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Glossary and Abbreviations
AD

Anaerobic digestion, the use of microorganisms to break down organic
material in the absence of oxygen in order to produce a desired output,
such as methane (CH4)

AMA

Accra Metro Assembly

ANER

National Agency for Renewable Energies (Senegal)

bpd

Barrels per day

Biobutane

Butane produced from renewable sources

Biopropane

Propane produced from renewable sources

Biogas

The mixture of gases produced by the breakdown of organic matter in
the absence of oxygen, primarily consisting of methane (CH4) and
carbon dioxide (CO2)

BioLPG

General term referring to biobutane, biopropane, or a mixture thereof

Biomass

Organic matter from plants or animals; it may be used for energy
production or as a feedstock for other industrial processes

Butadiene

A gas, (CH2=CH)2, produced in petroleum refining that is easily
condensed to a liquid, with a main use in the production of synthetic
rubber

Butane

A form of LPG, C4H10, that is the dominant LPG product used in SubSaharan Africa; butane liquefies under low pressure and a moderate
range of temperature

CEPCI

Chemical Engineering Plant Cost Index

CHP

Combined heat and power

CNG

Compressed natural gas

CoolButane

See CoolLPG

CoolLPG

A proprietary process developed by GTI to convert syngas into mixtures
of propane and butane; also called CoolPropane (when biopropane is
produced) and CoolButane (when biobutane is produced)

CoolPropane

See CoolLPG

DBD

Dielectric barrier discharge

DFI

Development finance institution
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EBITDA

Earnings before interest, taxes, depreciation and amortization

ECOWAS

Economic Community of West African States

EAC

East African Community

Fischer-Tropsch (FT) A well-established chemical process for converting a mix of carbon
monoxide (CO) and hydrogen (H2) into various liquid hydrocarbons
FT

See Fischer-Tropsch

GBEP

Global Bioenergy Partnership

GDP

Gross Domestic Product

GOPDC

Ghana Oil Palm Development Company

GHG

Greenhouse gas(es)

Glycerol

A liquid, C3H8O3, obtained from plant and animal sources; widely used
in medicine, foods and chemicals

GTI

Gas Technology Institute (USA)

GTL

Gas-to-liquids

HAP

Household Air Pollution

HDI

Human Development Index

HVO

Hydrogenated vegetable oil

Hydrodeoxygenation A category of chemical reactions in which hydrogen selectively reacts
with and removes the oxygen in a molecule
Hydrogenation

A category of chemical reactions involving the addition of molecular
hydrogen, typically to saturate unsaturated hydrocarbons

Hydropyrolysis

Pyrolysis in the presence of hydrogen; a method of thermochemically
converting large molecules into smaller ones

HYSACAM

Hygiène et Salubrité du Cameroun (Hygiene and Sanitation Company of
Cameroon)

IH2

Integrated Hydropyrolysis and Hydrogenation, a patented process by
which biomass and other organic material is thermochemically
converted to liquid fuels such as gasoline and LPG

IRR

Internal rate of return

KNUST

Kwame Nkrumah University of Science and Technology (Ghana)
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KT

Kilotonnes

KT/a

Kilotonnes per annum

kWh

Kilowatt-hour

LIBOR

London Interbank Offered Rate

Lignocellulose

The combination of cellulose, hemicellulose and lignin that makes up
plant-derived biomass

Lipid

A large bio-molecule comprising glycerol bonded to a long hydrocarbon
chain, and potentially to other molecules

LPG

Liquefied Petroleum Gas, comprising propane or butane or a mix of
both, whether from a fossil or renewable source

m3

Cubic metres

Methane

CH4; the main component of natural gas; it liquefies only at extremely
low temperatures (−160°C and below)

MFI

Multilateral financial institution

MININFRA

Ministry of Infrastructure (Rwanda)

MRF

Material recovery facility

MSW

Municipal solid waste

MTG

Methanol-to-gasoline

MTO

Methanol-to-olefins

MW

Megawatt

MWe

Megawatt (electrical)

MWh

Megawatt-hour

NDBP

National Domestic Biogas Program

NDCs

Nationally Determined Contributions

Olefins

Compounds of hydrogen and carbon that contain one or more pairs of
carbon atoms linked by a double bond; they are widely used in the
petrochemicals and plastics industries

PNGD

National Waste Management Program (Senegal)

POME

Palm oil mill effluent
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Propane

A form of LPG, C3H8; propane liquefies under moderate pressure and a
wide range of temperature

PSE

Plan Sénégal Emergent (National Development Plan)

RDF

Refuse derived fuel

REDII

European Renewable Energy Directive II

REF

Renewable Energy Fund (Rwanda)

Renewable feedstock Feedstock to an industrial process that comprises natural resources,
such as biomass, that can be replenished within a few decades
RERAC

Renewable Energy Resources Advisory Committee (Kenya)

REREC

Rural Electrification & Renewable Energy Corporation (Kenya)

ROE

Return on equity

RSB

Roundtable on Sustainable Biomaterials

Saccharide

A group of chemical compounds including sugars, starch and cellulose

SDGs

(The) Sustainable Development Goals

SEforAll

Sustainable Energy for All

SGBV

Sex and gender-based violence

SRF

Solid Recovered Fuel

SSA

Sub-Saharan Africa

Syngas

A mixture of H2 and CO often obtained from coal or natural gas; used as
a building block for other chemicals such as synthetic liquid fuels; also
called “synthesis gas”

TCR

Total capital requirements

TEA

Techno-economic analysis

tpa

Tonnes per annum

tpd

Tonnes per day

TPEC

Total purchased equipment cost

Triglycerides

A type of lipid where three molecules of one or more fatty acids are
linked to glycerol

UCO

Used cooking oil
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UNFCCC

United Nations Framework Convention on Climate Change

WASAC

Water and Sanitation Corporation (Rwanda)

WtE

Waste-to-energy

Glossary of Chemical Symbols
C

Carbon

CH4

Methane, the main component of natural gas

(CH2=CH)2

Butadiene

C2H5OH

Ethanol

C3H8

Propane, a form of LPG; propane liquefies under moderate pressure
and a wide range of temperature

C4H10

Butane, a form of LPG; butane liquefies under low pressure and a
moderate range of temperature

CO

Carbon monoxide

CO2

Carbon dioxide

H, H2

Hydrogen

O, O2

Oxygen

S

Sulphur
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I.

Executive Summary
The context for the potentially significant role of bioLPG

Liquefied Petroleum Gas (“LPG”) refers to the hydrocarbons propane and butane and
any mixture of the two. LPG is globally widely produced and used, in both developed and
developing countries, particularly for cooking, as well as for a myriad of commercial and
industrial uses and for feedstock to make other products. Approximately 30% of global LPG
production, for example, is used as feedstock for plastic and petrochemicals production
(WLPGA, 2018). LPG currently is mainly sourced from fossil fuels as a by-product of natural
gas and oil production and of oil refining.
Many developing country governments have already prioritised large-scale
development of their LPG sectors, especially to satisfy their populations’ needs for clean
cooking fuel. The International Energy Agency, in its 2019 World Energy Outlook report, has
projected a need for up to one billion additional LPG users by 2030 (IEA, 2019). However, many
developed country governments, development finance institutions and other parties still have
hesitation in supporting developing country increases in LPG use, due to its present fossil fuel
sourcing.
Scientific studies and reviews have established that a major environmental risk factor
in the developing world, Household Air Pollution (“HAP”), causes close to four million
premature deaths each year (WHO 2016) and would be substantially mitigated by switching
to cooking with LPG from continued business-as-usual cooking with biomass fuels (e.g., wood
and charcoal), as well as coal and kerosene (Bruce et al., 2017; Rosenthal et al., 2018).
LPG can also make substantial contributions to climate change mitigation efforts and
Nationally Determined Contributions (“NDCs”). Substitution of LPG, if implemented at scale,
has been calculated to save millions of tonnes of wood across thousands of square kilometres
per year (Singh et al., 2017); to reduce annual CO2 emissions related to cooking from nonrenewably sourced fuels and more polluting fossil fuels used for cooking by millions of tonnes
(Permadi et al., 2017; Rivoal & Haselip, 2017); and to result in a very large reduction of black
carbon, the short-lived but powerful climate change forcing agent emitted when biomass is
burned for cooking in rudimentary stoves (Kypridemos et al., 2020; Singh et al., 2017).
Additional major social benefits of providing access to LPG are (a) mitigation of Sex
and Gender Based Violence (“SGBV”) risks, particularly those documented by UN agencies
around refugee camps (Patel and Gross, 2019; UNHCR, 2020); (b) time saving by women,
teenage girls and children from reduction of time spent on firewood collection (Chandar and
Tandor, 2004; Nautiyal, 2013; Williams et al., 2019); and (c) time saving from reduction of
time spend on fuel and fire preparation and cooking (Hutton, 2007; Williams et al., 2019).
The prospect of large quantities of economically feasible LPG production from
renewable feedstocks such as agricultural residues, solid wastes and liquid wastes (“bioLPG”)
would be tremendously attractive, as it would augment the existing societal advantages
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stemming from use of LPG by substantially mitigating concerns about increased use of fossilorigin LPG. A macro analysis of highest and best use of renewable feedstocks suited for
production of bioLPG is presented in Appendix 5.9.
Provision of bioLPG to supplement or replace fossil-fuel sourced LPG would also
enable the highly attractive economic efficiency of continued use and further expansion of
the considerable existing sunk investments in supply-side LPG infrastructure and demand-side
household LPG equipment. In a post-COVID world of reduced financial capability, this is an
important advantage of decisions to allocate available funds for scaling up developing country
LPG sectors.

Objectives of the study
This report (the “Report”) is intended: (a) to be the key initial reference point for
understanding the feasibility of producing LPG from renewable feedstocks in Africa before
2030; and (b) having found potential feasibility during the course of the Report studies, to
provide a short list of recommended pilot projects for support, whose successful
implementation could then serve as a template for large scale replication of similar projects
across Africa.
The Report findings should be of particular interest to African governments,
international institutions, public and private capital providers and the private sector.

Macro view of study findings
Data and analyses presented in the Report deliver three bodies of findings:
1. Factors which bear on bioLPG feasibility and its potential scale of implementation;
2. Identification of pilot projects for detailed focus; and
3. Recommendations for action.
The Report recommends deeper study of five bioLPG pilot projects, summarised in
Table 1 on page 12.
1.3.1

Factors which bear on bioLPG feasibility

A mapping has been made of the ecosystem of questions whose answers determine
feasibility of supplying bioLPG (renewably sourced propane and/or butane) to serve African
clean cooking needs within a time frame of 2030, the UN-designated evaluation point to
assess progress towards substantial achievement of the Sustainable Development Goals
(individually an “SDG” or severally “SDGs”).
The mapping was accomplished by coordinating, evaluating and then integrating
several workstreams, as summarised below.
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Policies and national enabling environments
Policy requirements related to the supply of feedstocks; siting and approval of
chemical processing plants; and storage, transport and distribution of LPG, were appraised
and detailed, together with state of policy readiness, adequacy and likelihood of stability.
The needed overall national enabling environment was defined for feedstock supply,
chemical processing plants, and market readiness to safely utilise bioLPG at scale as a clean
cooking fuel for the population.
Triage of African countries according to these considerations was conducted in order
to focus the Report work on geographies and governments in which bioLPG projects could
reasonably be implemented within the Report outer time boundary of 2030. Details are
presented in Section 2.3 and Appendix 5.2.
Feedstocks
Assessment was made of availability of feedstocks needed by the technical processes
chosen for focus. Key factors evaluated were quantity, reliability and sustainability of supply,
raw cost, logistics of aggregation to point of bioLPG production and compliance with policy
goals.
Technical processes
An appraisal was made of technical processes that reform renewable feedstocks into
standard hydrocarbon liquid and gaseous products ready for dropping into existing market
structures and existing / easily expandable distribution infrastructure.
Analysis indicated that the inquiry should be focused on processes using feed-gas from
anaerobic digestion of agricultural residues, anaerobic digestion of sorted municipal organic
waste or pyrolysis of mixed municipal solid waste (“MSW”).
Vegetable oil and animal fat hydrogenation, as well as household level biogas, were
ruled out on various policy, sustainability and economic grounds.
Only one process was identified which could produce as its main output butane, the
dominant form of LPG marketed in Sub-Saharan Africa (“SSA”). Another candidate process
produced LPG (propane and butane) as a 52% by volume co-product of the outputs, gasoline
being the other 48%. This necessitated macro-analysis of the markets for the gasoline coproduct.
Costs and financing
Estimates were made of the probable range of costs to construct and operate pilot
bioLPG plants that could use the logistically possible amounts of feedstock identified in
countries. Analyses of infrastructure needs and of market readiness to absorb bioLPG were
conducted. Financial models of the pilot projects were made. Leading public and private
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finance sources were tested for readiness to consider the pilot projects modelled by the
Report team.
1.3.2

Selection of pilot projects for detailed focus

From the answers to the mapping of the questions described in the prior Section,
possible pilot projects were identified based on likelihood of the defined projects being
successful and therefore being templates for replication widely.
The Report team, at the outset of its work, assessed all SSA countries for evidence of
announced intentions to address energy access and to prioritise the use of LPG. North African
countries were excluded from consideration based on their relatively advanced energy supply
conditions.
Countries which have already prioritised scale-up of their LPG sectors were judged
readier to support bioLPG production, if it were found to be feasible. Only countries which
had progressed into formal national LPG sector expansion planning and implementation were
considered candidates for further study.
Six countries emerged from this initial screening: Cameroon, Ghana, Kenya, Rwanda,
Senegal, and Tanzania (see Appendix 5.1 for details).
Feedstock potential was evaluated for the six countries in relation to candidate
technical processes. Policy, regulatory, legal and political enabling environments were
assessed, with weight given to readiness, adequacy and likelihood of stability. Additionally,
Appendix 5.9 provides a suggestive macro-analysis of the highest and best use of biomass
feedstock used to produce biogas from AD. The analysis supported the notion of prioritizing
the use of biogas to produce bioLPG over its use to generate electric power (as fuel for
combined heat and power (“CHP”) plants). More detailed analysis of this topic was not
included in the scope of this Report.
The Report process resulted in the identification of five potential pilot projects in
Rwanda, Kenya and Ghana, each using technical paths that emerged favourably from Report
assessment of readiness of processes for large scale implementation within the 2030
timeframe. These are summarized in Table 1 below:
Table 1. Summary of recommended bioLPG pilot projects
Location Feedstock
Technology1
Outputs
Rwanda Organic MSW AD+CoolLPG Biopropane

LPG Output
10 KT/a

CapEx (USD)
26 million

LPG HH2
125,000

1

The technologies are defined in detail later in the Report; see also the Glossary.

2

HH indicates the approximate number of households (rounded to the nearest 5,000) that could be served for
clean cooking by the scale of bioLPG produced by the project. Differences among the countries for projects of
the same scale are due to national differences in the average level of LPG consumption by households that use
LPG (GLPGP 2018a, 2018b, 2019a, 2019b).
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Location

Feedstock

Technology1

Kenya

Agri-waste

AD+CoolLPG

Ghana

Organic MSW

AD+CoolLPG

Rwanda

MSW

Pyrolysis+IH2

Ghana

MSW

Pyrolysis+IH2

Outputs
Biobutane
Biopropane
Biobutane
Biopropane
Biobutane
Gasoline
Biopropane
Biobutane
Gasoline
Biopropane
Biobutane

LPG Output

CapEx (USD)

LPG HH2

10 KT/a

26 million

175,000

10 KT/a

26 million

110,000

25 KT/a

188 million

305,000

25 KT/a

188 million

275,000

Required feedstocks in logistically feasible locations were determined to be available
in quantities adequate to support the pilot projects, which were sized to produce product
quantities of impact in the LPG market.
The Report finance team conducted financial modelling and held scoping
conversations with multiple representative financial institutions.
The five pilot projects are described in presentations which integrate the range of
findings set forth in Chapter II of the Report, to provide robust cases for further funding of
detailed feasibility studies and resultant pilot project funding.
The Report also provides summaries of the advantages for developing countries of
creating viable, domestic production of significant quantities of bioLPG, whose use would
deliver further progress toward climate change commitments and NDCs, significantly advance
economically advantageous import substitution, and coordinate with forest preservation and
protection, and health and gender goals as major co-benefits.
1.3.3

Recommendations for action

Recommendations for further action are presented with respect to each of five pilot
projects (two in Rwanda, two in Ghana, one in Kenya). The expected operational data from
any pilot project that is implemented would be the basis for consideration of additional
commercial implementations widely throughout Africa.
The Report team selected the recommended pilot projects with pragmatic
considerations in mind. MSW, whether raw or sorted, was assessed as the principal feedstock
that had potential for economic aggregation and provision at scale to bioLPG plants in the
near to medium term. MSW at scale exists in many large cities in a rapidly urbanising Africa;
however, its provision requires cooperation of governments for the implementation of MSW
management strategies. Policy environments, government interest and government human
capacity are key needs.
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The four recommended pilot projects that depend on MSW feedstock were chosen in
part on the basis of likelihood of government cooperation and capacity regarding the
management of MSW in the project countries.
The one recommended project using agricultural residue feedstock (Kenya) does not
require proactive government policy creation and therefore is a test of pure private sector
feasibility. The economic aggregation of agricultural residues was determined to be possible
in certain geographies in the near and medium term, but not at the scale of MSW.

Recommendations for action
This Report recommends a set of detailed feasibility studies to fully define one or more
of the following five pilot projects, presented in descending order of recommendation:
1. Rwanda (Kigali): organic MSW via AD to CoolLPG process
2. Kenya (Nairobi): rural agri-waste via AD to CoolLPG process
3. Ghana (Accra): organic MSW via AD to CoolLPG process
4. Rwanda (Kigali): MSW via pyrolysis to IH2 process
5. Ghana (Accra): MSW via pyrolysis to IH2 process
Scoping estimates of timelines indicate that properly conducted stages of detailed
feasibility studies, project business plan development, project preparation, raising finance and
project construction could result in pilot project in-service dates around 2024-2025.
With 12 months of pilot project operating data that evidenced meeting of technical
and economic expectations, additional projects could be developed and put in operation on a
wide scale by 2029-2030.
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II.

Findings

This Chapter presents the Report findings from the technical, feedstock, enabling
environment, cost and financial analyses.

Technical pathways to bioLPG production
This section details technologies that are likely to be able to produce LPG from
renewable or bio-resources. The focus is on technologies that produce significant quantities
of bioLPG and are established or at a stage of development that may be commercially scalable
within 5 years. Technologies outside the scope of this survey are unlikely to produce significant
quantities of bioLPG, or are unlikely to be developed to the scales required by this study.
Categories of technologies assessed (see Figure 1) are:
1. Fermentation: saccharides, lignocellulose or syngas to fuels or chemicals
2. Waste to biogas and biogas conversion
3. Direct thermochemical conversion of MSW
4. Hydrolysis and hydrodeoxygenation of triglycerides
Figure 1. Map of potential routes to bioLPG

2.1.1

Fermentation: saccharides, lignocellulose or syngas to fuels or chemicals

Fermentation of saccharides (such as sugar) to alcohol has been practiced for many
centuries. Advances in biochemical research now allow controlled fermentation of
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saccharides to other chemical products, as well as controlled fermentation of other
feedstocks, such as lignocellulose (plant-derived biomass) and syngas (mixtures of carbon
monoxide and hydrogen gas). New fermentation routes continue to be developed as new
biochemical pathways are created or found.
The general routes considered here are as follows:


Fermentation of saccharides to ethanol …



Biogas reforming to syngas followed by fermentation to produce ethanol …



Fermentation of waste or lignocellulose to ethanol …
… in each case followed by ethanol conversion to butane by coupling and
hydrogenation; and



Direct fermentation of saccharides or lignocellulose to C3/C4 alcohols followed by
hydrodeoxygenation.

The technology required to ferment sugars and starches to ethanol, and hydrogenation
technology, are highly developed and used industrially. The technology required to convert
ethanol to butadiene is historically established, although it is not used industrially, due to the
production of almost all butadiene in naphtha steam crackers (Jones, 2014). There has been
recent interest in “on-purpose” butadiene production driven by a reduction in naphtha cracking.
Therefore, of the ethanol to LPG (in particular, butane) routes, this is readily implementable
from a technological standpoint. However, the value of butadiene is significantly higher than
that of the LPG produced (Jones, 2014). This is exemplary of fermentation routes to LPG. Rather
than being a low-value intermediate, ethanol itself can be used directly as a fuel or fuel additive
and has its own commercial value.
Direct fermentation of saccharides to longer chain alcohols is technically feasible.
Butanol was produced industrially by fermentation until the mid-20th century, and
hydrodeoxygenation technology is advanced, but the same problems exist for biobutanol as
for bioethanol – namely feedstock scarcity/cost, and low value of LPG in comparison to the
intermediate (Pandey et al., 2011).
Any route converting saccharides to fuel will compete with food production, and the
effects of bioethanol fuel production in SSA have been controversial for this reason (Elobeid
and Hart, 2007; see also Section 2.2). Other feedstock options are available but challenging.
LanzaTech have demonstrated an industrial process converting CO-rich waste gas from steel
mills into ethanol, but have no technology to produce LPG. Direct fermentation of waste can
lead to poor feedstock energy density and the introduction of contaminants and side
reactions. Fermentation of lignocellulose to ethanol and other LPG precursor chemicals (such
as diols) is complex and expensive and there have been no known attempts to scale up
lignocellulose fermentation as part of an LPG producing process (Rosales-Calderon and
Arantes, 2019).
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Fermentation routes, alcohol-mediated or otherwise, are not considered to be
promising for LPG production in the immediate future due to high feedstock and processing
costs, lack of direct pathways and high value intermediates in indirect pathways. However,
there are research efforts to create direct fermentation routes to propane and butane (Menon
et al., 2015). An economically feasible breakthrough in technology using widely available lowvalue feedstock could rapidly progress bioLPG production in areas without extensive fossil
infrastructure.
2.1.2

Waste to biogas and biogas conversion

Production of biogas is commercially practiced at a multitude of scales and AD as well
as biogas capture in engineered landfills are relatively mature and proven technologies. AD
has an established history in Africa with varying degrees of success. Engineered landfill sites
to capture biogas are generally uncommon or underutilised but have great potential as
centralised populations increase. Biogas from either route can then be transformed into LPG
by “Gas to Liquids” (“GTL”) processes requiring biogas reforming, or direct coupling of
methane molecules after upgrading of the biogas by methane purification. The following
routes are considered here:


Biogas reforming …
… followed by small-scale Fischer-Tropsch (“FT”);
… followed by methanol synthesis and methanol-to-gasoline (“MTG”)
or -olefins (“MTO”);
… followed by CoolLPG; and



Methane separation from biogas …
… followed by non-thermal methane coupling;
… followed by thermal coupling.

Biogas reforming
The first category of biogas to LPG conversion technologies involves reforming of the
biogas to form synthesis gas (or “syngas”, CO and H2). Biogas can be reformed either “as-is”
or after upgrading it to pure methane (CH4), depending on the require output. Syngas can then
be transformed by catalytic routes into a variety of liquid fuels. In general, syngas routes are
the only technologies that convert any significant amount of CH4 into fuels or chemicals at a
commercial scale.
A major challenge for many small-scale applications of gas-to-liquids (“GTL”)
technologies is the cost of scaling down. Flagship gas to liquids projects, for example (FT or
MTG, are operated at vast scale with project costs of billions or tens of billions of dollars.
Examples include Pearl GTL in Qatar (est. US $19 bn with 140,000 bpd GTL), which includes
the Oryx plant (US $1 bn, 34,000 bpd), and TIGAS natural gas to gasoline in Turkmenistan (US
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$1.7 bn producing 600 KT/a fuel). The economies of scale that benefit such projects are a
primary issue for using such technologies to produce a few thousand tonnes per year of liquid
products from biogas. However, there is increasing interest in smaller scale and modular
natural gas conversion technology for (e.g.) shale gas or gas flaring applications that may be
economic at the scales considered in this study.
Small-scale GTL technology based on FT chemistry is certainly being attempted
commercially. Two companies using FT designed for relatively small-scale GTL applications are
Velocys, which are developing commercial plants for waste or biomass gasification to produce
syngas for liquid fuels, and CompactGTL, which operated demo/pilot plants in Brazil (200,000
SCF/day) and the UK (1 bbl/week) and are targeting mobile modular plants to place at a source
of natural gas that would otherwise be flared. These projects and others like it indicate
interest in the scalability of GTL technologies, as well as reforming and gasification. However,
economic viability at plant sizes of interest will need to be proven.
Low selectivity is the major problem for application of typical GTL technologies
towards producing LPG. FT chemistry produces a geometric distribution of products, where
the distribution of carbon chain lengths in the product is tenable by choice of process
conditions and catalyst. However, it is not possible to obtain only C3 and C4 products without
producing significant quantities of longer chain byproducts and methane and ethane.
Typically, propane is a process feedstock rather than a product, and the ultimate product is
syncrude (a mixture of a wide range of naphtha, middle distillates and waxes). Downstream
of the FT reactor, fairly extensive product separation and upgrading is performed. FT
technology therefore fits best in situations where the product streams can be split, upgraded
and sold or combined with other streams of fractionated products, for example at existing
refineries or on large scales. Companies such as GreyRock Energy, INFRA, and Verdis have
targeted smaller-scale GTL technologies that produce at-specification liquid fuels at the
process outlet without the need for further upgrading, but these technologies produce fuels
like diesel, not LPG. Small scale FT may therefore be economic, but not productive in
generating bioLPG.
MTG and MTO type technologies first form methanol from syngas and use subsequent
dehydration, oligomerisation and hydrogenation reactions to form longer chain alkanes or
olefins of various types. MTG technology was developed by Mobil in the 1970s, and recent
implementations include the Haldor Topsøe TIGAS natural gas to gasoline process. Typically,
MTG processes target longer chain molecules than propane and butane. TIGAS and MTG
processes can also produce LPG as a byproduct (expected to be around 10-15%) (GTI,
2020). However, the major target product is gasoline, requiring additional product separation
and potentially upgrading. MTO technology targets olefins such as ethylene and propylene.
Hydrogenation of such olefins to LPG would be relatively simple but uneconomic, as the
produced olefins are widely used as chemical feedstock and have a higher value than LPG.
Of course, a developing country might choose to produce LPG if its national industrial
base does not have use for the higher value olefins.
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The University of Kitakyushu and the Japan Gas Synthesis Co. Ltd. have stated that they
are jointly developing technology for direct synthesis of LPG from syngas obtained by biomass
gasification (Ogi and Nakanishi, 2015). Lab data was obtained and a commercial plant was
proposed in 2012. However, it is not known what stage of development this work is at or if it
is still continuing.
The Gas Technology Institute (GTI) are developing a technology called CoolLPG, which
uses a methanol-mediated route to produce LPG directly from biogas-derived syngas. The
approach is similar to an integrated methanol synthesis + MTO route but produces a mixture of
mostly propane and butane for fuel rather than separated olefins for use as a chemical
feedstock. The CoolLPG process can be used to produce propane and butane mixtures. This
technology is still in the development phase but is expected to be rapidly highly scalable based
on the extensive existing knowledge and industrial experience of reforming, methanol synthesis
and conversion processes. Furthermore, the process is self-contained and able to run entirely
on biogas without separation of CO2 or extensive existing infrastructure in place. Because it is
one of the only routes specifically targeting propane and butane, this is a highly promising
technology for LPG production within the context of the present Report.
Figure 2. CoolLPG route to bioLPG

Biogas to methane to LPG
The second category of biogas to LPG routes is upgrading of the biogas by removal of
CO2 and utilisation of this purified methane directly to form propane and butane. Although
biogas upgrading to biomethane is established and widely available technology, it adds
significant capital and operating costs.
Direct methane coupling is considered to be a major goal for future natural gas
utilisation. It has been the focus of intensive research over the past decades. The ability to go
from CH4 to C2+ and thus add significant value in a single step is highly desirable. However,
this has not been commercially achieved even in the U.S. Technological problems include low
yield, harsh reaction conditions and coke generation. Even with an attractive LPG price, it is
difficult to envisage a situation in which the economics of direct natural gas coupling may be
more favourable at the small scale in Africa using biomethane than at the large scale close to
a natural gas wellhead and existing operations.
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The notable exception to this is nonthermal plasma conversion technology. This has a
strong foundation of lab-scale data for technologies such as dielectric barrier discharge
(“DBD”) and there are several startups (e.g., Alkcon, Plasmerica) with processes that can
directly couple CH4 to propane and butane (as well as other C2-C4 products).
However, these technologies do not yet have a demonstrated scale-up pathway
beyond the lab.
A key technological issue with plasma technologies such as DBD is that of scaling up,
due to the limitations in physical distance between the electrodes. Process scaling is therefore
expected to be modular, with linear cost, and therefore increasingly uncompetitive with nonlinear scale efficiencies as the scale increases. The largest module currently targeted by Alkcon
is 32 tonnes per week of propane output.
Additionally, the energy efficiency of such electrically-driven technology is low when
compared with scaled-up thermal conversion processes with good heat integration. These
trade-offs are likely to become favourable towards plasma technology when the scale of
production decreases well below what is economic for traditional, thermal gas conversion
processes. Furthermore, Alkcon and spin-off DBD Energetics claim to have developed unique
power supply technology that significantly improves the energy efficiency for the CH4
conversion process. The cost of process electricity will be a key factor.
While nonthermal DBD plasma technology still requires an additional level of
investment to demonstrate it beyond the lab scale, it may be an attractive long-term solution
for decentralised conversion of biogas to LPG, at scale levels that are not economic for small
scale syngas-mediated routes. However, it has not been considered further in this Report, due
to the much longer anticipated timeline to bring this technology to market at a scale of LPG
production that may be impactful.
2.1.3

Direct thermochemical conversion of municipal solid waste

MSW usually contains significant quantities of biomass and other organic material that
can undergo conversion to liquid fuels by the following direct routes:
1. MSW pyrolysis;
2. MSW IH2 hydropyrolysis and hydroconversion; and
3. MSW gasification to syngas followed by any syngas conversion route.

A major challenge in thermochemical processing of MSW is the quality of waste
handling and sorting before the waste enters the process. In countries such as India, it is
common for organic waste to be already separated from non-organic waste, minimising the
costs associated with feedstock separation. The impact of varying the MSW feed composition
depends upon the process and the target product. Furthermore, whether MSW is considered
“bio” depends heavily upon the source and sorting. For the purposes of this Report, LPG from
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MSW is termed “bioLPG” for simplicity, with the assumption that the useful feed for the
processes described is organic.
MSW pyrolysis is unlikely to be applicable, as the majority of pyrolysis products are
longer chain hydrocarbons, char or ash with negligible LPG production.
Integrated Hydropyrolysis and Hydroconversion (“IH2”) is a particularly promising
technology, because LPG is produced directly within the process without further conversion
steps3. The major product is gasoline, but when tuned to maximise LPG output, the major
products are estimated to be LPG (52% by volume, comprising both propane and butane) and
gasoline (48%). The hydrogen required to run the process is generated from process
byproducts and the char produced is burned for energy, meaning that the IH 2 can operate as
a standalone waste-to-liquid fuels plant. Most experimental work to date has been done with
a wood feed, and MSW results are promising but still largely speculative. A demonstration
scale (5 tpd) IH2 plant has been constructed and is being operated by Shell Catalysts &
Technologies in India, with the scale-up target of 2,000 tpd in a commercial plant. The maturity
of this technology and the potential for LPG production make this a particularly good route
towards biomass or MSW derived LPG provided that the market for gasoline is favourable
enough to justify the projected capital expenditure.
Figure 3. IH2 route to bioLPG

MSW gasification is not strictly a “direct” conversion, in that it produces syngas as an
intermediate that can be further converted to liquid fuels. This route is similar to GTL
technologies (see 2.1.2 Waste to biogas and biogas conversion on page 17). The main
difference is how the syngas is obtained. Syngas generation by coal gasification is a highly
mature and commonly used industrial process. MSW and other biomass is increasingly
targeted as a co-feed to reduce the environmental footprint of such coal gasifiers, but the
technical challenges of handling pure unsorted waste in large scale gasifiers are significant.
Nevertheless, technical routes to MSW gasification for liquid fuels production are being
pursued and companies such as Velocys are currently developing commercial plants for MSW

3

This technology is presently licensed to Royal Dutch Shell for its exclusive use worldwide.
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gasification and FT. MSW gasification may be an alternative route to biogas reforming to
obtain the syngas for technologies such as CoolLPG.
2.1.4

Hydrolysis and hydrodeoxygenation of triglycerides

The use of triglyceride-type feeds to produce liquid fuels is an established industrial
practice across the globe. Triglyceride sources suitable for production of fuels include
vegetable oil, animal fats and tallow, used cooking oil and oil from algae waste. Depending
on the type of process and choice of feed, the target product may be biodiesel, green diesel,
or jet fuel. Green diesel and jet fuel produced from biological sources are essentially
indistinguishable from the fossil analogues. Biodiesel contains oxygen and is made of fatty
acid methyl esters, and transesterification of triglycerides to biodiesel produces glycerol as
a byproduct. On the other hand, hydrolysis and hydrodeoxygenation of triglycerides to green
diesel or jet fuel produces propane instead of glycerol. Propane produced from such sources
may be called biopropane or green propane, but it is chemically indistinguishable from
propane.
The technology required to produce green diesel and biopropane is mature and the
process is commercially practiced. It is the only route to non-fossil propane that is practiced
on a significant scale to date. Biopropane from triglyceride feeds is produced by Neste and
ENI and sold commercially as a drop-in replacement for fossil propane. The fact that this
technology has been commercially demonstrated at scale makes it attractive for production
of bioLPG in the immediate future, assuming that green diesel or jet fuel are desired as main
products.
A major issue with the production of bioLPG by the triglyceride route is the low volume
of propane produced from the feed. The main product is diesel or jet fuel, depending on the
feedstock, with only a small portion of the feed producing any propane, and no butane
produced at all. Roughly a 1:10 product ratio by volume of propane to green diesel is achieved,
and this translates to a roughly 1:15 or 1:20 ratio by mass, depending on the feedstock and the
yield. This is a function of the feedstock chemistry and cannot be tweaked or changed by the
process as it stands. If fatty acids (such as palm fatty acid distillates) rather than triglycerides are
used as feedstock, no propane is produced as a byproduct.
The success of a fat or oil-fed bioLPG facility therefore depends heavily on the market
for renewable diesel and the feedstock availability.
2.1.5

Triage and technical route selection

From a technical standpoint, fermentation routes for non-saccharide type feeds (e.g.,
lignocellulosic fermentation) are either immature or are tailored towards producing higher
value chemicals rather than LPG fuel. Fermentation of saccharides, as well as subsequent
conversion of typical products (such as ethanol) to LPG, is relatively mature technology.
However, the value of the feedstock and direct fermentation products are often high, and such
routes can compete with food production. In general, economically attractive fermentation
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technology for bioLPG is not immediately available. Inquiries with fermentation technology
leader Novozymes did not indicate that such technology might be available in the near term.
AD of wastes such as organic MSW or agricultural residue is a proven and economic
technology for biogas, as is biogas capture from engineered landfill sites. Many biogas to liquid
fuels technologies exist. Both Haldor Topsoe’s TIGAS and ExxonMobil’s MTG processes can
produce LPG as a byproduct, but they may be uneconomic to scale down to fit the feedstock
capacity of biogas plants in SSA, and to meet the goal of producing bioLPG rather than
gasoline. Of the small-scale technologies that convert biogas to LPG, CoolLPG is the most
promising due to its high selectivity towards LPG and similarity to other scalable methane-toliquid-fuels processes that have been developed. CoolLPG is at an earlier stage of
development than the aforementioned processes.
Thermochemical conversion of MSW by IH2 is a promising route towards producing
significant quantities of LPG within SSA. Although LPG is a byproduct, the large quantities of
MSW feedstock already available and projected increases in MSW production provide the case
for significant LPG production with a technology that is already being scaled up elsewhere. IH2
has been identified in previous reports as a promising route to LPG (Johnson, 2019) (GTI,
2010). IH2 plants, when not tuned to maximise LPG output, will produce primarily gasoline,
with LPG (propane and butane) as secondary products. However, when tuned to maximise
LPG output, they could potentially produce 52% LPG by volume and 48% gasoline. Other
direct MSW thermochemical conversion routes do not produce enough (or any) LPG, although
MSW gasification may provide an alternative feedstock to syngas conversion routes.
The following figure summarises the routes on the basis of five key criteria, with a
higher score being more favourable than a lower score (e.g., a short-estimated time to market
gives a higher rating than a long-estimated time to market).
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Figure 4. Comparisons and scoring of bioLPG technical routes

The leading candidates per this scoring are AD+CoolLPG and MSW IH2, both in terms
of their overall scores and in particular their ability to produce high LPG outputs (grey colour)
from feedstocks that are adequately available in the focus countries. Contrariwise,
fermentation and HVO are clearly unfeasible due to the unavailability of adequate feedstocks,
among other factors. See Appendix 5.5 for a detailed discussion of the criteria used to perform
the technology ranking.
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BioLPG production feedstock options, physical availability and costs
The conversion routes initially considered and general characteristics of their potential
feedstocks are summarised in Table 2.
Table 2. Conversion routes and feedstock characteristics
Conversion
technology

Feedstock characteristics

Potential
feedstocks

Hydrodeoxyg
enation/
Hydrogenati
on of
triglycerides
(HVO)

Specific focus on
‘homogeneous’ feedstock
containing triglycerides

Vegetable
oils, tallow/
yellow
grease/fats
or Used
Cooking Oil

Biogas to
bioLPG
(biogas/syng
as reforming)

Heterogeneous biomass
suitable for AD. Mixed
biomass compositions can
be used but different
feedstocks give different
yields of biogas. Consistent
supply of biomass
preferable for consistent
running of AD.
Desulphurisation of biogas
required.

By-products
of
agricultural
and
livestock
industriesfield and
processing
residues;
sewage and
waste
water; MSW

Catalytic
thermochemical
conversion

Heterogeneous
organic/biomass feedstock.
Single input feedstock
could be an option (with
improved biochar output)
but the process can
manage mixed feedstock
such as MSW.

biomass /
MSW

2.2.1

Volumes
required for
10,000 tpa
bioLPG
~200,000 t
feedstock input

~30.000 t raw
biogas
Equivalent to
approximately
160,000–
500,000 t
feedstock input,
dependent on
type (pure food
waste or
biosolids such as
manure)
~70,000 t
feedstock

Comments

Renewable
diesel is the
main product
outcome.
Biopropane is
a side product
produced at a
10:1 ratio.
Feedstock
assessment
carried out for
preliminary
production of
biogas via AD.

BioLPG is a
minor volume
co-product of
the one
implemented
conversion
pathway.

Sustainability considerations: determination of feedstocks on which to focus

In SSA, emphasis has been placed on replacing traditional solid fuels for cooking, and
some countries have developed biofuels policies (Jumbe et al., 2009; Henley and Fundira,
2019). The promotion of bioenergy has led to concerns about the sustainability of using forest
and agricultural crop biomass, and has resulted in the development of metrics, standards and
certification schemes to assess the sustainability of bioenergy systems.
A detailed discussion of these considerations is presented in Appendix 5.6.
Further triage was performed to eliminate possible conversion routes whose
feedstocks would be problematic from a sustainability perspective in the focus countries,
based on detailed characterisation of the feedstock options.
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2.2.2

Initial triage of feedstocks

Vegetable oils and animal fats (fatty acid-based feedstocks)
Hydroprocessed fatty acid esters and free fatty acids (through hydrodeoxygenation or
hydrogenation) have received considerable attention in the last few years, as a biofuel option
to replace fossil-based transport fuels (diesel) and aviation fuel (kerosene). Sometimes
referred to Hydrotreated Vegetable Oil (HVO) or renewable/green diesel, the conversion
process can accommodate a number of fatty acid based feedstock such as vegetable oils
(palm, soy, rapeseed, sunflower, etc.), tallow (yellow and brown grease) and used cooking oil
(“UCO”). The process produces biopropane as a by-product at a ratio of 9-10:1
HVO:biopropane (Johnson, 2019). HVO diesel quality is independent of feedstock qualities
and is reported to have better environmental credentials, such as reduced greenhouse gas
(“GHG”), particulate matter and nitrogen oxides (“NOx”) emissions, compared to fossil diesel
(Soam and Hillman, 2019).
The environmental profile (sustainability) of any biofuel which is derived from a
dedicated crop (rather than a waste or residue) is dependent on the source of the feedstock,
and must take into consideration land use and land use change impacts. For HVOs, the use of
waste materials, such as tallow and UCO make the environmental credentials much more
attractive than using purpose grown crops, particularly where land expansion may occur as
the result of the increased demand for the feedstock and where competition for the feedstock
may impact on food security/affordability.
Although biopropane from HVO may be seen as a renewable/green solution to replace
fossil LPG, as discussed in Sections 2.1.1 and 2.2.1 and Appendix 5.6, the sustainability criteria
were applied to biofuels, and HVO was excluded from further consideration.
Biogas from anaerobic digestion (AD)
AD is the term used to describe the natural recycling of organic matter in the
environment. Conditions for AD are highly variable (based on the composition of the organic
matter, temperature, pH, microbial activity, etc.). In general, AD results in the release of biogas
which is largely composed of methane (CH4) and carbon dioxide (CO2), but can also contain
nitrogen (N2), hydrogen (H2), hydrogen sulphide (H2S), water vapour (H2O) and oxygen (O2)
(Achinas et al., 2017; Raja and Wazir, 2017). AD is seen to occur naturally in landfill sites and
dumps, and in effluent ponds associated with the processing of crops such as palm oil and
sugar cane. Emissions from the decomposition of organic materials contribute to national
GHG emissions inventory, which has led to significant interest in the development of
engineered AD facilities, to better deal with the wastes and resulting GHG emissions
generated by individual activities and industrial processing activities (e.g., food, beverages,
textiles).
Interest in developing AD systems has taken two distinct routes, depending on the
development profile of specific countries and companies. Where large volumes of waste are
generated through intensive agricultural systems and agro-processing at scale, large scale AD
26

BioLPG Study Report
has been developed as a means of managing wastes, as well as providing energy recovery
through the use of CH4 as a source of fuel for heat, transport and electricity generation. AD
facilities have become highly sophisticated and the processes of AD better known technically,
to maximise the production of CH4.
In less well developed countries, smaller AD systems have been promoted, with low
input AD system designs, processing less than 2000 tonnes per annum organic waste at
individual household and community scales, to provide cooking fuel, as well as a means of
handling wastes where currently no other options exist.
Large scale AD generally looks to maximise the CH4 component of biogas, utilising
additional ‘clean-up technologies’ to remove water CO2, H2O and H2S. In the biogas utilisation
option presented in this study, the ‘CoolLPG’ conversion uses both CH4 and CO2 so that biogas
use is maximised without the need for additional clean-up, other than scrubbing to remove
H2S.
In this Report, the scale of operations proposed for bioLPG production is such that AD
production of biogas should be considered at commercial scale (requiring significant
centralised agro-residues sources or organic waste). The composition of AD feedstock and the
resulting biogas composition is considered less relevant as both CH4 and CO2 are utilised. This
Report considers use of agricultural residues from field production and agro-processing.
Municipal solid waste (MSW)
MSW is a widely heterogeneous feedstock composed of residential, industrial,
institutional, commercial, municipal, and construction and demolition waste and will vary by
country and by city, depending on factors such as the degree of industrialisation (and what
industries are clustered around urban areas), as well as the nature of household wastes. MSW
composition may also be subject to seasonal variation as well as to household income in
collection areas.
AD provides one option to utilise the biodegradable organic component of MSW. In
addition, there exist technologies, such as IH2, that can utilise a wider range of the
components of MSW, including plastics and other recalcitrant non-metallic, non-vitreous
waste not suitable for standard AD.
The systems and actors involved in the management of MSW can be complex and it is
recognised that, for many countries, there is a lack of data available on how solid wastes are
being managed. However, the economic, environmental and health improvement
opportunities from better management of MSW in developing countries and the current
challenges of dealing with the volumes of waste arising lead to considerable interest amongst
governments and policy-actors.
In Africa, population growth, urbanisation, growing middle classes and increased
consumerism are increasing the levels of waste generation per capita (Stafford, 2020). Present
generation of African waste is estimated at 0.65 kg per person per day and this is expected to
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rise to 0.85kg per person per day by 2025. Waste management services in many countries in
Africa are generally poor and waste is often either burned haphazardly or dumped in nonengineered sites, leading to pollution and health issues. There is an opportunity to integrate
waste management with energy recovery systems.
2.2.3

Refining the focus on the selected feedstock routes

Agricultural feedstocks
For agricultural feedstocks, a triage approach was applied to narrow down potential
options. This top-down assessment of country characteristics and opportunities for supplying
feedstock for the bioLPG processes (e.g., agricultural potential by country and crop)
considered:


Understanding crop production at country and regional levels (e.g., scale of crop
production and processing operations, such as small holder vs.
commercial/plantation scale operations, and scale of processing activities). These
are important in determining the ease of access to sufficient feedstock without the
need for developing extensive feedstock collection systems;



Cost of feedstock;



Potential competition for resources, where feedstock may be utilised locally or
earmarked for future projects;



Sustainability issues associated with particular crops;



Human Development Index (“HDI”), as an indicator of challenges and benefits
which may be achieved through the implementation of a bioLPG project (e.g.,
GDP); and



Supportive policy mechanisms for agriculture and energy.

Urban waste
For urban waste (which includes MSW, sewage and sludges from waste water
treatment), the triage approach considered:


Existing management systems for MSW (e.g., degree of waste management at
landfill sites or dumps; pre-sorting of waste or requirement for waste sorting as a
pre-process to BioLPG production);



Existing infrastructure for managing urban waste;



Level of investment required to develop infrastructure to bring urban waste to a
centralised point for conversion to bioLPG;



The organic or biodegradable fraction of the waste (i.e., organic matter fraction, or
food waste content);



Cost of feedstock;
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HDI, as an indicator of challenges and benefits which may be achieved through the
implementation of a bioLPG project (e.g., GDP); and



Supportive policy mechanisms for waste management and energy provision.

For a more detailed discussion of oil-based feedstock routes, see Appendix 5.7.

Necessary enabling environment: national policies, priorities, capability,
capacity
The following summarises the key enabling environment factors in each of the Report
focus countries. Additional background information about the countries (e.g., demographics,
energy sector development information) is presented in Appendix 5.2.
2.3.1

Cameroon

Current status of biogas production in Cameroon
The social and environmental challenges associated with the use of traditional biomass
in rural Cameroon catalysed the development of its National Domestic Biogas Program
(“NDBP”), supported by the Ministry of Water and Energy, and the Netherlands Development
Organisation (“SNV”) Cameroon (REN21, 2016). This program, coupled with other biogas
awareness campaigns, led to the construction of about 206 biodigesters in rural Cameroon as
of 2013 (Muh et al. 2018a). Even though SNV and other local NGOs have continued working
to develop the country’s biogas sector, efforts have mainly focused on small-scale domestic
facilities. A few larger scale biogas facilities worth mentioning are those pilot plants
constructed by Cameroon’s Hygiene and Sanitation Company (“HYSACAM”) at a landfill site in
Nkolfoulou-Yaoundé in 2011, and the second at PK10 in Douala, constructed in 2014 (Muh et
al., 2018b). It must be noted though that biogas from these two plants is flared due to the lack
of infrastructure to capture, purify and condition the gas for utilisation. However, the
Company has recently announced plans to generate electricity from these landfill sites
(Afrik21, 2020). The Nkolfoulou plant, with estimated capacity of 10 MW, will process
approximately 360,000 tonnes of landfilled waste per year dumped at the site. The plant at
PK10, which is estimated at 60 MW capacity, will process 540,000 tonnes of waste per year. A
third project, to be located at the Bafoussam landfill in the West Cameroon region, will have
a capacity of 2 MW and process 75,000 tonnes of MSW per year. A large-scale AD facility has
also been constructed at the Guinness Cameroon Douala plant to serve as a waste treatment
facility. The biogas from the Guinness plant is also flared.
Assessment of feedstocks
The primary feedstocks considered for biogas production in Cameroon are: agroresidues from food processing plants (brewery effluent and alcohol distillery waste); livestock
residues (slaughterhouse waste, cattle, pig, goat, sheep and poultry manure), MSW
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(household, market and food waste), as well as faecal sludge and black water (i.e., waste water
from toilets).
Agricultural feedstocks
Agro-residues from food processing plants present an opportunity which can be
harnessed, because major food processing plants exist at different locations of the Littoral and
Central regions of the country (Noukeu, 2016). Even though only unofficial figures have been
reported, experience with some of the facilities in Cameroon indicates that large volumes of
wastes are being generated from the processing plants. Some of the plants have AD facilities
in place, but this is mainly used as a waste treatment approach, and the biogas product is
being flared.
In the case of slaughterhouse waste, the potential for bioLPG is also promising as the
waste generated is clustered at the major slaughterhouse facilities. Even though no official
quantities were reported, the existence of three major slaughterhouses in Yaoundé, Douala,
and Maroua, with several minor slaughterhouses (butcheries) in other major towns (Muh,
2018a) confirms the presence of clustered wastes, which can be converted into biogas.
Urban wastes
For the case of urban sewage, dumpsites for faecal sludge have been an important
topic of discussion within the country. Most of the households and commercial buildings
located in the urban cities of Cameroon either use septic tanks or pit latrines, which require
emptying at regular intervals. Commercial trucks are employed to empty the tanks and
latrines, and the faecal sludge is then dumped at specific locations within the major cities. In
the case of Douala, an important example of a faecal sludge dumpsite is a location called ‘Bois
de Singes’. Few official documents exist which state the actual quantities available, and the
data from a few reported studies (Mougoué et al., 2012; Maffo and Kengne, 2019) are
underestimated. Figure 5 illustrates the opportunity that exists for setting up a biogas plant
at ‘Bois de Singes’.
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Figure 5. Dumping of faecal sludge at ‘Bois de Singes’, Douala, Cameroon

The future of biogas production from MSW is also very promising given the significant
waste generation in the country coupled with the existence of clustered unattended
dumpsites where much of the collected waste is deposited (Mbue, et al., 2015). Even though
HYSACAM set up experimental AD facilities at selected dumpsites, the gas is flared (Muh et
al., 2018b). The company is now exploring ways to commercialise gas production with larger
installations to generate electricity from landfill gas.
Conclusions, recommendations and prospects with respect to feedstocks
Based on the results from the assessment, the following conclusions can be made:
BioLPG from biogas is feasible using agro-residues from food processing plants
(brewery effluent and alcohol distillery waste); slaughterhouse waste, municipal solid waste
(household, market; food as well as faecal sludge and blackwater. However, onsite visits are
needed in order to establish available quantities as well as verify willingness of stakeholders
to collaborate.
Biogas from livestock manure, such as cattle, pig, goat, sheep and poultry manure, is
not viable as most livestock are usually free range and only penned at night. However, biogas
from animal manure can be made feasible if investors consider setting up an integrated
business which involves more intensive animal husbandry coupled with biogas production.
The implementation of a bioLPG project will be in line with the country’s goals of
increasing access to modern cooking fuels by 2030 through the long-term Energy Sector
Development Plan, and of increasing LPG use to 58% of the population through its national
LPG Master Plan.
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Assessment of policies and priorities
Cameroon has ratified all major international treaties promoting action against climate
change. The First National Communication to the UNFCC identifies renewable energy
technologies deployment and energy recovery from waste as some of the effective ways to
reduce GHG emissions. Cameroon also aspires to become a middle-income industrialised
country with strong economic growth by 2035 (Vision 2035). The Government envisages this
vision could be realised with an annual GDP growth rate of 5.5 per cent and the creation of
tens of thousands of jobs per year. A part of Vision 2035 is a commitment to reduce reliance
on solid fuel, to address deforestation and to ensure energy security. Within the next 10 years,
the Government aims to achieve universal electrification and increase the percentage of the
population that cooks with LPG to 58%. In this regard, the Growth and Employment Strategy
(2010-2020) sets out a plan to improve the country’s energy supply security through
diversification of energy sources and replacement of fossil fuel with clean energy (EUEI-PDF,
2013). Cameroon is the only SSA country to develop, and approve in December 2016, a
comprehensive national LPG master plan to guide national LPG development, although the
plan has yet to be implemented.
Currently, Cameroon does not have an energy policy per se or clear strategy on how to
develop its renewable energy potential. Nonetheless, the Government have expressed an
interest in increasing the share of renewables in power and heat generation as well as creating
an enabling environment for private sector participation (FUSS, 2016). Law No. 2011/022
(2011), a decree that governs the electricity sector, states that priority will be given to
renewable resources and dictates a plan to establish an agency to promote and develop
renewable energy. However, the agency is not yet in place. Due to these institutional,
regulatory and policy gaps, the bioenergy sector in Cameroon is underdeveloped and biogas
systems are predominantly being developed in an ad hoc manner and at the household level
in rural areas. The slow proliferation of the technology is attributed to lack of Government
commitment to boosting the sector: bioenergy often does not excite policy actors since it is
mostly seen as a rural (poor) households’ problem.
The Cameroonian Government is gradually adopting an environmentalist approach to
its management. In 2012, the Government signed a decree to regulate the management,
transportation, sorting, recycling and final disposal of wastes. The Ministry of Environment
and Sustainable Development has incorporated the concept of sustainable development in its
Waste Management Strategy (2011), which is structured around three priorities: reduce the
production and harmfulness of waste by developing clean and more resource-efficient
technologies; ensure more waste is recovered and recycled; and dispose of the non-valuable
waste in a sustainable way (Ymelé, 2012). However, the strategy plan has not been fully
operationalised and, in direct contrast with current regulation, in effect, waste management
is still regarded as an activity of ‘collect and dump.’ This is not unusual among countries in the
region. Although the policy framework in Cameroon sets out strategies to protect
environmental resources and promote energy conservation and energy recovery, progress in
implementation has been limited. Inadequate attention and commitment to these sectors are
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attributed to a lack of funding and low capacity. In Douala and Yaoundé, the two major cities,
several NGOs and community-based organisations operate in the collection and recycling
field, along with the official operator, HYSACAM.
In recent years Cameroon’s economic situation has suffered a setback due to
outbreaks of violence in the North and Far North regions as well as a secessionist movement
in English-speaking areas. This unrest has hampered the government’s ability to move forward
with planned initiatives (including implementation of the national LPG Master Plan). The
Government has yet to demonstrate sufficient progress in the energy sector overall, due to
lack of meaningful policies, standards and regulatory mechanisms that could stimulate
investment. The low priority to renewables by the policy makers is a major hindrance to local
and international investors (Mus’ud et al., 2016). The high taxes and customs duties for
renewable energy systems, as well as cumbersome administrative procedures, and complex
tax requirements, place further impediments to the widespread use of clean energy
technologies (Muh et al., 2018).
Assessment of LPG environment and implementation capability
As stated above, Cameroon is the only SSA country to develop and approve a
comprehensive national LPG master plan to guide national LPG development, but has not yet
implemented any of the recommendations or projects called for by the plan.
A distinct challenge for the commercial viability of a bioLPG plant in Cameroon is the
pricing of fossil LPG in the country. LPG that is locally produced (by the national oil refinery)
enters the market at a price significantly below the fully-recovered cost, and LPG imports are
highly subsidised by the Government, in order that the below-market refinery price and
import price of LPG match (GLPGP, 2019a). For bioLPG to begin to be economically competitive
with Cameroon’s sources of fossil LPG, the Government would have to expand its subsidy,
presumably via appropriate legislation, to cover bioLPG.
2.3.2

Ghana

Current status of biogas production in Ghana
There are a few hundred small-scale biogas plants in Ghana, though the exact number
is not well documented, and several are currently dysfunctional. There are also a few
‘commercial sized’ plants that generate gas for heating and electricity generation. The only
biogas plant on record that sells power to the electricity grid in Ghana is the Safisana plant
which receives feedstock from four main sources: market waste, abattoir waste, industrial
waste and faecal waste (Twinomunuji et al., 2020). Safisana has been set up as a
demonstration plant to show how mixed waste can be successfully managed to address waste
disposal issues and environmental concerns using AD technology. The Safisana AD tank is
installed below ground and produces approximately 15,925 m3 biogas per day, and the CH4
and CO2 content depends on the feedstock being processed. The Ghana Oil Palm Development
Company (“GOPDC”) operates a 2 x 10,000 m3 biogas plant that produces 18,000 m3/day of
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biogas, using palm oil mill effluent (“POME”) from the company’s oil palm milling activities as
feedstock (Energy Commission, 2018). The GOPDC plant is on record as the largest AD plant
in Ghana, with a capacity to treat 160,000 m3 of POME per year, but the company uses all the
gas for heat production for internal consumption. Another ‘medium scale’ agro-industrial
biogas plant in Ghana is owned and operated by HPW Fresh and Dry, a Swiss company who
process coconut, papaya, banana, mango and pineapple into a range of dried fruit mixes and
bars. The company operates two AD plants with combined capacity of 900 m 3, which is fed
with fruit waste to produce biogas for conversion into heat for processing.
Assessment of feedstocks
Agricultural feedstocks
Several studies have shown that Ghana has high potential for biogas plants of different
scales from different biomass types. The potential for biogas from biomass resources such as
crop residues, agro-industrial waste, livestock waste, municipal solid and liquid waste, have
been estimated in many of these studies. Arthur et al. (2011a) estimate a technical potential
of about 278,000 biogas plants in Ghana, though these are largely small-scale plants.
Estimates of biogas potential from agro-industrial waste are 11,755 m3 CH4/h from POME,
1.6–2.7 MWe from fruit processing waste, and 2.0–2.4 MWe from cocoa processing waste
(GIZ4, 2014). A study by Kemausuor et al. (2014) indicate a large potential of biogas from
several crop residues (see Table 3) though logistical challenges remain in the gathering and
transportation of feedstock to centralised points.
Table 3. Biogas potential from crop residues in Ghana
Crop

Maize

Rice

Biogas Potential (tpa)

Stalks

831,538

Husks

115,000

Cobs

247,692

Straw

72,538

Husks

38,923

Millet

Stalks

69,000

Sorghum

Straw

176,923

Shells

56,615

Straw

230,000

Shells

38,923

Stalk

336,154

Peelings

442,308

Straw and pods

194,615

Groundnut
Cowpea
Cassava
Soybean

4

Residue type

This study was accessed from the GIZ website in 2014, but the weblink is no longer active.
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Urban wastes
Approximately 12,000 tonnes per day of MSW are generated nationally, about 68% of
which is biodegradable (Miezah et al., 2015). The large cities all generate considerable
quantities of MSW. The Accra and Tema Metropolitan Areas are the most densely populated
areas in the country, with population in excess of 2 million people, and waste generation of
about 0.74 kg/person/day. The largest landfill serving these two Metropolitan Areas and other
adjoining districts, the Kpone Landfill, receives about 1,000 tonnes MSW per day. The Kumasi
‘Greater Area,’ consisting of a number of municipalities, has a landfill that receives over 1,300
tonnes of 'solid and liquid' waste per day. There is very limited segregation of wastes at source,
with mixed waste collections made.
In terms of sanitary wastes, city-wide collection systems are not in place. However,
public and private institutions often have their own systems, and there should be large
potential for producing biogas from them (Arthur and Brew-Hammond, 2010). Examples
include the Kwame Nkrumah University of Science and Technology (KNUST), other
universities, Korle-Bu Teaching Hospital (reportedly third largest hospital in Africa), and Komfo
Anokye Teaching Hospital. A study of the four largest public universities in Ghana estimates
an annual biogas potential from sewage of about 815,109 m3 (Arthur et al., 2011b). Separate
studies have been conducted for the University of Ghana (Mohammed et al., 2017) and the
Kwame Nkrumah University of Science and Technology (Arthur and Brew-Hammond, 2010)
with reported biogas potentials of 137 and 742 tonnes per annum, respectively.
Conclusions, recommendations and prospects with respect to feedstocks
There is a variety of resources for biogas and bioLPG production. For several of these
resources, however, there is not enough aggregated in single locations to justify investments
into large scale biogas plants. This situation applies especially to crop residues, which are
scattered across several farming communities in the country. Agro-industrial facilities and
slaughterhouses that could generate a lot more waste in a single location also do not generate
enough to meet the scale proposed, due to the size of these facilities. MSW appears to be one
of the surest ways to generate large amounts for biogas for conversion into bioLPG, using one
or more of the three technology routes under consideration. A further pre-feasibility study
into bioLPG from MSW is recommended.
Assessment of policies and priorities
Ghana is a signatory to treaties and regional programmes such as the United Nations
(“UN”) Sustainable Energy for All (“SEforAll”) Initiative, AU Agenda 2063, the ECOWAS White
Paper on Energy Access, and ECOWAS Renewable Energy and Energy Efficiency Policies,
among others. Ghana’s climate mitigation plan, as stated in its NDC report, targets the energy,
industry, and waste management sectors, among other actions. The Government has
committed to scale up renewable penetration by 10% and expand the adoption of marketbased cleaner cooking solutions. Ghana has also committed to developing a sustainable urban
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solid waste management mechanism and to improve industrial facilities’ energy efficiency
through the promotion of technologies.
The Government adopted a new National Energy Policy in 2010, three years after the
discovery of the Jubilee Oilfield. The policy aimed to put in place a framework for the efficient
management and utilisation of the country’s energy resources as well as revenue accruing. In
subsequent years, the policy was operationalised with laws and regulations such as the
Petroleum Commission Act (2011) and the Petroleum Revenue Management Act (2015).
Ghana uses a mix of policies and incentives, including feed-in-tariffs and Renewable Energy
Purchase Obligation, to promote renewable energy development, including electricity from
biogas (Kemausuor et al., 2018). The stated objective of the Renewable Energy Act (2011) is
‘to provide for the development, management and utilisation of renewable energy sources to
produce heat and power in an efficient and environmentally sustainable manner.’ The Act
(2011) obliges various bodies to regulate the sector; however, the Government has been slow
in developing the legislative instruments for monitoring the provision of financial and other
incentives necessary for the development of renewable energy (Obeng-Darko, 2017).
The Ghanaian National Bioenergy Policy (Draft, 2010) seeks to maximise the benefits
of bioenergy on a sustainable basis. It outlines a plan to promote the use of biomass waste for
the generation of electricity and heat; the participation of the private sector in the sector; and
to reduce poverty through employment generation. The document mentions biogas but with
a limited tangible plan on how the sector would be supported. On the other hand, the SEforAll
Action Plan (2012) outlines a national target for the implementation of institutional biogas
systems for schools, hospitals and prisons. Institutional biogas technology penetration has
also been identified as one of the five energy-related Nationally Appropriate Mitigation
Actions priority areas. This is also in line with the National Climate Change Policy (2014). The
policy sees a role for the private sector engagement in waste-to-energy (“WtE”) projects by
pyrolysis, gas captured from landfills, and other renewable energy technology, equipment and
services. Ghana’s Renewable Energy Master Plan (2019) also recognises the WtE potential of
agricultural residues from maize, sorghum, rice and from agro-based industries. The Ghana
Shared Growth and Development Agenda sets out an intent to recover energy from wastes
generated in municipal, urban, industrial and agricultural activities. Policies and regulations in
this area fall under general guidelines in place for biomass and biogas, which remains
underdeveloped. Hence, progress in this area has been slow due to lack of regulatory
framework, low awareness of the potentials of biogas, and limited technical capacity for the
construction and maintenance of commercial size biogas plants (Kemausuor et al., 2018).
Ghana’s latest National Energy Policy (draft, 2020) is currently under review. When
adopted, the policy is likely to have a positive impact on the development of renewable energy
in Ghana. The draft document aims to make competitively priced energy universally accessible
and readily available for the local market. It sets out a plan to establish a regulatory framework
for renewable energy development and introduce (financial) incentives to attract investors.
The latest draft identifies the need to develop regulations to govern the bioenergy sector,
collaborate with municipal authorities to make WtE economically feasible, and promote the
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use of biogas technology in public institutions. The National Energy Policy is also in line with
the Renewable Energy Master Plan (2019), which outlines a series of (financial) incentives to
encourage private sector input. Ghana also has a strong programme and supportive policy
framework to advance clean cookstoves and fuels. Activities in this area are tied to
environmental concerns and aim to rectify the effects of deforestation by promoting the use
of LPG (the National LPG Programme, 2017).
For the past ten years or so, the Government in Ghana has been invested in developing
its petroleum sector. Hence, in the past, renewables have been presented as either too
expensive to be competitive or not feasible due to lack of experience (Energy Commission,
2015). However, with the Renewable Energy Master Plan (2019) and the National Energy
Policy (Draft, 2020) it is clear the Government is now turning its attention to developing its
renewable energy resources.
As noted, the sector generally faces challenges such as limited technological capacity,
the uncertainty of available resources, and information and awareness barriers. For example,
according to the Renewable Energy Master Plan (2019), the risk to the sustainable use of
biomass residues lies in the mapping of these resources and the organisation of logistics,
transport and financing systems. Renewable energy developers also note that projects
licensing in Ghana is lengthy and the authorisation procedures complex. The process involves
many institutions, and the lack of coordination between those institutions also means an
exceptionally long time before projects can take off the ground (UNDP, 2015). Most of the
challenges and barriers discussed here are recognised and addressed in the National Energy
Policy (Draft, 2020).
Assessment of LPG environment and implementation capability
The Government of Ghana has set a policy target of 50% of the population using LPG
as the primary cooking fuel by 2030. A GLPGP analysis (GLPGP, 2018a) projected that, based
on the eventual success of planned Government actions including a market reform process
presently underway, this would result in an additional 10-14 million people using LPG by 2030,
saving 130-200 million trees and 7-9 million tonnes of CO2 emissions. The LPG market would
grow from 165 KT in 2017 to between 400-530 KT in 2030.
Ghana’s LPG market has semi-regulated pricing, in which LPG margins are fixed, and
the price paid at various stages in the supply chain is built up from the international import
parity price. The price buildup positions the fossil LPG price in bulk above the pricing level
needed for a bioLPG plant to generate adequate returns to its financing sources. (Details are
provided in Section 2.6 Financial feasibility considerations and financing sources on page 70.)
A majority of LPG is imported; the remainder comes from domestic sources as a byproduct of oil refining and a co-product of natural gas production.
The Government is expected to be supportive of added domestic LPG production in
the country to reduce foreign exchange need for importation, of development of additional
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renewable fuel/energy supply in the form of bioLPG, and of potentially reducing the net cost
of LPG to its citizens, if the bioLPG is priced (as expected) below the cost of fossil LPG.
2.3.3

Kenya

Current status of biogas production in Kenya
There are a number of existing AD and biomass cogeneration plants in Kenya. In 2017,
Kenya commissioned a 2.2 MW commercial biogas plant, which is reportedly the largest gridconnected biogas power plant in Africa, selling surplus power to the grid at US $0.10 per kWh.
The plant is operated by Bio-Joule Kenya, an independent power producer, and is located in
Naivasha, about 76 km from Nairobi. An estimated 0.2 MW of the electricity produced is used
internally, and the surplus (2 MW) is fed into the grid to meet the power needs of about 6,000
rural homes (Kemausuor et al., 2018). The Oilvado Company Ltd in Sagana, Kirinyaga County
has an installed biogas plant with a capacity of 0.34 MW, produced from avocado waste.
James Finlay Ltd, in Kericho has a biogas unit with a capacity of 0.16 MW. The company utilises
agriculture waste, spent green and black tea from its own Saosa Tea Extract plant, flower
waste from Finlay Flowers, septic waste from across the company and slaughter-house waste
from nearby Kericho town for its AD plant. The facility has capacity to expand given its
electrical installation capacity of about 0.60 MW. The company is actively involved in the
development of mini-grid extension from national grid for tea plantation communities
(Finlays, 2020).
The Kilifi Biogas Plant by Pine Power Ltd has a capacity of 0.15 MW and uses sisal waste
and cattle manure as feedstock for its biodigesters. The biogas plant is part of Kilifi Plantations
Ltd, a private ranch of 2,500 ha at the Kenya coast near Kilifi, north of Mombasa. Kilifi
Plantations Ltd is one of the first major agro-business to incorporate biogas energy into its
operational set-up. Sisal is grown for export and milk is produced which is retailed in the
surrounding area. Kilifi Plantations also has a leading national dairy herd, milking 400 animals
daily, that produce 3,000 litres of milk a day. 350 tonnes annually of sisal fibre of export quality
are also produced from the plantations. Kilifi Plantations Ltd is also home to the famous Kilifi
beef which is sold throughout the Coast Region. P. J. Dave Flower Farms Ltd has a capacity of
0.1 MW and produces biogas from agriculture waste from its own flower farm. The farm is
located in Isinya, Kajiado County. The digestate from the biogas plant used as organic fertiliser
on the flower farm (Kemausuor et al., 2018, Kilifi Plantation, 2020).
Simbi Roses biogas plant by Ereka Holdings Ltd has a capacity of 0.055 MW situated in
Thika. The plant also utilises waste from the Simbi flower farm for its biodigester. Carbon
dioxide generated from the biodigester is used in the greenhouses for flower production,
whilst the effluent is used as an organic fertiliser (Kemausuor et al., 2018, Simbi, 2020). Other
existing biogas plant include Afrisol in Chaka, Nyeri County, with a capacity of 0.06 MW. The
feedstock consists of urban domestic waste, sewage and wastewater from the estate.
Dagoretti plant in Nairobi and Keenyoike plant in Kajiado county utilise slaughterhouse waste
as feedstock, with a capacity of 0.03 MW and 0.02 MW, respectively. The two
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slaughterhouses’ biogas plant carry a risk associated with the reduction in the number of
animals slaughtered per day.
Assessment of feedstocks
Kenya has potential to produce bioenergy from a variety of biomass feedstock
resources, including agricultural residues, energy crops and the organic component of
municipal solid waste.
Agricultural feedstocks
The existing amount of agricultural residue presents a huge untapped potential for
clean, modern energy in the country (UNEP, 2019). A small fraction of most of the agriculture
wastes finds uses as fodder for animals, as waste material for composting manure, and as
biomass energy. The rest of the residues are burned or disposed of in the open environment,
a major cause of environmental pollution (UNEP, 2019). The potential of electricity generation
from biogas using agro-industrial waste and wastewater in Kenya using biogas technology is
estimated at 624 GWh (Mugodo et al., 2017, Kemausuor et al., 2018).
The assessment looked individually at residues from coffee, pineapple, sugarcane
(filtercake), water hyacinth, cassava, mango, sisal and pig rearing. The national aggregate of
these residues is almost 1 million tonnes per annum, which could yield 2 billion m 3 of biogas.
However, the farms and processing sites for these various crops and residues are spread
widely across the productive regions of the country, and individual sites are small to medium
scale.
Urban wastes
County governments are responsible for collection and disposal of MSW in Kenya.
Most counties, including Nairobi, use centralised MSW management systems; Fischer et al.
(2010) reported that MSW feedstock generated in Nairobi is about 996,450 tonnes per year.
However, most counties do not collect more than 50 to 70% of the accruing waste. While the
generation of MSW has grown rapidly, the capacity to collect and safely dispose of the material
collected has declined, due to underinvestment. Most of the dump sites are not connected by
all-weather roads and thus access during the rainy season is difficult or even impossible.
County governments tend to concentrate their limited services mainly in the central business
districts and the wealthier communities with better infrastructure.
Conclusions, recommendations and prospects with respect to feedstocks
The government of Kenya has a long-term goal of having 42% of households adopt
clean cooking fuels. This goal was embedded in Kenya Vision 2030 Second Medium-Term Plan
in alignment with the SEforAll country action agenda. LPG is to contribute potentially 35%,
biofuels potentially 5%, and electricity potentially 2%. Implementation of a bioLPG project in
Kenya could contribute materially towards meeting the country’s clean cooking agenda.
BioLPG from biogas appears feasible using agro-residues from food processing plants
(pineapple waste, coffee residues, sugarcane filter cake, cassava, sisal waste, mango). The
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agro-residues may be available free of charge at present. However, in future, farmers and
agro-processing industries may levy a small fee once they realise that there is value associated
with the waste. Nonetheless, there is need for an in-depth in-country feasibility study to
validate accessibility of feedstocks in terms of costs, quantities and distribution. Other
feedstocks that were assessed, particularly for the IH2 technology, and deemed viable were
bagasse, mesquite wood (Mathenge weed) and MSW.
The HVO to biopropane route proved not to be viable.
The Kenya Energy Act (2019) and related policies and regulations support the
development of biogas systems in the country. The Ministry of Energy and Petroleum has been
supporting establishment of private owned biogas plants through public-private partnership.
Currently, the Government is in the process of establishing six agro-processing hubs within
each economic zone across the country that will be instrumental in feedstock provision
towards the bioLPG project in Kenya. This lends itself to the possibility of taking a multifeedstock approach in each economic zone to ensure a sustainable availability of feedstock
for a biogas plant that meets the scale of this project.
Assessment of policies and priorities
Kenya’s commitment to develop and utilise its renewable energy sources has received
renewed recognition with the recent enactment of the Energy Act (2019), now in force. The
Act restructures the sector and consolidates the laws relating to the energy sector
development, including the promotion of renewable energy. It merges the Rural
Electrification and the Renewable Energy Departments to create the Rural Electrification and
Renewable Energy Corporation (REREC). Its mandate includes developing the renewable
energy master plan; establishing energy centres in the counties; developing local capacity for
renewable technologies; and offering clean development mechanisms such as carbon credit
trading, among others. The Energy Act (2019) also crystallises the Feed-in Tariff Policy (2008)
into law.
Kenya has an ambitious energy plan: to achieve universal access to modern cooking
solutions by 2030. These solutions include LPG, electricity, biogas, bioethanol and improved
solid fuel cookstoves. The Government recognises clean cooking as a nexus issue and
addressed in the National Climate Change Action Plan (2018 - 2022). Hence, the Ministry of
Energy and Petroleum chairs the National Steering Committee that promotes biogas in the
country. However, biogas in Kenya faces some practical challenges. According to the Ministry
of Energy and Petroleum (2019), some of the challenges include lack of awareness on the
potential and benefits of the technology; high upfront costs of domestic and commercial
biogas plants/equipment; inadequate capacity and skilled biogas contractors; and an
insufficient legal and regulatory framework for biogas contracts. Insufficient involvement of
the Ministry of Agriculture is also said to create uncertainties in the biogas sector.
In response to these challenges, the Energy Policy (2018) commits to provide fiscal
incentives for large scale manufactures of biogas plants and equipment, storage and
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distribution. It sets out a plan to develop legal and regulatory requirements while also
supporting community-based biogas plants. The Policy document also pledges to support and
roll out biogas initiatives in public institutions (prison, schools, hospitals) and biogas bottling
plants across the country.
The Kenya National Solid Waste Management Strategy (2015) recommends thermal
treatment of waste and the establishment of engineered sanitary landfills for energy recovery.
The strategy is complemented by the Environmental Sanitation and Hygiene Policy (20162030). The National Sustainable Waste Management Bill (Draft, 2019) also aims to harmonise
and encourage the expansion of investment opportunities in waste collection, treatment,
processing and recovery.
Over the years, the institutional mechanisms for waste management have increased
in numbers and complexity of roles and tasks. Before 1990, the two primary institutional
arrangements were local authorities and public prosecutors. Since then the institutional
mechanisms has expanded to include the National Environmental Management Authority,
National Environment Council, Provincial Environment Committees, and Environmental and
Land Court, among others. With too many institutions but no clear model for integrated
implementation of the various policy actions, the sector suffers from disorganisation.
On the other hand, over the years, the energy sector in Kenya has demonstrated
consistency in planning and implementation of its projects whether it is in increasing
electrification rates or expanding reliance on renewable energy sources (Pueyo, 2018). The
Energy Act (2019) further reinforces the notion that there is a strong political commitment to
support the development of renewable energy by creating an enabling environment. For
example, to ensure high-level coordination and commitment, the Act (2019) establishes an
inter-ministerial Renewable Energy Resources Advisory Committee (“RERAC”). The
Committee will advise the Cabinet Secretary on renewable energy-related issues including the
management and development of other energy resources such as agricultural and municipal
wastes.
Kenya is also perceived by donors and investors as a target country for renewable
energy investment because of its long history of deploying renewable energy, its marketfriendly approach to development, and its better investment climate than those of its
neighbouring countries (Eberhard et al., 2017). The presence of well-developed regulatory
frameworks such as the Energy Regulation (2012) and the Energy (complaints and dispute
resolution) regulation (2012) also make Kenya a strong draw for international investors.
Regulatory risks are considered low. Responsibilities for planning, procurement, contracting,
and permitting of power generation capacity in Kenya are generally well-defined and efficient
(Eberhard et al., 2017). However, social risks are also particularly acute in Kenya, mainly due
to lack of clarity regarding land property rights, community consultation procedures, and the
distribution of costs and benefits between investors and communities.
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Assessment of LPG environment and implementation capability
The LPG market in Kenya is fast-growing; the pricing regime is liberalised; importation
of LPG is dominated by a near-monopolist enterprise (resulting in higher-than-necessary bulk
LPG pricing into the market on balance); and recent reforms to petroleum and LPG law (i.e.,
Legal Notice 121, enacted in 2019) are poised to improve the bankability and safety profile of
the LPG sector (GLPGP, 2019b).
A number of well-established LPG marketing companies have implemented new
growth strategies during the last 12-24 months, and the Government has committed to
providing LPG equipment on a deeply discounted (subsidised) basis to 3 million lower-income
Kenyan households over the next several years, using funding already obtained from the
World Bank.
The expected results of these private sector and public sector efforts are an additional
17-19 million Kenyans using LPG by 2030, saving 2.0-2.7 billion trees and 210-310 million
tonnes of CO2 (GLPGP, 2019b).
Pricing along the LPG supply chain positions the fossil LPG price in bulk above the
pricing level needed for a bioLPG plant to generate adequate returns to its financing sources.
(Details are provided in Section 2.6 Financial feasibility considerations and financing sources
on page 70.)
The introduction of domestically produced bioLPG would also create a welcome
alternative to the import of LPG and the associated need for foreign currency to pay for the
imports.
2.3.4

Rwanda

Current status of biogas production
Rwanda launched a NDBP in 2006 (supported by SNV Netherlands Development
Organisation), with targets for the installation of 15,000 household-scale AD plants (up to 10
m3 capacity). Aims of the project include reducing dependence on traditional cooking fuel,
reducing energy expenditure, and improving air quality in the home. Over the duration of the
project, targets had to be revised and, as of 2012, only 2,600 units had been installed. The
failings of the project were similar to those in other African countries (Landi et al., 2013; Bedi
et al., 2015). Rwanda has had more success in implementing biogas systems in institutions
such as prisons and schools, developed as a means of managing human waste and providing
clean fuel for cooking (Munyehirwe and Kabanda, 2008). In 2008, 36 digesters had been
installed in institutions, with capacities up to 1,250 m3 in larger facilities. Information about
large scale biogas facilities associated with the management of residues and wastes from agroprocessing has not been found; however, this may be integrated into future planning for the
agricultural industry.
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Assessment of feedstocks
The availability of agro-processing residues from sugarcane, cassava and beer brewing
were investigated as feedstock for the application of AD technology at large scales. Urban
wastes such as MSW and wastewater were also reviewed.
Agricultural feedstocks
According to the FAO, the total land area is 24, 670 km2, with an agricultural area of
18,117 km2 and forested area of 4,800 km2. The Rwandan landscape is relatively diverse and
is considered a tropical temperate climate with an average temperature of 16-20oC and
average rainfall intensity of 1,156 mm/annum. It is renowned for its mountainous landscape,
at an altitude of between 915 and 4,486 m, and supports a variety of crops, following two
distinct growing seasons. Coffee and tea are the main crops grown for export; bananas, sweet
potatoes and cassava are the main crops, producing over 1 million tonnes in 2018 (FAOSTAT).
Sugarcane, sorghum and rice are also grown in the country as well as a wide diversity of
horticultural fruit and vegetable crops. However, value chains for crops are poorly developed,
with very little processing of crops other than brewing, sugarcane and cassava processing, and
relatively small amounts of ground nut oil for local use. Due to a lack of storage and processing
capacity, much food is wasted due to spoilage, and considerable attention is being paid to the
development of agro-processing in the country.
A report by the Rwanda Ministry of Trade and Industry (MINICOM, 2014) highlights
that, despite GDP being largely driven by agriculture, the industry suffers from poverty, low
productivity, inadequate infrastructure and poorly integrated markets, with little value added
by downstream processing. Most of the population (83.4%) rely on subsistence agriculture,
and the country faces several challenges associated with its topography and pressure on land
availability. The agro-processing sector was identified in Rwanda's Vision 2020 report as an
industrial sector for targeted development, to contribute to the transformation of Rwanda to
a middle income country by 2030. The development of the agricultural industry is supported
by the Industrial Master Plan for the Agro-processing Sector, which identifies improved
productivity at the field level and upgrading of the agro-processing sector as areas for
improvement; however, further investigation would be required to assess residue availability
and current disposal practices.
Urban wastes
Sanitation systems in the city of Kigali currently only cover 700 households (Rwanda
National Sanitation Plan, 2016). However, the city is in the process of developing a centralised
sewerage system. Waste which is collected from septic tanks is currently dumped in lagoons
at the Nduba landfill site, which creates considerable health and safety issues and is under
threat of flooding in poor weather conditions.
The site at Nduba is an open dumpsite and is poorly managed despite the ambitions
of the Rwandan government (Alice et al., 2017). It is used to manage both liquid and solid
waste. Currently, there is no engineering in place to allow for energy recovery, despite efforts
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to engage with contractors to manage the waste. The site receives between 400 and 800
tonnes of MSW per day, which represents collection rate of approximately 25-40% of the MSW
generated in Kigali.
Conclusions, recommendations and prospects with respect to feedstocks
The agricultural sector is poorly developed in Rwanda but has ambitions to improve its
agro-processing capacity. Commercial scale activities, such as brewing, sugar cane and
cassava processing may be opportunities for future developments using AD as a technology
to transform waste to energy. However, for the purposes of this Report, the volumes of agriwaste feedstock available were inadequate to support the scale of bioLPG production
envisaged as impactful, economically viable, and of probable interest to financing sources.
The MSW route is the more appropriate path to follow. It appears that the
management of waste in Kigali is in urgent need of upgrading and could offer a strategic
development opportunity for bioLPG production. Rwanda has had its own local success in the
development of community-scale AD to manage waste in institutions such as prisons,
hospitals and schools. The College of Science and Technology (formerly the Kigali Institute of
Science and Technology) have been instrumental in developing these systems, suggesting a
degree of in-house capability for future partnerships.
Assessment of policies and priorities
Rwanda is a signatory to SEforAll and the Regional Strategy on Scaling up Access to
Modern Energy Services adopted by the EAC Council of Ministers. Vision 2050 sets out longterm, income-based goals for Rwanda to achieve upper-middle-income status by 2035 and
high-income status by 2050. Within this context, although significant challenges exist in
upscaling local energy production, the Rwandan Government has developed plans to expand
access to clean and modern energy by using diverse sources of energy and technologies. For
instance, the National Strategy for Transformation (2017) sets a target of halving the
percentage of households using inefficient, traditional cooking methods from 79% by 2024.
LPG is designated a priority energy solution for that purpose.
Rwanda's National Energy Policy (2015) has two main objectives: to promote
alternative energy sources for cooking, heating, lighting and other applications, and to
support entrepreneurship and private sector initiative in the production and marketing of
product and services. Rwanda does not have a separate policy to govern its renewable energy
development and utilisation. However, the Energy Sector Strategic Plan (2015) and the
National Energy Policy (2015) set out the plan and a national strategy to increase reliance on
renewable energy and to mitigate environmental degradation. Furthermore, key institutions
oversee and effectively coordinate efforts in promoting renewable energy: The Ministry of
Infrastructure (“MININFRA”) oversees the setting of an enabling legal framework for the
energy sector. The Ministry guides the general approach to the optimal use of state subsidies
in the sector and provides political oversight over programmes. The Rwanda Development
Board plays the leading role in investment mobilisation and promotion of private sector
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participation in the energy sector. The Board acts as a gateway and facilitator to local financial
institutions and foreign direct investment. In 2017, the Ministry of Finance and Economic
Planning also initiated the Renewable Energy Fund (“REF”). The REF, which is financed by the
World Bank and implemented by the Development Bank of Rwanda, is designed as a financial
intermediary providing local currency loans while promoting private sector investments to
ensure sustainability.
The National Energy Strategic Plan (2018-2024) commits to halve the number of
households using traditional technologies through the promotion of most energy-efficient
technologies. The Government plans to achieve this through its implementation of the
Biomass Energy Strategy (2018), which will deliver policy interventions to unlock barriers to
the uptake of alternative fuels, such as LPG and biogas. Albeit on a small scale, biogas is
another source of energy used in Rwanda. The NDBP, established in 2007, promotes the use
of biogas and construction of digesters in rural settings. Biogas digesters are mostly commonly
used in prisons and schools, where gas is produced from the latrine wastes. To-date,
altogether, around 70 large biogas digesters have been constructed in several institutions.
Following this success, the Government has introduced a series of public initiatives to promote
the use of biogas. The Government also supports the use of agricultural residues for energy
conversion. The Strategic Plan for Agriculture Transformation (2018-24) promotes increased
productivity on land resources, focus on higher-value commodity crops (e.g. horticultural
crops), and increased productivity gains across the value chain and within the agro-processing
sector.
Within the waste management sector, the Government has indicated a strong
commitment to move away from the "collect and dump" approach and adopt an
environmentally sustainable approach. Over the years, the Government has made a
substantial improvement in its waste collection service. In Kigali, between 2012 and 2015, the
number of households with access to solid waste collection service increased from 44% to
90%. The Government also recognises the generation of electric power from landfill gas
collection at the landfill site as an opportunity to utilise waste methane. The Rwandan
(Updated) NDC (2020) sets out a plan for the extraction and utilisation of landfill gas for power
generation in urban areas. It also outlines an intent to develop energy recovery options other
than landfill gas to increase access to electricity and reduce dependency on traditional
biomass energy.
Waste management is guided by principles that centre around environmental
protection, sustainability, sanitation and health. Efforts in this area are supported and
regulated by a set of policies and decrees. The backbone of all waste management activities
in the country is the Organic Law Determining the Modalities of Protection, Conservation, and
Promotion of the Environment in Rwanda (2005). The Law on Environment (2018) outlines the
rules and regulations, including sanctions and fines for unauthorised activities. The Law also
creates environmental protection committees at district, sector and cell levels. Solid Waste
Collection and Transportation Act (2014) categorises waste collection companies and
regulates the mode and frequency of waste collection. Regulations of Solid Waste Recycling
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(2015) provides standards for a recycling site and recycling facility permitting process. Finally,
Guidelines on Practical Tools in Solid Waste Management (2010) sets out a detailed technical
guideline on landfill and compost operations.
Rwanda has a robust institutional mechanism to coordinate activities within its energy
as well as solid waste management sectors. A secretariat that sits within MININFRA
coordinates cross-sectoral activities related to the energy sector. The secretariat includes
representatives from several Ministries including sanitation, finance, health, education,
environment and energy. The secretariat is said to be highly effective with strong high-level
support (ESMAP, 2013). Rwanda also has a relatively long and successful record of developing
and operating large-scale (institutional) biogas projects.
Assessment of LPG environment and implementation capability
Rwanda has a small but rapidly growing LPG sector. LPG pricing is liberalised. As a
landlocked country, Rwanda is subject to high overland transportation costs to bring LPG from
seaports in Tanzania and Kenya into the country. This results in considerably higher costs for
fossil LPG in Rwanda compared with its larger East African neighbours. (Details are provided
in Section 2.6 Financial feasibility considerations and financing sources on page 70.)
In mid-2020, the Government of Rwanda commenced active development of a
national LPG Master Plan, expected to be completed by January 2021. The stated plan goals
are for all urban Rwandans (in Kigali and the six largest secondary cities) to use mainly or
exclusively LPG for cooking, and approximately 40% of the country overall, by 2024, with a
resulting market volume of up to 140,000 tpa (GLPGP, 2018b).
Rwandan team members note the historically high capability of the Government to
achieve national policy objectives and to harness private sector and civil society action in
support of the objectives.
This environment creates a straightforward opportunity for domestically produced
bioLPG to complement imported fossil LPG to serve the planned rapid LPG market growth,
and in so doing to reduce the average cost of LPG to the consumer, while accelerating the
greening of the Rwanda economy.
2.3.5

Senegal

Current status of biogas production in Senegal
The government of Senegal has prioritised biogas programs in an attempt to expand
access to modern energy services and improve the energy mix. The NDBP in Senegal (PNBSN) was launched in 2017 with a goal of installing 10,000 domestic biodigesters by 2019 (Ba
and Medoc, 2017). The targeted beneficiaries also include school canteens, which are
intended to receive 18 m3 biodigester systems. Nonetheless, the government initiatives
together with the stakeholders’ support yielded only a few hundred digester installations in
households (Diouf and Miezan, 2019).
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Assessment of feedstocks
Agricultural feedstocks
Agricultural residues from food processing industries, such as oil palm processing,
sugar mills, cassava and fruit processing, make up around 3.3 million tonnes of dry agricultural
matter per year in Senegal (ECREEE, 2012). With this dry matter composition, an estimated
1.33 million tonnes of biogas can be produced. Agro-food residues are however scattered
across multiple locations in the country, which presents a challenge to aggregation (ECREEE,
2012). Previous studies by the Netherlands Development Organisation in partnership with key
stakeholders in Senegal found that 350,000 households had the potential for biogas, with each
studied household showing potential of accessing 30 kg of cow manure per day. Groundnut
production areas like the Bassin Arachidier zone were identified as the highest biogas
potential area with a market potential of about 50,000 households.
As of 2013, a volume of 2.3 million tonnes of livestock residues such as slurry and
slaughterhouse waste are believed to be produced across the country with potential for
930,000 tonnes of biogas per year. This is however, also dispersed across the country and may
be difficult to aggregate towards industry scale biogas production. The Dakar Abattoir is
believed to utilise up to 50 tonnes of its waste resources in a biogas plant with a capacity of
4,000 m3, producing 1,000 m3 of biogas per day. This biogas plant generates 800 kWh of
electricity per day and 1,700 MWh of heat annually, covering 50% of the power and all the
hot water needs of the Abattoir (Ba and Medoc, 2017).
Urban wastes
The Climate and Clean Air Coalition (2018) estimated that 966,155 tonnes of Municipal
Solid Waste is generated in Dakar every year, with about 80% collected and dumped into
dumpsites. Dakar has only one landfill site with no biological treatment and no formal
recycling management practices. The city’s only landfill in Mbeubeuss has expanded more
than tenfold in recent years, stretching to over 170 hectares and processing an estimated
450,000 tonnes of waste annually (CCAC, 2018), with potential for biogas. Waste water and
faecal slurry are reported to have potential for about 3.5 million tonnes of biogas, with about
25% households in Dakar connected to the city’s main sewerage network and 73% relying on
some on-site sanitation, predominantly pour flush latrines discharging to septic tanks (Peal et
al., 2015). The water content of such waste resource is high and could translate to lower biogas
yields. A case study on the MSW situation of different municipalities in Dakar has been
conducted. As of 2014, when the study was conducted, the annual tonnage production of
biodegradable waste was 121,115 tonnes. Projections were made for subsequent years as
217,093 tonnes for 2017, and 248,644, 281,219, 314,457 and 347,186 tonnes, respectively,
for 2022, 2027, 2032 and 2037 (Programme National De Gestion Des Dechets, 2017).
Conclusions, recommendations and prospects with respect to feedstocks
BioLPG production from biomass resources in Senegal aligns with the government’s
larger ambitions and policy plans to extend clean energy access to the people of Senegal. Crop
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residues, such as those from groundnut, are in abundant supply in Senegal, though challenges
remain with aggregating them to use as an energy resource. There is also opportunity for
biogas production from waste streams through the capture of landfill gas in Dakar, where large
amounts of waste are dumped daily at the city’s only landfill site. This would however require
the need for investment into the necessary infrastructure to capture the gas. If such
investment were made, the resulting biogas supply could be considered as a feedstock for
bioLPG production in urban areas.
Assessment of policies and priorities
A structural vulnerability characterises the energy sector in Senegal due to a gap
between energy supply and demand and low use of renewable energy. In the longer term,
the Government is counting on oil and gas discoveries to change the domestic energy
landscape. Senegal is set to start producing 100,000 barrels of oil per day from 2022 on and
achieve universal electricity access by 2025 (IEA 2020). The Government is also committed to
tackling environmental challenges and increasing its reliance on renewable energy sources.
Senegal’s NDC commits to reduce GHG emissions by increasing its dependence on renewables
and sustainable management of solid waste, industrial, domestic and commercial wastewater.
The plan includes an increase in electricity production from renewable sources from the
current 13% to 30% by 2030; in LPG penetration from the current 26% to 36%; and in use of
biogas from the current 0% to 7%. These targets are in accordance with the National
Development Plan (Plan Sénégal Emergent, “PSE”). The PSE, now entering its second
implementation phase, is the overarching strategic framework for the long-term economic
and social development of the country. Senegal aims to achieve middle-income status by
2035.
The key document guiding Senegal’s energy strategy is the Energy Sector Development
Policy Letter (2012). The document articulates the need to link the energy sector with other
sectors (including agriculture) and calls for a broadening of access to modern energy services
by ensuring a more equitable distribution of resources. The Government has laid out a specific
vision for the sector through the National Strategy on Renewable Energy Development (20162020). The National Agency for Renewable Energies (2013) was established to promote the
use of renewable energy, contribute to the development of a legal and regulatory framework,
popularise the use of renewable sources, and conduct prospective and strategic studies.
Currently, no specific policies and strategies exist to guide the development of the biogas
sector, WtE, or the utilisation of agricultural residue.
Senegal suffers from a lack of a sustainable solution for solid waste management.
Though the ratio of solid waste collection in Dakar is relatively high (compared to other parts
of the country), waste is disposed of without any form of treatment at an open dumpsite in a
densely populated suburban area. The Government tried to build a proper sanitary landfill in
the 2010s, but the initiative failed due to financing problem (World Bank, 2020a).
In 2014, the Government launched the National Waste Management Program and
adopted the Integrated and Sustainable Solid Waste Management Strategy (2015). However,
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solid waste management investments as well as operations and maintenance are critically
underfunded. According to the World Bank (2020), the budget made available for the sector
is far too little to cover capital investment and operations and maintenance needs. The
situation is more dire in secondary municipalities as most lack the necessary equipment and
facilities to provide basic collection services.
In Senegal, there is a high-level commitment to develop the national energy sector and
expand reliance on renewable energy sources. The Inter-Ministerial Committee on Renewable
Energy was established in 2011, by Decree 1577/2011, as a platform for inter-agencies
consultation. Under the supervision of the Ministry of Energy, the committee coordinates
action plans and programmes. The Council of Ministers, which is chaired by the Prime
Minister, makes all the major decisions related to energy. However, observers and investors
note that the energy sector is also difficult to navigate due to the complex institutional and
regulatory ecosystem, which is crowded with too many stakeholders and competing interests
(Saïd Ba, 2018). Scarcity of data regarding the availability of resources and lack of enabling
policy framework are some of the key hindrances to the maturity of the biogas sector.
Assessment of LPG environment and implementation capability
Senegal has a well-developed LPG market in Dakar and the southern half of the
country; at approximately 15 kg per capita annual LPG consumption, Senegal is among the
highest LPG-using countries in SSA (but still far below the highest, Morocco, at above 50
kg/capita). The Government has long promoted the use of LPG in order to reduce stress on
forests from use of charcoal and wood for cooking, but does not currently subsidise LPG.
Well-established LPG marketers distribute imported LPG and would benefit from a
domestic bioLPG supply alternative (requiring no foreign currency) that could be priced
similarly to, or below, the price of fossil LPG.
2.3.6

Tanzania

Current status of biogas production in Tanzania
There are very few existing AD and biomass cogeneration plants in Tanzania that the
desk study managed to find. Tanzania has mainly focused on domestic biogas provision since
1975 (Ng’wandu el al., 2009; ABPP, 2020; Rupf et al., 2015). On the commercial front, Mkongo
Energy Systems, a subsidiary of Katani Limited in the Tanga region, operates an AD plant using
sisal residue and wastewater as feedstock (Fischer et al., 2010). Katani Limited are planning a
phase 2 of the biogas project that involves a scale up from 0.15MW to 0.30MW, requiring US$
472,026 in funds. Phase 3 ambition involves developing biogas for vehicles and piping fuel to
households, which will cost US$ 100,000. Nine other commercial-scale plants will be
established at the other nine Katani Limited factories owned by the company, each with the
capacity to produce 1 MW of electricity, giving Katani an overall output of 10 MW of electricity
with a similar amount of process heat for their plants (UAGES, 2012). The potential capacity
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estimated for using sisal residue and wastewater including sisal balls is almost 13.2 MW
(Terrapon-Pfaff, et al., 2012).
Assessment of feedstocks
Tanzania has potential to produce bioenergy from a variety of biomass feedstock
resources, including agricultural residues, energy crops and the organic component of MSW.
It is estimated that sugarcane bagasse production is at 1.5 million tpa, with sisal and rice husk
both at 0.2 million tpa and coffee husk at 0.1 million tpa (AfDB, 2015). Tanzania has a number
of favourable conditions for biogas dissemination which have contributed to its relative
success. The country's climatic conditions are well suited for biogas technology use, with
average air temperatures ranging between 26.5 oC and 30 oC (Rupf et al., 2015).
Agricultural feedstocks
Like Kenya, the existing amount of agricultural residue presents a large potential for
producing clean, modern energy in the country. The assessment looked individually at
residues from cassava, fruit processing (pineapple and mango), sisal and coffee processing
waste (wet pulp).
Pineapple produced in Tanzania in 2018 was 389,595 tonnes per annum (FAOSTAT).
33% of the waste from processed pineapple comes from skins and core. Currently in Tanzania
over 215,000 tonnes of pineapples are exported each year, creating over 308,000 tonnes of
plant waste, which is often burned (StartSomeGood, 2020).
For mango, the main challenge is for the smallholder farmers to step up from
traditional practices to commercialisation of mango production for the local and export
market. It involves among others adapting improved varieties, overcoming the pests and
disease threat, organisational capacity for exporting, and technical and infrastructural
upgrading.
The national aggregate of these residues is more than 1 million tpa, which could yield
some 500 KT/a of biogas. However, the farms and processing sites for these various crops and
residues are spread widely across the productive regions of the country, and individual sites
are at small to medium scale, creating an aggregation challenge.
Urban wastes
Dar es Salaam, the largest and the main commercial city in the country, is confronted
with all of the typical challenges of high levels of urban pollution from MSW, as well as high
population and rapid urbanisation. The average MSW generated in Dar es Salaam in 2017 was
around 3,000 tpd (Kazuva & Zhang, 2019). Waste generation is estimated to be 0.82
kg/capita/day.
Kazuva & Zhan (2019) note that waste segregation is very low and recycling systems
are poor. They suggest that the composition of MSW varies greatly from one place to another
and changes significantly over time. However, they estimate the composition of MSW in Dar
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es Salaam to be composed of 57% organics, 13% plastic, 6% paper-related, 2.3% glass, 1%
metals and 20% other waste components.
Landfills have been the main option used for the treatment of organic waste in the city.
However, these typically develop into uncontrolled dumpsites. Most of the dump sites are not
connected by all-weather roads and thus access during rainy season may be difficult or even
impossible.
Conclusions, recommendations and prospects with respect to feedstocks
Tanzania’s current energy situation calls for a shift from the dominant reliance on
traditional biomass for cooking, heating, and lighting to more sustainable options. The country
has experienced several benefits from the use of biogas since the introduction of the
technology in 1975, particularly through its contribution to reducing wood fuel and kerosene
consumption and the negative effects associated with their use for household cooking and
lighting. The government has been supporting most of the biogas projects in the country
(mostly for domestic application), providing funding in collaboration with donors, as part of
its key policy objective to increase access to affordable and reliable energy services and
stimulate productivity.
BioLPG from biogas appears feasible using some agro-residues from food processing
plants (pineapple waste, mango, sugarcane filter cake, cassava, sisal waste) in Tanzania.
However, there is need to consider a multi-feedstock approach for the bioLPG plant in
Tanzania in order to ensure consistency of supply to meet the feedstock needs of the plant in
any given year. An in-depth in-country feasibility study would be required to validate
accessibility of feedstocks in terms of sourcing distances, costs and actual quantities. Other
feedstocks that were assessed, particularly for the IH2 technology, and deemed viable were
bagasse from sugarcane processing and MSW in Dar es Salaam.
Assessment of policies and priorities
The Tanzania National Energy Policy (2015) sets out a plan to promote private sector
participation in the generation, distribution and supply of modern energy services; to facilitate
the adoption of renewable energy technologies; and to develop the up, mid and downstream
infrastructure in the petroleum sector. The Energy Policy, which was developed following the
discovery of oil and gas, prioritises the development of the local market over export markets
to promote domestic utilisation of oil and gas products.
Developing domestic energy resources is considered to be the least cost option to
improving energy reliability, security and efficiency. Hence, within this framework, the
Government sets out a plan to encourage commercialisation and private sector participation
in the sector, reduce forest depletion and develop human resources. There is an overall strong
inclination towards power generation, depending mainly on natural gas, coal and hydro. The
Government is already developing two gas-fired plants and is prioritising a gas pipeline in
Mtwara, a region in south-eastern Tanzania. Within this context, there is a lack of coherent
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strategy to promote the development and utilisation of renewable energy resources, including
commercial biogas technology.
The Environmental Management Act (2004) offers comprehensive legislation
representing the main legal and institutional framework governing sustainable environmental
management in Tanzania. It includes incentives as well as mechanisms to ensure adequate
environment management at all levels of Government. The Act also defines Solid Waste
Management as an essential public service. The responsibilities for service provision are
fragmented across different government bodies. Multiple layers of agencies are responsible
for overseeing the solid waste collection and transportation and recovery. Each municipality
is structured into a number of wards which are sub-divided into sub-wards. However, the
sector lacks a national coordinating framework; hence, cooperation between actors is limited.
One report notes that the low budget allocation to the sector is a reflection of the fact that
solid waste management is not a priority to Government at all levels. Furthermore, due to
limited physical infrastructure and weak legal enforcement mechanisms, most of the waste
generated at household level is disposed of inadequately either through illegal dumping or
discarded at a dumpsite that is not a sanitary landfill.
Assessment of LPG environment and implementation capability
Tanzania imports LPG, and this has been dominated by a single international company
(Oryx) which has the dominant terminal and storage facility in the country. Recently, the
country switched to a competitive open tender process for LPG imports, which has reduced
prices. (Despite a very similar overland distance, LPG transported to Rwanda from Dar es
Salaam costs significantly less than LPG transported to Rwanda from Mombasa.)
Challenges for the Government in the areas of accountability, corruption and
inefficiency (USAID, 2019), and a focus within the Ministry of Energy on offshore natural gas
development, suggest that Government support and follow-through for a bioLPG initiative
might be less robust and reliable than in the other target countries of this Report.

Costs of building and operating bioLPG production facilities
The IH2 technology handles a solid feedstock; therefore, its operating factor (the hours
a plant is online divided by the total number of available hours) would always be lower than
a technology that converts gases or liquids as feed, such as CoolLPG or hydrotreating of
vegetable oil. The process complexity and the question of licensing the technology from Shell
negatively impact the risk and time to market. However, this route has enormous potential for
LPG production from high volume wastes such as MSW and agricultural wastes.
Like IH2, CoolLPG is new technology, but it builds on well-developed small methanol
plant technology and simply utilises new catalysis to produce LPG. Since CoolLPG does not
use a solid feed, its complexity is less than IH2 and its operating factor is higher than IH2. Cool
LPG could be readily licensed and has no licensing barriers to widespread adoption. Since it
builds on existing technology it is anticipated that it could be developed and deployed quickly.
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The risk to produce the same amount of product is also lower than IH2, since the cost for a
given production of LPG is lower.
Although the HVO (triglyceride hydrotreating) route is not feasible for feedstock
reasons, it is included for comparison.
The following table compares these three routes across a number of factors.
Figure 6. High-level comparison of HVO, CoolLPG and IH2
Complexity

Selectivity to
LPG

Operating
factor

Time to
market

Feedstock
availability/cost

IH2
CoolLPG
HVO
No concern
2.4.1

Area of concern

Problem area

Hydrogenated vegetable oil/tallow-fed biopropane and green diesel production

The quantity of feedstock required to produce an impactful quantity of biopropane by
triglyceride hydrolysis and hydrodeoxygenation is simply unavailable in Africa. However, this
process is the only major route to bioLPG currently practiced internationally at a significant
scale. Depending on the future availability of cheap bio-oil feeds, this could become a
significant source of bioLPG in SSA, as a readily available suitable technology.
Figure 7. Costs and outputs for renewable diesel/biopropane plants
(estimated and published costs; estimated outputs based on feedstock assumptions)

Investment sizes for various green diesel technologies have been published and an
estimate for how these might scale with capacity is shown in Figure 7. The Neste NExBTL
technology, which has been practiced in Singapore and Rotterdam for around a decade, makes
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Neste the world’s largest renewable diesel producer (Eco-business, 2011; Biofuels Digest,
2011). Neste have expanded the capabilities of the plants to collect and sell biopropane
byproduct (Biomass Magazine, 2020).
The newer technology known as Ecofining, developed by UOP and Eni, has lower
capital costs and can also produce biopropane. The St1 Nordic Oy plant will produce around
200 KT/a renewable fuels (Bioenergy International, 2019; Biomass Magazine, 2019). Eni have
moved to further save capital costs by converting unused fossil refinery equipment in Gela,
Sicily into biorefinery equipment at a cost of around US $400 million, for a throughput of 750
KT/a feed (Eni, 2019).
Given the lack of feedstock availability, it is very difficult to consider the operating costs
of such a facility in SSA. However, an additional curve is shown in Figure 7 based upon an
academic techno-economic analysis (“TEA”) performed by Miller et al. for a renewable diesel
plant in Canada (Miller and Kumar, 2014), which gives capital costs close to those of Ecofining.
This study found that the minimum costs of production varied from US $0.85 to US $1.37 per
litre of renewable diesel depending on the feedstock choice, and that the cost of production
was relatively constant at scales between 250-1,000 KT/a capacity (corresponding to
approximately 10-50 KT/a of biopropane). The processing cost was highly sensitive to the price
of feedstock.
2.4.2

Integrated Hydropyrolysis and Hydrogenation

IH2 (shown in Figure 8) produces liquid fuels, most importantly gasoline and LPG, from
biomass including MSW. The needed electricity can come from the grid or from an on-site
power island. Char is also produced and burned as process fuel, but could also be sold as a
by-product (e.g., soil amendment).
Figure 8. Simplified diagram for MSW via IH2 to gasoline and LPG

This TEA was based upon a previous report on IH2 engineering and TEA (GTI, 2015).
The overall plant data were used to scale the IH2 total capital requirement and process flows
between the necessary scales.
Table 4 shows the process flows for the IH2 route. Note that significant quantities of
gasoline are produced. Additionally, process water is required and wastewater is produced.
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The LPG and gasoline yields are projections based upon an overall mass and energy balance
for MSW compared to published data for wood chips and corn stover. The calorific value of
MSW was taken to be 12.5 MJ/kg for sorted waste with unconvertable material such as glass
and metal removed. Data for MSW as a feedstock for LPG or gasoline production has not been
published.
Table 4. Mass balance for IH2 route
Annual MSW input required
Makeup water required
Wastewater produced
LPG out
Gasoline out

Capacity 1
167
464
184
25
23

Capacity 2
67
186
74
10
9

Capacity 3
33
93
37
5
5

Unit
KT/a
KT/a
KT/a
KT/a
KT/a

The IH2 cost analysis is shown in Table 5, assuming zero feedstock cost. The levelised cost
is calculated over a 25-year period with an 8% real discount rate.
Table 5. Capital, operating costs and levelised cost of LPG for IH2
BioLPG produced, KT/a
Total project cost, million USD
Levelised cost of bioLPG, US $/t
Total operating cost (US $000 / year)
Revenue from gasoline (US $000 / year)
2.4.3

Capacity 1
25
188
500
13,503
18,670

Capacity 2
10
109
935
7,107
7,470

Capacity 3
5
72
1418
4,611
3,730

Anaerobic digestion + CoolLPG

The AD + CoolLPG process is diagrammed in Figure 9. Note that AD is used here, but
other biogas sources may also be used. Sulphur is removed from the biogas between AD and
entering the plant. Around 20% of the incoming biogas is mixed with the waste gas stream
and burned to produce energy for the reforming step. The gas is then compressed with
makeup water added (recycled from downstream) and enters a reformer producing syngas.
The excess water after reforming is removed and recycled, and the syngas is converted to
propane and butane, before separation of the water and recycling of the byproduct/residual
gases. Not shown is the power island for producing electricity from steam, generated on site
using waste heat from the reformer flue gas (a typical operation in reforming) and used for
gas compression.
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Figure 9. Simplified diagram for organic waste via AD, biogas and CoolLPG to LPG

The overall plant mass balances are shown in Table 6. The energy for the entire plant
comes from biogas, waste gases and steam generated by exothermic syngas to LPG chemistry.
Excess process heat and electricity is exported to the AD plant to provide heating and power.
Table 6. Mass balance for AD + CoolLPG
Capacity 1 Capacity 2 Capacity 3
Annual MSW input required
676
270
135
AD plant biogas output
75
30
15
 by volume
62.7
25.1
12.5
Biogas composition, CO2
54%
54%
54%
 by mole fraction
30%
30%
30%
Recycled makeup water flow
41.1
16.5
8.2
BioLPG output
25
10
5

Unit
KT/a
KT/a
million m3/a
by mass, rest CH4
by mole, rest CH4
KT/a
KT/a

Table 7 shows the capital requirements and operating costs of integrated AD + CoolLPG
plants of three capacities, assuming zero feedstock cost. The cost split between AD and
CoolLPG is approximately 50:50, although the CoolLPG plant benefits from economies of scale
that the AD plant does not. The levelised cost is calculated over a 25-year period with an 8%
real discount rate and zero feedstock cost. Note that the major cost of CoolLPG is the
reformer, as is typically the case for GTL plants.
Table 7. Capital, operating and levelised LPG costs of CoolLPG plant
Capacity 1 Capacity 2 Capacity 3
LPG produced (KT/a)
25
10
5
AD plant capital requirement (US $ million)
41
16
8
 of which feedstock shredder
3%
 of which digestion and digester storage
67%
 of which pasteurisation halls
18%
 of which post-digestion storage + other
12%
CoolLPG capital requirement (US $ million)
46
24
15
 of which steam reforming
68%
71%
72%
 of which compression and CoolLPG
14%
15%
16%
 of which power plant
18%
14%
12%
Total capital requirement (US $ million)
86
40
23
Levelised cost of LPG, US $/t
432
556
551
Total operating cost (US $000/year)
3,930
2,440
1,680
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It is important to note that the capital costs estimated above are an order of magnitude
estimate. The actual CAPEX may be significantly lower or higher. However, the above figures
should be considered conservative estimates. Capital investments for existing methanol
production plants, which are technologically similar to CoolLPG, are in the range of US $19-30
million (25 KT/a), US $8-12 million (10 KT/a) and US $4-6 million (5 KT/a)—between 50-65%
lower than the costs for CoolLPG estimated here (ADI Analytics, 2015). It has been reported
that the real cost of a modular small-scale methanol plant is expected to be around 60% of the
scaled plant cost (Stokes Consulting Group, 2002). This may contribute to the high CapEx, as no
such factor was included in this analysis. There is therefore a strong case to be made for
estimating an integrated, modular plant cost that is 60-70% of the costs given above.
2.4.4

Discussion of plant costs

Significantly higher capital expenditure is required for IH2 than AD + CoolLPG. This is
expected, given that IH2 produces approximately as much gasoline as LPG, whereas CoolLPG
produces LPG as the major product. Both plants have significant economies of scale, although
they are greater for IH2 given that the AD plant is assumed to have linear scaling with no
economies of scale.
The revenue stream from gasoline sales introduces an additional element of risk into
the
plant economics. An unfavourable market for gasoline will restrict the plant cash flow.
On the other hand, a favourable market may introduce the possibility to essentially subsidise
the cost of LPG.
IH2

A greater volume of MSW feedstock is required for the AD + CoolLPG route due to the
lower material efficiency of AD. Note that these are estimated feedstock volumes, and will
depend upon the source of MSW. Zero feedstock cost was assumed for the illustrative cases
above, and sensitivity to feedstock cost is discussed elsewhere in the Report. However, it is
clear from the large volumes of MSW or biomass required that the feedstock cost will be a
primary concern for the plant economics.
2.4.5

Discussion of feedstock costs

Further research into feedstocks relevant for the proposed projects in Ghana, Rwanda
and Kenya was conducted using a set of data collection templates, structured to develop data
and assumptions needed for the financial modelling. The template is shown in Table 8.
Table 8. Template for feedstock cost data collection
Aspect

Units and information types needed
Organic
MSW to IH2

Feedstock types &
descriptions

Description

Quantities potentially
available in "region"

Tonnes/year and commentary

Process case
Digestible
MSW to AD
+ CoolLPG

Agri-residue
to AD +
CoolLPG

Quality, e.g., % CH4; contaminants
Seasonality or other variability
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Aspect

Units and information types needed
Organic
MSW to IH2

Process case
Digestible
MSW to AD
+ CoolLPG

Agri-residue
to AD +
CoolLPG

Policy/regulatory constraints/drivers
Location patterns of
feedstock

Description
Transportation needs
Policy/regulatory constraints/drivers

Cost or price data per
feedstock type

Cost/tonne and commentary
Economies of scale
Applicable policy support

Pre-processing needed
for bioLPG process input

Description
Cost estimates for pre-processing

The following sections give an overview of the information collected for each country.
Ghana
The focus for Ghana is on the use of different constituents of MSW, either for
conversion of the biodegradable fraction into biogas by an AD plant to be fed into the CoolLPG
process, or through the overall organic fraction being fed into the pyrolysis process in an IH2
plant.
Feedstock nature, quantities and locations
A 2015 study on MSW characterisation and quantification is the most comprehensive
analysis to date on the composition of MSW in Ghana (Miezah et al., 2015). At a waste
generation rate of 0.47 kg/person/day, Ghana was generating approximately 13,000 tonnes
of waste per day in 2015. The organic content of MSW ranged between 48 and 69% for
different geographical locations and cities. The two largest cities, Accra and Kumasi, are the
most densely populated areas in the country with population in excess 2 million people. They
generate the highest amount of MSW per day, at 1,552 and 1,689 tpd, respectively, equal to
about 0.74 kg/person/day.
MSW in Ghana has a comparatively large proportion of biodegradable organics, such
as food waste, given relatively lower use of plastic packaging and paper than in Western
experience. Miezah et al. (2015) report the average MSW composition in major cities as:
organic 61%, paper 5%, plastics 14%, metal 3%, glass 3%, leather and rubber 1%, textiles 2%,
inert 6%, miscellaneous 5%. Among the large cities, Accra has the highest organic fraction in
MSW at about 66%.
The fruiting seasons may affect the composition of fruit waste in MSW. Typical fruit
which may come and go out of season are mangoes and oranges. However, this is not expected
to have major impact on the waste composition. Miezah et al. (2015) report on several surveys
made in Kumasi within the wet and dry seasons that did not show any trend in variation of
the composition and quantity of MSW. Other authors have reported that they could not
establish any seasonal trend.
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The Kpone Landfill, which receives the majority of MSW from these areas, is closing
down soon, though an old dumping site in the same town is now made active. There is a
second dumping site at Adepa, close to Nsawam. At its peak, the Kpone Landfill was receiving
about 1,000 tonnes of MSW per day. Each of the two sites currently in use receives about 500
tpd. A large portion of this resource is available for conversion to biogas using appropriate
technology. Distance between the two sites is close to 60 km so it is not realistic to use waste
from both sites for a single bioLPG plant.
The Kumasi “Greater Area”, consisting of a number of municipalities, has a landfill that
receives over 1,300 tonnes of ”solid and liquid” waste per day. The country's largest waste
management company, Zoomlion, is just completing the Kumasi Compost and Recycling Plant,
a facility that will process about 1,200 tonnes of waste per day (Starrfmonline, 2020). This
erodes any immediate opportunity to use waste from Kumasi.
The only other landfill in Ghana is located in the Tamale Metropolitan Area. Tamale is
the largest city in the Northern Region of Ghana. The Tamale Metropolitan Area has an
estimated population of about 950,000 people and is the third largest city in the country. The
Tamale Landfill currently occupies 2 ha and receives about 500 tonnes waste per day, but has
a 25 ha total capacity for future expansion. MSW generation in Tamale is 0.36 kg/person/day,
with an organic fraction of 58.6% (Miezah et al., 2015).
MSW is collected from local sites across the city in small- to medium-sized lorries,
which then deliver it to a waste transfer stations located adjacent to the city. Data were
obtained for transport of waste from the waste transfer stations to final landfill disposal sites.
Two rates were obtained from Accra, these are costs from two transfer stations to final
disposal sites, using large 30 tonne haulage trucks: (1) 72 km return journey, estimated to
cost US $6.55/tonne, or US $2.73 per t-km; (2) 112 km return journey, estimated to cost US
$8.2/tonne, or US $2.2 per t-km (transport authorities, pers comm).
Feedstock costs
In the past, the Accra Metro Assembly (“AMA”) considered selling waste to potential
energy projects, which is thought to have discouraged investors. The Ministry of Energy is
currently discussing a reverse arrangement, where AMA should rather pay a tipping fee to a firm
that takes the waste. This mechanism is under consideration in a new draft energy policy.
The government currently pays for treatment and disposal of MSW, and also for
communal collection, but there is no uniformity in the amount of money paid to the
companies contracted: companies and city authorities negotiate bilaterally. The national
government has said it wants to consider waste as a resource and to derive value from it. The
Renewable Energy Law, currently under review, is expected to emphasise support for WtE.
However, the details of policies and related mechanisms affecting MSW are uncertain, as the
proposed policy seeks to determine “fair” fees for MSW tipping that will make WtE
economically viable. It is thought likely that municipal authorities will pay a tipping fee to
companies taking the waste. The Accra Compost and Recycling Plant, which processes 600
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tonnes MSW per day (ACRP, 2020), receives a tipping fee. The policy directions for WtE from
the draft energy policy include:


Collaborate with municipal authorities to implement fair tipping fee policy to make
WtE technologies economically feasible and sustainable;



Condition waste to make them suitable for WtE technology;



Adopt appropriate WtE technologies; and



Promote the use of biogas technology for biomass waste management in both private
and public institutions such as the second cycle and tertiary institutions, hospitals,
estate houses, etc.
Cost scenarios

For the use of organic MSW in the pyrolysis process of IH2, the case considered is
described as follows: A portion of the mixed MSW arriving at the existing waste transfer
station near Accra is sorted to remove inert materials. The resulting organic waste is
transferred in large vehicles to the bioLPG production facility, where it is pre-treated to
produce a uniform size feedstock.
Table 9 shows the scenarios and relating parameter values developed for the financial
analysis of the projects. The key elements underpinning the scenarios are the assumed
locations of facilities and the financial arrangement made between the waste authorities and
the bioLPG project for the feedstock. As noted in the scenario descriptions in the table, based
on the evidence assembled for the assessment of feedstock in Ghana, as well as international
experience, it is feasible that the project might be charged for the supply of organic waste
material, or alternatively the project might be paid to take it (equivalent to a gate fee). This
gives rise to a range of costs per tonne, from -US $10 to +US $10. In the “Medium” and “High”
cost cases for Rwanda, it is assumed that the existing waste sorting facilities are not suitable,
and the project has to invest in bespoke facilities and operations, which adds a further US
$10/t.
Table 9. Ghana feedstock cost scenarios for MSW to IH2
Input

a) Raw
feedstock
cost

Scenario
(any combination of (a), (b) and (c) is
feasible)
Existing waste transfer station includes
a Material Recovery Facility, sorting
wastes, paid for by municipality.
Organic fraction attracts a gate fee of
$10/T
Existing waste transfer station includes
a Material Recovery Facility, sorting
wastes, paid for by municipality.
Organic fraction made available at zero
cost.

Cost
assumption
type
Low

Medium

US$/t

-10

0

Source/notes

Assuming municipality pays
a gate fee

Assuming potential gate
fee for taking waste
balanced by potential
charge for taking 'a
resource'
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Input

Scenario
(any combination of (a), (b) and (c) is
feasible)
Existing waste transfer station includes
a Material Recovery Facility, sorting
wastes, paid for by municipality.
Organic fraction sold.
New waste sorting is required. Built
and operated for the BioLPG project at
waste transfer station.

Cost
assumption
type
High

b)
Transport

BioLPG production facility co-located
onsite at waste transfer station

c) Preprocessing
costs

BioLPG production facility located at
existing landfill site near Nsawam
(35km from Accra)
Sorted organic waste is shredded to
produce uniform size feedstock: low
cost
Sorted organic waste is shredded to
produce uniform size feedstock: higher
cost

US$/t

Source/notes

10

Assuming municipality
seeks recovery of sorting
costs

Very High

20

Pressley et al., 2015.
Includes charge for waste
collection. Additional
recyclate streams will have
some value, excluded here

Low,
Medium &
High
Very High

0

6.3

Personal communication to
study team

Low &
Medium

4.39

Stapf et al., 2019

High &
Very High

13.16

Stapf et al., 2020

For the conversion of the biodegradable fraction of organic MSW to biogas, followed
by conversion to bioLPG in the CoolLPG process, the case considered is described as follows:
A portion of the mixed MSW arriving at the existing waste transfer station near Accra is sorted
to recover biodegradable wastes. The resulting biodegradable organic waste is transferred in
large vehicles to the AD plant, where biogas is produced. The biogas is fed into the BioLPG
production facility, which uses the CoolLPG process. Table 10 shows the set of scenarios
developed.
Table 10. Ghana feedstock cost scenarios for MSW to AD + CoolLPG
Input

a) Raw
feedstock
cost

Scenario
(any combination of (a), (b) and (c) is
feasible)
Existing waste transfer station includes
a Material Recovery Facility, sorting
wastes, paid for by municipality.
Biodegradable organic fraction attracts
a gate fee of $10/T
Existing waste transfer station includes
a Material Recovery Facility, sorting
wastes, paid for by municipality.
Biodegradable organic fraction made
available at zero cost.
Existing waste transfer station includes
a Material Recovery Facility, sorting
wastes, paid for by municipality.
Biodegradable organic fraction sold.

Cost
assumption
type
Low

US$/t

-10

Medium

0

High

10

Source/notes

Assuming municipality pays
a gate fee

Assuming potential gate
fee for taking waste
balanced by potential
charge for taking 'a
resource'
Assuming municipality
seeks recovery of sorting
costs
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Input

b)
Transport

c) Preprocessing
costs

Scenario
(any combination of (a), (b) and (c) is
feasible)
New waste sorting is required. Built
and operated for the BioLPG project at
waste transfer station.

Cost
assumption
type
Very High

US$/t

AD and BioLPG production facility colocated onsite at waste transfer station

Low,
Medium &
High
Very High

0

AD and BioLPG production facility
located at existing landfill site near
Nsawam (35km from Accra)
No pre-processing: AD costed
separately

All

20

6.3

Source/notes

Pressley et al., 2015.
Includes charge for waste
collection. Additional
recyclate streams will have
some value: excluded here

Personal communication to
study team

0

Kenya
The focus for Kenya is on the aggregation of different agri-residues from a catchment
area in an economic development zone in Thika, Kiambu County. The residues would be used
to produce biogas in an AD plant, in turn feeding a bioLPG plant using the CoolLPG process.
The Kenya Energy Act (2019) and related policy and regulations support the
development of biogas systems. The Ministry of Energy and Petroleum has been supporting
establishment of private owned biogas plants through public-private Partnership. Therefore, no
policy or regulatory constraints are foreseen. The government seeks to establish six agroprocessing hubs within each economic bloc across the country (KNA, 2020). Thika is a subCounty of Kiambu, part of the Mt. Kenya and Aberdares Region Economic Bloc comprising ten
counties (Nyeri, Nyandarua, Meru, Tharaka Nithi, Embu, Kirinyaga, Murang’a, Laikipia, Nakuru
and Kiambu). Thika town is the main commercial and industrial hub for Kiambu County located
approximately 42 km from Nairobi City. This makes Thika town an ideal place to locate a large
AD facility. The town has a well-maintained road network and a railway station with limited
passenger service as only cargo trains operate. There are plans to extend the proposed light rail
system to Thika as part of Nairobi Metropolitan services. Thika is externally serviced by NairobiThika superhighway, a highway to Garissa and the rest of north-east Kenya, a highway to the
central highlands and a railway line (CGK, 2018).
Feedstock nature, quantities and locations
A comparatively large proportion of biodegradable organics are available in agri-waste,
food waste, pig slurry and organic fractions of MSW in Thika Sub-County and the wider Kiambu
County.
A particular opportunity was identified as an “anchor” supplier: a large pineapple
processing facility owned by Del Monte Kenya Limited processes 1,500 tonnes of pineapple
per day (547,500 tpa). The total agricultural waste from Del Monte Kenya is estimated to be
around 800,000 tpa from the plantation’s agri-wastes, including processing wastes (Nielson,
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2020). 60% are canned and 40% squeezed for juice (Kioko, 2020). The plant produces total
solid wastes equivalent to 261,705 tpa.
Twelve flower farms were identified in Thika Sub-County. Each flower farm produces
on average 5 tpd of flower waste (GIZ, 2015), giving a total flower waste of 21,900 tpa.
The total amount of coffee processing residues in Kenya is approximately 145,125 t of
pulp and 4,104,000 m3 of wastewater per year (Fischer et al, 2010). However, in Kiambu County
8,000 t/year of pulp is produced (Kinyiri and Waswa, 2017). Large pig farms in Kenya are capable
of generating 10,920 tpa of pig manure (Fischer et al, 2010). The total organic waste available
for an AD plant from agri-sources in Thika is approximately 302,525 tpa, from pineapple,
flowers, coffee pulp and pig manure. In addition, Thika town hosts three universities, a number
of middle-level colleges such as KMTC, boarding secondary and primary schools and hotels
whose food wastes can supplement other feedstocks towards the proposed biogas plant and in
return serve as a ready market for the bioLPG. Other learning institutions within Thika SubCounty include Jomo Kenyatta University of Agriculture and Technology and Kenyatta University,
hosting more than 30,000 and 50,000 students, respectively. It was not possible to quantify
amounts of the food waste in this desktop study, hence a future feasibility study on this fraction
of waste will be necessary (Kioko, 2020).
There are no seasonality issues associated with the pineapple harvesting, as Del Monte
have a robust irrigation system that allows them to produce pineapples throughout the year
(Kioko, 2020). Flower waste is also available consistently, as greenhouses are used to grow
flowers, enabling the estates to produce flowers for export and the local market throughout
the year (Kioko, 2020). However, coffee in Kenya is seasonal; it is mainly harvested from
October to December, with a fly crop as well from June to August (Fair Mountain Coffee
Roasters, 2020).
Feedstock costs
Pineapple waste from the Del Monte processing plant, the flower farms, and coffee
estates currently has no cost attached to it, based on existing evidence in the literature.
However, farmers and agri-processing plants may levy a small fee once they realise there is a
value associated to the waste. A shadow price of approximately US $14/tonne can be
foreseen (Kioko, 2020).
To capitalise on the Del Monte site as an anchor supplier, ideally, the AD plant should
be sited close to the Del Monte pineapple processing plant with other waste transported to
this site: a collection radius of approximately 15-20 km would be required. The analysis
assumes Del Monte feedstock of 261,705 tonnes is transported up to 2 km (from processing
sites to a new pre-processing and AD facility), the rest of the feedstock (up to 40,820 tonnes)
an average of 10 km. Organic waste transportation costs are estimated at US $0.28/t-km (not
including labour costs) (Rajuai, 2020).
Feedstock processing may be necessary to prepare this mixed set of materials into an
appropriate feed for the AD plant. This involves mixing the various feedstock elements
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together to ensure the right consistency and C:N ratio, and it may also involve the addition of
water. The feedstock material should also be screened for contaminants, such as plastic and
grits at this stage.
Cost scenarios
The single case for Kenya is described as follows: Biodegradable residues comprising
pineapple waste, pig slurry, flower waste and coffee pulp arrive by road from agri-industries
in the Thika region in large vehicles at an AD plant, where biogas is produced. The biogas is
fed into the bioLPG production facility, which uses the CoolLPG process. Scenario details are
shown in in Table 11.
The basis of the scenario variants is again the location of facilities (and hence related
transport requirements) and the range of charges that might be made for the residues. Unlike
the MSW cases, there is little prospect of the project being paid to take the residues. A gate
fee for MSW is based on the social benefit from improved management of waste (e.g.,
avoidance of urban pollution), and while there is environmental concern about typical agriresidue burning or dumping, lower population density in predominantly rural areas dampens
the concerns.
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Table 11. Kenya feedstock cost scenarios for agri-residues to AD + CoolLPG
Input

a) Raw
feedstock
cost

b)
Transport

c) Preprocessing
costs

Scenario
(any combination of (a), (b) and (c) is
feasible)
All organic waste (pineapple, flower,
coffee and pig slurry) are available at
zero cost.
All organic waste (pineapple, flower,
coffee and pig slurry) are available at
zero cost.
All organic waste (pineapple, flower,
coffee and pig slurry) are regarded as
having an economic value as a
resource: low fee
All organic waste (pineapple, flower,
coffee and pig slurry) are regarded as
having an economic value as a
resource: higher fee

Cost
assumption
type
Low

BioLPG production facility located on
DelMonte pineapple processing plant
premises, 2km from main site, with
other organic waste fraction collected
and transported to the plant within
approximately 20 km radius (10km
transport average). Feedstock shares:
DelMonte 87%, rest 13%
BioLPG production facility located away
from DelMonte premises; all organic
wastes transported average of 10km.
No pre-processing: AD costed
separately

US$/t

Source/notes

-10

Assuming municipality pays
gate fee

Medium

0

High

7

Kioko, P. pers comm, 2020.
Currently no value
associated with the residues
Mid-range value

Very High

14

Low,
Medium &
High

0.85

Very High

2.80

All

Kioko, P. pers comm, 2020.
Farmers and agri-processing
plants may levy a small fee
once they realise there is a
value associated to the
waste. A shadow price of
approximately $14/t is
suggested
Kioko, P. pers comm, 2020;
Rajuai, C. pers comm, 2020

Kioko, P. pers comm, 2020;
Rajuai, C. pers comm, 2020

0

Rwanda
As with the Ghana cases, the Rwanda cases for MSW consider conversion of the
biodegradable fraction into biogas by an AD plant to be fed into the CoolLPG process, or
through the overall organic fraction being fed into the pyrolysis process in an IH2 plant.
Feedstock nature, quantities and locations
Kigali, the capital city of Rwanda, supports an urban population of approximately 1.2
million people in its metropolitan area. Rwanda is one of the most densely populated
countries in Africa but has relatively few large cities, with only 17% of the population living in
urban areas5. Kigali is currently serviced by one landfill site. The Nduba dumpsite opened in

5

See worldpopulationreview.com/countries/rwanda-population
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2012 and replaced the Nyanza dumpsite (which closed in 2012). The Nyanza dumpsite covers
an area of 20.89 ha and Nduba has been extended from its original 15 ha by an additional 19
ha. Both sites are considered as open air dumpsites and have been earmarked for
remediation; however, it has been reported that feasibility studies for improved solid waste
management have yet to be carried out, despite the ambitions of Rwanda’s Vision 2020
report, which aims to prioritise solid waste management6.
Various studies report that between 1,800 to 2,000 t of waste are generated in Kigali
per day, with between 400 and 800 t of unsorted MSW delivered to Nduba (Rajashekar et al.,
2019.) These values correspond to an annual total of 205 kg/person/year
(0.57 kg/person/day). Accurate data are not available for exact quantities of waste generated
and no formal data are collected at Nduba, so average values have been generated by
observing the number of 10 and 5 tonne trucks delivering daily (Kabera et al., 2019). The
composition of the delivered MSW is high in organic content (food and green waste account
for 70%), with smaller proportions of paper and card (6%); plastic (5%) and metals (3%). As a
basis for the Rwanda Case Study, a PhD study carried out in 2013 was used as the basis for the
TEA of an AD facility (Mucyo, 2013).
Feedstock costs
Many of the studies reviewed report poor management and low investment in MSW
management. Issues associated with non-collection of waste mean that businesses and
individuals then have to pay privately for waste to be taken away. The landfill site is managed
financially by the City of Kigali and the Rwanda Water and Sanitation Corporation (WASAC).
However, it is reported that shortfalls in financing are significant, with poorly managed gate
fees; private waste collectors should pay RWF 1,000 per tonne of waste (US $1.05), but the
lack of any weighbridge at the facility means that charges are made according to truck size. It
is estimated that the City of Kigali only recoups between 12-13% of costs via gate fees.
Opportunities for composting the organic fraction of MSW have been explored; however,
these are currently small-scale operations managed by the waste collection companies (which
recoup a much higher value for composted waste at RWF 7,000/m3). Also at the smaller scale,
waste briquettes and pellets have been used in public institutions; however, commercialising
these has largely failed due to large costs associated with shredding and drying waste. Larger
scale tenders for solid waste management (i.e., WtE and composting of organic waste) have
been offered by the City of Kigali in the past; however, these have repeatedly fallen through
and the Nduba site remains significantly under-managed.
Cost scenarios
For the use of organic MSW in the pyrolysis process of IH2, the case considered is
described as follows: A portion of the mixed MSW arriving at the existing landfill site near
Kigali is sorted to remove inert materials. The resulting organic waste is transferred to the
bioLPG production facility, where it is pre-treated to produce a uniform size feedstock.

6

See www.wasac.rw/fileadmin/user_upload/Nduba_sanitation.pdf
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Table 12 shows the set of scenarios developed and the relating parameter values used
in the financial analysis. The cases for Rwanda are similar to those for Ghana. However, Rwanda
has a less developed infrastructure for handling MSW and so bespoke facilities and activities for
sorting the waste into appropriate organic streams will need to be put in place, hence there are
fewer scenarios presented. Starting from a lower level of waste management infrastructure,
the expectation is that costs will be higher than for Ghana.
Table 12. Rwanda feedstock cost scenarios for MSW to IH2
Input

a) Raw
feedstock
cost

b)
Transport

c) Preprocessing
costs

Scenario
(any combination of (a), (b) and (c) is
feasible)
Existing waste transfer station includes
a Material Recovery Facility, sorting
wastes, paid for by municipality.
Organic fraction attracts a gate fee of
$10/T
New waste sorting is required. Built
and operated for the BioLPG project at
landfill site. Organic fraction made
available at zero cost
New waste sorting is required. Built
and operated for the BioLPG project at
landfill site

Cost
assumption
type
Low

US$/t

Source/notes

-10

Assuming municipality pays
a gate fee

Medium

10

High &
Very High

20

Pressley et al., 2015.
Additional recyclate
streams will have some
value: excluded here
Pressley et al., 2015.
Includes charge for waste
collection. Additional
recyclate streams will have
some value: excluded here

BioLPG production facility located at
existing landfill site at Nduba (20km
from Kigali)
BioLPG production facility located at
new site (10km from Nduba landfill)

Low,
Medium &
High
Very High

0

Sorted organic waste is shredded to
produce uniform size feedstock: low
cost
Sorted organic waste is shredded to
produce uniform size feedstock: higher
cost

Low,
Medium

4.39

Distances from Kebera et
al. (2019). Costs based on
Ghana case, personal
communication to study
team. Assumed using large
vehicles
Stapf et al., 2019

High &
Very High

13.16

Stapf et al., 2020

3.6

The scenarios defined for Rwanda do not differentiate between alternative possible
financial arrangements for the costs of the waste itself. Unlike in Ghana, the assessment of
MSW in Rwanda did not show particular opportunity for negotiating gate fees, for example.
However, the assumptions made here for the scenarios reflect a lack of specific information
about gate fee possibilities, and do not seek to suggest that they could not be negotiated.
For the conversion of the biodegradable fraction of organic MSW to biogas, followed
by conversion to bioLPG in the CoolLPG process, the case considered is described as follows:
A portion of the mixed MSW arriving at the existing waste transfer station near Kigali is sorted
to recover biodegradable wastes. The resulting biodegradable organic waste is transferred in
large vehicles to the AD plant, where biogas is produced. The biogas is fed into the BioLPG
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production facility, which uses the CoolLPG process. Table 13 shows the set of scenarios
developed.
Table 13. Rwanda feedstock cost scenarios for MSW to AD + CoolLPG
Input

a) Raw
feedstock
cost

b)
Transport

c) Preprocessing
costs

Scenario
(any combination of (a), (b) and (c) is
feasible)
Existing waste transfer station includes
a Material Recovery Facility, sorting
wastes, paid for by municipality.
Organic fraction attracts a gate fee of
$10/T

Cost
assumption
type
Low

New waste sorting is required. Built
and operated for the BioLPG project at
landfill site. Organic fraction made
available at zero cost
New waste sorting is required. Built
and operated for the BioLPG project at
landfill site.

US$/t

Source/notes

-10

Assuming municipality pays
a gate fee

Medium

10

High &
Very High

20

Pressley et al., 2015.
Additional recyclate
streams will have some
value: excluded here
Pressley et al., 2015.
Includes charge for waste
collection. Additional
recyclate streams will have
some value: excluded here

AD and BioLPG production facility
located at existing landfill site at
Nduba (20km from Kigali)
AD and BioLPG production facility
located at new site (10km from Nduba
landfill)

Low,
Medium &
High
Very High

0

No pre-processing: AD costed
separately

All

3.6

Distances from Kebera et
al. (2019). Costs based on
Ghana case, personal
communication to study
team. Assumed using large
vehicles

0

BioLPG plant revenue potential, downstream needs, competitive
environment
The estimated bioLPG sales price that would be charged by the project plant to its
offtakers falls in the approximate range of US $650/t to US $850/t, bounded on the low side
by the required profit stream to satisfy funding sources and on the high side by the price of
fossil LPG in the market.
While bioLPG might be priced above the prevailing fossil LPG price due to the benefits
of bioLPG compared to fossil LPG, this Report recommends it be priced below fossil LPG. This
is for two reasons: (i) to ensure the output of the plant is fully subscribed, thereby displacing
the maximum possible fossil LPG in order to maximise the climate and environmental benefit
of the bioLPG, and (ii) to reduce the average price of all LPG to consumers in the country, in
order to maximise the affordability of LPG and thereby the use of LPG in the population, in
furtherance of SDG 7 and other SDGs.
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The expected imported, fossil LPG price point, in bulk to the gate of an LPG marketer’s
filling plant, is projected to be the following over the medium and long term 7:


Kigali, Rwanda8

US $903/t

~ $9 mm revenue at 10 KT/a



Nairobi, Kenya

US $779/t

~ $8 mm revenue at 10 KT/a



Accra, Ghana

US $796/t

~ $20 mm revenue at 25 KT/a

The cost elements include (for East Africa) the average historical Saudi Aramco
Contract Price for butane and (for Ghana) the average historical ex-refinery and import parity
price for LPG, ocean transportation, terminaling and handling charges at the port, land
transport, and other miscellaneous costs, duties and levies.
In each country, there is adequate LPG infrastructure, distribution, and consumer
demand to absorb the bioLPG from the proposed plants, both on the first day a bioLPG plant
could be operational and on a projected basis to 2030.
As a business and risk-mitigation strategy, the plant would seek to have long term takeor-pay sales contracts for its output with multiple LPG marketers in the country (and with oiland-gas marketers with respect to the gasoline co-produced by the IH2 process.) These
marketers would benefit in numerous ways, including (1) high stability of LPG supply volumes
from the plant, (2) price stability over time, (3) no need for foreign currency (directly or
indirectly) to import LPG, (4) possible access to carbon finance from providing renewable LPG
to consumers for cooking to displace high-emitting fuels, (5) marketing advantages from being
a provider of “green” LPG, and (6) possible governmental support that encourages provision
and consumption of renewable LPG in place of high-emitting and/or forest-degrading fuels
such as charcoal, firewood and kerosene (and fossil LPG).
Special consideration in Rwanda regarding IH2
With respect to the IH2 process in Rwanda, a question requiring further study is how
the biopropane would be provided to the market: in a blend with biobutane/butane, or as
standalone propane. The answer would depend in part on the biopropane percentage in the
bioLPG mix from the plant.

7

In the near term, the Covid-19 pandemic has artificially depressed the pricing of imported LPG globally.
Consequently, this Report has made pricing projections for imported fossil LPG during the period of bioLPG
plant operation (potentially starting in 2-3 years) based on average LPG import pricing during the 4-5 quarters
(based on the country) preceding the onset of the Covid-19 pandemic.

8

Via Tanzania, which is cheaper than Kenya
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Financial feasibility considerations and financing sources
This section presents financial findings with respect to the five pilot projects identified
in Table 1 on page 12. These were subjected to economic and financial modelling to
determine potential returns to prospective funding sources (Funders).
Once the analytic findings were produced, the study’s finance team engaged with
senior-level members of major development finance institutions that are (a) active in Africa,
(b) active in fossil and green energy technologies, (c) respected transactional leaders whose
technical assistance commitments, capital (debt and equity), and non-funded resources such
as risk guarantees could catalyse (or “crowd in”) other major development institutions, impact
investors, emerging markets, and commercial funders such as local and regional banks.
The Funders so engaged (with further discussions with additional financial institutions
still to occur) considered this Report’s analyses regarding feedstocks, technologies, estimated
project returns and societal benefits. They were strongly encouraging of efforts to define the
recommended projects in detail and wished to receive more details as they become available.
2.6.1

Analytic methodology and assumptions

To be conservative in the financial analysis on both the revenue and costs sides, the
inputs were rigorously reviewed across the full Report team, including the feedstock options,
technical costing, potential revenues and expected operational costs. The approach taken is
that a viable bioLPG project must fit seamlessly into its country’s growing national LPG
marketplace, complementing incumbent operators of fossil LPG fuel sources or other
investment into the LPG sector. On the operational cost side, extensive bottom-up, field databased stress testing was performed on sensitivity to the key operational costs, in particular
the municipal and agri-industry waste feedstocks.
These five cases then needed to have operational financial models developed, based
on critical assumptions detailed below, to determine what the internal rate of return (“IRR”)
for the residual equity would be. The key operational assumptions, shown in detail in
Appendix 5.3, are as follows:
1.

The output of the commercial-scale plant is expected to be 10,000 tpa of bioLPG
in the CoolLPG cases and 25,000 tpa for the IH2 cases.

2.

The capital expenditure for the AD + CoolLPG route at 10,000 tpa bioLPG output is
estimated at US $26.3 million (US $10.5 million for the AD portion and US $15.8
million for the CoolLPG portion), and US $187.5 million at 25,000 tpa bioLPG
output using the IH2 route. The components of those costs, both direct and
indirect, are discussed in Section 2.4 (page 52).

3.

The input tonnage (MSW or agri-residue) needed to generate 10,000 tpa of bioLPG
output via AD + CoolLPG is 270,301 tpa (a ratio of about 1:27), and for 25,000 tpa
of bioLPG output via IH2, 166,667 tpa (about 1:6.7). Thus, additional costs or
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savings related to this feedstock input are magnified more for AD + CoolLPG cases
than IH2 cases.

9

4.

A range of bioLPG sales prices from the plant was modelled, from US $650/t to US
$850/t, the latter amount used only in the case of Rwanda. (Because Rwanda is a
landlocked country with no indigenous fossil LPG supply, it must pay considerably
more than the other target countries to transport its imported LPG over much
greater distances from ocean ports.) The main buyers of bioLPG will be licensed
LPG marketing companies in each country. An estimate of the projected cost paid
by an LPG marketer (for LPG delivered in bulk to the gate of its filling plant) located
in/near Nairobi, Kenya is US $779/t; in/near Accra, Ghana, US $796/t; and in/near
Kigali, Rwanda (via Tanzania, the least costly overland route), US $903/t. The
elements of the projected costs include (for East Africa) the average historical Saudi
Aramco Contract Price for butane and (for Ghana) the average historical ex-refinery
and import parity price for LPG; ocean transportation; terminaling and handling
charges at the port; land transport; and other miscellaneous costs, duties and
levies.

5.

Gasoline revenue occurs in the IH2 cases; the IH2-related plants generate a split, by
tonnage produced, of 52% bioLPG and 48% gasoline.

6.

Gasoline revenue is estimated at US $800/t, based on the existing reference points
in the relevant country markets.

7.

The feedstock costs are broken into three categories: (a) Raw Material, (b)
Transport and (c) Pre-Processing. Each was separately evaluated as to additional
costs, which are presented in Table 16 in Appendix 5.3.

8.

In addition, there is the question of whether additional fees might be charged or
offered for the feedstock itself. Accordingly, three9 perspectives are shown: (1) low
feedstock costs (hereafter called the Low Case or Best Case), where the bioLPG
plant owner is paid US $10/t by the governmental authority to use/clean up the
waste (a gate fee); (2) medium feedstock costs (Medium Case or Base Case), where
there are no add-on charges from or payments to the feedstock owner connected
with taking away the feedstock; and (3) high feedstock costs (High Case), where
the bioLPG plant owner is charged an additional US $10/t by a governmental
authority and/or agri-waste supplier for the ability to use the waste to generate
the revenue-producing bioLPG. The other reasons a gate fee may occur are (i)
benefits to the government, such as the potential additional tax revenue from sales
of the bioLPG; (ii) the jobs created at the plant; (iii) the reduced currency risk in a
devaluing country that would could avoid paying for the equivalent volume of
imported LPG in higher-cost, often scarce US dollars; and (v) the import

For some locations, an additional Very High feedstock cost case, reflecting the potential for additional
feedstock processing or transport requirements, was evaluated. The Very High case proved ultimately to be
uneconomic in all national contexts and therefore is not shown in the table.
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substitution gain. A meaningful, long-term gate fee would be a significant
contributor to an attractive IRR for Funders (see note (b) in the Best (Low) Case in
Table 14 on page 73). The levels of additional waste charges or gate fees considered
are based on review of international experience; see Appendix 5.8 for further
discussion.
9.

IRRs at different sales prices were then calculated, using the ranges of bioLPG sales
prices discussed above, for each feedstock cost scenario (Best/Low, Medium, and
High). The additional US $10/t charge for feedstock in the High feedstock cost case
renders it less favourable than the Medium case, and the US $10/t payment in the
Best (Low) feedstock cost case renders it more favourable than the Medium case.

Financial modelling assumptions
The following additional financing assumptions made in the financial models:

2.6.2

1.

The capital structure is designed to be conservative. It is based on a division of
35% bank/commercial debt @ a 10% rate of interest, 40% concessional debt from
multilateral financial institutions (“MFIs”) and development banks @ an 8% rate of
interest, and 25% equity @ a 20% required return on equity (“ROE”). The blended
interest rate is 8.93%, and the blended cost of capital (including equity) is 11.7%.
The IRRs shown in Table 14 below reflect this financing structure.

2.

Costs to operate the plant and other costs (including insurance and local
equipment taxes) are shown in the model in Appendix 5.3.

3.

The plant cost is depreciated over 10 years, starting in the third year, as it is
assumed that it will take two years to build the plant. 40% of the construction cost
is expended in the first year, 60% in the second.

4.

An exit value of 5 times EBITDA is included to reflect the value of the plant’s income
generating capacity in the outer years.

5.

Borrowings start in the first year, with repayments of interest only for one year, and
then repayments of principal and interest starting at the end of the second year.

Conclusions

The analysis and modelling indicate that the CoolLPG route of producing bioLPG is
especially appealing.
The approaches for reaching this conclusion were as follows:
1.

Rigorous interdisciplinary assessment of the technology options; market and
design practicality; the potential for economically accessible feedstocks to produce
affordable bioLPG on a reliable basis; the best fit with local waste and other
feedstock market realities; capital investment requirements; revenue and costs;
operational practicality; and deployment likelihood;
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2.

Funding analysis—namely, feedback obtained from potential funding sources;
debt service capacity with business scenario data incorporated; and the
determined ranges of return to equity; and

3.

The potential governmental and consumer “pull demand” (versus the need to
“push” the bioLPG into the market as a new cooking energy source).

The results of the five cases are presented in the following table:
Table 14. Financial characteristics of the five pilot projects
Triage Ranking
Country

2
Kenya

5
Ghana

3
Ghana

4
Rwanda

1
Rwanda

Agri-Residue
AD+CoolLPG

MSW IH2

MSW
AD+CoolLPG

MSW IH2

MSW
AD+CoolLPG

BioLPG Plant Capacity (tpa)
BioLPG Plant Capex (US $ millions)
Waste input / BioLPG output (tpa)
BioLPG Revenue
BioLPG Sales Price (per t) (d)
Gasoline Revenue
Gasoline Sales Price (per t)
Gasoline Volume Produced (tpa)
Feedstock Cost (per ton)
Raw Material
Additional Charge (b)
Transport
Pre-Processing
IRR (US $650/t BioLPG Sales Price)
IRR (US $750/t BioLPG Sales Price)
IRR (US $850/t BioLPG Sales Price)
Feedstock Cost (per ton)
Raw Material
Additional Charge (b)
Transport
Pre-Processing
IRR (US $650/t BioLPG Sales Price)
IRR (US $750/t BioLPG Sales Price)
IRR (US $850/t BioLPG Sales Price)
Feedstock Cost (per ton)
Raw Material
Additional Charge (b)
Transport

10,000
$26.3 (a)
270,301
Y
$650-750
N
-

25,000
$187.5
166,667
Y
$650-750
Y
$800
23,333

25,000
$187.5
166,667
Y
$750-850
Y
$800
23,333

10,000
$26.3(a)
270,301
Y
$750-850
N
-

$0
($10)
$0.85
$0
32.0%
37.8%

$0
($10)
$0
$4.39
10.4%
13.2%

10,000
$26.3 (a)
270,301
Y
$650-750
N
Best Case (Low)
$0
($10)
$0
$0
33.4%
39.1%

$0
($10)
$0
$4.39

$0
($10)
$0
$0

13.2%
15.8%

39.1%
44.6%

$0
$0
$0.85
$0
14.3%
21.4%

$0
$0
$0
$4.39
8.4%
11.3%

Base Case (Medium)
$0
$0
$0
$0
16.0%
22.9%

$10 (c)
$0
$0
$4.39

$10 (c)
$0
$0
$0

9.4%
12.3%

1.1%
10.6%

$0
$7
$0.85

$0
$10
$0

High Case
$0
$10
$0

$10 (c)
$10
$0

$10 (c)
$10
$0

Pre-Processing
IRR (US $650/t BioLPG Sales Price)
IRR (US $750/t BioLPG Sales Price)
IRR (US $850/t BioLPG Sales Price)

$0
-3.9%
6.9%

$13.16
4.3%
7.6%

$0
-12.4%
1.1%

$13.16

$0

5.4%
8.6%

NA
NA

Case

(a) AD Plant: $10.5M; CoolLPG Plant: $15.8M
(b) Additional Charge for cost recovery of waste collection; a negative Charge is a tipping fee
(c) "New waste sorting is required"
(d) Because Rwanda is a landlocked country, the comparison sales prices are higher than for Kenya and Ghana
Forecast fossil LPG price (US $/t)
779
796
796
903

903

Note: The Very High Case is not shown because it is not economic.

All five projects offer potential double-digit IRRs in the Base feedstock cost case when
the bioLPG is priced around US $40-50/t below the forecasted fossil LPG market price in the
country. The Best case sees the IRRs improve very significantly for AD + CoolLPG projects
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(triage rankings #1, #2 and #3), because of their much higher sensitivity to improvements in
feedstock cost vs. the IH2 projects. The IH2 cases (triage rankings #4 and #5) are only economic
at larger scales (e.g., bioLPG output of 25,000 tpa, as shown).
2.6.3

Funder requirements and risk mitigation

For purposes of this Report, initial targeting discussions were held with leading
development finance institutions, since these are groups mandated to lead high-impact
initiatives in the targeted markets. With their leadership utilising tools of project finance,
technical assistance grants, debt, equity, and risk mitigation resources such as guarantees and
first-loss protection, they would be a complement to CDC/DFID if CDC/DFID were themselves to
engage in further project finance for bioLPG projects in the targeted countries.
Based on initial LPG-related discussions with prospective private sector funding
entities, potential interest could be anticipated from private sector and crossover entities such
as the Ghana Infrastructure Fund and the Development Bank of Rwanda, as well as entities
such as Stanbic, Ecobank, Kenya Commercial Bank, Databank and others.
The focus and needs of funding sources must be targeted
At the outset, targeting the right funding sources for the commercial bioLPG plant will
depend on properly identifying and satisfying their specific programmatic/stated criteria:
1.

Energy sector interests and limitations;

2.

National vs. regional development;

3.

Types, size, tenors of funding and risk mitigation instruments needed;

4.

Financial returns;

5.

Risk tolerance;

6.

Impact (environmental, social, and economic) objectives;

7.

Financial and developmental additionality requirements (for development
organisations); and

8.

Avoidance of crowding out certain development needs such as using necessary
food stocks for bioLPG.

The requirements and prioritisation of the criteria will vary in importance depending
on the source of capital and risk management involved.
Section 2.7 presents a summary of the societal benefits accruing from implementation
and deployment of bioLPG.
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Targeting of prospective funding sources
Key considerations in targeting and prioritising funding sources with respect to
financing a particular bioLPG project, or set of projects, should include:
1.

Unblended and/or blended financing. Which sources of financing are most likely:
public, private or a blend? Concessional capital reassures non-concessional
providers about co-investing; risk mitigation support by the public sector can
enable larger scale development by including guarantees to reduce the risk of
private sector investments; and public sector funding of technical assistance can
strengthen and facilitate projects and improve the success probability of sourcing
the required investments.

2.

Financial returns and structural terms. What are the minimum financial returns
and time horizons required by Funders (rate of return on equity, interest rate on
debt, and other key terms such as debt service coverage)?

3.

Funding techniques. Would any of the following funding techniques be useful:
direct country project lending or grouped project lending, special purpose vehicles
(SPVs), and an investment fund to develop green investments?

Potential funding considerations: public sector
1.

Public sector as the greater risk-taker. Leading public sector institutions such as
DFIs are often the most important early money and risk mitigation sources for
financing and de-risking the capital exposure of others, and, through technical
assistance, often enhancing the expected economic performance of initiatives
such as building out large value chain industry linkages in developing countries—
in this case bioLPG. Because of their development mandates as well as guarantee
structures, public sector institutions often can accept less certainty than the
private sector.

2.

Public sector as a first-mover. Funding from the public sector is an important firstmover for highly-impactful development-related projects. Key examples of sources
include the African Development Bank (AfDB); the World Bank (WB); development
finance institutions (DFIs)—CDC, FMO, KfW, IFC and USDFC (formerly OPIC); UKAID;
and USAID.

3.

Crowding in. Once the lead funding and risk mitigation sources are lined up, their
presence might attract the “crowding in” of additional local market sources of
funding that would otherwise be risk adverse or constrained in providing by
themselves the size, type, costs, tenor, and patient capital provided by the lead
sources. Crowding in could be important, as local financial institutions often
present limited capacity to lend, are constrained by reduced freedom under
national regulatory limits and/or show an unwillingness to lend to a particular
opportunity when faced with attractive investment alternatives (such as
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government securities). For this reason, we recommend pursuing these types of
institutions.
4.

Consideration of potential public sector roles. DFIs, development banks, and aid
agencies should be prioritised because they have the needed resources and are
typically mandated to support important initiatives like clean cooking, health
initiatives, and environmental initiatives. International DFIs or development banks
can provide a range of support such as:
a. Softer-priced concessional debt compared to commercial banks and even some
impact investors;
b. Equity for early-stage but highly impactful entities;
c. Longer tenors than private equity (PE) capital—PE typically wants 3 to 5-year
exits and DFIs can wait as long as 20 years to recover capital;
d. Risk mitigation attached to funding (for example, first-loss guarantees from
SIDA, CDC, IFC or USDFC); and
e. TA grants.

Importantly, these sources often work through pre-arranged joint funding syndication
models, such as the IFC initiated Master Cooperation Agreement (MCA).
The countries targeted in this Report are well-positioned if the right bioLPG projects
are refined, developed and funded. The following groups are recommended as starting points
for sourcing of financing support:


Aid agencies (e.g., DFID, UKAID, USAID, SIDA) for grants and TA;



DFIs (e.g., CDC, FMO, IFC, KfW, PROPARCO, Swedfund, and USDFC) for capital and
risk products; and



Development banks (e.g., AfDB and local development banks) for capital and risk
products.

Potential funding considerations: private sector
The private sector usually only finances proven commercial operators and projects. Its
scrutiny will focus on the data and on what analysis reveals—adequacy of returns, opportunity
costs versus competing fundings, and risk protections. Ideally, the bioLPG projects
recommended in this Report, once defined in significantly greater detail, will be able to create
the correct targets for such consideration by Funders.
Potential funding and risk mitigation flows
The diagram below presents possible flows of funding and risk mitigation resources
that could be made available to bioLPG projects. The numbering represents sequencing;
where the same number is used in different blocks, it indicates a parallel process.
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Figure 10. Capitalisation and risk mitigation stages by capital source

2.6.4

Key findings from discussions with potential Funders

The major finding of the initial financial viability analysis of bioLPG deployments is that
there is preliminary financing interest from both leading development and commerciallyoriented funders and risk mitigation sources.
The triaging and prioritising approach taken in the Report made sense to the
prospective Funders.
In addition, there is flexibility and capability to fund the three prioritised project
countries for CoolLPG at a commercial scale, assuming adequate proof of the Plant
performance and economics.
The project capital investment would be fundable by such institutions. The economic
returns over the 12-year projection periods have demonstrated that across the countries and
technology choices, the projects can comfortably service blended debt in the 10-year to 15year windows while generating attractive IRRs to equity in the Base (Medium) Case scenarios,
and up to a 44% IRR in the Best (Low) Case scenarios. (For IH2, only a larger-scale plant—25
KT/a or larger—generates acceptable returns).
Leading DFIs indicated debt pricing ranges for concessional debt of LIBOR plus 400 to
600 basis points depending on country risks and project risks. They also indicated a desire to
obtain more detail regarding the possible timing of the actual building and funding of the
Plant, detailed business plans, financing plans, and technical analysis. This information would
allow them to provide better indications on specific funding.
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Societal benefits accruing from implementation and deployment of bioLPG
BioLPG projects will create a highly impactful, renewable supply of cooking fuel that
will broadly benefit populations in developing nations. The projects should appeal to Funders
because, if successful, they represent a highly scalable solution to the current clean cooking
fuel problem for ordinary households and otherwise underserved or vulnerable populations
relying on polluting solid fuels or kerosene for their everyday cooking. Given that bioLPG is
physically and chemically identical to conventionally sourced LPG, the same positive impacts
demonstrated by adoption of LPG will apply. Key themes to consider that may be particularly
relevant, to impact Funders, include:
1.

Providing at scale clean, renewable LPG;

2.

Moving LPG consumption from imported LPG increasingly to domestically produced LPG;

3.

Contributing impactful, measurable progress toward accomplishment of SDG 7, access
to affordable, modern energy (Puzzolo et al., 2020; WLPGA and GLPGP, 2019);

4.

Improving personal safety of women and children who do much of the woodfuel
collecting and cooking (Patel & Gross, 2019; UNHCR, 2020);

5.

Eliminating waste of labour capacity resulting from time spent collecting firewood
(Nautiyal, 2013; Chandar and Tandor, 2004; Hutton et al., 2007);

6.

Protecting and benefitting the health of all household members by reducing exposure
to harmful HAP from burning solid fuels and kerosene in inefficient stoves (WHO,
2016);

7.

Slowing the environmental threat of forest degradation and deforestation caused by
non-renewably sourced woodfuel gathering and use (Bruce et al., 2017; Permadi et al.,
2017; Sing et al., 2017; Rivoal and Haselip, 2017; Rosenthal et al., 2018);

8.

Substituting for use of wood, charcoal and kerosene as fuel sources;

9.

Enabling LPG to be purchased by LPG marketers in local currency instead of foreign
currency;

10.

Providing additional reasons for development of modern handling systems for MSW in
urban areas and agri-waste in rural areas (Stafford, 2020); and

11.

Creating new industry value chains resulting from the use of alternative feedstocks
into the bioLPG process.
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III.

Integration of Findings
Inter-relationship of issues

3.1.1

Process choices interact with feedstock availability

The gating questions whose answers must be coordinated and adequate for achieving
bioLPG implementation and impact within 2030 are (a) what are qualified technical processes
for bioLPG production, in relation to (b) what feedstocks are needed and available for those
technical processes?
Investigation of proven feedstock availability, quantities, reliability of supply and cost,
and government policy evolution across Africa immediately determined the following:
BioLPG production from vegetable oils and animal fats would not be feasible.
Quantities would not be adequate and “food versus fuel” policy aversion would hinder or
prevent development of supply in the near and long term.
BioLPG production from biogas could be feasible. Urban waste (MSW and possibly
liquid waste from sewage) is available in large and growing quantities and its anaerobic
digestion could produce more than adequate quantities of biogas feedstock for reforming into
impactful quantities of bioLPG. However, provision of urban waste feedstock on a reliable,
economically feasible and long-term basis requires government cooperation in regard to
coordination of urban waste handling systems, planning and economics with bioLPG project
and finance planning. Biogas can also be produced from AD of agricultural waste (the
unusable portion of crops after separation of usable parts) in certain settings where
agricultural systems result in economic aggregation of the waste at larger-scale centralised
processing facilities.
Although many research and development efforts are underway regarding pathways to
green propane, only two well developed processes (CoolLPG and IH2) exist that produce green
butane, which is essential for direct integration of bioLPG into African LPG supply chains and
markets. See Appendix 5.10 for additional information about the process choices.
3.1.2

Use of feedstocks for bioLPG vs. combined heat and power

Consideration of the highest and best use of biomass residues and urban wastes leads
to comparison of two main possible uses: feedstock for electricity generation (e.g., via CHP)
or feedstock for bioLPG.
Preliminary analysis indicates that biomass used for producing bioLPG would serve the
cooking needs of twice as many households as biomass used for producing CHP, with roughly
equivalent capital costs for each. For additional rationale and details on the analysis, see
Appendix 5.9.

79

BioLPG Study Report
3.1.3

Scale of bioLPG potential—is it worth the effort?

BioLPG production economics currently present normal patterns of scale economies
as production plants grow in size.
Efficient and economic provision of urban waste feedstock also benefits from scale.
Efficient and economic provision of agricultural waste requires certain structures of
market organisation and physical handling of crops pre and post processing.
Logistics availability and costs for moving bioLPG to markets from the bioLPG
production facility also bear on competitiveness of bioLPG in a normal LPG market.
This Report identifies process and feedstock combinations which, under reasonable
assumptions, could provide impactful quantities of bioLPG, on terms competitive in a
normal LPG market, to a substantial number of households.
3.1.4

Government ministerial coordination and critical mass of decisions

Government policy interventions which push the market to buy bioLPG can obviously
make a difference, but this Report does not pretend to address the wide range of such
interventions which might be contrived to support bioLPG.
This Report examined the feasibility of producing bioLPG and selling it into the LPG
markets in the pilot project countries, based on how each market is presently structured and
on the projected LPG demand in those markets.
Of the five pilot projects recommended by this Report for detailed assessment, four
pilot projects require MSW or, more broadly, urban waste, as feedstocks. Therefore, the waste
handling policies and plans of the countries are crucial. This Report explores the implications
of whether the costs of modern urban waste handling are borne by governments and their
contracted waste handling services or if bespoke waste handling/sorting arrangements would
need to be financed as part of a bioLPG project.
The economic viability of MSW-based bioLPG projects is very sensitive to the nature of
MSW system costs and associated tipping fee policies and structures. To link a bioLPG plant to
biogas supplied from MSW systems requires robust multi-year agreements between the waste
handling entities and the bioLPG project, backed by stability of Government support and the
enabling environment. Participation of international institutions in financing such linked MSWbioLPG projects could provide a substantial element of long-term viability.
The policies relating to sanitation / waste handling, energy supply planning, national
budgeting and finance, environmental protection, mitigation of forest degradation from
continued biomass collection, are handled by separate ministries whose analyses, policy
determinations, decision and implementation must be coordinated.
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Triage process to identify pilot project recommendations
Successive rounds of triage were conducted, to arrive at robust pilot project concepts.
3.2.1

1st triage: national intentionality and action to develop the LPG sector

African countries were reviewed in regard to their national prioritisation of access to
energy, their stated intentions to scale up their LPG sectors, their extent of national planning
to accomplish LPG sector scale-up, and their demonstrated commitment to such planning and
to implementation.
Six countries emerged from the screening as candidates for deeper investigation of
bioLPG project potential: Cameroon, Ghana, Kenya, Rwanda, Senegal and Tanzania.
3.2.2

2nd triage: enabling environment and capability of political system

Work of the Report team determined that Rwanda, Ghana and Kenya offered the best
policy and regulatory environments (for both LPG generally and bioLPG specifically),
government organisational structures and bureaucratic capacity for bioLPG project
development on an expedited time frame.
3.2.3

3rd triage: availability of feedstocks needed for selected technical processes

Production of biogas by AD or pyrolysis as input into catalytic reforming into
hydrocarbon products have been determined to be the process routes that offer possible
feasibility, if required biogas feedstocks are available.
The feedstocks suitable for AD are residues from agricultural processing and waste
streams (biodigestible fractions of MSW with the possible addition of sewage and other liquid
waste streams). Quantities and locations were confirmed in Rwanda, Kenya and Ghana.
The feedstock suitable for pyrolytic conversion into feedgas is heterogeneous urban
waste, which includes plastic, as well as normal food waste, paper, cardboard, etc.
3.2.4

4th triage: competitive conditions

Kenya, Ghana and Rwanda were determined to have overall more than adequate,
present and future LPG market demand and more than adequate feedstock availability for
input into a bioLPG plant in, or proximate to, the targeted geographic LPG market in each
country.
The Report team then assessed the present and projected cost of imported fossil LPG
in target market locations in Rwanda and Kenya (both 100% importers of LPG) and imported
and domestically produced fossil LPG in target market locations in Ghana.
A price was determined in each market at which bioLPG plant output would surely be
attractive in comparison to those present and projected prices of competitive fossil LPG. That
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bioLPG price was then input into the Report financial models, to ascertain if the bioLPG
feedstock and production chain would be adequately profitable and therefore financeable.
3.2.5

Integration of triage results

The application of the foregoing triage screens resulted in identification of five pilot
projects for potentially economic production at scale, each of which would be a good
candidate for detailed feasibility studies, project preparation and pilot project
implementation.
The recommended pilot projects are listed in order of preference (highest first) in the
next Section.
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Recommended pilot projects
The five recommended pilot projects are briefly summarised here. Further details on
the basis of each project and the key questions for the next stages of feasibility study follow
in Chapter IV. A summary table of these projects is provided in Table 1 on page 12.
1.

2.

3.

4.

Rwanda


MSW feedstock, AD biogas intermediate, CoolLPG process for LPG production



Feedstock provided by Kigali city waste collection



BioLPG plant located near to the MSW aggregation point



LPG sold into Kigali market, displacing imported fossil LPG transported overland from
import terminals in Dar es Salaam and Mombasa

Kenya


Agricultural processing residues, AD biogas intermediate, CoolLPG process for LPG



Feedstock aggregated in Thika district, from large scale agriculture



BioLPG plant located in central point among crop processing facilities



LPG sold to local populations, displacing imported fossil LPG transported overland
from import terminals in Mombasa

Ghana


MSW feedstock, AD gas intermediate, CoolLPG process for LPG production



Feedstock provided at centralised MSW site near Accra



BioLPG plant near to the MSW site



LPG sold into Accra market, displacing imported and/or domestically produced fossil
LPG

Rwanda


MSW feedstock, pyrolytic production of process gas, Shell IH2 process for mixed fuels
(52% bioLPG, 48% gasoline)



Feedstock provided by Kigali waste collection system



BioLPG plant near to a central waste handling point



LPG sold into Kigali LPG market, displacing imported fossil LPG transported overland
from import terminals in Dar es Salaam and Mombasa



Gasoline sold into Kigali gasoline market, displacing imported fossil gasoline
transported overland from import terminals in Dar es Salaam and Mombasa
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5.

Ghana


MSW feedstock, pyrolytic production of process gas, Shell IH2 process for mixed fuels
(52% bioLPG, 48% gasoline)



Feedstock provided at centralised MSW site near Accra



BioLPG plant near to the MSW site



LPG sold into Accra LPG market, displacing imported and/or domestically produced
fossil LPG



Gasoline sold into Accra LPG market displacing imported and/or domestically
produced fossil gasoline
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IV.

Recommendations for Further Study and Action
This final section of the Report has two groups of findings:
1.

Summaries of the descriptions and rationales for each of the five recommended
pilot projects; and

2.

A preliminary listing of topics for studies necessary to determine detailed project
feasibility and then to justify advancing into the project information memorandum
stage to obtain financing.

Rwanda municipal solid waste-anaerobic digestion-CoolLPG process
4.1.1

Location

Rwanda has designated a complete switch to the use of LPG as cooking fuel in Kigali,
the capital city of Rwanda, and six other cities by 2024. Therefore, a sizeable LPG market,
estimated at 120-140 KT/a (GLPGP, 2018b), will exist in Kigali from 2024 onwards as a result
of government fiat.
4.1.2

Process and feedstock

Kigali produces reliable quantities of mixed waste from its population of 1,200,000 and
needs modern waste management.
4.1.3

Proposed scale of bioLPG production
The proposed project is targeted at 10,000 tpa of bioLPG.

The current level of waste production per day in Kigali is ample to support the
feedstock needs of the project.
The projected Kigali need for cooking fuel LPG in 2024, after completion of the
government-mandated designation of LPG for cooking fuel, will be more than double the
output of the project.
4.1.4

Government

Intentions and understanding of needs, timing of decisions, receptivity to making relevant
decision
The Government recognises the need for comprehensive waste management,
especially in cities. A system for Kigali has yet to be planned, funded and implemented. Now
is the time to propose bioLPG as an integral part of waste management.
Generation of electricity with gas is already being implemented at Lake Kivu, using the
natural gas reserves there and feeding the electricity into the national grid. The highest and
85

BioLPG Study Report
best of the biogas that would be produced by this project is for producing bioLPG to supply
cooking fuel needs.
Government capacity
The Rwandan government is regarded by the international community as capable, if
thinly staffed in some areas. Energy planning and addressing infrastructure needs are the brief
of MININFRA.
MININFRA, on behalf of the Government, is leading the definition of a national LPG
Master Plan, with the goal of achieving a nationwide goal of approximately 40% of households
using LPG for cooking by 2024, including 100% of major city residents. MININFRA understands
the need to coordinate other Ministries in this national LPG planning and implementation
effort.
The project requires coordination of MSW planning and decision-making with LPG
sector planning and implementation. The Report team finds this likely, based on assessments
of reports on the speed and effectiveness of the development of other internationally
supported projects in Rwanda.
The concept of bioLPG has recently been introduced to MININFRA and there has been
an expression of interest.
The Rwandan Government is collaborative across ministries.
4.1.5

Competitiveness of bioLPG in the Kigali market and in Rwanda in general
All LPG in Rwanda is fossil LPG imported overland from Tanzanian and Kenyan ports.

The projected cost of bioLPG from this project can be priced below the two-year rolling
average and currently indicated prices reported in Rwanda. An analysis of LPG marketer costs
to bring LPG to Rwanda (before adding profit margin) indicates that Rwandan bioLPG can
compete well with the fossil LPG.
4.1.6

Financial feasibility

Report modelling finds that the projected economics of the project lead to probable
financeability. This preliminary conclusion has been tested positively with representative
development finance institutions who have demonstrated interest in supporting Rwandan
development. The scale of the project is within their expression of willingness to consider and
act.
4.1.7

Advantages to Rwanda

Domestic production of bioLPG from MSW substitutes for expensive LPG imports. It
also moves Rwanda into a more circular economy and green direction, by integrating waste
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management with energy supply in a financially efficient and beneficial manner. Replication
of success in this project may be possible in other Rwandan cities.
The project integrates well with the government’s desire to reduce use of wood and
charcoal, which has well-known multiple negative consequences for households, gender,
forest, and environment.
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Kenya agricultural residue anaerobic digestion-CoolLPG process
4.2.1

Location
In the corporate agrobusiness district in Thika district, in central Kenya.

4.2.2

Process and feedstock

Agricultural residues from crop processing will be aggregated in an AD plant which will
feed an adjacent bioLPG production facility using the CoolLPG process.
Quantities of residues will be sufficient to supply the project.
4.2.3

Proposed scale of bioLPG production
The project is sized to produce 10,000 tpa of bioLPG.
The regional market has demonstrated demand for LPG amounts greater than that.

4.2.4

Government

Intentions and understanding of needs, timing of decisions, receptivity to making relevant
decision
The Kenyan government has already announced its desire to scale up use of LPG for
cooking. Supply is a private sector matter, with no government controls on import sourcing,
pricing or marketing. There are requirements to comply with safety regulations.
Report team research indicates that the aggregation and use of agricultural residues
to produce biogas would not be a policy matter. Normal chemical plant process permitting
would be required for the bioLPG plant. Normal siting permitting and environmental impact
studies would be required.
Government capacity
The Kenyan government often is visibly delayed in making decisions. The need for
political compromise hinders timely action.
Permanent civil servants have expertise, but must follow the lead of the political levels.
The project minimises these possible risks by being a private sector project, requiring
permitting, but not policy.
4.2.5

Competitiveness of bioLPG in the Thika region and in central Kenya

A cost analysis of historic and projected imported fossil LPG in the Thika region and
central Kenya indicated that the projected selling price of project bioLPG output would be
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highly competitive. Given the existing level of demand in the region, there would be no
problem in market absorption of the plant production at its projected price.
4.2.6

Financial feasibility

The modelling by the Report financial team indicates that the projected economics of
the project are attractive and financeable in private and public markets. The proposed size of
the project debt and equity needs are easily absorbed within current market financing
capacity for the political and energy market risks.
4.2.7

Advantages to Kenya

The Report evidences that Kenyan production of biogas in its central and western
regions might be highly competitive against imported LPG brought inland, if agricultural
residues from large-scale agro-business are aggregated in a well-organised manner. Such a
result would reduce Kenyan hard currency use for imports of LPG.
Development of additional bioLPG plants would also reduce emissions from
agricultural residues, besides contributing to Kenyan efforts to become greener and a more
circular economy.
Replication of this project may be possible in other SSA countries which demonstrate
similar agricultural systems development, especially inland.
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Ghana municipal solid waste-anaerobic digestion-CoolLPG process
4.3.1

Location
Suburb of Accra, adjacent or near to a major MSW aggregation site.

4.3.2

Process and feedstock

The project proposes use of the CoolLPG process to reform biogas produced by an AD
facility fed by MSW from a major waste handling facility to be developed. The volume of MSW
produced by Accra is more than sufficient to supply the proposed plant size. Agreement would
need to be reached with the government to assure long-term supply of the MSW on
acceptable terms.
4.3.3

Proposed scale of bioLPG production

The proposed plant size is 10,000 tpa of bioLPG. This quantity, priced competitively,
can easily be absorbed by the greater Accra market alone, especially given the government
intention to encourage use of LPG for cooking.
4.3.4

Government

Intentions and understanding of needs, timing of decisions, receptivity to making relevant
decision
The government wants to grow its LPG sector, especially for clean cooking. Political
support from the President has been considerable domestically, and from the wife of the Vice
President in both domestic and international discourse.
The Report team member in Ghana reports that Government interest would be very
high in development of modern waste management and biogas production.
Recent efforts by the government to reform LPG sector distribution practices are
progressing but have met delay from opposition by certain market incumbents. The advent of
additional supply from a bioLPG plant would most probably present fewer political challenges.
MSW facility development and AD biogas production, followed by bioLPG production,
probably would not engender massed political lobbying delays.
Government capacity
The project depends on efficient and economic MSW supply, stemming from changes
to improve the MSW system serving Accra. The technical capacity exists, but the timing to get
necessary decisions cannot be estimated with precision.
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4.3.5

Competitiveness of bioLPG in the Accra market and in Ghana in general

Competitive cost analysis of the Accra market indicates that the projected pricing of
bioLPG produced by the project would be highly competitive, with no volume risk.
4.3.6

Financial feasibility

The projected project economics indicate attractive feasibility to achieve financing
from a wide variety of competing private and public sector sources, domestic and
international. Ghana is regarded as a more than acceptable African political risk and there is
ample depth in financial markets for Ghanaian projects that are well-founded.
4.3.7

Advantages to Ghana

The Report evidences that Ghanaian production of biogas in the Greater Accra Region
might be highly competitive against both imported and locally produced fossil LPG, provided
the MSW system serving Accra is adequately improved. BioLPG production could incentivise
and complement creation of modern waste management in Accra. If the bioLPG is prioritized
for import substitution, such a result would reduce Ghanaian hard currency use for imports
of LPG.
It would also contribute to Ghana’s achievement of climate NDCs. It would move
Ghana into a more circular economy and green direction, by integrating waste management
with energy supply in a financially efficient and beneficial manner. Replication of success in
this project may be possible in other Ghanaian cities and other SSA countries with similar
MSW development.
The project integrates well with the government’s plans for reducing the use of wood
and charcoal, which has well-known multiple negative consequences for households, gender,
forest, and environment.
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Rwanda municipal solid waste-IH2 process
4.4.1

Location

Rwanda has designated a complete switch to the use of LPG as cooking fuel in Kigali,
the capital city of Rwanda, and six other cities by 2024. Therefore, a sizeable LPG market,
estimated at 120-140 KT/a (GLPGP, 2018b), will exist in Kigali from 2024 onwards as a result
of government fiat.
4.4.2

Process and feedstock

The project proposes to use the IH2 process to thermo-convert MSW into a product
mix of 52% bioLPG and 48% gasoline. The proposed feedstock is MSW.
Kigali produces reliable quantities of MSW from its population of 1,200,000 and needs
modern waste handling, which, if put in place, would be an ideal source of project feedstock.
4.4.3

Proposed scale of bioLPG production
The proposed project is targeted at 25,000 tpa of bioLPG.

The current level of MSW production per day in Kigali is ample to support the plant
feedstock need.
The projected Kigali need for cooking fuel LPG in 2024, after completion of the
government-mandated designation of LPG for cooking fuel, will be met by the output of the
project.
The gasoline output from the project would be easily absorbed by the domestic
transport sector, displacing imported gasoline.
4.4.4

Government

Intentions and understanding of needs, timing of decisions, receptivity to making relevant
decision
The Government recognises the need for comprehensive waste management,
especially in cities. A system for Kigali has yet to be planned, funded and implemented. Now
is the time to propose bioLPG as an integral part of waste management.
Government capacity
The Rwandan government is regarded by the international community as capable, if
thinly staffed in some areas. Energy planning and related infrastructure needs are the brief of
MININFRA.
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MININFRA, on behalf of the Government, is leading the definition of a national LPG
Master Plan, with the goal of achieving a nationwide goal of approximately 40% of households
using LPG for cooking by 2024, with 100% of major city residents using LPG. MININFRA
understands the need to coordinate other Ministries in this national LPG planning and
implementation effort.
The project requires coordination of MSW planning and decision-making with LPG
sector planning and implementation. The Report team finds this likely, based on assessments
of reports on the speed and effectiveness of the development of other internationallysupported projects in Rwanda.
The concept of bioLPG has recently been introduced to MININFRA and there has been
an expression of interest.
The Rwandan Government is collaborative across ministries.
4.4.5

Competitiveness of bioLPG in the Kigali market and in Rwanda in general
All LPG in Rwanda is fossil LPG imported overland from Tanzanian and Kenyan ports.

The projected cost of bioLPG from this project can be priced below the two-year rolling
average and currently indicated prices reported in Rwanda. An analysis of marketer costs to
land LPG in Rwanda (before adding profit margin) indicates that the bioLPG can compete.
It should be noted that this project produces biopropane as well as biobutane, and the
prevailing market norm in Rwanda is butane. The Rwandan market would have to mix the
biopropane with fossil butane and/or biobutane (within the safe limits of the national LPG
infrastructure) and get the market to accept the mix. Alternatively, any excess biopropane
would have to be sold to the relatively smaller market segments that can use biopropane. To
arrive at the optimal solution for the biopropane component of the plant output will require
follow-on study.
4.4.6

Financial feasibility

Report modelling finds that the projected economics of the project lead to probable
financeability. This preliminary conclusion has been tested positively with representative
development finance institutions who have demonstrated interest in supporting Rwandan
development. The scale of the project is within their expression of willingness to consider and
act.
4.4.7

Advantages to Rwanda

Domestic production of bioLPG from MSW substitutes for expensive LPG imports. It
also moves Rwanda into a more circular economy and green direction, by integrating waste
management with energy supply in a financially efficient and beneficial manner. The project’s
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gasoline co-product should be able to support the evolving transport fuel needs of Rwanda.
Replication of a successful project may be possible in other Rwandan conurbations.
The project integrates well with the government’s desire to reduce use of wood and
charcoal, which has well-known multiple negative consequences for households, gender,
forest, and environment.
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Ghana municipal solid waste-IH2 process
4.5.1

Location
Suburb of Accra, adjacent or near to a major MSW aggregation site.

4.5.2

Process and feedstock

The project proposes use of the IH2 process to reform biogas produced by pyrolysis of
MSW from a major waste handling facility to be developed. The volume of MSW produced by
Accra is more than sufficient to supply the proposed plant size. Agreement would need to be
reached with the government to assure long-term supply of the MSW on acceptable terms.
The LPG produced by the project would be a mix of propane and butane compliant
with Ghanaian LPG market standards and norms in regard to an acceptable ratio of propane
to butane. Thus, the project LPG could be “dropped in” to the market, as is. The bioLPG plant
output should there not necessitate any special infrastructure investments or user equipment
changes.
4.5.3

Proposed scale of bioLPG production

The proposed plant size is 25,000 tpa of bioLPG. This quantity, priced competitively,
can easily be absorbed by the greater Accra market, especially given the government intention
and actions to encourage use of LPG for cooking.
4.5.4

Government

Intentions and understanding of needs, timing of decisions, receptivity to making relevant
decision
The government wants to grow its LPG sector, especially for clean cooking. Political
support from the President has been considerable domestically, and from the wife of the Vice
President in both domestic and international discourse.
The Report team member in Ghana reports that Government interest would be very
high in development of modern waste management and biogas production and use.
Recent efforts by the government to reform LPG sector distribution practices are
progressing but have met delay from opposition by certain market incumbents. The advent of
additional supply from a bioLPG plant would most probably present fewer political challenges.
MSW facility development and AD biogas production, followed by bioLPG
production, probably would not engender massed political lobbying delays.
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Government capacity
The project depends on efficient and economic MSW supply, stemming from changes
to improve the MSW system serving Accra. The technical capacity exists, but the timing to get
the necessary decision cannot be estimated with precision.
4.5.5

Competitiveness of bioLPG in the Accra market and in Ghana in general

Analysis of projected fossil LPG supply costs to the Accra market indicates that the
projected pricing of bioLPG produced by the project would be highly competitive, with no
volume risk.
The gasoline co-product from the project would have no problems being sold into the
transportation fuel market in Ghana.
4.5.6

Financial feasibility

The projected project economics indicate likely feasibility to achieve financing from a
wide variety of competing private and public sector sources, domestic and international.
Ghana is regarded as a more than acceptable African political risk and there is ample depth in
financial markets for Ghanaian projects that are well-founded.
The 25,000 tpa bioLPG output of the project would be accompanied by 23,333 tpa of
gasoline co-product. The financial robustness of the project depends on the adequacy of the
revenue from selling that gasoline.
4.5.7

Advantages to Ghana

The Report evidences that Ghanaian production of biogas in the Greater Accra Region
might be highly competitive against both imported and locally produced fossil LPG, provided
the MSW system serving Accra is adequately improved. BioLPG production could incentivise
and complement creation of modern waste management in Accra. If the bioLPG is prioritized
for import substitution, such a result would reduce Ghanaian hard currency use for imports
of LPG.
It would contribute to Ghana’s achievement of climate NDCs. It would also move
Ghana into a more circular economy and green direction, by integrating waste management
with energy supply in a financially efficient and beneficial manner. Replication of success in
this project may be possible in other Ghanaian cities and other SSA countries with similar
MSW development.
The project integrates well with the government’s plans for reducing the use of wood
and charcoal, which has well-known multiple negative consequences for households, gender,
forest, and environment.
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Future considerations for feasibility studies
This Report makes recommendations for necessary next stages of work towards
bioLPG implementation:
4.6.1

Technical system analysis



Front End Engineering Design (FEED) for project definition and investment sizing.



Assessment of project Engineering, Procurement, Contracting (EPC) requirements.



Project construction cost estimates of increasing precision.

4.6.2

Project impacts



Environmental impact studies.



As the development and running of commercial scale AD facilities will require technical
skills and personnel with training, study of local skill availability and/or its
development, and the potential for job creation.

4.6.3

Feedstock analysis



Coordination with government MSW planning, to include (i) further understanding of
the existing MSW arisings, collection and management systems, (ii) completing plans
for their development; and (iii) compositional analysis and monitoring over time of the
organic/biodegradable fractions of MSW.



Coordination with agri-business management, to include assessment of biomass
feedstock compositions to maximise biogas productivity (requiring in-depth local
studies on availability (daily, seasonal and annual); composition (variation, storage
potential); and optimisation of AD (design and operation).



Definitive analysis and recommendations, with government participation, in regard to
the highest and best use of biogas produced by MSW systems that might be
developed. There should be stakeholder agreement that bioLPG be designated as the
priority linked use of biogas from a development of, or enhancements to, urban waste
handling systems and economic structures.



The value and availability of biomass against local uses of biomass, e.g., as a free
resource to local populations who may already use the ‘waste’ as a cooking fuel,
animal feed, and/or compost returned to land to maintain soil fertility/productivity.
These uses are often overlooked and are likely not to have been quantified.



Similarly, further analysis of co-products and possible markets for them, including
digestate from AD.
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4.6.4

Financing and investment



Initial project business plans.



Preparation of draft Project Information Memorandum to test financeability.



Detailed assessment of political, economic and technical risks of the recommended
projects.
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V.

Appendices
Country selection criteria (first triage)

Successive rounds of triage were conducted, to arrive at robust pilot project concepts,
as described in Section 3.2 on page 81. In summary, the stages of triage were as follows:
1.

National intentionality and action to develop the LPG sector;

2.

Enabling environment and capability of political system;

3.

Availability of feedstocks needed for selected technical processes;

4.

Competitive conditions; and

5.

Integration of triage results.

The following table presents in detail the first triage stage.
Table 15. Factors used in first-stage triage of African countries
Country Name
Angola
Benin
Burkina Faso
Burundi
Cabo Verde
Cameroon
Central African Republic
Chad
Congo, Dem. Rep.
Congo, Rep.
Cote d'Ivoire
Djibouti
Egypt, Arab Rep.
Equatorial Guinea
Eritrea
Eswatini
Ethiopia
Gabon
Gambia, The
Ghana
Guinea
Guinea-Bissau
Kenya

Has Major Clean
Cooking Fuel Need10
X
X
X
X
X
X
X
X
X
X

Has 2030 Target for
LPG Penetration11
X

Has LPG Master Plan or
Plan-in-Process12

X
X
X

X

X

X
X
X
X
X
X
X
X
X

X

X

X
X

X

10

World Bank/WHO (2019); “X” indicates country has less than 45% clean fuel penetration

11

Sustainable Energy for All; “X” indicates country has set a specific target for LPG penetration by 2030 or before

12

GLPGP research; “X” indicates country has an LPG-specific national master plan or the equivalent completed
or currently in development
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Country Name
Lesotho
Liberia
Libya
Madagascar
Malawi
Mali
Mauritania
Mauritius
Morocco
Mozambique
Namibia
Niger
Nigeria
Rwanda
Sao Tome and Principe
Senegal
Seychelles
Sierra Leone
Somalia
South Africa
South Sudan
Sudan
Tanzania
Togo
Tunisia
Uganda
Zambia
Zimbabwe

13

Has Major Clean
Cooking Fuel Need10
X
X
X
X
X

X
X
X
X
X
X
X

Has 2030 Target for
LPG Penetration11

Has LPG Master Plan or
Plan-in-Process12

X

X

X
X
X

X

X

X

X

X13

X
X
X
X
X
X
X
X
X

Tanzania is included in part because it is an integral part of the East African LPG economy and distribution
network with Kenya and Rwanda. Tanzania’s LPG planning is at an earlier stage than its neighbors but includes
focus on its major refugee populations and their surrounding communities.
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Country background information
This Appendix provides additional demographic and energy sector information on the
six SSA countries triaged for deeper focus in this Report.
5.2.1

Cameroon

Demographics
Cameroon is a lower middle-income Central African country (HDI 150) with a
population of about 27.7 million. Geographically, it is surrounded by Chad (North), Gabon and
Equatorial Guinea (South), Nigeria (West) and Central African Republic (East) (CIA, 2020). The
country is usually termed ‘Africa in miniature’ due to its wide diversity in culture, religion,
race, ethnicity, vegetation, etc. In terms of urbanisation, 57.6% of the country’s population
lives in urban areas with an annual urbanisation rate of 3.63% (CIA, 2020a).
Energy situation
Energy production in Cameroon is dominated by traditional biomass which contributes
64.1% of the country’s primary energy consumption, followed by oil, hydro and natural gas,
which contribute 27.2%, 5% and 3.7%, respectively (Mus’ud et al., 2015). Studies show that
the country has moderate access to electricity with an electrification rate of 55% in 2013, with
over 10 million people having no access to electricity (REN21, 2016). In 2016, the country’s
electrification rates were distributed as follows: 88% urban and 17% rural (USAID, 2016). Also
in 2016, the government publicised its national LPG Master Plan, with a stated objective of
expanding LPG use to 58% of the population by 2030. The country’s energy security issues
associated with frequent power outage has led to a strong interest in harnessing the potential
of biofuels from renewable bioenergy resources. However, very limited efforts have so far
been made to set-up large scale facilities that can be used for production and demonstration
of the country’s renewable energy potential (Mus’ud et al., 2015; Muh, 2018a). This work
package has therefore been commissioned to assess the availability of feedstocks for
production of BioLPG in Cameroon.
5.2.2

Ghana

Demographics
Ghana is one of sixteen countries that form the West African bloc. The Ghana
Statistical Service estimates 2020 population at over 30 million, with 2019 GDP estimated at
US$ 66.98 billion.
Energy situation
Access to electricity stands at 85% as of 2019 (Ministry of Energy, 2020), a figure
considered very high when compared to other countries in SSA. Access to modern cooking
fuels is much lower than electricity access, with an estimated 24.5% of the population having
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access to LPG in 2019 (Ministry of Energy, 2020). Woodfuel, principally from firewood and
charcoal, is the main cooking fuel for a greater proportion of Ghanaians who do not have
access to LPG.
To increase access to modern cooking fuels, the Government of Ghana is targeting 50%
penetration of LPG by the end of 2030 through the introduction of the Branded Cylinder
Recirculation Model (GLPGP, 2018a), which seeks to ensure an efficient and bankable market
structure that delivers safe distribution and increased usage of LPG for domestic purposes. In
addition to LPG, the government has developed a national renewable energy plan that seeks
to promote biogas from biomass resources such as agro-industrial waste, liquid waste from
large public facilities, and increased renewable electricity generation (Energy Commission,
2019).
5.2.3

Kenya

Demographics
Kenya has a total area of about 582,646 square kilometres of which about 1.9% is
covered by water. The dry land mass is commonly divided into seven agro-ecological zones.
Less than 20 per cent of the land is suitable for cultivation, of which only 12 per cent is
classified as high potential (adequate rainfall) agricultural land and about 8 per cent is medium
potential land (UNEP, 2019). The total population is estimated at 47,564,296 inhabitants as of
August 2019, with an annual population growth rate of 2.2% (KNBS, 2019). Kenya is classified
as a lower middle-income country with its GDP estimated at US $99.25 billion in 2019 (World
Bank, 2020b). It is the sixth largest economy on the African continent and a financial and
transport hub of East Africa (CIA, 2020b). Agriculture is the backbone of its economy,
contributing one-third of the country’s GDP (CIA, 2020b). The main products produced and
exported include tea, coffee, sugar cane, sisal and horticultural products. The industrial sector
includes the production of small-scale consumer goods, processing of agricultural products,
cement and tourism (UNEP, 2019).
Energy situation
Kenya has a continually evolving low-carbon and diverse energy mix. Generation
capacity stands at 2,670 megawatts (MW), with peak demand of 1,841 MW (Alupo, 2018). As
of June 2018, renewable energy accounts for 65 percent of total installed capacity and 78
percent of total electricity generation (MoEP, 2018). Geothermal represents more than 40
percent of electricity generated making Kenya one of the global leaders in the use of this lowcost renewable energy resource (Alupo, 2018). Since February 2018, electricity access is
estimated at 75% from both grid and off-grid options. Biomass provides about 69% of the
country’s overall energy requirements while petroleum accounts for about 22% and electricity
about 9% (MoEP, 2018).
The government is promoting alternative sources of energy and technologies such as
LPG, biogas and solar as substitutes for biomass, as part of Kenya Vision 2030 in alignment with

102

BioLPG Study Report
the SEforAll country action agenda (MoEP, 2016). The bioenergy sector is central to country’s
agenda to achieve middle-income status by 2030, whilst contributing to the Paris Agreement.
This has been identified and outlined in the country’s NDCs as well as the Climate Change Act
(2016) (UNEP, 2019). It is with this backdrop that this Report study has been tasked at exploring
the potential for availability of feedstock for a bioLPG plant in Kenya.
5.2.4

Rwanda

Demographics
Rwanda is a land-locked country, located in the Great Lakes Region of East central
Africa. Bordered by Uganda (North), Tanzania (East), Burundi (South) and the Democratic
Republic of Congo (West), it is one of the most densely populated countries in Africa, with a
population of 12.6 million inhabiting a country area of 26,340 km2 (Karamage et al., 2016).
Rwanda is in the ‘low’ category of the HDI, ranked at position 157 in 2019. It has a GDP per
capita of US $830 and the HDI growth rate was +1.19% between 2010 and 2018. Rwanda has
been classified as one of the best countries in the region for business (2020 Index of Economic
Freedom).
Energy situation
Rwanda has considerable resources to provide electricity, from hydro, solar, natural
gas and biomass; however, these resources are not fully utilised and currently only 42% of the
population have access to electricity (31% grid connected and 11% off-grid) (Bimenyimana et
al., 2018). The Government of Rwanda has set targets for universal access to electricity by
2024 requiring an increase in installed capacity from 216 MW to 512 MW. Households in
Rwanda are also heavily reliant on traditional fuels for cooking, with 83% of the population
using woodfuel, charcoal and animal dung. Initiatives are in place to explore opportunities to
utilise a wider range of biomass resources more sustainably, to reduce pressure on harvested
wood (FAO, 2019). The Rwandan government, through its Ministry of Infrastructure, is now
(as of July, 2020) moving forward on an EU/KfW funded development of a national LPG Master
Plan, to achieve the announced goal of eliminating charcoal use and switching the capital city
Kigali and six other major cities, plus government buildings, to LPG use by 2024.
5.2.5

Senegal

Demographics
The Republic of Senegal has an estimated population of a little above 15 million, with
an average GDP growth of about 6.5% per year in the last five years (IMF, 2019). Dakar serves
as the administrative capital and home to an estimated 23% of Senegal’s population. As of
2015, people under the age of 24 represent more than 60% of Senegal’s population which has
a median age of 18.2 years (IMF, 2019). The country’s population is predicted to average 22
million people by 2030 according to the World Bank (2019). A look into Senegal’s GDP reveals
a differential sector performance with the service sector, industry and agriculture all
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accounting for 59%, 24% and 17%, respectively. Compared to other countries on the African
continent, Senegal is very poor in natural resources; its main revenue comes from fishing,
tourism and services.
Energy situation
The World Bank (2018) estimates electricity access in Senegal at a little below 67%.
According to the SEforAll Secretariat (2016), electricity access in Senegal has reached 88% of
the population in urban areas, while in rural areas it has reached 38% and is increasing. The
Global Tracking Framework estimates the national access to clean cooking solutions at 31%.
Firewood is the main energy source followed by charcoal and LPG. LPG consumption is
prominent in urban areas, with 70% of urban households using it. LPG consumption per capita
had grown to 12.5 kg in Senegal in 2005 (Kazybayeva et al., 2006). According to Diouf and
Miezan (2019), the total annual fuel-wood consumption in Senegal is estimated at about 2
million tonnes, of which over 85% is consumed in rural areas.
A Rapid Assessment and Gap Analysis of the energy sector was produced in June 2012
with an ambitious goal of reaching 100% access to electricity with at least 90% rural
electrification. Senegal is investing in renewable energy in view of the high dependence on oil
and gas (Ba and Medoc, 2017). The National Agency for Renewable Energies was created to
promote and develop renewable energy with the objective to achieve a 20% share of the
energy mix in 2017. In 2016 two solar power plants with a total capacity of 42MW were
connected to the national grid (Ba and Medoc, 2017).
5.2.6

Tanzania

Demographics
Tanzania has the largest population in East Africa. Almost a third of its population lives
in urban areas. It is currently estimated to be 58,552,845 inhabitants (CIA, 2020c), although,
according to the 2012 census, the total population was 44,928,923 compared to 34,443,603
in 2002, implying an annual growth rate of 2.7% (TNBS, 2020). The total area of Tanzania is
approximately 947,300 km2 with agricultural land being 43.7%, forest at 37.3% and other
estimated at 19% of the total area (CIA, 2020c). The GDP is estimated at US$ 63.77 billion in
2019 (World Bank, 2020c). The economy depends on agriculture, which accounts for slightly
less than one-quarter of GDP and employs about 65% of the work force (CIA, 2020c). The
agriculture products produced in Tanzania include coffee, sisal, tea, cotton, pyrethrum
(insecticide made from chrysanthemums), cashew nuts, tobacco, cloves, corn, wheat, cassava,
bananas, fruits and vegetables. Industries include agricultural processing (sugar, beer,
cigarettes, sisal twine), mining, soda ash, and cement among others (TNBS, 2020).
Energy situation
Extending electricity access has remained a critical challenge for the Tanzania
government, given that access to electricity is still very limited in the country (EEG, 2020). The
national electrification rate in Tanzania was 36% as of 2018. Further, in urban areas electricity
104

BioLPG Study Report
is available to 68% of population while in rural areas to 19% (World Bank, 2020c). The
Tanzanian government set expanding electricity access to 250,000 people annually as one of
its objectives (TI, 2020). About 85% of the total primary energy supply in Tanzania comes from
biomass (mainly firewood and charcoal), while other energy sources include petroleum (9%),
electricity (4.5%) and other renewable energy sources (1.2%). In 2016, Tanzania’s total power
installed capacity was 1,357.69 MW composed of hydro 566.79 MW (42%), natural gas 607
MW (45%) and liquid fuel 173.40 MW (13%) (TI, 2020), and a small but growing contribution
from minigrids. The Biomass Energy Strategy for Tanzania (BEST) stipulates that biomass
energy alternatives (particularly biomass briquettes and biogas) need to be commercially
mainstreamed with an indicative target of reducing demand for charcoal and commercial fuel
wood by 2030. BEST also stipulates making non-biomass charcoal and commercial fuel wood
alternatives, particularly LPG and electricity, competitive on a non-subsidised basis in terms
of availability and price, with a target of reducing demand for charcoal by an indicative target
of 50% by 2020 (CCE, 2014). To this end, this desktop study has explored the potential for
availability of feedstock for bioLPG plant in Tanzania.
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Financial models
The Report finance team conducted extensive detailed financial analysis of each pilot
project, examining the financial characteristics (free cashflows, debt service, rates of return,
etc.) across various scenarios of capacities, feedstock costs and LPG prices, utilising a financing
structure aligned with the indications provided by prospective funding sources for a bioLPG
project, and benchmarked against other relevant projects of similar types.
The assumptions for the analyses are detailed in Section 2.6.1 Analytic methodology
and assumptions on page 70.
The tables on the following pages present key portions of the financial modelling
performed, using as the example the Rwanda AD+CoolLPG project (10 KT/a bioLPG output),
Base feedstock cost case.
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Table 16. Financial model
Rwanda: MSWADCoolLPG route, Base case (Medium feedstock cost), 10,000 tpa bioLPG output sold at US$850/t
A) Volume, revenue, capital cost and operating cost projections
2021

2022

2023
6,375
850
7,500
6,375

2024
8,500
850
10,000
8,500

2025
8,500
850
10,000
8,500

2026
8,500
850
10,000
8,500

2027
8,500
850
10,000
8,500

2028
8,500
850
10,000
8,500

2029
8,500
850
10,000
8,500

2030
8,500
850
10,000
8,500

2031
8,500
850
10,000
8,500

2021

2022

2023

2024

2025

2026

2027

2028

2029

2030

2031

4,203
6,297
10,501
40%

6,305
9,446
15,751
60%

BioLPG Sales Revenues (US $000)
Sales Price/t
Production Level
Total Revenues
(in USD thousands, except where noted)
Cost to Build the Plant
a) Total cost of AD plant
b) Total cost of Cool Propane plant
c) Total capital requirement (waste to LPG)

Ref Base
Costs
10,508
15,743
26,252

Cost of the feedstocks
a) Raw feedstock material
2,703
b) Transport
0
c) Pre-processing costs
0
% Assumed Plant Capacity
Cost to operate the plant
Deprec Yrs
10
a) Amortisation/depreciation of plant cost
2,625
b) Process energy - comes from the biogas
0
c) Other operating costs (labour
1,821
maintenance, repair, chemicals, waste disposal, etc., excl. taxes and insurance)
d) Debt service
e) Tax obligations
% Assumed Plant Capacity
Other Costs*
Insurance
131
Local Taxes (CapEx)
131
Other
0
Total Other Costs
263
* % of Total Project Costs

2032
8,500
850
10,000
8,500

TOTAL
82,875
8,500
97,500
82,875

2032 TOTAL
10,508
15,743
26,252

2,027
0
0
75%

2,703
0
0
100%

2,703
0
0
100%

2,703
0
0
100%

2,703
0
0
100%

2,703
0
0
100%

2,703
0
0
100%

2,703
0
0
100%

2,703
0
0
100%

2,703
0
0
100%

2,625
0
1,366

2,625
0
1,821

2,625
0
1,821

2,625
0
1,821

2,625
0
1,821

2,625
0
1,821

2,625
0
1,821

2,625
0
1,821

2,625
0
1,821

2,625
0
1,821

75%

100%

100%

100%

100%

100%

100%

100%

100%

100%

131
131

131
131

131
131

131
131

131
131

131
131

131
131

131
131

131
131

131
131

263

263

263

263

263

263

263

263

263

263
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B) Income statement and cash flow projections
(in USD thousands, except where noted)

TURNOVER (REVENUES)
Cost of feedstocks
Gross margin

2021
$10,501
40%
$0
0
0

2022
$15,751
60%
$0
0
0

Total Opex

0

CAPEX OUTLAYS

2023

2024

2025

2026

2027

2028

2029

2030

2031

2032

TOTALS
$26,252

$6,375
2,027
4,348

$8,500
2,703
5,797

$8,500
2,703
5,797

$8,500
2,703
5,797

$8,500
2,703
5,797

$8,500
2,703
5,797

$8,500
2,703
5,797

$8,500
2,703
5,797

$8,500
2,703
5,797

$8,500
2,703
5,797

0

1,628

2,084

2,084

2,084

2,084

2,084

2,084

2,084

2,084

2,084

$0

$0

$2,719
43%

$3,713
44%

$3,713
44%

$3,713
44%

$3,713
44%

$3,713
44%

$3,713
44%

$3,713
44%

$3,713
44%

$3,713
44%

$36,138

Amortisation/depreciation of plant cost

$0

$0

$2,625

$2,625

$2,625

$2,625

$2,625

$2,625

$2,625

$2,625

$2,625

$2,625

$26,252

OPERATING INCOME (EBIT)
Interest Expense

$0
($352)

$0
($1,196)

$94 $1,088
($1,601) ($1,425)

$1,088
($1,249)

$1,088
($1,073)

$1,088
($897)

$1,088
($721)

$1,088
($545)

$1,088
($369)

$1,088
($194)

$1,088
($53)

$9,886
($9,674)

OP PROFIT BEFORE TAXES

($352)
$0

($1,196)
$0

($1,506)
$0

($337)
$0

($161)
$0

$15
($3)

$191
($38)

$367
($73)

$543
($109)

$719
($144)

$894
($179)

$1,035
($207)

($352)

($1,196)

($1,506)

($337)

($161)

$12

$153

$293

$434

$575

$716

$828
5.0x
$18,566

($10,852) ($16,947)

($1,506)

($337)

($161)

$12

$153

$293

$434

$575

$716 $19,394

EBITDA
EBITDA Margin %

Income Tax
NET INCOME (NI)
EBITDA Exit Multiple
EBITDA-based Terminal Value (TV)
DCF Cashflows (Investment + NI + TV)

$82,875
$26,354
$56,521

108

BioLPG Study Report
C) Cost of blended capital
Debt

%
Non-Concessional Debt
Concessional Debt
Total Debt
Size of Funded Debt

Targeted Cap on Debt %

Capitalisation % Assumed
Non-Concessional Debt
Concessional Debt
Equity
Total Capitalisation

47%
53%
100%
75%

Gross Cost
of Capital
10.00%
8.00%

Weighted Cost
of Capital
4.67%
4.27%
8.93%
Blended Interest Rate on Debt

75%
% of
Capitalisation
35%
40%
25%
100%

Gross Cost
of Capital
10.00%
8.00%
20.00%

Weighted Cost
of Capital
3.50%
3.20%
5.00%
11.70%
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D) Discounted cash flows and IRR
Net Income
+ Depreciation & Amort
+ Non Cash Charges
Free Cash Flow From Operations
- Debt Repayments
Cash Flow After Debt Payments (FCF)
Cash Flows Available to Distribute to
Equity
NPV CFL
PV Term Val
Total NPV
Less: Equity Fundings
Net FCF to Equity (Net of Investment)
Total Equity Fundings
IRR to all Equity Classes

2021
(352)
0
0
(352)

2022
(1,196)
0
0
(1,196)

2023
(1,506)
2,625
0
1,119

2024
(337)
2,625
0
2,288

2025
(161)
2,625
0
2,464

2026
12
2,625
0
2,637

2027
153
2,625
0
2,778

2028
293
2,625
0
2,919

2029
434
2,625
0
3,059

2030
575
2,625
0
3,200

2031
716
2,625
0
3,341

2032
828
2,625
0
3,453

TOTALS
(541)
26,252
0
25,711

0
(352)

(788)
(1,984)

(1,969)
(850)

(1,969)
320

(1,969)
496

(1,969)
668

(1,969)
809

(1,969)
950

(1,969)
1,090

(1,969)
1,231

(1,969)
1,372

(1,181)
2,272

(19,689)
6,022

0

0

0

320

496

668

809

950

1,090

1,231

1,372

2,272

9,208

2,971
5
14,853

1,090

Tax Adj EBITDA
Terminal Mult
Terminal Value
0
1,231
1,372

(289)
1,999
1,710
(2,625)
(2,977)
6,563
10.6%

(3,938)
(5,921)

(850)

320

0
496

668

809

950

(6,563)
17,125

110

BioLPG Study Report

E) IRR sensitivity to bioLPG sales price
IRR to All Equity Capital
Sales Price (US $/t)
$650
$675
$700
$725
$750
$775
$800
$825
$850
$875
$900
$925
$950
$975
$1,000

IRR
Comments
-12.421%
-8.449%
-4.957%
-1.810%
1.073%
3.710%
6.154%
8.441%
10.593% Target bioLPG sales price
12.611%
14.504% Projected imported LPG price (US $903)
16.326%
18.102%
19.840%
21.543%
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Study methodology
This Report project was largely carried out as a desk study (as the result of Covid-19
travel restrictions in all countries) and made use of international published literature and grey
literature from each country, plus stakeholder interviews. The University of Surrey (Surrey)
team included partners based in East and West Africa, who provided expert local knowledge
and advice throughout the project and facilitated contacts within their networks.
Experts from GTI and Surrey collaborated closely regarding the feedstock work to
ensure that appropriate feedstocks for the conversion processes of most interest were
included. Throughout this work, the Surrey team were guided by the technical assessments
made by GTI, including requirements for biogas volumes and compositions relevant to the
different technical production routes. The assessment has taken into account the preconversion feedstock preparation and/or clean-up technologies which would be required.
GTI experts coordinated closely with the GLPGP finance team and Surrey regarding
costs, scales and locations of feedstocks, for consideration of trade-offs of conversion process
scale versus feedstock collection and storage costs.
The Report work was focused up-front on an initial triage of the countries of Africa
down to six, as shown in Appendix 5.1, all of which had defined intentions and plans to use
LPG at scale as a main national clean cooking solution by 2030, if not before.
The feedstock and policy work efforts were broadly divided into two phases. In the first
phase, macro surveys were conducted in the six countries of both feedstocks and the enabling
environment for bioLPG implementation. The enabling environment assessment included
assessment of policies, regulations, institutional frameworks and national targets in place,
applicable to energy, bioenergy, waste management, and LPG; their consistency; and the
extent to which the country has prioritised, incentivised and committed to modern energy
services and in particular renewable energies.
The results of this phase, combined with parallel work by GTI on the potential technical
routes for bioLPG production, were used to triage down to a smaller set of proposed firstgeneration projects (combining location, feedstock and technology) agreed by the Report
team as a whole for focused analysis in the second phase.
The technical work assessed known technology routes—from laboratory stage to
commercial stage—with respect to their readiness for commercialisation within
approximately five years, their scalability, their feedstock needs (types and quantities), and
their costs. The technical routes were then further triaged to the subset that matched the
feedstock potential and enabling environment readiness of the focus countries in the second
phase.
From the feedstock perspective, the focused analysis on the five cases was to
determine the likely qualities and quantities of feedstock that could be made available for
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bioLPG production, estimates of the geographic spread and hence of logistics requirements
and more detailed assessment of policy and other drivers and barriers.
The five cases were then analysed further to determine their implementation
potential, their impact and market potential within the existing national LPG markets, their
technological risks and maturity, and their expected economic viability. The five cases were
then prioritised in accordance with these factors.
The Report finance team discussed the five cases with prospective funding sources to
obtain feedback about their interest to consider providing financing, once detailed project
information can be provided to them.

Techno-economic analysis assumptions
The following table shows the criteria for technology rating:
Table 17. Technology rating criteria
Feasible operating conditions (including
available feedstock)
Production of LPG versus other valuable
products
Complexity (including number of unit
operations)
Competing pathways (side reactions,
contamination risks, degradation, coking)
Estimated time to market

10 = chemistry utilised on large scale for many decades
1 = chemistry highly unlikely to work at all
10 = plentiful feedstock available and process
requirements/utilities available
1 = feedstock unavailable and/or other operating requirements
not met
10 = only produces LPG
1 = produces very little LPG or produces higher value
intermediate
10 = single reactor, single pass
1 = many reactors, separation steps and/or recycle streams
10 = no likely competing pathways
1 = high risk of valueless byproduct and/or contamination

All costs were scaled to 2019 USD using the Chemical Engineering Plant Cost Index
(“CEPCI”). Two years were allowed for plant construction for both IH2 and AD + CoolLPG. The
total capital requirement was split between years 1 and 2 at 40% and 60%, respectively. Plant
capacity was assumed to be 0% during construction, 75% during the first operating year and
90% for every year thereafter. 7% of the total capital requirement (TCR) is assumed to cover
the owner’s cost and fees, charged on the first year of production.
Startup costs: the following startup costs were charged to the first year of production:
2% of the TCR to cover modifications to the plant; 25% of monthly feedstock and fuel cost to
cover any inefficient operation during the startup period; 3 months of operating labour and
maintenance labour cost to cover manpower and personnel training costs; and 1 month of
chemical, catalyst, and maintenance materials costs.
Operating costs: The price of electricity was taken as US $180 per MWh for all cases,
as an estimate (Statistica, 2020). It is noted that the price may be lower in Ghana and Kenya,
and as high as US $220 per MWh in Rwanda. Water cost was taken at US $0.85 per tonne
(IBNet, 2020; WASAC, 2020). The average labour cost was set to US $60,000 per person per
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year, assuming a distribution of costs depending on a variety of factors (skilled vs. unskilled,
local vs. imported). Indirect labour costs (administrative and general overhead) were set at
30% of the direct labour cost. Insurance costs were set at 0.5% of TCR annually. Local taxes
and fees were set at 0.5% of TCR annually. Operating and maintenance cost was set at 1.5%
of TCR annually.
The cash flow tables use a real discount rate of 8% to compare cash flows with projects
based in the US. The levelised cost of LPG is the LPG cost resulting in a net present value of
zero over a 25-year plant life. (Note: Financial analysis by the Report finance team was
independent of the cash flow tables and discount rate used by GTI experts for the TEA.)
5.5.1

Assumptions specific to AD + CoolLPG

AD capital costs were estimated from previous studies (Urban, W. et al., 2008; Mucyo,
S., 2013). A linear cost-capacity scaling factor for the AD plant was assumed based on data for
a 90% solids agricultural residue AD facilities (Urban, W. et al., 2008).
The biomethane production of waste was assumed to be 65 m 3 per tonne of waste,
based upon experimental data obtained for MSW representative of that obtained from Kigali
City, Rwanda (Mucyo, S., 2013). Biogas entering the CoolLPG process was assumed to be 46
wt% CH4 (70 mol%), and the rest was assumed to be CO2.
H2S and other poisons were assumed to be at typical biogas level and removed by a
guard bed before the CoolLPG process. The water produced by the CoolLPG reactions is
recycled to the feed stream and mixed with biogas before the reformer.
Process energy requirements for CoolLPG were calculated in HYSIS. The biogas heating
value was taken to be 600 BTU per SCF with a biogas density of 1.2 kg/m3. Steam electrical
turbine efficiency was assumed to be 40%; however, enough waste heat is available that a
lower efficiency could have been chosen without impacting the analysis.
For the three plant scales, the following labour assumptions were used: 25 KT/a – 22
people, 10 KT/a – 18 people, 5 KT/a – 14 people.
The bare material costs were estimated in a number of ways. The following factors
were used when converting from bare materials costs to the total capital requirement (“TCR”),
based upon estimates for similar processes (Jones, S. and Zhu, Y., 2009).
Table 18. Total capital requirement factors for AD + CoolLPG plant
Total purchased equipment cost (TPEC)
Purchased equipment installation
Instrumentation and controls
Piping
Electrical systems
Buildings (including services)
Yard improvements

% of TPEC
100%
39%
26%
31%
10%
29%
12%
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Total installed cost (TIC)
Indirect costs
Engineering
Construction
Legal and contractor fees
Project contingency
Total indirect
Total capital requirement (TCR)
5.5.2

% of TPEC
247%
32%
34%
23%
37%
126%
373%

Assumptions specific to IH2

The total capital requirement for IH2 was based off a previous in-depth study (GTI,
2015). The plant cost was scaled using a capacity (feed basis) index of 0.6 on the basis of
previous reports for IH2. The study assumes a case where electricity is taken from the grid but
the IH2 plant is not adjacent to a refinery and thus requires a hydrogen and separation plant
costs.
The selling price of gasoline was estimated at US $800/t. The mass yield of gasoline
and LPG from MSW feedstock was estimated at 25% and 20%, respectively. 20% LPG yield is
slightly higher than previously reported, but it is assumed here that the process is optimised
towards LPG production as opposed to previously reported cases where longer chain
hydrocarbons were targeted.
For the three plant scales, the following labour assumptions were used: 25 KT/a – 22
people, 10 KT/a – 20 people, 5 KT/a – 18 people.

Sustainability considerations
According to the World Bank, 900 million households in SSA still rely on traditional
cookstoves, burning traditional fuels such as charcoal and wood, to the detriment of health
and the environment (World Bank, 2014). In many developed countries, concerns about the
depletion and costs of fossil fuel resources, the climate change forcing emissions from fossil
fuel combustion and a need to develop alternative markets for agricultural outputs, have been
key drivers in efforts to promote renewable bioenergy as a replacement for fossil fuels. This
has led to a proliferation of policies to support the inclusion of liquid biofuels (bioethanol and
biodiesel) to supplement road transport fuels, biomass use to replace coal for the production
of electricity and biogas to supplement natural gas (Black et al., 2011).
In SSA, emphasis has been placed on replacing traditional solid fuels for cooking and
some countries have developed biofuels policies (Jumbe et al., 2009; Henley and Fundira,
2019). The promotion of bioenergy has led to significant concerns about the sustainability of
using forest and agricultural crop biomass, and has resulted in the development of metrics,
standards and certification schemes to assess the sustainability of bioenergy systems.
Some of the main sustainability concerns for the use of biomass are:
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GHG emissions associated with the production and use of bioenergies should not
exceed emissions associated with the fossil fuels they are replacing (e.g. the use of
fertilisers for dedicated crop production can contribute significantly to life cycle GHG
emissions);



Loss of carbon stock and biodiversity from virgin lands harvested for biomass, or
converted to biomass/agricultural crop production systems;



Activities associated with the production of biomass feedstocks do not deplete soil
productivity or water resources;



The use of food crops for bioenergies does not lead to competition for food (this
should also consider biomass residues which may be used as animal feed and may be
a cheap/free resource for farmers);



Competition for use of biomass marginalises traditional users who may be overlooked;
and



Land development for agricultural crops which may be used as biofuel feedstock
leading to challenges to land ownership/rights and the unfair or illegal displacement
of local communities.

Many of the policies (e.g., the European Renewable Energy Directive (and RED II)
(European Commission, 2009; 2018)) developed for the promotion of bioenergies also require
reporting on the environmental and social credentials of the supply chains which feed into the
fuel mix.
Metrics such as Life Cycle Assessment are used to quantify GHG emissions, whilst
standards have been written to define the sustainability characteristics (e.g., ISO
14001/14040/14044). Certification of feedstock has also become an integral part of
demonstrating sustainability and are often feedstock or industry specific (e.g., FSC, Bonsucro,
RSPO, Red Tractor to name a few).
The Global Bioenergy Partnership (www.globalbioenergy.org) and The Roundtable on
Sustainable Biomaterials (RSB) (http://rsb.org) have developed systems to assess sustainability,
and are considered the ‘gold standard’ by many NGOs. The RSB principles are given here as an
example of what is recommended to be considered when sourcing biomass for bioenergy
applications (see Table 19). It is noted however that these schemes are to demonstrate
sustainability in the countries in which bioenergies are sold; they see less uptake in African
countries, which have almost no requirement to demonstrate the sustainability of bioenergies,
either traditional or those that are being developed. It is also noted that these certification
schemes are more specifically related to dedicated crops and residues. If biomass is
demonstrably a waste by-product of an existing industry or activity, it is viewed more favourably.
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Table 19. Roundtable on Sustainable Biomaterials Principles
Principle 1: Legality
Principle 2: Planning,
Monitoring and Continuous
Improvement
Principle 3: Greenhouse Gas
Emissions
Principle 4: Human and
Labour Rights
Principle 5: Rural and Social
Development
Principle 6: Local Food
Security
Principle 7: Conservation
Principle 8: Soil
Principle 9: Water
Principle 10: Air quality
Principle 11: Use of
Technology, Inputs, and
Management of Waste
Principle 12: Land Rights

Operations follow all applicable laws and regulations
Sustainable operations are planned, implemented and continuously
improved through open, transparent and consultative impact assessment
and management processes and economic viability analysis
Biofuels contribute to climate change mitigation by significantly reducing
life-cycle GHG emissions as compared to fossil fuels.
Operations do not violate human rights or labour rights, and promote
decent work and the well-being of workers
In regions of poverty, operations contribute to the social and economic
development of local, rural and indigenous people and communities
Operations ensure the human right to adequate food and improve food
security in food insecure regions
Operations avoid negative impacts on biodiversity, ecosystems, and
conservation values
Operations implement practices that seek to reverse soil degradation
and/or maintain soil health
Operations maintain or enhance the quantity of surface and groundwater
resources, and respect prior formal or customary water rights
Air pollution shall be minimised along the whole supply chain
The use of technologies shall seek to maximise production efficiency and
social and environmental performance, and minimise the risk of damages to
the environment and people
Operations shall respect land rights and land use rights

Vegetable oil, tallow and used cooking oil as feedstocks for the HVO route
The three technologies which were selected for deeper review in this Report were
firstly considered in terms of the volumes of potentially available feedstock to support bioLPG
production sufficient to have a material positive impact on the LPG market in each country.
It was immediately apparent that the HVO technology route to bioLPG would not be a viable
option in the desired 5-10 year timeframe. A brief summary of the rationale is given below
for each of the potential feedstocks for this route. Furthermore, as dedicated feedstock crops
(not residues or wastes), the sustainability credentials are in sharper focus.
5.7.1

Vegetable oils

The availability of locally grown vegetable oils in each of the countries is not sufficient
to consider the HVO route to bioLPG. The variety of oilseeds grown in each of the countries
(e.g., oil palm, maize, soy, ground nut, cotton seed, coconut and sunflower oils) are utilised
for food/cooking and are high value “commodity” products. The availability of vegetable oils
is summarised in Table 20 (FAOSTAT, n.d.) and reflects total production for the whole country.
All of the countries also rely on imported vegetable oils, which leads to important
considerations of food security, accessibility and affordability. For each of the country studies,
it is concluded that non-food uses of vegetable oils would not be viewed favourably at this
time, due to competition for the products as a food resource.
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Table 20. Production quantities of processed vegetable oils in the Report focus countries
Country

Processed vegetable oil

Cameroon

Ghana

Kenya

Rwanda
Senegal

Tanzania

Year

Data source

palm oil
palm oil
groundnut oil
cottonseed oil
coconut oil
palm oil
palm oil
groundnut oil
coconut oil
maize oil
sunflower oil
coconut oil
cotton seed oil

Production
quantity (tpa)
253 000
269 000
57 700
21 400
900
121 000
312 530
57 578
9000
13 950
5200
4258
1070

2014
2018
2014
2014
2014
2014
2018
2014
2014
2014
2014
2014
2014

FAOSTAT unofficial figure
FAOSTAT unofficial figure
FAOSTAT unofficial figure
FAOSTAT unofficial figure
FAOSTAT data
FAOSTAT unofficial figure
FAO estimate
FAOSTAT data
FAOSTAT data
FAOSTAT data
FAOSTAT unofficial figure
FAO data
FAOSTAT unofficial figure

groundnut oil
groundnut oil
palm oil
palm oil
cottonseed oil
sunflower oil
maize oil
cotton seed oil
coconut oil
palm oil
groundnut oil

1397
134 400
13 843
16 000
2400
152 850
22 500
20 528
11 400
8603
5892

2014
2014
2014
2018
2014
2014
2014
2014
2014
2014
2014

FAOSTAT unofficial figure
FAOSTAT unofficial figure
FAOSTAT data
FAO estimate
FAOSTAT unofficial figure
FAOSTAT data
FAOSTAT data
FAOSTAT data
FAOSTAT data
FAOSTAT data
FAOSTAT data

Most of the 6 countries have agricultural development programmes in place which aim
to increase productivity (yield) on existing land, as a key target for development. The only
other way to expand production volumes is to expand land areas dedicated to crop
production, by moving into ‘virgin’ lands which are increasingly vulnerable, due to demands
and pressures for natural resources, such as timber, and the desire of certain actors to increase
agricultural production areas.
The oil palm (Elaeis guineensis) is a highly productive and profitable tropical crop,
which is native to West and South West Africa and has a high yield of oil/ha (compared to
other oilseed crops). The crop has seen significant developments in South East Asia, and
Malaysia and Indonesia now dominate the world market for palm oil. However, the expansion
of land for palm oil production has been controversial and has come at the expense of tropical
forests, impacting on above and below ground carbon stock, loss of biodiversity, and
community rights, where land has been appropriated without agreement and local
communities have been moved away from their traditional lands and lifestyles. In Africa,
Nigeria, DRC, Ghana and Ivory Coast are already in the palm oil market with commercial scale
plantations, and palm oil is seen as an opportunity for agricultural development in several
other African countries, including Cameroon and Ghana. Expansion of palm oil growing areas
in Africa is contentious and the trade-offs for expanding growing areas could be significant in
sustainability terms (WWF, 2012).
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Novel oilseed crops have also been studied with a view to developing new oilseed
sources for the production of biofuels. Perhaps the most notorious is jatropha (Jatropha
curcas L.), which, as a tropical non-edible oilseed, was widely promoted as a biodiesel
feedstock. Since the plant is seen to grow in arid and semi-arid conditions, it was considered
something of a solution to provide oilseed feedstock as it could apparently grow anywhere,
without the need for irrigation and fertilisers and without competing with land for food crops
(Edrisi et al., 2015). However, like all plants, growing on a commercial scale requires a
significant degree of research to maximise yields and, despite widescale interest across Africa,
jatropha programmes have universally failed and there is no jatropha oil available
commercially at the scale required.
Africa is undoubtedly in need of and entitled to develop its agricultural systems
profitably, and much interest is being paid to new systems of sustainable and climate smart
agriculture (FAO14, 2020).
A study by WWF (2019) recognises African agriculture objectives and notes that the
production of feedstock for biofuels may also be a feature of agricultural expansion. The study
takes a multi-criteria approach to land use for food and forestry which preserves natural
habitats, following the sustainability criteria set out for biomass by the Roundtable for
Sustainable Biomaterials. It estimates future potential for palm and jatropha for use in the
production of Sustainable Aviation Fuels. However, the outlook for the study is out to 2050,
and does not foresee the feedstocks necessary to justify focus on the HVO technology route
within the 2030 timeframe proposed for this Report.
5.7.2

Tallow and used cooking oil (UCO)

Tallow (brown and yellow grease) and UCO are viable feedstock options for the
production of HVO. These are already utilised in the production of methyl esterified biodiesel
and are seen as lower impact in terms of GHG emissions as they are characterised as waste,
and do not carry the environmental production burden of dedicated oilseed crops.
Tallow is composed of the rendered fats of animal carcasses and is a by-product of the
livestock industry, and its use helps to maximise the value of the intensive livestock systems
employed in many parts of the world. However, tallow production is not a feature of the
livestock industry in any of the 6 focus countries in this Report. Animal waste from
slaughterhouses is treated as a waste and is sent to land fill or is incinerated. Estimated
volumes for tallow potential in Nairobi, Kenya (approximately 14,000 t) (Kinyanjui et al., 2016)
suggest this is not a viable amount of feedstock at the proposed scale of bioLPG production.
Developing tallow as a feedstock would also require investment in rendering facilities at
centralised points, which would also add to the logistical burden for obtaining sufficient
feedstock and require changes in market structures and practices.

14

www.fao.org/climate-smart-agriculture/en/
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UCO is at first blush an attractive option as a biofuel feedstock as it is also a means of
recycling a waste which is considered an environmental burden otherwise. However, the
review of country specific sources showed that UCO would not be available in significant
quantities and collection issues will be hard to overcome at the scale required. Small scale
local uses of UCO are more likely and entrepreneurial initiatives already exist in this direction,
e.g., a Douala-based company in Cameroon, GIC Bellomar, currently diverts UCO from hotels
and restaurants to produce soap and other detergents (VoAnews, 2019) and in Nairobi, Kenya,
a company called Zijani makes biodiesel for local use (www.zijani.com).

Understanding MSW as a feedstock
MSW is a key potential feedstock. However, the level of information available on MSW
and its management is variable, and there is a general lack of experience in each country of
waste sorting and treatment. Guidance and additional data have therefore been sought from
the international literature. The following is used to support the background rationale for the
scenarios developed, and to fill gaps in specific assumptions.
5.8.1

MSW separation and sorting

MSW is a changeable mixture of food waste, garden waste, plastics, paper, metals,
wood, glass and sometimes construction wastes. Globally, approximately 37 percent of waste
is disposed of in some form of a landfill, but just 8% of that is disposed of in a sanitary landfill
with landfill gas collection. Open dumping accounts for approximately 31% of waste, 19% is
recovered through recycling and composting, and 11% is incinerated for final disposal. 93% of
waste is dumped in low-income countries, with value recovery through material recycling and
energy-from-waste generally the preserve of high-income countries (Kaza et al., 2018).
However, there are strong drivers, economic, environmental and social, to improve waste
management practices and increase value recovery in every country.
Waste can be collected from households and businesses (or from bins adjacent to
them) as mixed waste, or the waste producers can be asked to separate different materials
into several categories, such that those materials can be kept separate during collection and
transport, facilitating value recovery. Separation at source is becoming the norm in richer
countries, underpinning the higher levels of value recovery mentioned above. For the target
countries, separation at source is a clear government interest, and various initiatives have
been pursued, but with limited success (Kabera et al., 2019) (Kabera et al., 2019; Miezah et
al., 2015).
Mixed collection and transport can be followed by centralised sorting and recycling of
appropriate waste fractions, seeking to minimise the residual waste that requires disposal,
and to extract value in terms of recycled materials and/or materials going to energy recovery.
Metals, glass and construction waste components are incombustible and offer no value for
energy recovery: they are thus usually physically separated out (Sipra et al., 2018).
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Refuse derived fuel, solid recovered fuel and secondary fuel are terms used for fueltype products derived from MSW and which are usually targeted towards combustion (Stapf
et al., 2019). To maximise efficiency of use, their preparation may include additional process
steps to standardise their composition and form, such as forming into pellets, but essentially
these are sorted wastes. Sorting and waste preparation can be undertaken with a mixture of
mechanical and manual processes, including refuse bag opening, sorting and shredding into
smaller particle sizes.
A generic term for the sorting, processing and recycling stage is a Material Recovery
Facility (MRF). (Wheeler et al., 2002) distinguish between a “dirty” MRF that handles unsorted
MSW and a ‘clean’ MRF that receives mainly source-separated waste streams. They note that
the materials recovered in a dirty MRF will be less clean than those recovered from sourceseparated wastes, largely due to contamination from food waste. MRFs range from lowtechnology systems mainly using manual hand-picking to high technology facilities with
multiple automated stages, sensing and extracting individual material types. Stapf et al.
(2019) analysed existing waste treatment facilities in Italy and Germany. For Germany, they
found that the mechanical treatment to produce some 200,000 tonnes per year of secondary
fuel cost around € 2,092,480 per year, and based on various uncertainties suggested a range
of treatment costs from € 5.00–15.52/t.
5.8.2

Processing costs and gate fees

A “gate fee” or “tipping fee” represents a payment (usually per tonne) made by the
local waste authority to a provider of waste management services (Hogg, 2001). For waste
disposal, this would normally represent the fee paid to a landfill site operator to take bulk
MSW or residues from other processes. However gate fees are also used to refer to the fee
paid to intermediate service providers in the waste management chain, such as at an MRF or
the operator of an energy-from-waste facility.
Hogg (2001) notes that gate fees may be set to cover the costs of treating the waste
delivered by the local authority, but it may equally be lower or higher than that, for example
reflecting expectations of other revenue streams. Hence it is difficult to use reported gate fees
as a proxy for the cost of a waste management activity. Landfill gate fees are reported for
Rwanda for example to be approximately US $1/t, but these are estimated to cover only 13%
to 23% of the total costs of operating the landfill, with the shortfall covered by the municipality
(Rajashekar et al., 2019). A meaningful, long-term gate fee would be a significant contributor
to an attractive IRR for Funders (see note (b) in the Best (Low) case in Table 14 on page 73).
Instead of relying on reported payments, the costs of waste sorting have been
estimated based on analysis in the international literature. Pressley et al. (2015) developed a
process model to represent both clean and dirty MRFs. The cost per tonne input for each MRF
type includes costs for the purchase and maintenance of equipment, labour, energy, and the
costs associated with land procurement and building construction: land and building costs
together make up the largest fraction of the total, ranging from 49% to 62%. Pressley’s
estimate of the cost of a “dirty” MRF is US $23.6/t.
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Highest and best uses of biogas and its feedstocks
Preliminary analysis was conducted comparing (a) number of households whose
cooking needs could be served by the electricity that could be generated by use of the feedstock
converted by AD, versus (b) number of households whose cooking needs could be served by
bioLPG produced from the same amount of feedstock. The analysis indicated that the resulting
bioLPG would serve approximately twice the number of households for cooking as the resulting
electricity, with similar capital and operating costs (see Table 21 below).
Two CHP plants were used for the comparison, a 12.1 MW plant operating in Saudi
Arabia (Hadidi and Omer, 2016) and a 6.2 MW plant operating in China (GMI, 2016).
Additional points in favour of using biomass as feedstock for production of bioLPG
include the following: (a) there are many fuel alternatives, both green and fossil, for
generating electricity; and (b) there are few feedstock alternatives that can presently be
considered for producing economically feasible, green LPG for cooking.
Table 21. Comparison of CHP and bioLPG plants—investment, feedstock use and impact
Project
CapEx Feedstock
Output volume
HH served for HH per KT of
(US $mm)
(KT/a)
cooking15
feedstock
Rwanda MSW to
26
270
LPG: 10 KT/a
125,000
463
AD+CoolLPG [E]
China CHP [A]
26.5
216 Power: 6.2 MW
72,000
333
Saudi Arabia CHP [A]
52.9
850 Power: 12.2 MW
142,000
167
[A] Actual values

[E] Projected values

HH: Households

Biogas upgraded to commercial quality methane could also be sold for use as
reticulated fuel (that is, gas delivered via piping networks) or as compressed natural gas (CNG).
These alternatives have not been widely deployed or planned in SSA countries to date, due to
the very high infrastructure costs of piped networks and high transport and storage costs, and
low energy density, of CNG.

15

For CHP, cooking energy needs are estimated to require approximately 2 kHw per household per day
(Batchelor, S., MECS, pers comm, 2020). For LPG, cooking energy needs (in Rwanda) are estimated to require
approximately 19 kg per capita per year (.052 kg/capita/day) (GLPGP, pers comm, 2020), with an average
household size of 4.3 (UN, 2017).
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Pilot project process choices
The pilot project process choices were based on readiness of processes for
implementation at scale, to produce LPG. Chemical reforming processes using biogas or
pyrolytic gas as feedstock and aiming at substantial production of propane and / or butane
are generally not well-developed.
Although a considerable number of research and development efforts are ongoing in
regard to identifying and proving economically feasible, robust pathways to green propane,
there are no well-developed processes that produce green butane, except two: CoolLPG and
IH2, both developed by GTI, the technical experts for this Report. Cross-checks with
comprehensive, non-GTI evaluations of global research into bioLPG processes confirm the lack
of biobutane research efforts (cf. Atlantic Consulting, 2018, and Johnson, 2019). Therefore,
this Report has selected the CoolLPG and IH2 processes for use in its recommended pilot
projects.
GTI is a non-profit research organisation, which is the result of a merger between the
U.S. Government gas research laboratories and the U.S. natural gas industry cooperative
research organisation. It develops technical findings and makes them available to the public
as a public good or to commercial licensees in certain cases. The IH2 process has been licensed
from GTI by Royal Dutch Shell for world-wide use.
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5.12.1

The Global LPG Partnership
Mr Kimball Chen, Chairman
Mr Chen is a global industry statesman in the LPG and LNG sectors, with more than 40 years of
experience as a CEO, investor, former President of the World LPG Association (the global LPG
industry association), and senior LPG and LNG sector advisor to governments and international
institutions. He founded GLPGP in 2012, at the request of the UN.

Mr John Hauge, CFO
Mr Hauge has extensive experience overseeing the financial aspects of African national LPG
master plans. He was Chief Financial Officer of the Inter-American Development Bank and
previously served as a Deputy Assistant Secretary in the U.S. Treasury and as a senior private
sector financial executive in major financial and industrial companies.

Mr Derek Saleeby, Senior Advisor, Finance
Mr Saleeby is expert in impact investing, development finance, global investment banking,
commercial banking and fund management. He focuses on arranging blended capital for
developing country projects. He has led financial viability assessment, structuring and planning
for LPG projects and companies in multiple African countries.

Mr Alex Evans, Senior Advisor to the Chairman
Mr Evans has served 30 years in CEO, COO/CFO and other senior roles in the energy,
technology and distribution sectors. He served 12 years on the Industry Council of the World
LPG Association, co-authored the industry textbook on LPG sector development in emerging
markets, and has led national-scale LPG master planning in multiple African countries.

Mr Renzo Bee, Chair, Policy, Regulation & Development Advisory Group
Mr Bee has served 40 years in senior oil and gas sector positions. He is recognised as the
leading expert on LPG development and market models. He formerly served 14 years as the
global head of LPG at energy major Total, with responsibility for Total’s LPG activities in over
50 countries and competitive and market knowledge for 90 countries.

Dr Elisa Puzzolo, Director of Research, Monitoring and Evaluation
Formerly with the World Health Organisation, since 2014 Dr Puzzolo has led GLPGP’s research
collaborations with independent research institutions and the development of the global
evidence-base for LPG’s role in achieving the SDGs. She is also a Senior Research Fellow at the
University of Liverpool, where she co-directed the CLEAN-Air(Africa) Global Health Research
Group. She is GLPGP’s liaison to MECS.
5.12.2

GTI
Dr Patrick Littlewood, Principal Scientist
Dr Littlewood is a Principal Scientist with almost a decade of research experience, specialising
in catalysis for natural gas conversion. He has prior engineering experience in bio-oils
production/processing.
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Ms Terry Marker, Senior Institute Engineer and Bioenergy Initiatives Manager
Ms Marker has over 45 years of experience in oil and gas conversion technology and
bioconversion. She has 71 U.S. patents, hundreds of foreign patents, and has substantial
experience commercialising processes which convert vegetable oil, grease, tallow and biomass
to fuels such as gasoline, renewable diesel, and renewable propane.

Dr James Seaba, Senior Director for Technology Development
Dr Seaba oversees technology evaluation and maturation at GTI. He has 30 years in research
and development of innovative energy technologies in the oil and gas, aerospace and
automotive industries. His research has focused on green and renewable energy technology,
including synthetic fuels and gasification. He holds 11 U.S. patents.

Ms Sekar Darujati, process engineer
Ms Darujati is a professional engineer with more than 17 years of experience in energy-related
industry. She specialises in process engineering and design of hydrocarbon processing and
biomass conversion technologies.

Dr Ron Stanis, process engineering group lead
Dr Stanis has over 15 years in clean energy technology research including fuel cells, batteries,
redox flow batteries, ammonia synthesis, natural gas conversion, and biomass gasification. He
now leads GTI’s process engineering group and coordinates GTI’s gas conversion strategic
initiative.
5.12.3

University of Surrey and partners
Prof. Matthew Leach, University of Surrey, overall coordination
Professor of Energy and Environmental Systems in the Centre for Environment and
Sustainability at the University of Surrey. He has more than thirty years research and consulting
experience in systems analysis for sustainability appraisal of energy and waste systems; and in
energy policy analysis and advice. An expert in sustainable energy systems analysis and policy,
with special interest in clean cooking. He has led studies for the UK government on renewable
aviation fuels and on low carbon technologies, and a recent research project on biogas for
cooking in Africa.

Dr Mairi Black, University of Surrey, feedstock lead
Research fellow at the University of Surrey and at University College London. She is a Life Cycle
Assessment and Sustainability practitioner with over 25 years of industrial and academic
experience in global sourcing and the applications of plant, agricultural and forestry materials
for non-food uses, including feedstocks for bioenergy and associated land use issues.

Dr Onesmus Mwabonje, Imperial College, feedstock contributor
Research Fellow at Imperial College London’s Centre for Environmental Policy (CEP). He has
combined academic and industrial experience in analysis of supply chains for biochemicals and
bioenergy in both EU and East Africa policy contexts. He has consulted on production of
biodiesel from jatropha.

Prof Richard Murphy, University of Surrey, feedstock expert review
Director of the Centre for Environment and Sustainability; he is a plant scientist with expertise
in the bio-based economy and life cycle assessment. He has been at Surrey for 7 years, after
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25 years as an academic at Imperial College London, TNO Delft and FRI New Zealand. He a past
President of the Institute of Wood Science, is a member of the UK Government’s Hazardous
Substances Advisory Committee, and recently advised the UK Climate Change Committee on
LCA for bioenergy systems.

Dr Meron Tesfamichael, University College London (“UCL”), national capacities lead
Research Fellow at the Department of Science, Engineering, Technology and Public Policy, UCL.
Her research and government and institutional advisory work focuses on combining technical,
policy, institutional and behavioural elements to facilitate household access to clean,
sustainable and affordable energy in Sub-Saharan Africa.

Prof Yacob Mulugetta, UCL, national capacities expert review
Professor of Energy and Development Policy at the University College London. He is a founding
member of the African Climate Policy Centre (ACPC) at the UN Economic Commission for
Africa, where he worked as Senior Climate & Energy Specialist. He has 25 years of research,
teaching and advisory experience specialising on the links between energy infrastructure and
human welfare. He is a lead author for the IPCC on Mitigation and served in the drafting team
of the African Renewable Energy Initiative.

U. Surrey African partners, supporting U. Surrey’s work
Prof Francis Kemausuor (Director of the Brew-Hammond Energy Centre, Kwame Nkrumah
University of Science and Technology, Ghana) has expertise in bioenergy technology, energy
planning and energy policy. Amongst others, he has consulted or managed projects for UNIDO,
UNDP, the European Union Energy Initiative’s Partnership Dialogue Facility and the Ghana
Energy Commission.
Dr Rocio Diaz-Chavez (Deputy Director for Research, Stockholm Environment Institute, Kenya)
has extensive experience in sustainability assessment and environmental management tools
and methodologies, focused in deployment of bioeconomy, land use and natural resources.
She formed part of the FAO’s expert group for the Global Bioenergy Partnership and
contributed to ISO’s development of the Bioenergy Standard.

139

