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Organic pyrolysis:
A critical solution to the carbonisation of organic
waste in Kenya and Uganda
August 2022
SMEP is funded by the Foreign, Commonwealth and Development Office (FCDO) and is implemented in partnership with the United Nations
Conference on Trade and Development (UNCTAD), providing Technical Assistance to the programme.
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SMEP seeks to pilot solutions to address the identified
challenges to pollution mitigation in East Africa
Program background
The Sustainable Manufacturing and Environmental
Pollution (SMEP) is funded by the United Kingdom’s
Foreign Commonwealth Development Office (FCDO) and is
implemented in partnership with the United Nations
Conference for Trade and Development (UNCTAD). The
programme provides funding for practical manufacturing
pollution mitigation solutions across sub-Saharan Africa
and South Asia
Context and rationale for the call for concepts
The SMEP programme is calling for concepts for the
piloting of solutions that contribute to reducing or
eliminating manufacturing pollution related to either the
transformation of organic waste into energy for industrial
processes (e.g., anaerobic digestion, organic pyrolysis) or
recycling and re-use of industrial waste (e.g., wastewater
treatment) in the manufacturing sector in Kenya and
Uganda.

Thematic areas in manufacturing pollution mitigation call for concepts (C_005)

Solutions that convert organic waste generated from
manufacturing operations into an energy input. Focus
solutions for the procurement include anaerobic digesters
and organic pyrolysis, whilst other innovative concepts
that generate energy from waste for input into industrial
processes are also encouraged.
2. Intercepting by-products Technologies that intercept waste directly from industrial
from industrial processes, processes with a preference for technologies that recycle
avoiding release into
that waste for recirculation into industrial and
environment and
commercial processes. Focus solutions include
promoting recycling for
wastewater treatment and chemical recovery, whilst
industrial use
other innovative concepts that recycle industrial waste
for recirculation back into industrial processes are also
encouraged.
1. Waste to energy (W2E)
inputs for industry

>

Successful concepts will be asked to submit a proposal in September 2022. The pilot
period will commence in April 2023 and run for 18 months.

Additional information on the SMEP Programme can be found at here and further details on the CfC can be found at here
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2. The case for organic pyrolysis

Economic growth in KE and UG is driving investment
into manufacturing and increasing pollution
F&B production, particularly in industrial areas in central Nairobi and Kampala, and new developments
in city peripheries, is causing an increase in organic pollutants impacting urban populations
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Kenya

Uganda

Manufacturing’s contribution to GDP1

8%

16%

Manufacturing’s GDP growth (CAGR)
(2016-2020)2

2%

6%

Number of businesses (excluding
informal); dominated by SMEs3,4
KE(2017), UG (2017)

>6K

>6K

Jobs created (excluding informal)5,6

338K

444K

Food and beverage contribution to
manufacturing GDP7

39%

64%

Establishments in the food and
beverage sector (excluding informal)
KE(2017), UG (2017) 3,4

2,854

1,193

>

Rising consumer demand at ~7% p.a. has catalysed investment into
domestic food & beverage production in Kenya & Uganda8
• Demographic shifts characterised by population growth at 2.2% & 3%
and urbanisation at 4% & 5.3% have underpinned growth of the F&B
sub-sectors in Kenya and Uganda respectively9,10
• In addition, growing disposable income in Kenya illustrated by GDP
per capita metrics that have increased 6% CAGR (2016 - 2021) has
driven growth in the meat and dairy sectors at 13.1% (2021) and
10.8% respectively11,5,12
• Similarly, GDP per capita has increased in Uganda by 3% CAGR (2016
- 2021), leading to growth in the food processing sub-sector by 28%
(2018)11,6,12
Projected growth of the food & beverage sector will result in
increased environmental pollution attributed to organic waste
• Increased output from F&B establishments will result in increased
production of organic waste from the manufacturing processes such
as food bits, blood, fat, skins, bone, pulp, husks, fats, oil, and grease
• Increased discharge of organic pollutants directly into the
environment through the land and water pathways will result in
detrimental health and environmental outcomes if left unchecked

1. KE & UG manufacturing (% of GDP), World Bank; 2. KE & UG manufacturing growth, World Bank; 3. KE Census of Establishments 2017, KNBS; 4. Trade And Industry Sector Statistical Abstract 2018, Ministry of Trade, Industry & Cooperatives; 5. KE
Economic Survey 2022, KNBS; 6. UG Statistical Abstract 2021 UBOS; 7. Food, Beverages And Tobacco (% Of Value Added In Manufacturing), World Bank; 8. Final Consumption Expenditure, World Bank 2021; 9 Population growth, World Bank; 10. Urban
population growth, World Bank; 11. GDP per capita , World Bank; 12. Growth trends are largely due to be affected with the current global inflationary pressures expected to be in place until 2023, IMF;
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KE and UG have reported adverse environmental
and health outcomes linked to industrial pollution

Image credit: Unsplash
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News reports of industrial pollution indicate that manufacturers
experience challenges in complying with regulatory provisions limiting
the discharge of organic waste into the environment.
• Two production plants of a Kenyan sugar miller were shut down by the
Kenyan National Environment Management Authority (NEMA) for
discharging untreated waste into the nearby river which drains into a
lake, with both water bodies serving local communities. This effluent
has reportedly created a fertile ground for the growth of hyacinth and
impacted local stakeholders that rely on the water for domestic use.1
• A separate report observed that sugar milling in Kenya was a major
cause of environmental pollution and flagged six millers grappling with
management of waste comprising organic matter and chemical
residues from the processing of sugar.2
• NEMA (Kenya) authorized the closure of a milk processing plant in
Nairobi for violating Water Quality Regulation Act 2006.3
• A Ugandan agro-processor was shut down by NEMA (Uganda) following
complaints by residents about pollution of a nearby river which has
resulted in the death of fish and other local livestock while residents
developed health complications after eating contaminated fish from the
polluted river without knowledge of the repercussions.4
• A Ugandan brewery has been named one of the top polluters of Lake
Victoria due to discharge of vast amounts of untreated waste despite
investing in a waste treatment plant. The pH of water discharged was
marked to be 10.6 significantly higher than the normal pH range of 7.5

1. Drama at Nema offices over Kibos closure, The Standard; 2. Six counties are unable to handle their waste – Report, The Standard; 3. Non-compliance: Nema closes Daima dairy firm in pollution war, People Daily; 4. NEMA suspends operations of Bukona
Agro Processors in Nwoya, NEMA; 5. Govt. agency alleges East African Breweries & Equator Bottlers polluting Lake Victoria, Business and Human Rights Resource Centre

2. The case for organic pyrolysis
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Organic pyrolysis could potentially mitigate against
industrial pollution and offer commercial benefits
Health and environmental effects of organic waste
F&B industries release organic waste via land and water pathways
increasing pollutant load that impacts human and aquatic life.
• Inadequate waste management results in waste being routed to
dumpsites by F&B manufacturers such as fruit and vegetable
processors attracting pests that become disease vectors.1
• Increased organic pollutant loads in water pathways cause negative
effects on aquatic ecosystems causing increased nitrates in water.1
• In addition, higher volumes of organic waste in landfills expose waste
pickers to disease-causing pathogens with the situation exacerbated by
the pickers’ limited access to health and safety equipment.1,2
The large volumes of organic waste that end up in landfills and
dumpsites are a major contributor to greenhouse gas emissions
• F&B manufacturers with improper waste management contribute to
GHG emissions through open dumping of organic waste – this practice
is projected to contribute to 5-10% of GHG generation by 2025.3
• Adoption of organic pyrolysis (OP) could reduce waste inflow into
landfills and open dumpsites slowing the rate of GHG emissions. OP
also offers the potential benefit of reversing the loss of aquatic
biodiversity attributable to organic waste in water bodies and the
resulting increase in biological oxygen demand.3

Economic effects of organic waste
F&B manufacturers are legally required to comply with waste
management regulations incurring disposal costs; governments also bear
costs of illegal dumping in water bodies.
• Manufacturers typically incur an average of $47/tonne and $72/tonne
while composting and disposing off waste in landfills respectively.4
• In addition, local governments allocate significant resources to solid waste
management with Nairobi allocating over $10m annually with the situation
exacerbated by illegal dumping.5
OP by-products could be used to subsidise energy costs or sold to
generate an additional revenue stream.
• By-products from OP offer F&B manufacturers the opportunity to realise
cost savings by substituting the conventional fossil fuels used to generate
heat and power with the fuel oil, syngas and bio-char produced.
• Surplus bio-fuels and bio-char derived from OP could be sold to other
manufacturers and farmers respectively providing additional revenue.
Potential uses of OP solutions6

OP produces bio-char, bio-fuels and syngas. OP products can be used in
manufacturing facilities to substitute either fossil-fuels or generate power
to substitute electricity from the grid thereby reducing cost of production.

7
1. Health impacts of solid waste, EduGreen; 2. National Sustainable Waste Management Policy, Ministry of Environment and Forestry; 3. Climate Change Circular Economy and waste management, UN Habitat; 4 Analysis of Economical and Environmental
Costs for the Selection of Municipal Solid Waste Treatment, MDPI; 5. Kenya: Much has to be done, Global Recycling; 6. s Waste To Energy Research Report, SPREP

2. The case for organic pyrolysis: Trends
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Growing adoption of OP driven by the transition to the
circular economy but additional research required
Circular economy initiatives are providing a favourable environment for the adoption of OP solutions in the manufacturing sector.
• Kenya’s National Solid Waste Management Strategy emphasises the role of W2E solutions in the transition to a circular economy. This
provides opportunities for bodies such as the Kenya Association of Manufacturers’ (KAM) Centre for Green Growth and Climate Change to
Circular
support development of action plans for adoption of OP solutions by manufacturers despite limited.1,2
economy • The Ugandan government’s push towards a circular economy through initiatives such as the Switch Africa Green Programme targeting the
private sector has resulted in policies that provide a conducive environment for pyrolysis in rice and coffee processing.2

Energy
cost

F&B manufacturing activities are typically energy-intensive resulting in high operational expenses (OPEX) for manufacturers in KE and UG
highlighting the potential for the adoption of OP solutions.
• Leading F&B manufacturers in Kenya are faced with high energy costs to run their operations – approximately $0.177 per kWh. The agriprocessing sector is especially affected with tea processors for example requiring 4 – 18 kWh per kg of tea produced with the cost of dieselpowered operations increasing significantly despite government subsidies. Bio-fuels derived from organic pyrolysis could offer a compelling
alternative allowing Kenya’s F&B processors to achieve more competitive pricing. 3,4,5
• Similarly, Ugandan manufacturers are faced with a slightly higher energy costs of $0.16 per kWh in comparison to the SSA comparison of $0.14
per kWh. The bio-fuels derived from OP offer a viable alternative with diesel being expensive alternative costing $1.58 per litre.6,7

OP is increasingly becoming a compelling alternative for energy generation driven by farmers seeking to take advantage of high volumes of
organic farm waste but there has been limited research by solution providers into adopting the solution for manufacturing processes.
• OP has mainly been applied in agriculture across KE and UG in an attempt to utilize the high volumes of farm waste generated. Solution
providers in Kenya have been keen on producing bio-char used by farmers for its soil amendment properties while in Northern Uganda a
solution provider has developed various W2E solutions including OP to convert farm waste into power for local mini-grids.8
Limited OP • Conversely, there has been limited development of OP solutions adapted for the manufacturing sector with the main concern being the
prohibitive capital expenditure (CAPEX) required upfront from a manufacturer to realize industrial-scale solutions.9
research
• OP uptake in the manufacturing sector will also require development of bespoke solutions that fit within the context of a manufacturer’s
production processes including adaptation to the nature of feedstock available.
1. Kenya Charts Path to Achieving Universal Access to Electricity, World Bank; 2. Switch Africa Green Regional Sector Meeting on Integrated Waste Management, Switch to Green; 3. Decarbonising Kenya's domestic & industry Sectors through bioenergy: An
assessment of biomass resource potential & GHG performances, Dr AndrewWelfle; 4. Kenya Power Africa Fact Sheet, Power Africa; 5. Energy & Petroleum Regulatory Authority EPRA; 6. AFSIA, AFSIA Solar; 7. Diesel prices, Global Petrol Prices; 8. OCA
consultations and analysis; 9. Food losses, value chain efficiency and food security, vc4a

3. Solution and value chain overview
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Organic pyrolysis is well-suited to manage waste from
the F&B sector and supplement energy requirements
Solution focus
Carbonisation of organic waste
through Organic Pyrolysis (OP)

• Organic Pyrolysis is an environmentally friendly
process of neutralizing the toxicity of organic waste.5
• Compared to incineration, OP produces 40% less CO2,
takes the least amount of time and has the smallest
infrastructure footprint compared to composting or
anaerobic digestion.5
• OP is the thermochemical decomposition of organic
waste to solid, liquid and gaseous by-products in an
inert environment; the endothermic reaction, utilizes
indirect heat through a 3-stage process. 12,3

1 Proximate analysis is done to ensure that the dry
organic matter has a moisture content of <10%
before it is crushed into small particles (<3mm).4,7

2 Matter is then transferred to a reactor where high
heat is introduced to catalyze the decomposition.7

3 Biochar, biofuels and syngas are produced and
collected depending on the amount of heat applied.2

9

Types of OP solutions
Different OP processes are distinguished by the temperature, time and the heating rate
applied to organic matter, and result in different product yields and distribution.2
• Slow pyrolysis: Occurs at a temperature of 400°C – 500°C, a heating rate of 10°C/sec and
a processing time of 5 min – 30 min. The system utilizes auger or drum reactors to
produce biochar which can be used as fuel or organic fertilizer.2,4
• Fast pyrolysis: Occurring at an elevated temperature of 400°C – 650°C, feedstock particles
<3mm are heated for 0.5 - 2 sec with a fluidized bed, rotating cone or ablative reactor.
Once stabilized, the process generates bio-oils (comprising 60-70% of the output) that are
a substitute for fossil fuels, with the remaining output comprising synthetic gas (syngas)
and bio-char.4,8
• Flash pyrolysis: Occurring between 700°C – 1,000°C for <0.5 sec this process utilises
fluidized bed and circulating fluidized bed reactors to generate syngas (comprising 60 80% of output) and bio-oils (20 - 40%)4
The applicability of different OP systems to manufacturing waste will depend on the
quality of feedstock and end-product required
• F&B processes require steam to blanch, peel, pasteurize and package products. Slow
pyrolysis could provide bio-char used to generate the steam for the process or sold to
farmers to create new revenue streams for manufacturers.8
• F&B manufacturers looking to reduce their energy costs could use bio-oils from fast
pyrolysis as a source of power after further subjecting them to further processing.2
• Majority of the F&B manufacturers in KE & UG use fossil fuels and grid power as a source
of power and large-scale players capable of investing in advanced technology can produce
electricity internally to benefit from supplementary power through combustion of syngas

1. Waste to Energy, Waste2Energy; 2. Waste to Energy Research Report, PacWastePlus; 3. Pyrolysis: A Sustainable Way to Generate Energy from Waste, Interchopen; 4. Manure Processing Technologies, The Ohio State University; 5. Emission from waste
incineration, IPCC; 7. LCA ChemCycling, 2020, BASF; 6. Alternative Fuels from Biomass Sources: Biomass Pyrolysis, PennState; 7. Scale-up and commercialization of algal cultivation and biofuels production, Man Kee Lam et.al.; 8. Spirax Sarco, link
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3. Solution and value chain overview

Attractive market opportunity characterised by
growing F&B sector and by-products in high demand
KE high level market opportunity

Organic waste
Number of F&B
manufacturers1

Available volume for
conversion per year3

Est. 2500 - 3000

8 - 9M tonnes

UG high level market opportunity

Organic waste
Number of F&B
manufacturers2
Est. 1000 - 1500

1.

Available volume for
conversion per year3
1.5 – 2M tonnes

Insights on market opportunity

Organic pyrolysis benefits and growth factors

As a nascent technology with growing adoption,
organic pyrolysis is poised for growth on the
back of projected growth in F&B manufacturing5
• OP could potentially address various types of
waste from the F&B sector - pretreatment may
be required to reduce moisture content5
• KE and UG F&B manufacturers collectively
produce between 9.5 and 12 M MT/ yr of
organic waste – most generate <1,000 MT / yr
• Estimated CAPEX for OP units varies by volume
capacity and ranges between $ 20,000 for a 300
MT/ yr unit to $40 million for a unit rated at
180,000 MT/ yr unit.7,8
• Current potential opportunity in KE for OP to
effectively address organic waste is $350-400
M; projected to expand to $400-450 M by 20275
• In UG the current opportunity is $65-80 M and
is projected to expand to $75-90 M by 20275
• In both KE and UG the key driver will be the
growth of the F&B sector projected to grow by
a CAGR of 2% and 6% respectively5

F&B manufacturing presents an attractive
market opportunity illustrated by significant
volumes of organic waste generated.
• Significant volume of waste generated by F&B
manufacturers in KE and UG comprising 525% of initial agricultural input provides a
reliable source of feedstock for OP.6
• OP uptake will be dependent on the
development of bespoke solutions tailored to
address the specific requirements of East
African manufacturers.
• Solution providers can play a role in advising
on the appropriate technology based on a
manufacturer’s sophistication and the byproducts that present the most viable
business case.7
• Early adoption by local solution providers in
Kenya and Uganda, is characterised by simple
and innovative OP kilns with lower CAPEX
costs that produce significant volumes.4
• By-products used to provide heat or power for
the manufacturer and are an estimated 20%
cheaper than other W2E alternatives.4

Census of establishments, KNBS; 2. Census of establishments, UBOS; 3. Agro-Industrial Biogas in Kenya, GTZ; 4. Briquettes from agro-waste and municipal solid waste (Eco-Fuel Africa, Uganda), CGAIR; 5. OCA analysis; 6.Food Connection Challenge,
vc4A; 7. OCA consultation with Safi Organics; 8. Biomass catalytic pyrolysis: process design and economic analysis, link
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Adoption of organic pyrolysis in F&B manufacturing
could subsidise power and heating costs
Value chain inputs
Biochar used as fertilizer
to growing agricultural
inputs for the F&B industry

Industrial process
Syngas and bio-oils used
as fuel for power
generation to run the
processing machinery

OP by-products outputs
Esterification

Gasification
Biochar used to dry
organic waste at 100°C
prior to grinding

11

Syngas and biochar act as
a heating source for the
boilers

Key considerations:
• Manufacturers adopting these solutions would need to build technical
capacity for regular maintenance to minimize unwanted by-products
(ash and shot) that represent 5 - 19% of the initial feedstock3,4
• F&B manufacturers adopting OP should introduce preheating of the
feedstock to reduce air inside the feedstock, optimize energy use and to
increase the overall yield of the key by-products i.e., bio-char, bio-oil
and syngas while minimizing residual ash and shot2

Filtration

Bio-oils as a source of fuel
while generating power
Syngas directed into the
power plant and as a
source of heat
Biochar as input for
organic fertilizer and a
water filtration medium

Recycling inputs into industrial process:
• The gas flowrates and kinetic considerations need to be taken into
account as F&B manufacturers aiming for biochar would need to
achieve low gas flow rates determining the type of reactor and the
inclusion of a condenser where bio-oil is sought after6M
• Manufacturers planning to produce bio-oils would need to factor in the
cost of additional complementary equipment that may be required to
refine bio-oils.5

1. Alternative Fuels from Biomass Sources: Biomass Pyrolysis, PennState ; 2. Basics principles and practices of biochar production and kiln design, Biochar International; 3. Waste to Energy Research Report, PacWastePlus; 4. Feedstock type, pyrolysis
temperature and acid modification effects on physiochemical attributes of biochar and soil quality, Ghulam Murtaza et.al. ; 5. OCA Analysis ; 6. Pyrolysis: A Sustainable Way to Generate Energy from Waste, 2017, Chowdhury Zaira et.al.
Notes: Flow chart was a combination of data compiled by source 1 and 2

4. Implementation - Technical
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Varied reactors exist to aid heat diffusion in the
pyrolysis process which differentiates by-products
Dimension

Technical considerations to be factored

•

•
Processing of
by-products

12

Types of
reactors

Bio-oils’ instability coupled with their high water and acid contents means that
physical and chemical treatment is required to achieve the desired state.
Increased CAPEX and manpower costs are attributable to the additional
equipment needed to either filter the char, emulsify the hydrocarbons as well
as further processing to make the bio-oil readily useable1,2
Manufacturers can utilize syngas in the reciprocating engines and turbines as
a source of electricity, with bio-oils undergoing further processing i.e.
thermally cracking the carbons through gasification or utilizing flash pyrolysis1

F&B implementation
Desired portfolio of by-products should inform
off-take arrangements to optimize ROI

•

Due to additional CAPEX requirements, a tradeoff analysis between the feedstock and the size
of the pyrolysis plant is needed prior to
investing an average of $600/kWe5

•

Off-take
channels
are
an
important
consideration for F&B manufacturers aiming to
optimize ROI with options ranging from
fertilizers sales to internal power generation6

•

Biochar is the only by-product requiring little to no processing as it is used as a
fertilizer, solid fuel and as a water purifier. Biochar also sequesters carbon
from the environment making it significant in the fight against climate change 4

•

Choice of reactors influences the yield of by-products and various types of
reactors have varying complexities of operation. Auger reactors provide a
simple system to construct and utilizes screws to mix the feedstock with a
preheated heat carrier required e.g., sand2,3

•

Fluidized- bed reactors have achieved wide adoption thanks to their high
heating rates, uniform transfer of heat and optimal production of inert gases.
Further processing to modify the output would be require to produce bio-oils
or bio-fuels 3

•

Evaluation of pre-treatment requirements by
F&B manufacturers will be critical as drying
and grinding of feedstock is integral to reactor
operations7

•

Manufacturers requiring high throughput of a specific by-product can use the
circulating fluid bed which has complex hydrodynamics and requires feedstock
of small particles, <2 - 3mm heated by the recirculation of heated sand3

•

As a nascent technology in KE and UG, solution
providers have focused on the development of
simple reactors primarily producing biochar6

Manufacturers should select reactors suited to
the type of feedstock available and by-product
desired

1. Alternative Fuels from Biomass Sources: Biomass Pyrolysis, PennState; 2. Horizons in Sustainable Industrial Chemistry and Catalysis, 2019, Aisha Matayeva et.al.; 3. Pyrolysis Reactors, IEA Bioenergy; 4. Removing carbon with biochar, 2022, South Pole; 5.
Economic analysis of biomass gasification for generating electricity in rural areas in Indonesia, 2022, IOP Conference; 6. OCA consultation with Safi Organics; 7. Pyrolysis an alternative technology for MSW management, JKUAT

4. Implementation - Technical
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Components of OP units vary depending on the type
of system used and characteristics of the feedstock
Dimension

Technical considerations to be factored

•

Low yields of biodiesels have been attributed to the use of maize, sugar and
soybeans as OP feedstock which is unstable in comparison to hydrogen1

Availability of valuable waste within key F&B
manufacturing sector favour OP usage

•

Manufacturers with high content of lignocellulosic content such as bagasse,
rice, corn wastes, spent grains are estimated to have higher yields of quality
biodiesel and ethanol with other feedstock requiring high drying conditions to
meet the desired conditions1,2

•

Majority of the F&B manufacturers in KE and
UG use feedstock suited for bio-oil production

•

Some instances would require pre-treatment
of feedstock for improved yield of by-products

•

Modifications of OP systems through cyclones for biochar, condensers to
separate the liquid from non-condensable gases as well as fractioning will be
required3

Rapid separation of by-products is needed to
avoid yield reduction by chemical reactions

•

Unwanted char acts as an undesired catalysts with syngas necessitating
further cleaning prior to its reuse in the system- underscoring the importance
of these modifications1

Feedstock
availability

By-product
separators

13

Chemical
catalysts

F&B implementation

•

Manufacturers should avoid reaction of bio-oil
and syngas with char that’s been
demonstrated to contribute to instability 1

•

Bio-oils and syngas instability can be reduced
by further refining or co-firing with natural gas

•

Catalysts play a critical role in enhancing pyrolysis kinetics by cracking the
molecules into lower hydrocarbons impacting the by-products composition1

Numerous catalysts have been developed and
tested in small scale pyrolysis processes

•

Depending on the feedstock and reactor used, varied catalyst could be included
either during feedstock grinding, in the reactor or in secondary chambers1

•

•

The chemical composition of the catalyst impacts the product yield with
calcined dolomite favouring syngas production1

Manufacturers looking to regulate product
yield would need to identify a reliable
industrial scale catalyst for biomass pyrolysis

1. Biofuels Production through Biomass Pyrolysis: A Technological Review, Mohammad I. et.al.; 2. Underutilized Lignocellulosic Waste as Sources of Feedstock for Biofuel Production in Developing Countries, 2022, Frontiers; 3. Alternative Fuels from Biomass
Sources: Biomass Pyrolysis, PennState
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4. Implementation - Financial

DFI and local institutions provide a mix of financing
options for W2E systems amid challenges to scale
Financial implications of OP systems

Previous financing initiatives

Concessionary loans, and grant capital have been instrumental in the
adoption of W2E models in KE and UG by funding R&D and project pilot
costs – additional funding is required to scale beyond pilots
• Both KE and UG have an attractive market for W2E solutions
highlighting the potential for commercially viable business models
• However, traction in the development of commercially viable OP
systems has been curtailed by the high initial costs and lack of
linkages between F&B manufacturers and the OP solution providers
that are typically focused on farm-based solutions in KE & UG2

There is potential for W2E systems in Sub-Saharan Africa, notably KE
and UG, to attract investors whose funding objectives are aligned with
initiatives designed to expand the W2E sector.
• Funding from these institutions has primariliy been in the form of
grants meant to catalyse development of the W2E sector with
partners such as Bestseller Foundation, GSMA, Endeavor Catalyst,
Norfund, EEP Africa, DOB Equity providing capital to the sector.4
• AfDB, through SEFA provided a $995K grant to Asticom Kenya Ltd.
that was looking to utilize municipal solid waste (MSW) waste to
construct a 10MW grid-connected W2E plan in Kibera in 20193

USD 700,000
CAPEX for a 1
tonne/day OP
system1

10-15%

Portion of total
CAPEX attributable
to reactor costs1

USD 10,000

Annual OPEX for a 1
tonne/day OP
system1

East African manufacturers struggle to realise the full benefits offered
by OP due to the expensive equipment required to achieve optimal
yields in industrial settings
• An assessment of the potential benefit of using by-products internally
rather than selling them externally could help inform decisions;
• Bio-oil production costs are also sensitive to the cost of acquiring the
14
feedstock (including any pre-treatment that may be required).

Commercial institutions are demonstrating interest in providing debt
financing towards projects underpinned by sustainability principles
• In 2011, AFD partnered with KAM to develop SUNREF programme
working with regional partner banks to identify green investment
solutions where debt financing would be provided from their fund5
• Recently, Equity Bank Uganda signed an MOU with Uganda National
Oil Company to fund commercial players adopting cleaner production6
OP solution providers are also addressing accessibility through new
models such as leasing that minimize manufacturers’ capital outlay7
• Solution providers in Kenya and Uganda have engineered financing
options where users lease systems and have varied revenue streams2

1. Technical and Financial Analysis – Pyrolysis, Bill and Melinda Gates Foundation; 2. OCA consultation with Safi Organics; 3. Sustainable Energy Fund for Africa improves waste-to-energy electricity in Kenya with US $1 million grant, 2017, AfDB;
4. Waste-to-Value Startup Ecosystem, 2021, Agnes M. et.al.; 5. AFD, KAM Provide Green Energy Financing in East Africa, 2011, KAM; 6. Equity Bank Uganda signs MOU with Uganda National Oil Company, 2021, Equity Bank; 7. OCA consultation
with Safi Organics; 8. Biofuels Production through Biomass Pyrolysis: A Technological Review, Mohammad I. et.al.;

4. Implementation - Regulation
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Regulatory reforms focused on the circular economy
and GHG emissions are paving the way for OP adoption
Circular
economy

Greenhouse
gases

• In Kenya, OP solutions are poised for greater uptake driven by the National Solid Waste Management Strategy that places the bulk of
waste management responsibilities on manufacturers and encourages reuse and resource efficient production methods2,3
• The Third National Development Plan in Uganda underpins the transition to a circular economy model and this is projected to create a
conducive environment for the adoption of OP systems in line with the shift towards circularity in the manufacturing sector4
• The Kemyan government’s implementation of the Nationally Appropriate Mitigation Action (NAMA) on non-renewable sources of energy
in response to the expected doubling of carbon emissions from the industrial sector between 2015 and 2030 provides an opportunity to
enhance uptake of innovative solutions such as OP to reverse the F&B sector’s contribution to GHG5
• Kenya’s National Climate Change Policy Framework provides a pathway to integrate W2E solutions in manufacturing which
fundamentally contributes to reduction of GHG as W2E pre-empts organic waste from getting to landfills to produce methane2
• Uganda’s NAMA is projected to spur transition of F&B industries from a reliance on firewood and charcoal prevalent in SMEs6

Financial
and nonfinancial
incentives
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• Governing bodies in Kenya and Uganda i.e. UBS and KEBS are encouraging the processing of certification to govern the sale of byproducts in the newly signed Sustainable Waste Management Bill of Kenya, 2021. Coupled with the EU Green financing being availed to
sustainable companies, this shift provides an opportunity for manufacturers looking to adopt OP solutions 1,2
• The Kenya National Environmental Policy of 2013 and NAMA have both expressed the governments support for circular initiatives with
incentives being provided to encourage waste minimization and enhance 3R’s.. In addition, the public private partnership initiatives lead
by the EU aimed at mobilizing funds towards tackling climate change and targeted interventions in the manufacturing sector are
anticipated to further improve the environment for the adoption of OP solutions.2

Kenya and Uganda are shifting focus towards promoting circular economies with both nations being actively involved in the African Circular Economy
Network and Footprints Africa that joins practitioners building a restorative African economy and supports SMEs to adopt future-friendly practices1
1. The Circular Economy: Our Journey in Africa So Far, 2021, Footprints Africa; 2. Kenyan Circular Economy trends opportunities, 2021, Netherlands Ministry of Foreign Affairs; 3. Circular Economy and the European Green Deal, 2021, European Commission;
4. Uganda goes green and circular, 2021, Switch2Green; 5. National Climate Change Action Plan, 2018, LSE; 6.The Energy and Climate Change Nexus in Uganda, 2021, Revocatus T;
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5. Recommendations

Cross-sectoral collaboration in tandem with SMEP
pilots will be key to scaling adoption of OP systems
Stakeholder

Solution
providers

Type of barrier

Recommendation

Viability of OP systems is
dependent on reliable access
to sufficient volumes of
appropriate feedstock

• Advance R&D efforts to assess viability of utilising
mixed organic waste to address scarcity concerns
• Creating industrial symbiosis linkages to ensure that
manufacturers clustered in the same area can partner
to access right quality and volume of waste

Lack of manufacturing use
cases for commercial scale
equipment to incentivise
uptake within the KE and UG
market

• Development partners to provide patient capital and
technical assistance to demonstrate viability of OP
solutions in creating strong business cases
• Targeted sensitization through publication of
successful case studies to encourage wider uptake

Lack of specific OP incentives
to enable manufacturers to
adopt these solutions at
accessible price points
Government

16

Limited
availability
of
linkages between OP system
impact and environmental
management
guidelines
being
issued
by
the
government

• Provision of financial incentives i.e., tax breaks, zerorating OP systems that could elicit the development of
business cases in the manufacturing sector
• Strengthen W2E policies by highlighting OP focused
guidelines and regulations that play a significant role
in the growing F&B manufacturing sector
• Government
should
provide
incentives
to
manufacturers coupled with regular monitoring to
prevent such incentives from resulting in distortion of
market forces so as to derail further uptake
• Monitoring of OP projects will help promote their
inclusion in the national pollution mitigation policies

Intervention

Grant funded pilots:

Provision of grant funding to assess the
viability of the replication of farmer centric
OP system models that could potentially be
integrated into the manufacturing sector

Advocacy (SMEP):

SMEP
could
spearhead
the
initial
conversations between the various key
stakeholders i.e. government, manufacturers,
solution providers and investors to identify
the missing link that could accelerate the use
of OP systems in the manufacturing sector
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5. Recommendations

Blended finance initiatives underpinned by technical
upskilling of manufacturer staff critical to adoption
Stakeholder

Type of barrier

Initial CAPEX is high in
comparison to alternative
waste
management
solutions available

Recommendation

•
•

Intervention

Concessional capital from development partners will
help incentivize E. Africa specific OP R&D efforts
Similar R&D efforts have proved instrumental in
lowering the cost of emerging technologies
Provision of grant funding:

Manufacturers

Incentivizing financiers in the W2E space will be
contingent on transferring the risks they face. This
could involve financial de-risking instruments such
as loan guarantees, public equity co-investments or
public-private blended finance.

•

Partnering with solution providers and technical
training institutes to equip workforce with the
needed skills to operate and perform regular
maintenance on the equipment

There are limited financing
options for manufacturers
to finance OP equipment

Limited technical expertise
to
operationalise
OP
systems
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•

Deployment
of
grant
funding
to
manufacturers well-positioned to adopt OP in
tandem with relevant solution providers is
anticipated to contribute to successful pilots.
This success will be critical in demonstrating
proof of concept and catalysing wider
adoption of OP solutions in the
manufacturing sector.
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For more information on SMEP and specific
interventions being delivered on the programme
please reach out to
procurement@smepprogramme.org or
info@smepprogramme.org

18

DISCLAIMER
This market assessment is an output of the Sustainable Manufacturing and Environmental
Pollution (SMEP) Programme. The United Kingdom’s Foreign, Commonwealth & Development
Office (FCDO) and the United Nations Conference on Trade and Development (UNCTAD) provide
financial and technical support for SMEP. The views expressed and information contained in this
document (including any maps and their respective borders) are not necessarily those of or
endorsed by FCDO, UNCTAD or the entities managing the delivery of SMEP, which can accept no
responsibility or liability for such views, completeness or accuracy of the information or for any
reliance placed on them.

