
POLITECNICO DI TORINO
Collegio di Ingegneria Elettrica ed Energetica

Corso di Laurea Magistrale
in Ingegneria Energetica e Nucleare

Tesi di Laurea Magistrale

Sustainable Development of Biofuels in 
Kenya: Opportunities and Constraints

Candidato
Claudio Di Tuccio





3

POLITECNICO DI TORINO
Collegio di Ingegneria Elettrica ed Energetica

Corso di Laurea Magistrale
in Ingegneria Energetica e Nucleare

Tesi di Laurea Magistrale

Sustainable Development of Biofuels in 
Kenya: Opportunities and Constraints

Candidato
Claudio Di Tuccio



4



5

and to assess the sector’s growth potential in the coming years, with particular emphasis on 

Kenyan’s energy mix,

ndermining the country’s energy 

ountry’s energy 

sed on the country’s 
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This study confirms Kenya’s 
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Figure 1.1 – Fossil and biogenic emissions of CO2 (IEA Bioenergy, 2026)
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up to 100% biofuel content. By contrast, other biofuels commonly known as “drop in” fuels, 

1.1. Objective of the study

which constitute over 62% of the country’s total energy supply, and on fossil fuels, accounting 
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1.2. Structure of the thesis
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meet the country’s energy and climate objectives. Drawing on existing literature and 

resource requirements, and farmers’ familiarity with specific crops. Based on the defined 
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Figure 2.1 - Kenya geographical map (Kenya Revenue Authority, 2026)
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its strategic coastal location and the presence of the country’s largest port. Other important 

In 2023, Kenya’s GDP amounted to approximately USD 108 billion, with a GDP per capita 

in the country’s economy, representing approximately 20% of GDP 

of climate change could affect up to 8.5% of the country’s total GDP 
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2.1. Energy balance

’s continued 
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Industrial activity in Kenya remains relatively limited, as the country’s GDP is largely driven 

2.1.1. Power Generation
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Figure 2.2 - Installed capacity for different energy sources (EPRA, 2025)

–
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Figure 1.3 - Power generation mix in Kenya under the period 2000-2024 (EPRA, 2025)
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2.1.2. Coal

According to certain estimates, Kenya’s domestic coal reserves amount to approximately 

country’s energy transition and decarbonization ambitions 

2.1.3. Petroleum Sector

Figure 2.4 - Petroleum subsectors (EPRA, 2025)
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2.1.4. Bioenergy 

hectares of primary forests, which accounts for 8% of the country’s total
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subsequently exported to the company’s biorefineries in
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2.1.5. Hydrogen

counts for a considerable share of Kenya’s GDP, 
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2.2. Policy framework

and guiding its progress over time. An integral component of the country’
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Figure 2.5 - GHG emissions trend per sector from 1990 to 2022 (Ministry of Environment, Climate 
Change and Forestry, 2024)

Figure 2.6 - GHG emissions by sectors due to energy consumption (IEA, 2026)
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country’s total emissions remain markedly limited when compared to global levels. Kenya 

policies, underscores Kenya’s commitment to a technically and environmentally sustaina
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2.2.1. Kenya Vision 2030

the objective of transforming the country into a “middle

life to all its citizens by the year 2030” 

2.2.2. Climate Change Act 2016
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2.2.3. Energy Act of 2019
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2.2.4. Kenya's Nationally Determined Contributions 2031-2035 (NDCs)

represents a natural continuation of the first NDC, valid for the period 2026 to 2030. Kenya’s 
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2.2.5. National Energy Policy 2025-2034

and technological progress toward the achievement of Kenya’s energy transition objectives, in 

objectives up to the year 2034. It articulates the country’s
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public and private sectors will be essential. According to the government’s vision, the private 
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2.2.6. National Climate Change Action Plan III 2023-2027

Climate Change Act of 2016, serves as the country’s central planning document for the 
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2.2.7. Bioenergy Strategy 2020-2027
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and focused on assessing the country’s biomass production potential. For example, a 
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2.2.8. Kenya National Cooking Transition Strategy 2024-2028

uncontrolled deforestation activities, progressively reducing Kenya’s forest cove
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2.2.9. Kenya Energy Transition & Investment Plan 2023-2050 

o enhance Kenya’s energy autonomy 

ya’s population will increase by a 
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–

Figure 3.1 - Global biofuel production under the period 1990-2024 (Energy Institute, 2025)
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fundamental role in the country’s energy supply, although it also presents significant 

role in the country’s energy transition, particularly in the residential and transport sectors. In 

Moreover, following the country’s projected economic growth in the coming years, both the 
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The agricultural sector plays a crucial role in Kenya’s economy and employs by far the 

cultivation. About 17% of Kenya’s territory presents the climatic and soil conditions required 
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3.1. Feedstocks 

According to the National Land Commission, only 17% of Kenya’s territory can be 

Despite this limitation, high potential agricultural lands produce approximately 80% of Kenya’s 

ntry’s livestock 
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Figure 3.2 - Kenya agro-climatic zones (Heinrich-Böll-Stiftung, 2025)
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Figure 3.3 - Feedstock generations for biofuels production. Adapted from (Dharani, et al., 2024)
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3.1.1. Sugars and Starches

Figure 3.4 - Molecular structure of the main monosaccharides (Qi & Tester, 2019)
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Figure 3.5 - Conversion process of starch and sugars into biofuels
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3.1.2. Lipids
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Figure 3.6 -– Molecular structure of the most common fatty acids in triglycerides (Rajput, et al., 
2023)

Figure 3.7 - Conversion process of lipids into biofuels
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3.1.3. Lignocellulose
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Figure 3.8 - Molecular structure of cellulose (Mupondwa, et al., 2022)
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Figure 3.9 - Conversion process of lignocellulose into biofuels

–
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–

3.2. Fuels

3.2.1. Biodiesel
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Figure 3.10 – Transesterification reaction diagram (Miyuranga, et al., 2022)
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3.2.2. Bioethanol
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–



68

𝐶612ܱ6ܪ → 2𝐶3ܪ𝐶ܪ2ܱܪ + 2𝐶ܱ2

3.2.3. HVO
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3.2.4. HEFA-SPK

–
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for the facility’s internal operations 

3.2.5. ATJ-SPK

Figure 3.11 - ATJ conversion pathway (Teixeira, et al., 2024)
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3.3. End-use sectors

3.3.1. Cooking Sector 
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3.3.2. Road Transport
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coming years due to the country’s significant renewable energy potential. At present, the 

3.3.3. Aviation Sector

compared with 2005 levels and to avoid approximately 2.5 billion tonnes of CO₂ emissions by 

order to achieve the necessary rate of deployment for the sector’s de
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Table 3.1 - Main conversion processes for SAF production (ICAO, 2023)
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3.3.4. Maritime sector

imports and exports, representing around 23% of the country’s total GDP 
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production could be feasible in Kenya due to the country’s abundant renewable energy 
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In 2022, Kenya’s total emissions amounted to approximately 113 

–

and by the country’s substantial untapped generation potential.

In 2024, Kenya’s aggregate consumption 
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4.1. Target Definition

understanding of the Kenyan energy system, the country’s industrial structure, and the 

4.1.1. Cooking Sector

% of the country’s total energy supply, primarily 
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economic expansion. According to United Nations estimates, Kenya’s population is expected 

Table 4.1 – Bioethanol production targets 
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4.1.2. Aviation Sector
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forecasting the evolution of a sector that currently maintains a marginal role in Kenya’s market 

. Europe’s ambitions, within the world's most developed SAF market, under the 
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Table 4.2 – HEFA-SPK production scenarios by 2050

“ viation”

. Namely, under the “

viation” scenario, half of the total

“ viation” scenario, a complete 
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Table 4.3 - Bioethanol use in cooking and aviation sector under different electrification scenarios

4.2. Feedstock Identification

based on the country’s climatic conditions, prioritizing crops that are alre
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Table 4.4 - Proposed feedstocks to produce bioethanol and HEFA in Kenya

4.2.1. Sugars and Starches

primary feedstock for achieving the country’s production targets.
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Table 4.5 - Theoretical yields for the selected bioethanol feedstocks

4.2.2. Lipids



90



91

Table 4.6 - Crop and Vegetable oil yield for the selected crops

Finance Corporation and the Italian Climate Fund have invested USD 210 million in Eni’s 

capacity from Eni’s agri
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“Low UCO” and “High UCO”, 
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Figure 4.1 - UCO availability for biofuels production

4.3. Land Use

This already fragile situation is further compounded by the country’s territorial 
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Table 4.7 - Agricultural classification according to Kenya Natural Resource Atlas. Adapted from 
(National Land Commission, 2023)

According to FAOSTAT, approximately 50% of Kenya’s total land area is used for 
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4.3.1. Sugars and Starches

Figure 4.2 - Land requirements for bioethanol production
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4.3.2. Lipids

Figure 4.3 - Output shares of HEFA conversion process. Adapted from (Boscagli, 2025)
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Figure 4.4 - Land requirements for HEFA-SPK production 

than 3% of Kenya’s total land. 
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Figure 4.5 - Land requirements for HEFA-SPK production under the Low-UCO collection scenario
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Figure 4.6 - Land requirements for HEFA-SPK production under the High-UCO collection scenario

4.4. Carbon Intensity
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increases the country’s energy independence. From a social perspective, domestic biofuel 

4.4.1. Cooking sector

Table 4.8 - GHG emissions of different ethanol feedstocks
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Figure 4.7 - Carbon emissions related to energy demand equivalent to 192 million litres of ethanol

% of the cooking energy mix and is not part of the government’s 
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Figure 4.8 - Carbon emissions generated to achieve 30% in the cooking energy mix by 2040

Figure 4.9 - Carbon emissions generated to achieve 50% in the cooking energy mix by 2050



105

Table 4.9 – Specific avoided emissions per hectare and tonne of crops in bioethanol production
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4.4.2. Aviation Sector
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Table 4.10 – Carbon emission values for aviation fuels production
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Figure 4.10 - Input/Output of the HEFA conversion process to achieve 2030 targets

Figure 4.11 - Input/Output of the HEFA conversion process to achieve 2040 targets
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Figure 3.12 – Input/Output of the HEFA conversion process to achieve 2050 targets

Figure 4.13 - HVO output from HEFA processing
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Figure 4.14 - Carbon emissions of jatropha-based drop-in fuels vs fossil fuels
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Figure 4.15 - Carbon emissions of castor-based drop-in fuels vs fossil fuels

Figure 4.16 - Carbon emissions of UCO-based drop-in fuels vs fossil fuels
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Figure 4.17 - Carbon emissions of bioethanol-based ATJ-SPK vs kerosene-based jet fuel



115

Table 4.11 - Specific avoided emissions per hectare, tonne of crops and tonne of input in SAF 
production
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integration framework within the country’s energy mix. However, several obstacles were 

5.1. Feedstocks 
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5.2. End-use Sectors

as evidenced by Kenya’s active part
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country’s declared long

5.3. Economics
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of Kenya’s jet fuel demand by 2050, ensuring a reduction in emissions ranging between 2.8 and 

hectares, which represents less than 0.6% of the country’s total area. Should an efficient system 
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coherent and targeted strategies, biofuels can play a central role in the country’s energy 
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Fueling Africa’s Flight: A 

Bockey, D., 2019. The significance and perspective of biodiesel production – A European 
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Geleynse, S. et al., 2018. The Alcohol‐to‐Jet Conversion Pathway for Drop‐In Biofuels: 

Techno‐Economic Evaluation. 
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Kenya’s Second Nationally Determined Contribution (2031
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