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EXECUTIVE SUMMARY  

NIRAS -LTS partnered with Aston University, E4tech and AIGUAS OL to research the 

opportunities and constraints for bioenergy development in sub -Saharan Africa (SSA) 

across seven shortlisted industries, through five interlinked themes: biomass 

resources, technology, economic competitiveness, commercial viability and 

institutional, market and regulatory frameworks. This report, the seventh  in the 

series, focuses on the bioenergy opportunities in the sisal processing sector in Kenya . 

Kenya is the worldôs third largest sisal producer, producing about 25,000 t of sisal 

fib re per year, of which 95% comes from ten large estates. AD based on sisal 

processing residues can be used to generate electricity and ensure safe waste 

management. However, only one estate  in Kenya , Kilifi Plantations Ltd. (KPL), has 

invested in AD for biogas -based electricity generation.  

Resource assessments indicate that sisal processing residues, mainly in the form of 

moisture - rich pulp from the decortication process, are plentiful, readily accessible , 

lack  competing uses  and present a waste manageme nt problem for processors,  

making them an ideal feedstock for AD-based electricity generation . There are also 

opportunities to valorise the AD digestate as a fertiliser . 

However , technology is a significant constraint to the wider adoption of AD in Kenyaôs 

sisal sector. Most of the European  technology providers who have supplied AD 

equipment to African clients, including to two sisal processors  in East Africa , have 

installed only one plant , indicating a small and immature market for this technology. A 

lack of diverse, Africa - focused commercial experience, and the absence of local supply 

chains for equipment, servicing and spares, means that other potential developers 

lack confidence in the reliability and performance of sisal -based AD systems . The h igh 

cost of turnkey Europe an systems is a further deterrent to investment.  

An economic assessment of KPLôs AD plant indicates that the cost of electricity from 

the plant  is currently higher than that of electricity  from the grid . Technical challenges 

linked to a power factor penalty applied by Kenya Power  (the national utility) , 

together with the inability of small - scale generators to access feed in - tariffs (FiT)  and 

the low rates of those FiTs, deter the project ôs owners from ut ilising all the ir  available 

waste to maximise power production. The commercial case for replication of the Kilifi 

venture based only on avoided costs of sisal waste disposal  and  the opportunity to 

meet onsite electricity requirements is weak . There are che aper forms of waste 

treatment available to sisal estates. Economic viability depends on the ability to feed 

surplus power into the grid at viable tariffs . This is currently not possible due to a lack 

of interest in electricity procurement from biomass -base d bioenergy on the part of 

Kenya Power , resulting in  technical and regulatory barriers and unattractive FiTs that 

make investment in bio -electricity from sisal financially un viable.  

In sum, while sisal estates have abundant residues suitable for AD and internal 

demands for electricity that could be met using biogas -based power generation, 

adoption of AD in the sector requires lower equipment costs from locally adapted 

technologies alongside stronge r policy and regulatory support to deliver more 

attractive FiTs , strengthe n the grid in rural areas to offtake electricity from small 

power producers  and  fully enforce waste treatment an d disposal regulations.
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1  I NTRODUCTION  

NIRAS -LTS partnered with Aston University,  E4tech and AIGUASOL to implement a 2-

year project  -  óBioenergy for Sustainable Local Energy Services and Energy Access in 

Africa -Phase 2ô (BSEAA2). BSEAA2 was part of the Transforming Energy Access (T EA) 

programme, which is funded with UK aid from the UK government. TEA is a research 

and innovation platform supporting the technologies, business models and skills 

needed to enable an inclusive clean energy transition. TEA works via partnerships to 

suppor t emerging clean energy generation technologies, productive appliances, smart 

networks, energy storage and more. It increases access to clean, modern energy 

services for people and enterprises in sub -Saharan Africa  (SSA) and South Asia, 

improving their liv es, creating jobs and boosting green economic opportunities.  

BSEAA2 was intended to identify and support the development of innovative, 

commercial bioenergy pathways and technologies to accelerate the adoption of 

bioenergy in SSA. Building upon BSEAA Phase 1, which took place in 2016/17, the 

second phase focused on opportunities for the development of anaerobic digestion 

(AD) and combustion for electricity and/or heat generation in the range 10 kW to 5 

MW, with a Technology Readiness Level of 5+. That is, technologies that had been 

successfully piloted in a representative commercial setting.  

The research team investigated the challenges and opportunities affecting the 

commercial deployment of these technologies in ten focus countries in SSA (Ethiopia, 

Ghana, Kenya, Mozambique, Nigeria, Rwanda, South Africa, Tanzania, Uganda and 

Zambia), investigated through six relevant themes: biomass resources, technology, 

economics, business models, institutional, market and regulatory frameworks, and 

gender and inclu sion (G&I). The research targets bioenergy entrepreneurs, investors 

and policymakers, aiming to catalyse action for the further development of 

commercial bioenergy in SSA.   

Commercial opportunities and constraints for bioenergy development were assessed 

within seven shortlisted industries, referred to as ódemand sectorsô. These demand 

sectors and their associated bioenergy pathway and focus countries are presented in 

Table 1-1. This report, the seventh in the series, focuses on the AD opportunity in the 

sisal processing industry in Kenya.  

Table 1-1. Shortlisted demand sectors for BSEAA2 research  

No.  Demand sector  Biomass resource  Technology  Country  

1 
Cement 
manufacturing  

Biomass residues, part -
replacing fossil fuel  Combustion 

for heat  

Nigeria  

2 Tea processing  
Biomass briquettes, part -
replacing fuelwood  

Kenya  

3 Wood processing  Wood processing residues  
Combustion 
for CHP  

Tanzania  

4 Palm oil processing  Palm oil mill effluent  

AD for CHP  

Ghana  

5 Horticulture  
Fruit & vegetable 

processing residues  
Kenya  

6 Dairy  Cattle manure  South Africa  

7  Sisal processing  
Sisal processing 
residues  

AD for 
electricity  

Kenya  



 

 

 September 2021   www.ltsi.co.uk  

2 

2  METHODOLOGY  

2.1  OVERALL METHODOLOGY  

During a 6 -month preliminary assessment (2019 -20), the research team screened a 

range of bioenergy ópathwaysô in SSA involving AD or combustion, comprising a 

specific biomass feedstock, conversion technology, end use and demand sector. The 

aim was to identify the most promising pathways for the adoption of bioenergy -based 

combustion or AD across the target countries, for which the existence of at least one 

operational venture c ould be verified. This resulted in the shortlisting of the seven 

priority demand sectors in five countries. During the following 12 months (2020 -21), 

these demand sectors were investigated in detail across the five research themes, to 

explore the experienc es of both adopters and non -adopters of bioenergy technology.  

Information was gathered from site visits to representative commercial operations and 

from other stakeholders active in bioenergy in SSA, from published literature and from 

partners of the TEA P rogramme, UK Energy Catalyst and Innovate UK. A bibliography 

is in Appendix 1  and a list of people consulted is in Appendix 2 . 

For each Demand Sector, a óBase Caseô and a óBioenergy Caseô were identified: 

¶ The Base Case  refers to the industry standard for energy use in the given 

demand sector in the target country; that is, the default heat, power or 

combined heat and power (CHP) solution used by a majority of similar  

businesses.  

¶ The Bioenergy Case  refers to a specific enterprise (or óflagship projectô) that 

has transitioned to the use of bioenergy for heat and/or electricity generation in 

the target demand sector, using either combustion or AD.  

The Base Case and Bioen ergy Case for the sisal processing sector are defined in Table 

2.1. 

Table 2.1: Base Case and Bioenergy Case for the sisal processing sector  

Base Case  Bioenergy Case  

Sisal processors meeting all 

their electricity requirements 

from the grid  
 

Sisal processors using processing residues to meet 

part of their electricity requirements from AD  

Flagship project: Kilifi Plantations, Kenya  

 

This report analyses the Bioenergy Case flagship project across the six study themes 

of biomass resources, technology, economics, commercial viability ,  governance 

frameworks and G&I to identify the factors that have enabled the adoption of 

sustainable bioenergy. The findings are compared with Base Case examples to identify 

the opportunities and constraints for other enterprises in the same demand sector to 

adopt similar solutions. Based on this analysis, the potential and requirements for 

wider adoption of the Bioenergy Case in the chosen demand sector are assessed, both 

for the target country and for the other BSEAA2 countries.  
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2.2  I NSTITUTIONAL ,  MARKET AND REGULATORY FRAMEWORK ASSESSMENT  

The institutional, market and regulatory framework assessment for AD in Kenyaôs sisal 

sector was based on web -accessed reports, journal articles, news reviews and 

interviews with government, private sector, development part ners and NGO 

informants, which augmented team membersô own extensive experience. 

Consultations took place remotely and in person with representatives of five of 

Kenyaôs sisal estates and with the Energy and Petroleum Regulatory Authority, Kenya 

Power and L ighting Company, the National Environment Management Authority , the 

Fibre Crops Directorate of the Ministry of Agriculture, Livestock, Fisheries and Co -

operatives, and the Renewable Energy Division at the Ministry of Energy, to 

understand the dynamics of e nergy and waste management in the industry . Field 

visits took place to Kilifi Plantations and to Migotiyo Plantations, which provided useful 

insights into practical experiences and investment options for AD. 

2.3  B IOMASS RESOURCE ASSESSMENT  

The objective of th e resource assessment was to determine resource availability, 

bioenergy potential, feedstock - technology interface and mass -energy balance (MEB) 

for the relevant feedstocks in each demand sector, in this case the pulp y residue from 

sisal processing. Existin g data on Kenyaôs sisal sector was used, adopting biomass 

feedstock categories from FAO (2004)  and IEA & FAO (2017) . Country -specific 

resource potential was calculated based on the quantity of sisal produced, the residue -

to -product ratio, the recoverable fraction, the fraction available (considering other 

uses) and its bioen ergy potential (see source data in Appendix 3 ). An MEB model was 

also developed, to simulate the energy system using validated performance and 

efficiency data. Based on the known feedstock inputs of the flagship project, the 

model quantif ies expected material flows and outputs of heat and power under 

optimised performance conditions, allowing replication potential to be estimated based 

on the preceding assessment of the biomass resource.  

2.4  TECHNOLOGY ASSESSMENT  

The objective of the technolog y assessment was to determine the technological 

implications of bioenergy use in each demand sector, in this case for generating 

electricity from sisal residues in Kenya, based on technical considerations and 

practical experiences at the Bioenergy Case fla gship project, Kilifi Plantations Ltd 

(KPL). KPL is currently the only sisal estate in Kenya to have set up an AD plant to 

generate electricity to run its processing facility and sell excess power to the grid. 

Exploring the factoryôs experiences from a technical perspective and interacting with 

other sisal estates (such as Teita Estate and Migotiyo Plantations) enabled the team to 

characterise the current technology and its supply chain landscape, and the 

opportunities and requirements for replication linke d to technology.  

2.5  ECONOMIC COMPETITIVENESS ANALYSIS  

The objective of the economic analysis was to compare energy costs under the Base 

Case and the Bioenergy Case, to investigate potential economic drivers for wider 

adoption of bioenergy in th is demand sect or. A 10 -year discounted cash flow analysis 
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was carried out using an Excel -based Life -Cycle Cost (LCC) modelling toolkit 

developed by AIGUASOL (see Appendix 4 ). 1 The main economic indicator considered 

was the Levelized Cost of Energy (LCOE), in USD/MWh. LCOE comprises CAPEX 

(upfront investment and other amortizable costs), OPEX (personnel, consumables and 

operating costs) and ABEX (abandonment expenditures) . For this  demand sector, the 

LCOE was calculated for electricity only.  The model was also used to perform 

sensitivity analyses considering a range of values for relevant input parameters.  

2.6  COMMERCIAL VIABILITY ASSESSMENT  

The objective of th is assessment was to deter mine the commercial case for bioenergy 

in each demand sector, the factors affecting its successful adoption at the flagship 

project and the potential for wider uptake in the same sector, based on barriers, 

enablers, market potential and finance. The Bioene rgy Case at KPL was first analysed 

to identify the require ments  for commercial success linked  to supply chain ownership, 

demand for electricity and factors such as waste disposal and financing. Information 

was obtained from stakeholder interviews , literatu re review  and a site visit . This was 

followed by an analysis of the wider commercial potential for AD within the sisal 

sector, analysing barriers and enablers for supplying heat and electricity under various 

scenarios. Taken together with an assessment of market size and conditions, the 

barrier analysis gave an indication of wider market potential. Finally, potential sources 

of finance and their relevance for bioenergy projects such as this were assessed.  

2.7  GENDER AND INCLUSION ASSESSMENT  

The objective of the  gender and inclusion research was to identify G&I - related issues 

in each demand sector, and to highlight potential areas for improved awareness, 

inclusion and participation of women. The research framework was adapted from a 

UNDP (2004)  toolkit,  and was structured around: access to assets; beliefs and 

perceptions; practices and participation; and institutional laws and policies. The 

research focused mainly on the production and supply of feedstocks and, where 

applicable, the bioenergy conversion process. A literature review was also carried out, 

and further information was gathered through interviews with informants working in 

G&I and at the flagship project.  

2.8  MULTI -CRITERIA ANALYSIS  

A multi - criteria analysis (MCA) was carried out to summarise the degree to which each 

the studyôs five thematic strands are conducive or detrimental to the adoption of the 

particular bioenergy solution in each demand sector. Each theme was given an 

average óscoreô from 1 to 10, based on the degree to which various sub - factors under 

each theme make a positive contribution (high score) or act as an impediment (low 

score) to the viability of the Bioenergy Case. The MCA results are presented in the 

concluding chapter as a multi -point spider diagram, to provide a graphical summary of 

the factors most likely to support or impede successful adoption of bioenergy in the 

demand sector in question. The input data for the MCA are in  Appendix 5 .  

 

110 years is a standardised period chosen for economic analysis based on an averaging of longer periods generally applicable 
for sustainability assessments and shorter periods applicable for investors consideration, and is not necessarily indicative of 
the functional lifetime of a particular project.  
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3  OVERVIEW OF THE SISAL  SECTOR  

3.1  SECTOR LANDSCAPE  

Kenya is the worldôs third largest sisal producer  (Figure 3.1) and is estimated to 

produce an average of 25,000 t  of brushed, baled sisal every year , of which  over 90% 

is exported (Fibre Crops Directorate, 2 019; WGC Services, 2020) . Sisal grows well on 

most free -draining soils, including in arid regions unsuitable for many other crops, 

though has low tolerance to water - logging and salinity (FAO, 2020) . It is a perennial 

crop grown in 12 -16 year cycles, with leaf harvesting possible from the second year 

onwards (FAO, 2020) . 

The value of Kenyaôs sisal industry has grown by an average of 5% p.a. since 2005, 

accelerating to over 7% p.a. today, due to rising global demand for natural and 

recyclable fibre (ibid .).  Kenyan sisal is known for its quality and is used in high -value 

products such as woven materials, robes, interior design, high quality yarns, 

construction and car manufacturing (FAO, 2017; Phologolo et al., 2012) . 

 
Figure 3.1. Top-5 sisal producers (FAO, 2021)  

About 95% of Kenyaôs sisal comes from ten large estates ( Figure 3.2) and the balance 

from some 10,000 outgrowers and smallholders. The Governent of Kenya, through the 

Fibre Crops Directorate (FCD) of the Ministry of Agriculture, Livestock , Fisheries  and 

Cooper atives , is putting considerable effort into encouraging more smallholder sisal 

production.  
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Figure 3.2: Locations of sisal estates in Kenya (Source: authors ô compilation)  

The plantation areas and sisal output of the ten leading estates for the production 

year 2019 are summarised in Table 3.1. 

Table 3.1. Plantation area and annual output of large sisal estates in Kenya , 2019  

Name of estate  County  
Plantation area 

(ha)  

Sisal 
production 

(t/yr)  

1.  Teita Estate  Taita Taveta  10,000  7,952  

2.  REA Vipingo Dwa  Makueni  5,288  6,775  

3.  REA Vipingo Plantations  Kilifi  3,583  4,334  

4.  Majani Mingi Sisal Estates  Baringo  688  

2,333 2 5.  Lomolo  Baringo  1,356  

6.  Athinai Sisal Estate  Nakuru  818  

7.  Agro Processors International  Kwale  5,263  2,282  

8.  Migotiyo Plantations  Baringo  2,400  1,689  

9.  Kilifi Plantations  Kilifi  380  348  

10.  Voi Sisal Estate  Taita Taveta  1,924  n/a 3 

Total:  25,713  

Sources : K. M. Lubanga, personal communication, 29 September 2020; REA Vipingo  (2020)  

 

2 Processing of sisal from Lomolo, Athinai and Majani Mingi all takes place at Majani Mingi, hence, a consolidated figure for 
total production from all three estates in the table.  
3 Voi Sisal Estate was not operating in 2019, so has no production data for  that year.  
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3.2  B IOENERGY IN THE SISAL  SECTOR  

Sisal ( Agave sisalana ) is a species of flowering plant native to central America, and 

now widely cultivated in many  tropical regions. Each sisal plant consists of a rosette of 

thick, fibrous sword -shaped leaves , 1.5ï2 m in length. Fibre is extracted from the 

leaves by a process known as decortication, in which the leaves are crushed and 

beaten by rotating wheels with b lunt knives in a machine known as a corona, to draw 

out the long fibres. The  fibres  are washed, dried on outdoor lines and then brushed, 

graded and baled for sale, while the short fibres and liquid residues, which comprise 

96% of the fresh leaf  mass , are d iscarded in the form of a green, moisture - rich pulp.  

In the mid - to - late -2000s, there was considerable interest in Kenya in exploring the 

use of  AD to generate electricity from agri -processing residues, including sisal wastes. 

The residues and effluent from  Kenyaôs sisal processors have the potential to generate 

more than 20 MW of electricity from AD  (Fischer et al., 2010) . Environmental 

legislation on the treatment and disposal of these wastes provides an additional 

impetus for invest ment  in AD for power production. However, only one sisal 

processor, Kilifi Plantations Ltd. ( KPL) , with support from GIZ (Ger man y), has actually  

made such as investment.  

This demand sector report explores the experiences of KPL with AD fo r elecricity 

generation  in the sisal sector, as the Bioenergy Case flagship project, and the 

opportunitie s and barriers to the wider adoption of this bioenergy technology  by other 

sisal processors in Kenya and the wider region.  

3.3  I NSTITUTIONAL ,  REGULATORY AN D FINANCE FRAMEWORK  

3.3.1  Institutional  framework  for the sisal sector  

The institutional set up for Kenyaôs sisal sector includes both private sector players 

and government bodies ( Figure 3.3).  While the private sector focuses on sisal 

production , processing  and export , g overnment bodies are  responsible for licensing, 

policy , quality assurance, employment regulation  and export faci litation . 

 

Figure 3.3: Institutional framework for Kenyaôs sisal sector (Source: authors ô compilation)  
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Every sisal estate is licensed by t he FCD, which is the main support and regulatory 

body for the sector. The Agricultural and Livestock Research Organization and the 

Industrial Crops Research Institute  both  provide development and capacity building 

support. The Kenya Plant Health Inspectorate Service and  the Pest Control Products 

Board  are jointly responsible for setting and enforcing regulations and standards on  

agronomic  quality and hygiene, while t he Kenya Bureau of Standards has developed 

standards specific to the horticulture sector, particularly the  Sisal Industry Code of 

Practice  (2019) , which specifies requirements and recommendations based on good 

practices in carrying out production, sisal leaf processing, storage, inspection, sisal 

fibre processing, transportation and marketing of sisal .   

The National Environment Management Authority (NEMA)  is Kenyaôs paramount 

environmental enforcement agency. NEMA has offices in all 47 counties and is 

responsible for licensing and enforcing regulations concerning air quality , water quality 

and the management,  disposal and utilisation of sisal processing residues .  

The Ministry of Industrialization, Trade and Enterprise Development and the Kenya 

Trade Network Agency are the primary bodies regulating the industrial and 

commercial aspects of the sisal sector.  The Kenya National Chamber of Commerce and 

Industry is a member -based institution that works to protect the commercial interests 

of the Kenyan business community, including the sisal sector. It  has offices in every 

coun ty and its membership includes enterpris es of all sizes.  There are two additional  

private sector associations relevant to the sisal sector : th e Kenya Sisal Growers 

Association  is a loose association of the ten largest growers (Table 3.1) , whose main 

function is to set up the framework for estate owners and estate workers to interact ;  

the Kenya Plantation and Agricultural  Workersô Union represents estate employeesô 

rights and interests, primarily in the sisal, cotton, coffee, tea and pyrethrum 

plantation sectors.  

3.3.2  Institutional and regulatory framework  for bioenergy in the  sisal sector  

The institutional set up for energy  generation in sisal processing includes bodies from 

both the environment and energy sectors  (Figure 3.4) . NEMA is responsible for 

enforcing environmental regulations (in this case on the safe management of sisa l 

processing wastes) and ensuring that environmental impacts of any new 

developments are assessed and mitigated.  Energy sector bodies , namely  the Ministry 

of Energy ( MoE), the Energy & Petroleum Regulatory Authority ( EPRA) , the Kenya 

Power and Lighting Company (KPLC or Kenya Power)  and the Rural Electrification and 

Renewable Energy Corporation , working with the MoEôs Rural Energy Directorate  

(RED), define the framework for bioenergy (particularly electricity )  generation , sales , 

prices , power pur chase agreements and tariffs (particularly feed - in - tariffs) . 
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Figure 3.4. Institutional and  regulatory framework for energy in Kenya ôs sisal sector  (Source: authors ô 
compilation)  

Several policy and regulatory areas relate to the use of wastes from sisal processing, 

including generating electricity  and compressed biogas  for own use and for sale. Most 

of these policies are set and enforced at a national level  by the MoE and the EPRA . 

The EPRA is responsible for regulating electricity (and the use of biogas for energy). 

Generating biogas for self -consumption and/or sale to other parties requires an EPRA -

led óTeam Assessmentô involving the EPRA, NEMA, the Kenya Bureau of Standards and 

relevant county or municipal authorities, with a focus on safety . 

The RED is responsible for renewable electricity policy formulation, review, planning, 

promotion, development, and monitoring and evaluation  of biogas electricity 

generation support through  applicable feed - in tariffs ( FiTs) . It sets eligibility of 

bioenergy  ( including biogas)  projects generating between 200 kW and 10 MW  of 

electricity . Kenya Power  is the off - taker from all power generators on the basis of 

negotiated Power Purchase Agreements (PPAs).  

A new Bioenergy Strategy for 2020 -2027 (Ministry of Energy, 2020)  was released in 

late -2020. The strategy was developed by high - level expe rts from various ministries, 

supported by GIZ, the World Bank, ICRAF and others. It is endorsed by the Principal 

Secretary, MoE, and written by the RED. The Strategy sets the parameters for a policy 

and regulatory framework to support bioenergy development  and highlights various 

bioenergy sources -  including solid biomass fuels (including sisal briquettes and 

agricultural residues, including sisal, for cogeneration) and gaseous biofuels (including 

biogas).  

The Energy  Act of 20 06  provided for the use bioene rgy , specifically biogas,  to 

generate electricity . It expanded the scope of electricity FiTs, which were first 

introduced in 2008  (Republic of Kenya, 2012b) . The Energy Act (Republic of Kenya, 

2019) , which replaced the 2015 Energy Bill  (Republic of Kenya, 2015) , expanded the 

remit of the energy regulator throug h the creation of the EPRA. It also expanded the 

scope for bioenergy generators to sell their electricity to third parties, and to use the 
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national grid to ówheelô renewable electricity from the point of generation to the point 

of consumption , upon payment of a wheeling charge.  

Under the Energy Act (2019), all electricity generators above 200 kW must be 

registered with the EPRA. Those generating 200 kW to 1 MW for their own 

consumption do not require an EPRA licence, but they do require a licen ce for any 

sales to third parties and are required to charge an EPRA -approved tariff for those 

sales. Projects generat ing  more than 1 MW all require licences from the EPRA, 

whether for self -consumption or grid sale. The applicable FiT for electricity gener ated 

from AD is USD  0.10 per kWh (Ministry of Energy, 2012) . 

The FiT process is currently being reviewed for simplification by a national committee 

set up to operationalise third party electricity sales and wheeling on the national grid, 

as authoris ed in the Electricity Act (2019). The EPRA sits on this committee.  

The handling of s isal processing residues is covered by both national and county laws 

and regulations  under the Environmental Management and Co -ordination Act  (EMCA) , 

Chapter 387 (Repub lic of Kenya, 2012a) , primarily enforced by NEMA. NEMA requires 

an Effluent Discharge Licence  (EDL)  for any facility generating effluents that could 

harm ground water, surface water or coastal waters, and effluent tests are required at 

least annually to  ensure compliance. EMCA establishes legal and institutional 

mechanisms for the management of the environment under three sets of regulations, 

namely: (i) Environmental (Impact Assessment and Audit) Regulations (2003), (ii) 

Environmental Management and Co -Ordination (Water Quality) Regulations (2006), 

and (iii) Environment Management and Co -Ordination (Air Quality) Regulations 

(2006).  

NEMAôs Environmental and Social Impact Assessment (ESIA) Department has 

inspectorates in every county responsible for overse eing ESIA development and 

compliance.  

NEMAôs Strategic Plan 2019-2024  (NEMA, 2019)  focuses on ñGreen Economy for 

Sustainable Developmentò,  which is intended to support the use of renewable energy, 

production of crops using organic fertilizers and pest control methods.  NEMAôs 

requirements for effluent management and its focus on the green economy could 

provide good incentives to sisal produce rs to utilise sisal processing residues  for AD 

for electricity generation  (Republic of Kenya, 2012a) . 

3.3.3  Finance  

Kenya is East Africaôs regional financial hub, and sisal estates and smallholder farmers 

can draw upon major financial institutions such as the Commercial Bank of Africa 

(Kenyaôs largest commercial bank), Kenya Commercial Bank, the Cooperative Bank of 

Kenya, the National Bank of Kenya and Diamond Trust Bank, among others, all of 

whom provide equity and debt finance in the agricultural and industrial sectors. 

International banks active in the agricultural sector include Stanbic, Barclays, 

Standard Chartered and Bank of Baroda, among others.  The Commercial Bank of 

Africa has been the most aggressive local financer of renewabl e energy projects, 

followed by the Kenya Commercial Bank and the Cooperative Bank  of Kenya . 

Companiesô own finance and, in the case of imported equipment and machinery, 

export supplier finance/credit/guarantees/insurance , is often available for top -of - the -

line equipment from such agencies as EH Group , Germany, COFACE , France, 
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Denmark's Export Credit Agency, DFC , the  US Development Finance Corporation (ex -

OPIC) , the Export - Import Bank of the United States and  SACE (Gruppo CDC),  Italyôs 

export credit agency, among a number of others when equipment is sourced from 

manufacturers in these countries.  

3.3.4  Summary  

Kenyaôs institutional and regulatory environment is supportive of the sisal sector, as 

an important source of rural employment and export revenue. A suitable  regulatory 

framework is in place to incentivise sales of electricity from AD based on sisal waste, 

and controls on disposal of sisal pulp and liquid effluent provide an additional impetus 

to valorise those wastes. In the mid - to - late -2000s, there was consi derable interest in 

using AD to generate electricity from agri - processing residues, including sisal wastes. 

15 years after KPLôs flagship investment, however, interviews with five of Kenyaôs 

sisal estate owners suggest that interest has waned signifcantly,  mainly because the 

applicable FiT of USD 0.10 per kWh is economically unviable.  

Moreover, Kenya Power , as the national utility,  lacks the incentives to invest in 

upgrading its distribution infrastructure to handle new electricity generated from rural 

generators to feed into the grid. Six of the large estates are located in areas of low 

population density with relatively weak power  grid s, which would require the grid to 

be strengthen ed for embedded generation  (e.g. from sisal AD electriciy generators ) . 

Kenya Power is reluctant to connect any embedded generation that cannot be 

despatched by themselves, particularly small -scale ( sub -5 MW) embedded and 

intermittent generation.  
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4  OVERVIEW OF B IOENERGY CASE  

4.1  PROJECT SUMMARY  

Kilifi Plantations Ltd (KPL) is a 1,300 ha mixed sisal and cattle farm located just south 

of Kilifi on the Kenyan coast. KPLôs sisal processing operation generates signi ficant 

quantities of waste pulp from the decortication process. The farm also keeps a herd of 

heifers under shelter overnight, where their manure can be collected. The combination 

of decorticator waste and cattle  manure generate s sufficient waste to run an  AD plant 

for waste management and power production.  

In 2007, KPL set up a joint venture called Biogas Power Holdings (East Africa) Ltd 

(BPH) with the German companies agriKomp GmbH and Schnell Zündstrahlmotoren 

AG & Co. They jointly developed an AD plant to convert sisal pulp and cattle manure 

to biogas, fr om which to generate power for sale to both KPL and the national grid. 

With the support of GTZ, an AD plant was installed and is still operational today.  

The project information below comes mainly from the owner of KPL, and from site 

visits in March 2021 a nd April 2017 (under an earlier phase of BSEAA), except where 

separately referenced. A selection of photos is in Appendix 6 , together with additional 

photos from Migotiyo Plantations  near Nakuru . 

4.2  TECHNICAL DETAILS  

4.2.1  Plant design  

The main elements of the feedstock supply system and the AD plant at KPL are 

illustrated in Figure 3.5.  

 
Figure 3.5. AD plant and feedstock supply system at Kilifi Plantations  Ltd  (Source: authors ô compilation)  



 

 

 September 2021   www.ltsi.co.uk  

13  

4.2.2  Plant details  

AgriKomp installed a 850 m 3 continuous stirred tank reactor at KPL (750 m 3 for 

substrate and 100 m 3 for gas storage), plus a feeding system and agitator. Schnell 

supplied two second -hand modified Perkins 75 kW CHP engines (50 kW each plus 25 

kW turbochargers). These dual fuel engine s can also be run on diesel. The total 

reported cost was KES 37 million (~USD 600,000  in 2007 ), with 50% co - funding from  

the German Agency  for International Cooperation (GIZ).  

4.2.3  Feedstock  

KPL produced around 400 t of brushed and baled sisal fibre in 2020, wh ich would 

require 10,000 t of leaf (assuming 4% fibre content).  Assuming that 90% of the leaf is 

available as pulp (Schwaninger, 2012, p. 8) , the plant generates 9,000 t/yr of pulp, or 

an average of 24.7 t per day. The pulp from the decorticator is hauled by tractor -

trailer  to the AD unit, located  600 m away, where it is manually transferred to the  

digester via a loading ramp, hopper and feed auger . 

The farm also has around 100 heifers stalled overnight , whose manure is used as an 

inoculant. 4  Schwaninger (2012)  estimated that KPLôs cattle would each produce an 

average of 58 kg of manure per day, but this was halved by Munting h and Albertsson 

(2015)  due to the animalôs small size. With 100 heifers stalled at night and 75% of 

their manure collectable on a year - round basis (Schwaninger, 2012) , the available 

manure is estimated at 794 t per year (2.18 t per day). The cattle shed is located 

close to the AD plant, and the m anure is gravity - fed into a pre -pit and pumped from 

there into the digester , where it is blended with the sisal pulp . 

KPL was also previously able to source mango pips  and peels from a  nearby juicing 

operation . Based on local experimentation and technical advice from the equipment 

supplier, the feedstock combination was fine - tuned to 14:3:2, sisal pulp  : mango 

residues  : cattle slurry.  Mango residues are no longer available, as most processor s 

now use these residues themselves as boiler fuel. With the removal of this waste  

stream , t he current feedstock mix is approximately 6: 4 sisal pulp : cattle slurry.  

Table 3.2 calculates t he biogas  potential of the se two feedstocks, based on a 25 day 

retention time and physical characteristics analysed by agriKomp (Muntingh & 

Albertsson, 2015; Schwaninger, 2012) . 

Table 3.2. Feedstock quantities, properties and biogas potential, KPL AD plant  

Feedstock  

Average input 

(t /day  fresh 

matter)  

Volatile solids (VS)  Biogas potential  

% FM  t  Nm 3/t VS  Nm 3/day  

Sisal pulp  24.7  12.27%  3.0  504.2  1,528  

Cattle slurry  2.18  6.84%  0.15  358.8  53.5  

     1,582  

 

Based  on these estimates, full feeding of the AD plant with all of the available residues 

could yield 1,582  normal cubic metres 5 (Nm 3)  of biogas per day (higher during the 9 -

month sisal processing season and lower during the off -season). Assuming methane 

 

4 There were previously more than 300 dairy cattle at KPL, but the re are far fewer  since the sale of the dairy operation . 
5 A normal cubic metre is a standardised measure that would be the volume occupied by the gas under ónormalô conditions, i.e. 
0oC and 1 atmosphere pressure (101.3 kPa).  
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content of 52 %  for sisal pulp biogas and 55% for cattle slurry biogas (Schwaninger, 

2012) , this suggests methane production potential of 824  Nm 3/day.  With a net 

heati ng value for methane of 9.97 kWh th  per Nm 3, 3 0% generator efficiency and 90% 

availability, the available feedstock s could generate up to 67 MWh e per month.  

In practice, the plantôs owners have significantly reduced the rate of pulp feeding as 

they lack the commercial motivation to generate this much electricity (see 4.2.4 ), 

reducing average pulp input to only 4 -5 t/day during the sisal processing season (thus 

averaging 3.4 t/day on a year - round basis). They only feed pulp from the first 

decorticator drum, which crushes the lower, thicker part of the leaf, and not from 

second drum. Some pulp is fed to the cattle (KPL, 2020) . 

At the reduced pulp feeding  rate of 3. 4 t/day, together with the full input of cattle 

manure, methane output sh ould average 139 Nm 3/day (from 2 64 Nm 3/day of biogas).  

Even a t this reduced feeding rate, it should still be possible to generate at least 1 1  

MWh e per month , under the stated assumptions . The cattle slurry contributes 

around 21% of total methane output and electricity supply.  

The electricity demand of the KPL operation is around 20 MWh e per month during the 

sisal processing season. The largest single consumer is the 100 kW Stork S10 -20 

decorticator. The baler and other equipment require an additional 50 kW, for a total 

load of 150 kW when the facility is fully operational.  

Despite the potential of the AD plant to generate at least 11 MWh/month for KPL, 

even at the reduced feed rate quoted, the gas generators are said to supply only 

around 5 MWh e per month during the processing season, which is 3.75 MWh e on a 

year - round average basis. The significant electricity shortfall is procured from the 

grid. Feedstock input used to be higher, and month ly power production from the AD 

plant averaged 14 MWh e over the first ten years of operation (from 2007 to 2017)  

(LTS International et al., 201 6) . So it is evident that both the feed rate and the power 

output of the plant are in long - term decline.  

The power from the AD plant  is sold to KPL and the digestate is given free as fertilizer. 

Heat is captured from engine cooling to keep the digester at 32 -40 oC. There are no 

other on -site heat requirements. KPL used to run a dairy under the Kilifi Gold brand 

and there had been a plan  to replace a wood - fired boiler used for milk pasteurisation 

with a biogas - fired boiler. But the dairy has since closed, so process heat is no longer 

required.  

4.2.4  Operation and maintenance  

BPHôs operation was a state-of - the art AD plant at the time of installation in 2007, 

with a high degree of automation (for example in the mechanical mixing and heating 

of the digestate, and in the operation of the engines, which could be remotely 

monitored from Germany). At its peak, KPL had reduced its electricity co sts by 60% 

and BPH intended to refine the feedstock preparation by pre -processing the mango 

residues to achieve higher gas yields and potentially move to 24 hour operation  (LTS 

International et al., 2016) . The developer had reached an advanced stage of 

negotiation for a n upgraded system with a 250 kW dual - fuel engine, to be co - financed 

by UNIDO. The Kilifi project was seen as a successful ente rprise that generated 

sufficient revenue from electricity sales to return a small profit. KPL also benefitted 
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from the avoided disposal costs of sisal waste and the value of the digestate for the 

farm.  

The AD plant still appears  to be in reasonable  working  condition, even after 13 years 

of service. But the engines are clearly operating at very low capacity. While there has 

been some reduction in feedstock availability due to the termination of mango residue 

supply and a reduction in the availability  of catt le manure  since the closure of the 

dairy , there is still sufficient feedstock to produce close to 18 times more electricity 

than the plant is actually providing. 6 Although the digester and engines are now quite 

old, and components  may not be operating optimally , BPH has two trained technicians 

who are capable of managing the plant  well , and could increase the output of gas and 

power  if it  was commercially rational to do so. As the plant owner reported to the 

study team , ñthe problem is not the technicalsò. The challenges  at Kilifi  instead relate 

to a combination of policy and engineering , which mean that  there is no motivation to 

run the system at its full potential.   

On the policy side, small -scale power producers <200 kW do not qualify for PP As from 

Kenya Power, so there is no provision for selling surplus electricity to the grid . One 

engine is capable of meeting KPLôs entire needs, 7 and the PPA size restriction makes it 

pointless to run the second engine.  Even if a PPA could be secured, the FiT of 10 

US¢/kWh is unattractive and probably loss -making.  

On the engineering side, Kenya Power applies a surcharge to any customer with a 

power factor below 0.9. The induction motors in the gensets need to be connected 

and synchronised to the grid to sta rt. Since the maximum allowable voltage 

fluctuation is about 50 V, the system registers a fluctuation any time one generator 

goes off, resulting in the imposition of the surcharge. BPH has resolved to operate 

only one generator at a time to address this.  

These constrain ts  are experienced at Kilifi but are relevant for the whole sector. They 

mean that BPH has no incentive to utilise all the available waste and to optimise the 

AD process for maximum gas production and electricity generation.  With no 

opportuni ty to sell to Kenya Power and the risk of a significant power factor 

surcharge, BPH never runs both generators at the same time and caps output at 50 

kW.  

The German shareholders have reportedly become ñdemoralisedò by the experience, 

still partners on paper, but no  longer  involved in a practical sense. The expansion 

being considered in 2017, which would have increas ed electricity output above the 

PPA threshold and secur ed the ability to sell power to the grid (Muntingh & Albertsson, 

2015)  did not go ahead, presumably because the FiT was too low to make the 

investment worthwhile . 

4.3  ECONOMIC ASSESSMENT  

Table 3.3 summari ses the data used in the LCC model for KPL, as the Bioenergy Case, 

comparing it with a Base Case sisal processing operatio n drawing all electricity from 

the grid.  For economic modelling purpose s, BPH and KPL are considered as a single 

 

6 Potential monthly output of 67 MWh vs. an actual average of 3.75 MWh.  
7 They could meet their own demand for 20 MWh e per month by running one of the 75 kW generators for 10.2 hours per day, 
for 26 days per month.  
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unit, despite them being separate legal entities with internal transfers of feedstock 

from KPL to BPH, in return for power sales and (free) fertilizer.  

Table 3.3: Key project data for economic modelling  of AD in sisal processing  

Category  Parameter  Value  

General  

parameters  

Discount rate  10%  

General growth rate  8%  

Electricity retail price  
KES 22/kWh  (Kenya Power Commercial 1 
tariff)  

Currency exchange rate  102.33 KES/USD  

Base Case  

Electricity consumption  
187.5 MWh/yr  (9 mths  @ 20  MWh/mth ; 3 
mths off -season @ 2.5  MWh/mth)  

Diesel genset utilisation 
rate  

10%  

Diesel cost  USD 0.95/litre  

Bioenergy 
Case 

CAPEX 
USD 430 ,000 for AD plant ( one  engine  
only ) 8 

Biomass  
2,037 t/yr  (1,241 t sisal pulp + 796 t 
cattle manure)  

Biogas LHV  0.021 GJ/Nm 3 

Biogas methane content  53%  

Biogas consumption  28 ,302 Nm 3/yr  

Electricity self -production  
(with biogas)  

45 MWh/yr  (5  MWh/mth  during 9 month 
sisal processing season )  

Feed- in tariff  USD 100 / MWh e 

 

Figure 3.6 compares the LCOE electricity  using 90% grid power plus 10% diesel gensets 

(Base Case) with the LCOE electricity  using a combination of grid power and electricity 

from the AD plant (Bioenergy Ca se). The analysis indicates a cost increase from USD 

473 to USD 726 per MWh. Figure 3.7 shows the same comparison with 50% of the 

CAPEX being grant - fund ed (in this case by GIZ). Even with this significant external 

support, the Bioenergy Case still shows a higher LCOE ( USD 540/MWh) than the Base 

Case.  

 

8 Total CAPEX was USD 600,000, reduced to USD 430,000 for modelling purposes as only one of the engines is run at a time.  
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Figure 3.6: LCOE comparison of Base Case vs. Bioenergy Case  

 

 
Figure 3.7: LCOE comparison of  Base Case vs. Bioenergy Case with 50% CAPEX subsidy  
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4.4  COMMERCIAL SUCCESS FACTORS  

Figure 3.8 provides details of the ownership of the different stages of the supply chain 

for the Bioenergy Case  at KPL . 

 
Figure 3.8. Overview of the supply chain for the KPL AD plant  

The AD plant at Kilifi has struggled to achieve commercial viability. The preceding 

economic analysis indicates that BPH is not achieving a cost reduction in electricity 

under the current operating parame ters. The unattractive FiT , the technical challenges 

associated with the interface with Kenya Power with respect to the application of 

power factor surcharges have disincentivised the project owners from increasing the 

feedstock rate , managing the plant op timally  and producing more electricity than the 

minimal 3 -4 MWh per month that is currently generated , by running one of the 

generators at low capacity for 3 -4 hours per day.  

Had these regulatory and technical problems not existed, there is every chance th at 

the project could have been a commercial success. There are at least three supportive 

elements to the business model:  

-  Large onsite electricity demand:  KPLôs corona machine requires around 100 

kW of electricity, and the sisal baler and other equipment a further 50 kW, 

between them accounting for nearly 90% of the operationôs electricity 

demands. This high internal demand from two pieces of co - located machinery 

provides an ideal anchor load for the engines, at any time when sisal is being 

processed.  

-  Waste disposal service:  KPL produces an estimated 9,000 t of sisal pulp 

every year, plus additional wash water from cleaning the fibres before drying. 

AD provides a solution to both dispose of this waste and to valorise it, in an 

environmentally  beneficial  manne r.  

-  Ownership model:  BPH is a Special Purpose Vehicle (SPV) that was 

appropriately set up to operate the AD plant and sell power to KPL, leaving KPL 

to focus on its core business of running the sisal estate, and firewalling the two 

operations, operational a nd financially.  BPH does not pay KPL for the feedstock.  

Given a more conducive FiT and a technical solution to address the power factor issue, 

the foundations were in place for a potentially successful commercial venture.  

 

 


















































