology and knowledge transfer that align with the local context would attain social, ecological,
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and economic success. It is in the negligibility of this technology that RevoWaste Technologies seeks
to design a successful enterprise.

The Sixth Generation: Digital and Artificial Intelligence Systems

The most transformative technologies are neither mechanical nor biological. They are digital. The
scale of digital immersion as a non-negotiable in virtually every industry speaks to the power of Gen
6. These are the Al sorting systems, computer vision, waste generation prediction, blockchain
traceability, digital EPR systems, dynamic pricing engines, logistics optimization algorithms,
predictive maintenance, waste exchange marketplaces, and carbon accounting platforms. Altogether,
these transform waste management from a labor-intensive activity into an information-intensive
industry. In fact, many respects across waste management reveal its resemblance to more of fintech
than sanitation. The imperativeness of this generation of technology can be clearly observed in the
structure of the world's most valuable companies, which derive their competitive advantage primarily
from their ability to capture, process, predict, and monetize information, and not massive ownership
of physical assets.

Tied to waste management, the greatest inefficiency is, as such, not the loss of material but of
material information. Questions are necessary in this field if the change in how waste is handled in
Kenya is as urgent as the situation demands.

What waste was generated, by whom, where, when, in what quantity, of what quality, at
what price, and through which route should it flow?

These questions and more, as it currently exists, remain largely unanswered across much of our
waste economy. Precisely, Gen 6 tech exists to solve this problem. The transformation of waste into
data and data into intelligence unlocks unprecedented efficiencies in collection, segregation, logistics,
pricing, compliance, resource recovery, and environmental accountability. Intelligence is to know, and
we are building an enterprise that best understands the flow of waste to best capture its value.

Now What

The fundamental leap for Kenya's waste sector will not come from discovering new waste. Neither will
it come from collecting more waste. To close the loop and maximize value in the process, the first
order of business is an absolute understanding of waste and how the discussed technologies can be
optimized to be a locus classicus of obtaining the full value of waste. The most basic yet fundamental
shift requires a rewiring of the existing mental model where waste is treated as a sanitation problem.
For a paradigm shift into being the Japan of Africa, Kenya must treat waste as an industrial
production system instead. Then, waste will stop being something that society pays to dispose into
one that competition for its acquisition becomes the norm. It is important to note that the use of first
principles thinking and systems thinking will be pivotal across the growth of waste management in
Kenya's industrial behemoth.
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