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Abstract 

This thesis discusses the role of ―Productive Uses of Electricity‖ (PUE) in the development of 

sustainable electrification pathways. The definition of PUE involves in broader terms agricultural, 

industrial, commercial and social activities, which involve electricity services as a direct input to the 

production of goods or provision of services towards a sustainable and progressive future of the 

planet. The two main aspects of productive uses – in relation to electrification – discussed in this 

thesis consider a) productive vs. consumptive and community uses and b) income-generation and 

enhanced productivity. 

This very specific project focuses on Kenya. The Vision A national long-term development blueprint 

to create a globally competitive and prosperous nation with a high quality of life by 2030, that aims to 

transform Kenya into a newly industrializing, middle-income country providing a high quality of life 

to all its citizens by 2030 in a clean and secure environment. The vision is anchored on three key 

pillars; economic, social and political governance. Predicting and forecasting the future of energy 

systems is perplexing. Thus, systematic energy planning at national and subnational/county level is 

required through the adoption of more realistic assumptions towards demand and other factors of 

prospective projects which includes making it a clean green energy system. 

This thesis provides a detailed analysis of the energy sector for Kakamega County in Western Kenya. 

The current energy demand profile was chosen for the county over a number of few selected 

productive sectors. Renewable energy resources, grid network, electricity demand and other potential 

aspects of the analysis were assessed using GIS (Geographic Information Systems). A bottom up 

LEAP model developed previously for the county was also used to identify and project the energy 

demand based on the vision and also provides post vision analysis to support the county towards the 

future. Finally, an electrification model was developed using OnSSET and deployed to identify the 

least cost electrification strategy in Kakamega, focusing in particular on the role of productive uses in 

developing sustainable pathways forward. 
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Abstract (Swedish) 

Denna uppsats belyser rollen av ―Productive Uses Of Electricity‖ (PUE) i utvecklingen kring hållbara 

elektrifieringsvägar. Definitionen av PUE innebär i större utsträckning jordbruks-, industriell, 

kommersiell och social verksamhet, som innefattar eltjänster som en direkt input till produktion av 

varor eller tillhandahållandet av tjänster.  

De två huvudaspekterna av produktiv användning - i relation till elektrifiering - diskuteras i denna 

uppsats där:  a) är produktiv vs konsumtions- och samhällsanvändningar och b)  är inkomstgenerering 

och förbättrad produktivitet.  

Uppsatsens primära fokus är Kenya. Visionen, att skapa en nationell långsiktig utvecklingsplan där en 

global konkurrenskraftig och välmående nation med hög livskvalitet förekommer innan år 2030, 

syftar till att omvandla landet till ett nyligen industrialiserat medelinkomstland där samtliga 

medborgare ges chansen till hög livskvalite  i en säker miljö. Denna vision är förankrad under tre 

huvudpelare: ekonomisk, social och politisk styrning. Att förutspå energisystemens framtid är en 

komplex uppgift. Sålunda krävs systematisk energiplanering på nationell och subnationell / länsnivå 

genom antagande av realistiska antaganden mot efterfrågan av potentiella projekt med huvudsyfte att 

omvandla systemet ur ett hållbart perspektiv.   

Denna uppsats erbjuder en detaljerad analys av energisektorn för Kakamega County i västra Kenya. 

Den nuvarande energi-profilen valdes till området utifrån ett få antal utvalda produktiva sektorer. 

Förnybara energiresurser, grid-nätverk, efterfrågan på el och andra relevanta aspekter av analysen 

bedöms med hjälp av GIS (Geograpic Information Systems).  En tidigare uppbyggd LEAP-modell 

som tidigare utvecklats för området användes även för att identifiera energibehovet baserat på den 

tidigare nämnda visionen. Modellen ger även en visionsanalys för att stödja området i framtiden. 

Slutligen utvecklades en elektrifieringsmodell med användning av OnSSET. Denna  implementerades 

för att identifiera den minst kostnadseffektiviserande strategin i Kakamega där särskild inriktning på 

rollen av produktiva användningsområden för att utveckla hållbara framtidsvägar ges.  
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1. Introduction   

Energy poverty is the lack of access to modern facilities, mostly relating to the situation of large 

number of individuals in developing countries and some developed nations who‘s everyday living has 

been affected with the availability of electricity, dirty fuels that met every day needs and the time 

spent on collecting fuels to meet their everyday needs. With limited time and strained resources, the 

only available factor to solve these global issues is to take efforts to reduce energy poverty.(IEA, 

2017)  

The Energy Poverty Action initiative by the World Economic Forum stated ‗‘Energy Access plays a 

vital role in improving the quality of life for every individual and most importantly for economic 

development‘‘.(Covenant of Mayors for Climate & Energy, 2018) (DOMI, 2015) 

Energy poverty can be defined as “a situation where a household or an individual is unable to afford 

basic energy services (heating, cooling, lighting, mobility and power) to guarantee a decent standard 

of living due to a combination of low income, high energy expenditure and low energy efficiency of 

their homes‖.(European Commission, Citizens‘ Energy Forum, 2016) 

 

Figure 1: Population without electricity access (IEA, 2017) 

Electrification of every sector and a reliable power supply are critical targets for to attain electricity 

access. In 2000, about 1.2 billion people have gained access to electricity mainly via the main grid, to 

which 70% of the people get power generated by fossil fuels (45% coal, 19% natural gas and 7% 

oil).(IEA, 2017) 

With modest efforts the energy industry seeks progress towards cutting costs on the generation, 

production, type of technology and also satisfy end user consumption towards which a great deal of 

progress which has been made. Recent reports highlight the progress made over energy access to 
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which the number of people without electricity access fell below 1 billion in 2017 globally, which 

progress is made towards achieving the goal. 

 

Figure 2: People without cooking facilities globally (IEA, 2018) 

Without basic access to modern and efficient fuels, households and other sectors are forced to rely on 

polluting and dangerous sources of energy sources such as burning of bio waste, charcoal and 

kerosene in developing regions like Asia, sub-Saharan Africa.(OXFAM, 2017). With efforts made, 

from 3 billion in 2016 to 2.7 billion people in 2017 globally have none to poor clean cooking facilities 

which accounts to almost 40% of the global population. The SE4ALL Global Tracking Framework 

(GTF) 2017 portrays that about 4.3 million premature deaths occur every year due to the pollutions 

caused locally.(IEA, 2017)(DESA, 2018)(UNDP, 2018)(ESMAP, 2018). 

About twenty countries in Sub-Saharan Africa and Asia have the largest gaps to fill to attain both 

sustainable living conditions and access to energy. To achieve electricity in these 20 high impact 

countries an annual investment of 30.2 billion $US  annually would be required (SE4All, 2018). 

Overall expenditure towards promoting clean cooking access is an even bigger challenge with costs in 

the 20 high-impact countries averaging just $32 million a year, compared to annually (SE4All, 2018). 

The cost required to provide full electricity access globally, would require 52 billion $US  per year of 

which 95% of the cost would be concentrated on Sub-Saharan Africa(Sustainia, 2018). Of the 20 high 

impact countries to be electrified, Kenya, Uganda, Malawi and Sudan, made rapid advancements from 

2012-2014, thereby increasing the electrification rates by 2-3% yearly. Democratic Republic of 

Congo and Angola saw electrification rates drop by 1% yearly during the same period. Reaching 

universal energy access at tier 5 by 2030 would need a five-fold increase at the rate of investment, to 

an approximate $50 billion annually. (SE4All, 2017). 

Energy poverty raises considerable challenges in sub-Saharan Africa in particular. With longstanding 

efforts to attend to energy poverty, in 2014 633 million people lacked access to electricity and 792 

million people were relying on traditional biomass as their primary source of energy for cooking. 
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(IEA, 2016). The results are poisoning, drudgery, fires, burns, limited economic activity, and 

premature death due to respiratory diseases. In Sub-Saharan Africa, advancements in reducing the 

electricity access gap are not keeping pace with the population growth in urban and rural areas. With 

the 2016 World Energy Outlook New Policy Scenario around 780 million people are anticipated to 

remain without electricity in 2030, increasingly determined in Sub-Saharan Africa (80 per cent). 

(OXFAM, 2017)  

Electrification of currently un-served areas, especially under a rural setting, is demanding in terms of 

energy resources required. Even though some progress has been observed over the past decade, 

Electrification rates rise very steeply as countries fall into the income bracket of $500-$1000 per 

capita GDP (SE4All, 2017). Advancement in electrification needs to progress four times faster if the 

world needs to meet its 2030 objectives. Currently, UNDP implements 28 energy access projects in 25 

countries worldwide, mobilising a total of US$76 million of Global Environment Facility (GEF) 

resources and leveraging another US$440 million in co-financing. (UNDP, 2018)  

Despite significant progress in recent years, attaining universal energy access to modern energy by 

2030 would not be easy without stakeholders, governmental bodies and analysts. In September 2011, 

the Sustainable Energy for All (SE4ll) was initiated targeted at: (i) universal access to modern energy 

services; (ii) to double the global rate of improving energy efficiency status; (iii) to double the share 

of renewable energy in the global energy production. This is also part of the 17 UN Sustainable 

Development Goals (SDGs), which are in part with the 2030 Agenda for Sustainable Development, 

powered in September 2015. At core essence it is understood that energy is a key factor for 

sustainable development and poverty alleviation, and it plays an important role in all the major 

development scenarios that the world faces. (SE4All, 2017). Many organizations have been appointed 

to attend to issues pertaining to energy access and solve these very particular global phenomena by 

dividing sectors such as public planning to bottom up financial analysis to meet with the global 

energy access goals. (WRI, 2018) 

By taking up on new integrated approaches to electricity access, rapid progress can be achieved in 

reducing energy poverty and closing the energy access gap for the 20 high impact countries. 

Development in technologies, business models and new pools of finance meaning countries can 

access decentralized renewable energy resolutions that are more affordable and cleaner than ever 

before. (SE4All, 2017) 

With gaps to be filled and the focus being Sub-Saharan Africa, key discussions and decisions are 

made on productive uses, finance and the most relevant technologies and recommendations to 

increase energy access and ultimately achieve regional and universal energy access. To overcome 

some of the difficult question frequently asked on ways to attain energy access this project comes in 

handy. 

1.1 Thesis scope and objectives 

This thesis aims to investigate the role of productive activities in the development of electrification 

plans in currently unserved areas. Taking a step forward from current electrification planning 

methods, this thesis defines universal access to electricity as more than few kilowatt-hours for each 

household, but rather as a service able to unleash the potential for social and economic growth in a 
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region. Literature review sets the basis of this analysis, with Geographic Information Systems (GIS) 

being used so as to support gaps in data availability, while in parallel adding a geo-spatial aspect in 

planning. The case study of Kakamega (a county in western Kenya) has been selected. Through this 

example the thesis aims to answer the following key questions for rural electrification: 

● Can open geospatial information help overcome data paucity? 

● Do geo-spatial aspects affect decisions in electrification processes? 

● What is the role of productive uses in electrification planning? 

● What technologies better cover electricity demand for productive activities? 

● What is the cost of providing electricity to all and how does additional ―productive‖ demand 

affect investment and capacity requirements? 

● What should be the role of policy in the process? 

1.2 Rationale 

Energy modelling is the computerized simulation of scenario that focuses on consumption, utility 

bills, lifecycle, demand and supply, electrification rates, cost and various other parameters seemingly 

a never ending list of possibilities.(Energy Models, 2013) There is a wide range of energy modelling 

software which works on different areas. However, according to Frauke Urban there are around 12 

models which are suitable to analyse and model energy systems projects of developing countries; 

these include AIM, ASF, IMAGE, TIMER, MARIA, MARKAL, MiniCAM, LEAP, RETScreen, 

MESSAGE, SGM, WEM (Urban, 2009). Long-range Energy Alternative Planning system (LEAP) is 

one of the software developed by (Stockholm Environment Institute, 2015) and used by (Korkovelos, 

2015) in the case of Kakamega country in Kenya.  

LEAP is a scenario based tool which can follow a top-down, bottom-up or mixed hybrid approach for 

modelling an energy system project. With the collection of data, it can work with several parameters 

in a detailed manner for instance demand to supply, raw materials to production, and end user usage 

with detailed consumption. Nevertheless, it has the capacity to combine electrification rates, urban-

rural classification, power sector performance and biofuel analysis. This model fits best to work on 

scenarios based on regional energy planning. (Urban, 2009) (Korkovelos, 2015) (Stockholm 

Environment Institute, 2015). 

Adding on, to find the levelized cost of electrification (LCOE) for this thesis OnSSET (Open Source 

Spatial Electrification Tool) is used. OnSSET is an open-source, python based, least cost 

electrification tool which estimates, analyses and visualizes the LCOE (grid, mini grid & stand-alone) 

to break through many energy access goals (Mentis, 2016, 2017; Moksnes, 2017). The tool works 

with spatially explicit characteristics related to energy with parameters corresponding to population 

density and distribution, proximity to transmission and road network, night-time lights, local 

renewable energy potential etc. It focuses on the analysis and deployment of all forms of energy 

technologies working towards access to affordable, reliable, sustainable and modern energy for all. 

The tool works alongside providing geographical characteristics related to energy and aims to provide 

invaluable support to policy and decision makers on levelized-cost electrification strategies (LCOE) 

(OnSSET). Based on the knowledge acquired from the literature study, the necessary methods and 
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calculations were developed so as to infer the required changes in the OnSSET model. This involved 

analytical thinking so that the processes are described thoroughly on a theoretical level but also 

practical implementation of them by using GIS routines and developing pieces of code in python 

(OnSSET). 

The model development included productive uses of electricity. This was to determine at what level 

of electricity access is required to enable income generation and economic development in a more 

detailed manner. The existing model had shortcomings on providing results on only the household‘s 

demand which thereby required an upgrade which produced better results. The model contains a large 

catalogue of technologies but lacked a sectorial demand approach; therefore productive uses were 

introduced into the model which provided detailed analysis based on Schools, Universities, Hospitals, 

Small businesses, Agriculture and governmental institutions. 

The upgraded model uses the existing algorithm which was thoroughly updated based on productive 

uses. The algorithm identifies electricity demand within the given grid cell based on the size, type, 

location and productive activities. The users have the option to gain results based on sectorial demand 

located geospatially based on sectors. 
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2. Geographic Information Systems and electrification modelling 

2.1 Importance of GIS in planning 

Globally, there has been a pattern towards the privatisation of utilities and services, in order to remain 

competitive, utilities are starting to realise the importance of managing all their data; which includes 

where it sits, quality, data structure and accessibility; and so to spatially connect that data in order to 

use GIS as a strategic resource which aligns the overall strategy of the corporate and governmental 

system. There is constant pressure over the systems to manage assets within operation, safety, 

environmental and performance criteria and a well-planned GIS can do the job effectively (Grindgis, 

2018) 

Ground-breaking methods in using GIS, sharing data and positioning projects with other service 

providers and local communities are gaining momentum globally. With the increasing number of 

projects in rural electrification, using GIS have added more value and the projects are becoming more 

effective (Gisgeography, 2018). 

GIS play a critical role in the energy projects. Governmental, non-governmental and commercial 

agencies where routinely issue data sets describing the theoretical, technological, and economical 

potential of different renewable energies at different part of the globe. GIS mapping opens horizons to 

policymakers, utilities, and planning commissions to compare directly together with the other 

variables on deciding the locations which make the most sense for renewable energy development 

(Gisgeography, 2018). 

Establishing a long term rural electrification plan is difficult when one is relying on requests from 

prospective customers and GIS can be used to align projects more fairly. Where there are known 

capacities and reliability issues, GIS can be used to detect areas of electricity theft, misuse of 

electricity and renewable energy alternatives with the aim to source additional supply and progress 

with the electrification program (Gisgeography, 2018) 

2.2 GIS and least cost models in electrification planning 

Open electricity models are confined to the electricity sector. Traditionally some models work more 

towards the engineering characteristics of the system, which includes a structured high-voltage 

transmission network and AC power flow while other models project and portray electricity spot 

markets and are known as dispatch models. The capabilities for various models to handle variable 

renewable energy, transmission systems and grid storage systems are considerably becoming 

important day by day. The paragraphs below describe briefly the major existing GIS based 

electrification tools.  

2.2.1 The Network Planner 

The Network Planner was developed by the Columbia Engineering School of engineering and applied 

science. The Network Planner is an online interfacing tool for determining grid, mini-grid, and off-

grid electrification options for scales from community to national. The Network Planner takes into 



 

7 

 

account, geo-spatial population distribution, cost of energy technologies, population grow-fluidity and 

electricity demand, and existing grid network, and output the least cost option(Columbia University, 

n.d.).  

The Network Planner is based on Kruskal‘s algorithm to determine the minimum spanning tree for the 

given set of vertices or nodes. The nodes represent the settlements and the minimum spanning tree 

determines the least cost way of connecting them, therefore calling it an ‗‘efficient‘‘ electricity grid. 

The Network Planner can determine the cost serving to each settlement with the use of alternative 

technologies. The cost for grid connections are taken into account, then calculates the maximum 

distance for grid extension that would be least cost compared to individual household systems. 

Whereas, if the minimum spanning tree segment has a shorter distance connecting a node compared to 

the maximum distance, then the settlement is connected to the grid. If that‘s not the case, then the 

Network Planner chooses the least cost of the individual house system(Columbia University, n.d.).  

The Network Planner has an economically optimal way of connecting all nodes by straight lines. For 

instance, the power lines follow roads and avoid protected areas eventually resulting in lengths greater 

than straight lines. The Network Planner does not vision to produce a visual representation of the 

future optimal power system. But, it consistently and quickly captures settlement and spatial load 

patterns on a regional scale to discover areas where the exact electrification technologies cover a least 

cost option, the mixture of all these technologies over an entire region, and the total investment cost 

needed to achieve a given electrification costs are determined(Columbia University, n.d.) 

The model treats electrification options consistently across all settlements; the Network Planner is 

able to determine the attractiveness of the various electrification options available. Actual line routes 

may be longer than straight lines can be looked on through sensitivity analysis on line unit 

costs(Columbia University, n.d.). 

2.2.2 The Reference Electrification Model (REM) 

The Universal Access Lab which comprises of two universities MIT and IIT-Cornillas is developing a 

computational model known as The Reference Electrification Model (REM), which focuses on 

planning electricity networks in developing countries. (―Universal Energy Access Research Group - 

MIT & IIT-Comillas,‖ n.d.) 

REM uses inputs of areas with poor electricity access to determine the best electrification modes with 

grids connected, micro grids or isolated systems for each household or other load, estimates costs of 

electrification and produces preliminary engineering designs for the system. The Reference 

Electrification Model (REM) supports (1) large-scale electrification planning and (2) local (smaller-

scale) electrification projects. The input parameters required are building locations, solar irradiance, 

topography, grid extension and reliability, consumer demand, fuel costs, and infrastructure costs. 

(―Universal Energy Access Research Group - MIT & IIT-Comillas,‖ n.d.) 

Based on the availability of the data, REM‘s large scale operating mode uses a different approach to 

estimate the electrification status of the consumers. It will identify the electrification mode that is type 

of grid used for each individual building that mostly confirms to the planning objectives which 

includes cost, implied emissions, and reliability. With such methods of building level granularity is a 
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unique attribute of REM.REM can determine non-trivial second and third-order characteristics about 

electrification plans, and ensure the policy makers that their plans are concrete. (―Universal Energy 

Access Research Group - MIT & IIT-Comillas,‖ n.d.) 

Local REM (LREM) uses a subset of REM's decision-making processes for use at the smaller scales. 

LREM is a comprehensive open source tool which works in specific to rural microgrid design. It is 

capable of producing output on practically implementable micro grid designs. LREM is capable of 

computing operating performance, generating investment, and detailed network design starting from 

building level. LREM includes financial analyses that are specific to rural microgrid projects. 

(―Universal Energy Access Research Group - MIT & IIT-Comillas,‖ n.d.) 

2.2.3 RLI Energy System Model 

RLI is a German based institute who developed an energy system modelling tool for off-grid 

electrification. The GIS analyses RLI‘s Energy System Modelling caters to a detailed simulation of 

energy systems. The in-house-developed simulation tools power flows and optimise system 

configurations including system operation strategies. Individual set up of components and loads 

allows deep technological comparisons. The Energy systems can be regulated according to the 

required outputs for instances, lowest generation costs, highest renewable energy share or lowest 

carbon dioxide emissions (―Off-Grid Systems,‖ n.d.) 

The model takes into account the GIS data at first to categorize the type of data and the type of 

simulation and analysis that need to be performed. The model focuses on the energy systems of mini-

grids and island power systems. The model stimulates energy flows from different energy producers 

and battery storage systems which cover a specific load. This can be determined in minutes or hourly 

steps. The model can also be used to determine. In addition, the model can also perform a map 

network expansion options from a spatial perspective. With the technical simulations in place the 

model carries out and economic optimization for instances, the model can evaluate the optimal 

proportion of renewable energies in hybrid mini-grids and least cost options for the study 

regions.(―Off-Grid Systems,‖ n.d.) 

2.2.4 RET Screen 

The RET Screen Clean Energy Project Analysis Software is a decision support tool developed by 

Natural Resources Canada from the contribution of the government, industry and academia. The 

software can be used worldwide to determine the energy production, savings, cost, emission 

reductions, financial viability and risk for various types of Renewable-energy and Energy efficient 

technologies (RETs).(―RETScreen | EnergyPLAN,‖ n.d.) 

RET Screen is a comparison between the ‗‘base case‘‘ and typically the conventional technologies or 

a ‗‘proposed case‘‘ which is, the clean energy technology. RET Screen‘s task is to evaluate whether 

or not the balance of cost and savings over the lifespan of the project which make for a financially 

attractive proposition. (―RETScreen | EnergyPLAN,‖ n.d.) 

The Software uses a five step analysis for every model: The Energy Model, Cost Analysis, 

Greenhouse Gas (GHG) Analysis (optional), Financial Summary, and Sensitivity & Risk Analysis 

(optional).The model has been able to evaluate projects based on wind farm development, solar water 
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heating, solar PV, building integrated PV system, and GHG reductions.(―RETScreen | EnergyPLAN,‖ 

n.d.) 

2.2.5 HOMER 

HOMER is a user friendly micro power design model developed by the National Renewable Energy 

Agency in the USA. HOMER simulates and optimises stand-alone and grid power systems with 

combinations of wind turbines, PV arrays, Run-of-river hydro power, biomass power, internal 

combustion engine generators, micro turbines, fuel cell batteries, and hydrogen storage, working with 

both electric and thermal loads.(―HOMER | EnergyPLAN,‖ n.d.) 

The simulation evaluates the process with a 1 year time-period using a minimum time step of 1 

minute. The model can perform sensitivity analyses which in turn help the analyst to do what-if 

analyses and to investigate the effects of changes or uncertainty in input parameters. The objective of 

the software is to calculate the economic and technical feasibility of a large number of technologies 

and to give account for variations in technological costs and energy resources available. (―HOMER | 

EnergyPLAN,‖ n.d.) 

HOMER has been used for different type of analysis for instance, wind energy potential at individual 

locations, assessing feasibility of stand-alone wind-diesel hybrid, assessing feasibility of zero-energy 

homes, stand-alone systems with hydrogen, and simulating a system where 100% of the demand both 

electric and heat was met by renewable sources.(―HOMER | EnergyPLAN,‖ n.d.) 

2.2.6 GEOSIM  

GEOSIM Demand Analyst is one of the tools used for planning rural electrification. It allows 

determining the evolution of the electricity demand in each locality of the study throughout the 

planning phase to optimize the equipment needed for the electrification of a village or a group of 

villages. However, unlike traditional ‗‘top-down‘‘ approaches GEOSIM is based on detailed analysis 

of the demand for every end user. (―GEOSIM - Demand Analyst,‖ n.d.) 

The planning horizon can be from local to national. GEOSIM has a small function in relation to 

productive uses; the data pertaining to the productive uses is identified by the software but, taken into 

further studies by the user. Three or more scenarios can be run and compared simultaneously. The 

software can calculate the annual consumption, energy peak, client number and daily load curves. 

(―GEOSIM - Demand Analyst,‖ n.d.) 

2.2.7 ONSSET 

OnSSET (open source, spatial electrification tool) is developed by the Royal Institute of Technology 

(KTH). The toolkit helps calculate the investment, type of technology and geo-referencing of national 

electrification targets. The tool combines a GIS based analysis with a least cost technology planning 

approach. The model is used to forecast trends in electrification, and the related investments entailed. 

Studies done with the model states that, trends in increasing rates of electrification differs drastically 

among regions of the world with Africa, India and Latin America. The factors that influence 

investments towards household matter mostly on population density, which means relatively lower 

costs in most Asian regions.(Mentis et al., 2017)  (―ONSSET,‖ n.d.)  
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Figure 3: Comparison of energy systems tools 
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3. The role of productive uses of electricity (PuE) 

The ‗‘Productive uses of electricity‘‘ are those which simply increase income or productivity, 

meaning they add value which is taxable with VAT (Value-added tax) if it‘s part of the formal 

economy(Anna Brüderle et al., 2011). Productive uses of electricity are defined as agricultural, 

commercial and industrial activities involving electricity services as a direct input to the production 

of goods or provision of services. Moreover, in the schools for education in terms of lighting and 

ventilation, in hospitals for all the medical instrument in terms of health, in the governments with 

lighting and electronic equipment like computers, printers for administrative purposes, in agriculture 

for all means of cultivation and finally in various types of small businesses. For instances, agro-

processing, carpentry, tailoring, welding and looming in the service sectors(Anna Brüderle et al., 

2011).  

The term ‗Productive uses of Electricity‘ may also involve the utilization of energy in the forms of 

heat, or mechanical energy for activities which advances the income and welfare of the system. These 

activities are segregated in sectors of education, health, rural enterprises, commercial enterprises, 

welfare and agriculture. (Kapadia, 2004) 

The World Bank has made a number of studies over a decade to find the connection between 

productive uses and energy (World Bank, 2002), in which in our case how access to reliable clean 

energy has been directly or indirectly increasing the economic conditions for the poor in numerous 

ways. However, access to reliable and modern forms of energy is just one of the major factors for 

economic growth; it‘s not the only one. (Kapadia, 2004) Barnes also demonstrated a study on socio-

economic studies states that ‗‘rural electrification by itself will not be suffice without supporting 

programs or strongly supported socio-economic conditions‘‘ (Barnes D., 1988). 

Productive uses consist of a series of factors which could possibly make it ‗productive‘. For instance, 

supplying clean electricity to a county that does not have regular supply of water is unlikely to make a 

large difference to agro productivity. Even if there is water, the county might not have the credit to 

purchase inputs for farming like pesticides and farming equipment. So there is a clear distinction and 

a line draw over the benefits to occur. 

For illustration, focusing on the productive uses would eventually lead to economic development, and 

not simply delivery of energy services. However, the projects which focus on productive uses are 

more likely to lead to economic development over the projects which simply focus on providing 

electricity or other types of energy services. (The Millennium Development Goals Report, 2015) 

‗Productive uses of electricity‘ work hand in hand with the goals, one being the Millennium 

Development Goals (MDGs) and the other being the Sustainable Development Goals (SDGs). 

Projects that promote the productive uses of energy offer an obvious area of ‗synergy between 

development and environmental goals‘. (The Millennium Development Goals Report, 2015) (UNDP, 

2015) Studies when performed on the MDGs provided a concrete statistics stating that around 70% of 

the world‘s population are living in the rural areas for example countries in Africa, India and South 

America. One of the key goals stated are the provision of electricity for all schools and hospitals as of 

the quick win interventions that can be addressed to immediately and has the capacity to bring 
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humongous gains in the well-being to millions of people. (The Millennium Development Goals 

Report, 2015) 

 

Figure 4: The linkages between energy, productive applications and the 2030 Sustainable Development Goals 

(Francesco Fuso Nerini and Julia Tomei, 2017)  

Backing up the MDGs the 2030 Agenda for Sustainable Development (SDGs) came into action in the 

year 2014 September. One of the major reasons it works hand in hand with the productive uses is to 

on-going Sustainable Energy for ALL (SE4All). Whereas goal-7(SDG 7) which is affordable clean 

energy adopted by world leaders at the United Nations Sustainable Development Summit (UNDP, 

2015). 

Energy to economic growth, social progress and environmental stability is the 2030 Agenda for 

Sustainable Development. Goal 7: Ensure access to affordable, reliable, sustainable and modern 

energy for all. With energy playing a major role in achievement of other SDGs for instance, No 

poverty (SDG 1), Zero Hunger (SDG 2), Good Health and Well-Being (SDG 3), Quality Education 

(SDG 4), Gender Equality (SDG 5), Decent Work and Economic Growth (SDG 8), and Climate 

Action (SDG 13). Productive uses build a systematic pathway to achieve all the given targets with 

time. (UNDP, 2015) 

Targeting positive impacts on revenue generation is a process beyond good faith statements that such 

thing will happen naturally, which requires that the specific activity to develop productive uses be 

included as a full component of Rural Electrification projects. However, one needs to have a quantity 
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of data and knowledge of rural economy and dynamics that are not available at ease. Therefore, is at 

prime importance to initiate a specific activity to reach across all the sectors and collect relevant data. 

Such an activity would analyse the existing production process in rural areas and communicate with 

the Rural Electrification project proponents to act on which can maximize the economic and social 

development impacts of their projects (ESMAP, 2008). The systematic approach to attain and 

promote of productive uses of electricity is to be implemented in five key steps (ESMAP, 2008): 

- Identifying the productive activities and the sectors in which they currently take place in the 

given area 

- To Carefully analyse the production processes involved within the region 

- Analyse the technical feasibility, economic and social viability of the electrically proposed 

solution 

- To implement a promotional campaign to communicate the goals that can be achieved. The 

campaign should target specific energy users and promote the users with a specific use of 

electricity that will benefit them. 

In the past, most of the rural electrification projects were put into work with an intention of 

encouraging social development or enhancing access to electricity would eventually boost the 

economic state. Previously there were no goals or targets to have been achieved in this area and 

usually tend to have slow progress. Technical and Financial assistance might encourage private 

actors to take advantage over the energy access scenario. Therefore, measures which are geared to 

promote productive uses can translate electricity access into an effective economic and social 

developmental situation in terms of increased income and improving rates of employment, reduced 

work hours and workload, increasing the quality of products, lower consumer prices making it more 

affordable to produce and see locally(Anna Brüderle et al., 2011).  

The demand in rural regions could be lower compared to the urban areas due to lower population 

densities and lower energy consumption per household. The higher the demand capacity and the 

capacity to afford electricity, it is easier to achieve the target of rural electrification at a given cost. 

‘Rural grid extension plans therefore often focus on growth centres where local government 

infrastructure such as police stations, agricultural extension and health services are concentrated’ 

(Kapadia, 2004) 

With limitations to budget on rural electrification, one way to attract attention towards investment 

from public and private sectors is to promote productive and commercial uses. It all depends on the 

optimization capabilities of the users to provide revenues through increased output, higher quality, 

or new products and services(Anna Brüderle et al., 2011).  

With studies performed on subnational level in Kakamega, Kenya on the bases of energy access, the 

author claims that there are multidimensional opportunities in making it a complete possible scenario. 

With recommendations on promoting and further performing studies on this topic and promote 

‗‘Productive uses‘‘ will be effective for economic and social development. (Korkovelos, 2015) 
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4. The case of Kakamega County in Kenya 

4.1 Socio-economic environment and the energy sector in Kenya 

Kenya has perceived tremendous economic growth over the past decade. Average annual GDP growth 

has been at about 5%, with the main drivers of economic growth being agriculture, wholesale and 

retail trade, with transport and communication which underwrote 17.6%, 15.2% and 10.8% 

respectively in the year 2013. During this period Kenya introduced a bold and structural reform as 

elaborated by the national economic plan which is known as the Economic Recovery Strategy (ERS) 

covering the period 2003-2007. The ERS targeted to achieve the following: (Institute of Economic 

Affairs, 2015) 

● Improving governance; 

● Equality and poverty reduction; 

● Rehabilitation and expansion of the infrastructure; and 

● Restoring the economic growth with the context of stable macroeconomic environment. 

The ERS policy gave emphasis to the role of equity in its overall socio-economic agenda. This was to 

be achieved with the adoption of a growth based on sectors that generated rapid employment 

scenarios, and thereby providing more opportunities for the poor. The sectors of growth included 

agriculture, tourism, trade and industry, Information Communication Technology (ICT), mining, and 

forestry.(Institute of Economic Affairs, 2015) 

Kenya‘s economy has grown from a virtual standstill in 2002 when it expanded from 0.6% in 2002 to 

6.1% in 2006 and to 6.3% in the first quarter of 2007. This was evidently the first time Kenya in two 

decades broke to four consecutive years of higher economic growth. The strong economic growth was 

evident is all the sectors. In 2008 to 2010 the economy suffered a tremendous shock in the form of 

post-election violence following uncertain presidential elections in 2007 which resulted in negotiated 

settlement by way of a national accord that foresaw the establishment of a grand coalition government 

for the period 2008 to 2013.(Institute of Economic Affairs, 2015) 

The follow on after the ERS is the Vision 2030 which is the national economic planning document 

which is to attainment of a middle income status by 2030. The plan outlines three pillars which are 

economic, social and political pillars. Vision 2030 is implemented through five year rolling plans 

known as the Medium Term Plans. In spite of a positive economic scenario Kenya still faces a 

number of economic struggles, for instances during 1972 to 2003, despite the annual GDP growth 

rates averaging 3.5% per capita the real GDP only grew at 0.2% over the same period(UNEP, 2006), 

reflection on the growing population pressure as well as the declining socioeconomic conditions. In 

the period 2003 to 2013, the positive GDP growth did not result in significant welfare improvements, 

whereas unemployment levels remain high at about 12%. Unemployment, high rates of inflation, and 

higher levels of corruption amongst other economic challenges. 
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The high cost of energy services is one of the biggest challenges to the economic activity in the 

country. Kenya constantly is losing out on foreign direct investment, with penalties on socio-

economic development. The level and intensity of energy use in all sectors in the country shows 

promising signs of economic growth and development. Countries with lower per capita consumption 

of commercial energy use registers correspondingly low per capita GDP. The converse is also deemed 

to be true with countries enjoying high per capita incomes usually recording high levels of per capita 

energy consumption, even after considering efficient utilization to realize the same level of output. 

The Sessional Paper no 4 of 2004 portrays the challenges of the energy sector in Kenya includes, a 

weak power transmission and distribution infrastructure due to limited investment in the power 

systems upgrading. Thereby the economy experiences high electric power systems losses at about 

11,000 per month, which eventually cause material damage and heavy losses in production. The 

power system weaknesses together with the high cost of power from independent power producers 

(IPPs) add to high cost of doing business in Kenya. Other power sub-sector encounters include lower 

per capita power consumption rates at 121 kWh and lower countrywide electricity access at 15.3% of 

the total population and 3.8% of the rural population as of the year 2004. The energy demand as of 

2015 was 1,192 MW. Generation capacities from Hydro, Geothermal, wind and bagasse 

(cogeneration) are 52.1%, 13.2%, 0.4% and 1.4% respectively while fossil fuel based thermal 

contributes at 32.5%. The peak load is predicted to grow to about 15,000 MW by 2030. To meet this 

demand, the predicted installed capacity should gradually increase to 19,200 MW by 2030 (Betty 

Maina, 2012). 

To address these challenges, the Kenyan government has formulated strategies whose goals are to 

rapidly expand installed electricity capacity, on expanding transmission and distribution networks, 

and to advance with renewable sources of energy: solar, wind, geothermal, biomass and small hydro 

power, among others. Kenya embarked on fundamental liberalization in the energy sector after the 

mid 1990 following up on the Electric Power Act of 1997 and almost a decade after in the energy Act 

of 2006. Previously the petroleum sub-sector was regulated through the petroleum (exploration and 

production) Act of the year 1994 and the Petroleum Development Fund Act of the year 1991. The 

Energy Act of 2006 consolidates all the laws relating to the energy sector and catered to the 

establishment of the Energy Regulatory Commissions (ERC) as a single sector regulator. The Kenyan 

energy sector is vertically in line with the Ministry of Energy and Petroleum (MoEP) being the 

governing body for energy policies while managing a system of performance contracts with the public 

sector entities:  

- Kenyan Pipeline Company Ltd. (KPC),  

- National Oil Company of Kenya (NOCK),  

- Kenyan Petroleum Refinery Ltd. (KPRL),  

- Kenya Electricity Generation Company (KenGen),  

- Kenya Nuclear Electricity Board (KNEB),  

- Geothermal Development Corporation (GDC),  

- Kenya Transmission Company (KETRACO),  

- Rural Electrification Authority (REA) and Kenya Power and Lighting Company (KPLC) 
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These broad based energy sectors were presented in the Sessional paper no 4 of 2004 that provided for 

the expansion of functions in the electricity sub-sectors as well as consolidating of all the energy laws 

under a remanded regulator commission with a powered function.  

 

 

Figure 5: Institutional framework in the Energy Sector Kenya (Institute of Economic Affairs, 2015). 

4.2 Energy related policies and strategies in Kenya 

4.2.1 Kenya Vision 2030 

The Kenyan Vision 2030 is the newest long-term development blueprint for the country. It is 

motivated by a set of aspirated targets to be achieved for the betterment of the society by the year 

2030. The Vision 2030 is created ‗a globally competitive and prosperous country with a higher quality 

of life by 2030‘. The Vision 2030 aims to transform Kenya into a newly-industrializing, middle-

income country providing higher quality of life to all its citizens in a sustainable environment. 

Vision 2030 states that with the current energy costs in Kenya are higher that her competitors in the 

face of the growing energy demand. Kenya therefore prioritizes the growth of energy generation and 

increased efficiencies in the energy consumption. This is to be achieved by continued institutional 

reforms in the energy sector, which includes a strong regulatory framework, motivating private power 

generators, and segregating generation from distribution, also securing new sources of energy through 

exploitation of renewable energy sources, coal, geothermal power, and connecting Kenya with 

energy-surplus countries in the region. 
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With significant progress shown in the infrastructure development over the last 5 years, Vision 2030 

states that Kenya‘s global competitiveness is still weak, especially in: (Institute of Economic Affairs, 

2015) 

● Electricity cost in Kenya is 0.15 $US  per kWh, comparing to Mexico 0.075 $US , Taiwan 

and China 0.07 $US , Columbia 0.064 $US  and South Africa 0.04 $US  (Institute of 

Economic Affairs, 2015); 

● Due to reliance completely on hydroelectricity, the frequencies of power outages are 

comparatively higher than Mexico, China and South Africa which is 33 to 1 %. Production is 

affected due to these power outages at about 9.3% compared to Mexico, China and South 

Africa, which is at 1.8 per cent. Evermore, it takes approximately 66 days to obtain electricity 

connection in Kenya compared to Mexico, China, and South Africa with an average around 

18 days (Institute of Economic Affairs, 2015). 

● Telecommunication costs are 15,000 $US  per month for 2 Mbps international leased line in 

Kenya, compared to key Business Process Outsourcing (BPO) like India at 4,800 $US , 

Philippines at 4,400 $US , Poland 2,000 $US , and Morocco 7,000 $US  (Institute of 

Economic Affairs, 2015). 

● Overall water availability in Kenya is around 937 m
3
/capita, which is far below for the 

continent at 4,500 m
3
/capita (Institute of Economic Affairs, 2015). 

●  System losses: the unaccounted for water losses average at 60 per cent while electricity 

transmission losses average at 18.5 per cent (Institute of Economic Affairs, 2015); 

4.2.2 Sessional Paper No. 4 of 2004 

The Sessional Paper No. 4 of 2004 is a single policy note that documents that merged liberalization 

reforms into the energy sector in the mid-1990s. Its main goal is to provide and promote equal access 

to quality energy services at least cost while being sustainable. The paper thereby draws upon policy 

frameworks with cost effective, affordable and adequate quality energy service which will be 

available to the domestic economy of the country over sustainable basis during the period 2004-2023. 

(Institute of Economic Affairs, 2015) 

The specific objective of the energy policy is: 

● Providing sustainable quality energy services for development; 

● Utilising energy as a tool to accelerate economic empowerment for rural and urban 

development; 

● Improving access to affordable energy services; 

● Providing an enabling environment for the provision of energy services; 

● Enhancing security of supply; 

● Promoting development of indigenous energy resources; and also 

● Promoting energy efficiency and energy conservation as well as practical environmental, 

health and safety practices. 
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4.2.3 Energy Act of 2006 

The Energy Act of 2006 merges all the laws pertaining to the energy sector in Kenya, it‘s based on the 

Sessional Paper No. 4 of 2004 which caters to liberalization of the energy sector that had begun in 

1994. This Act repeals the Petroleum Act and the Electric Power Act of 1997. It additionally catered 

to the establishment of the ERC and the REA. 

The Act also introduces the Energy Tribunal whose main role is to hear appeals from decisions of the 

ERC. The setup institutionalised the two bodies, which are the ERC and the Tribunal as overall 

regulatory bodies which are independent of State Influences. The two coordinate and manage the 

Ministry of Energy on Policy and Strategy. (Institute of Economic Affairs, 2015) 

4.2.4 Rural Electrification Master Plan 

The Rural Master plan is an on-going plan for the electrification of rural areas through the rural 

electrification program. It has been evaluated every year in order to attend to the most immediate 

needs of the rural populations regarding electricity connectivity issues. Development and reviewing of 

the master plan involves the participation of the stakeholders in the annual review exercise. The main 

responsible agency for this is the Rural Electrification Authority (REA) which was introduced by the 

Energy Act of 2006, and into act in 2007, its sole goal is to accelerate rural electrification. (Institute of 

Economic Affairs, 2015) 

The goals to be achieved by the REA are as follows: 

● Phase I (2008-2012): Connecting all public facilities; 

- Connecting 1 Million Customers 

- Increasing connectivity from about 12% to 22% 

- Increasing access to 100% (Access which means households within 1.2km of MV/LV 

line though connectivity is the actual connection to electricity) 

● Phase II 2013-2022: Connecting Customers (increase connectivity from 22% to 65%) 

● Phase III 2022-2030: Connecting Customers (increase connectivity from 65% to 100%) 

REA implements projects through either one of the following ways: 

● Grid Extension: expanding the national grid to increase coverage; 

● Off Grid Supply: establishing electricity supply to new installations that are off the national 

grid; 

● Isolated Diesel Station; and also 

● Installing solar photovoltaic system (PV), Biogas and Wind systems in public institutions. 

Once REA completes its projects it is handed over to the KPLC for operation and maintenance on a 

Service Level Agreement (SLA). Although the projects are owned by REA, and in this case REA 
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does not pay the KPLC operations and maintenance costs are recovered by the electricity retail tariff. 

(Institute of Economic Affairs, 2015) 

4.2.5 Feed-in Tariff (FiT) Policy 

The Kenyan Government published new Feed-in Tariff (FiT) Policy in 2010 to offer investment 

security to renewable electricity generators, reducing administrative and transaction costs and 

promote private investors in the establishment of Independent Power Production (IPPs). The existing 

FiT upgrades the first tariffs of 2008, and now includes solar, geothermal, biogas generated 

electricity. The tariffs apply to grid coupled plants and are valid for a 20-year period from the very 

beginning of the Power Purchasing Agreement (PPA). (Institute of Economic Affairs, 2015) 

The government has put in place a number of incentives in the policy, for instance: 

● Waving of duty on power generation equipment which are imported into the country; 

● The Government offering letters of comfort to the (IPPs) in order to secure funding for 

operators; 

● Periodic resource evaluation by the government and conducting feasibility studies for availing 

to the private sector; and 

● Providing tax holidays to attract investments in renewable energy. 

4.2.6 Policy Making Institutions 

Energy Regulatory Commission 

The Electricity Regulatory board (ERB) is an autonomous, completely independent sub-sector 

regulator, came into action in 1998 under the Electric Power Act to inter alia, set, review and modify 

consumer tariffs, approve power purchase agreements, encourage competition in the sub-sector where 

possible, resolve customer issues and enforce health, safety and environmental regulations. (Institute 

of Economic Affairs, 2015) 

Energy Tribunal 

The Energy Tribunal is introduced under the Energy Act of 2006; its main function is to hear appeals 

from resolutions made by the ERC. (Institute of Economic Affairs, 2015) 

Ministry of Energy and Petroleum  

The Ministry of Energy and Petroleum is completely responsible for overall policy coordination and 

advancements in the Energy field in Kenya. It is responsible for setting up policies upon receipt of 

advice from ERC and the Energy Tribunal. (Institute of Economic Affairs, 2015)  

4.3 Kakamega county 

Kenya is divided in 47 counties; Kakamega is the poorest of them all. The county‘s poverty incidence 

stands at 49.2% with more than 809,500 of its people live below poverty line. Access to affordable 

energy services can stimulate growth and lift part of the population out of poverty. Despite waiting for 

grid extension to arrive sometime in future, Kakamega county would benefit a lot if cost effective, 

decentralized electricity systems were employed in a local decentralized manner. That – along with 
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energy data availability – is why Kakamega was selected in this thesis. A brief review of 

socioeconomic characteristics in relation to the energy sector are presented in the following 

paragraphs. 

4.3.1 Demographic and socio-economic background 

The county is located in the western part of Kenya, with 40 km on sides from Lake Victoria and the 

Ugandan border. The land characteristics beholding a surface area of 3,020 square kilometres and an 

approximated average elevation of 1,535 meters. The county shares its borders with Bungoma to the 

north, Trans Nzoia to the north east, Uasin Gishu and Nandi Counties to the East, Vihiga to the south, 

siaya to the south west and Busia to the west. The County has namely 9 constituencies which are 

Malava, Lugari, Ikolomani, Lurambi, Shinyalu, Khwisero, Matungu, Mumias and Butere. 

(Korkovelos, 2015) (World bank, 2011) (population, 2009) 

The County is the second most populated in Kenya after Nairobi with an estimated figure of 

1,660,651 (population, 2009) and a density of 544 ppl/km
2
,with the mostly populated areas being the 

central and the southern parts of the county (Unicef, 2015).The poverty rate based on KIHBS is 

around 53% and the share of urban population to be close to 15.2% with a distinct growth rate of 

4.1% per year (World bank, 2011) (Korkovelos, 2015) (KNBS-SID, 2013) 

 

Figure 6: Population density in Kakamega (population, 2009) 

Urban population in largest towns (Korkovelos, 2015) 

● Mumias - 99,987 

● Kakamega – 91,768 

● Butere – 12,780 

● Lumakanda –  10,580 

● Malava-4,070 
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With Kakamega having 355,679 households and an annual growth rate of 2.6%. The average 

household size between 5.5-6 in rural areas and 4 people in the urban areas. The access to electricity 

is 5.6% with the usage being mainly lighting and small electric appliances. The monthly income per 

household holds from 3,000 to 150,000 Ksh with the average being 15,000 Ksh per month.76.1% of 

the households have improved water infrastructure,54.1% has good roads whereas only 4.9% have 

access to paved roads. (World bank, 2011) (Korkovelos, 2015) 

4.3.2 Economy 

Kakamega had the 5th highest local revenue generating county as in the year 2013/2014 with 3,500 

Million Ksh. An equity share of 6515.51 Million Ksh and conditional grant consisting of 840.7^4 

Million Ksh sets the overall revenue of the County at 10,856 Million Ksh for 2013/2014 (KNBS, 

2014) (Korkovelos, 2015) (Softkenya, 2015) IMF in 2013 states that the estimated GDP per capita in 

Kenya was 1245.5 $US . With poor data management on data collection done by the country on its 

counties the exact data is not available. Therefore, estimation that the local GDP was 2.048 billion 

$US , set in the year 2013. (Korkovelos, 2015) (Softkenya, 2015). The major revenue generating 

activities are (Softkenya, 2015) (Korkovelos, 2015): 

● Large and small scale sugarcane cultivation 

● Sugar industry. 

● Small scale mixed cultivation of tea, maize, sugar beans, sunflower, millet and dairy products 

● Commercial sector: Banks and Microcredits 

● Commercial businesses: Supermarkets, grocery shops, open markets. 

● Transport: Boda-Boda Cycles 

● No registered businesses: Street vendor's, hawkers 

4.3.3 Energy sector 

Recent Upgrades to the Energy System in Kakamega 

The Kakamega County is one of the most prioritised counties for clean energy production in Kenya 

with a long line of potential investments looked up the county promises a future for the country. In 

2014, about Sh. 96 Million were invested to rehabilitate power equipment and network as an initiative 

by Kenya Power. The investment was made mainly to improve the electricity network, to consistently 

supply power and to minimize power outages which include both planned and unplanned 

outages.(KPLC, 2014) 

In 2017 an initiative was taken to construct a green energy plant is expected to use human waste 

which is expected to cost about Sh.61 billion in Kakamega County. The project is expected to 

generate at about 140 megawatts (MW), in which 100 MW of the generated power will be relayed to 

the national grid and the balance would be used by the investor. (KNA, 2017). With the Green 

African Foundation and the Power Africa program enforcing clean energy generation with the 

backing provided by America it is expected to employ at least 2,300 people. The new power plant will 

be constructed at Lunza village, Butere Sub-County. Counties in the western region such as Busia, 
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Bungoma, Kakamega and Vihiga and the Independent Power Producer (IPP) are expected to collect 

and transport about 4,800 tonnes of solid, industrial and medical waste toward the power generation 

process.(KNA, 2017) 

Global Energy Network Institute (GENI) claims that an IPP, Mumias Sugar Company generates a 

promising 35 MW and dispatches 26 MW to the national grid. As for the policies in place the county 

follows the countries Feed in Tariff which promotes green energy as Kenya receives a daily insolation 

of 4-6 kWh/m2 and it is mainly used for Photovoltaic Systems (PSV), drying and water heating. 

(KNA, 2017) 

The most recent upgrade the Kakamega County has obtained is a MoU with a Swedish firm to build a 

Sh. 3 Billion plant to generate power from municipal waste. Initially the project will inject 5 MW of 

electricity to the national grid in the early phase and will expand to about 500 MW in a span of 20 

years. The governor from the county stated that ‗‘ the entry of the Swedish power generation firm will 

promote economic growth and improve livelihoods in the county and the country‘‘. The project would 

create over 200 jobs and the county is on the brink to sign more MoUs with the other 14 counties 

which form the Lake Region Economic Bloc (LREB) to supply the plant with waste for power 

generation purposes.(The Star, Kenya, 2018)  

Energy Demand and Supply  

As per previous research done over the estimated energy demand profile of the Kakamega County, in 

order of higher demand to lower the residential sector with a consumption of about 3841 GWh which 

is 66.74%, secondly the transportation sector with a demand of 1644 GWh which is about 28.57%, 

following that is the industrial, agriculture, commercial and community sectors with 3.85%, 0.54%, 

0.23% and 0.08% with an overall demand profile of 5755 GWh.(Korkovelos, 2015) 

 

Figure 7: Energy Demand in Kakamega (Korkovelos, 2015) 



 

23 

 

The energy supply capabilities of Kakamega are primarily dependent on Mumias Sugar Company 

cogeneration plant with a generation capacity of 26 MW and an availability of 7,200 hours/year. 

Bagasse which is a derivative of sugar is used as fuel for the plant. The generated electricity is 

exported to the national grid.(Korkovelos, 2015; KPLC, 2014)  

Electrification Rates 

According to studies reported by the United Nation, Kenya would have increased access to electricity 

which is report to be around 50.04 Million People between the period (2012-2030). Reported grid 

electricity cost in the country ranges between (0.06-0.10) US$/kWh, with diesel being its secondary 

energy source due to a large number of diesel generators in rural Kenya the cost ranges from (0.32-

0.70) US$/litre. Electricity consumption in the country is based on variety of equipment is used which 

would range from (22-2,195) kWh/household/year from lighting to air conditioners. The overall 

investment needed for electrification based on the type of equipment used in order to achieve the tiers 

of electrification (lighting, TV, washing machine, microwave oven, air conditioner) ranges from 

(3.08-76.01) Billion US$ (―Universal Electrification Access,‖ n.d.). 

A larger share of the country‘s electricity distribution comes from the National Grid. The country‘s 

access to electricity rate is at 64.5%, with its urban electrification rate at 78.2% and rural 

electrification rate at 59.7%, with the highest rate of electrification is at the Kenya‘s capital Nairobi at 

72.4% and the lowest being Kajiado at 0.5%. The Kakamega County stands at a rate of 5.6% with its 

access to electricity.  

 

Figure 8: Transmission network Kenya(KPLC, 2014)  
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The county faces a lot of challenges currently in terms of electrification most of it being higher cost 

on connection fee for rural electrification and the fragmented population makes it difficult to achieve 

a localized electrification system. The total number of households in the county is about 355,000 with 

only 20,000 having access to electricity (UNDP, 2016). According to the county‘s annual 

development plan, an allocation of 200,000,000.00 Kshs for Connection of electricity in all public 

institutions and markets, accounting for all unelectrified institutions and actual development, by 

partnering with REA, Kenya power for connections. Also, around 100,000,000.00 Kshs for Solar 

energy, for electrifying schools, markets and health centres.(CRA, 2011)  

The county being one of the poorest counties requires more attention and understanding to attend to 

immediately, therefore Kakamega was chosen for this study. This study sought to understand the 

energy consumption patterns and explore the avenues of participation in energy planning process in 

Kakamega County.  
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5. Modelling PuE in OnSSET 

OnSSET is open source; that is, its core code is available on a public domain and customizable so as 

to fit the purposes of any electrification project. The following paragraphs describe the 

methodological approach that was followed in order to incorporate productive uses of electricity in 

OnSSET. It should be noted that a lot of assumptions were made within this project. Methods and 

their limitations are discussed in the individual sub chapters. Also, all technical details and 

assumptions that are similar to other studies using OnSSET are presented in Appendix A.  

(Figure 9), presents the overall methodological flow followed in this project; it involved the 

combination of MS Excel, a GIS environment and OnSSET. The methodology involves three stages 

each one of which is explained in detail below. 

 

Figure 9: Methodology of the project 
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5.1 Step 1: Collecting and conditioning data related to PuE 

Productive uses of three sectors have been analysed. First, the geolocations of these sectors have been 

extracted from available online sources using a web scraping python module to automate the process. 

The web scraping tool runs on Python 3 and Python virtual environment. At first the web page is 

downloaded and then converted into the raw HTML format then the given parameters to be searched 

are run through to find the match. Once the code runs through the HTML page it either returns with 

the value or zero. The information collected is the name and the geolocation of the productive uses. 

The information obtained has to be checked for errors such as repetition of extracted information and 

false geolocations. The code developed to undertake this task is available in Appendix B.  

 

Figure 10: Productive uses of electricity 

After the data have been collected they have to be transferred on to a .csv file format, therefore 

leaning towards the compatibility factors of the OnSSET analysis. Once the .csv file has been created 

individually for all the three sectors it is to be conditioned with ArcGIS. The data and its coordinates 

are uploaded onto ArcGIS to reassure the quality of the data, to set the coordinate system as well as to 

create its own layer which will be used prior to the OnSSET analysis. In this project the coordinate 

system used is World Geodetic Datum 1984 (WGS84) because it‘s capable of representing lines of 

constant pathway which is known as loxo-dromes, which widely is used in the nautical sector. The 

Mercator projection system is commonly used for areas closer to the equator but also where distortion is at 

minimal. (Kenyaplex, 2014) (Python Analytics, 2016) 

5.2 Step 2: Assigning electricity demand to productive activities 

One of the most critical questions to be answered in this thesis is, how one can include productive 

uses into the existing OnSSET tool. At first the geographic locations were categorized based on 

characteristics like their location, size and name. Second, a demand profile was assumed based on 

different sectors which for schools is 1.515 kWh/school/day, hospitals 25 kWh/hospital/day and for 



 

27 

 

commercial the demand profile was set as 50 kWh/firm/day. The demand profile was set as default for 

all the productive uses as the OnSSET tool does not work with the capacity to set individual based 

demand at the moment. After the demand profile has been structured for all productive uses, they are 

segregated in a separate preparation file along and then merged with the Kakamega.csv preparation 

file. The demand for productive uses and household demand are all now available in one .csv file 

before it is to be analysed in OnSSET. The file consists of the standard OnSSET tabs along with the 

productive uses demand tab. Finally, the productive uses demand is calculated as per every cell on the 

grid and then analysed using the OnSSET tool. The paragraphs below give an idea on the productive 

uses chosen for this project.  

5.2.1 Schools 

The Sub Saharan African region has seen in effect an impressive increase in the number of students 

enrolled in primary schools between the years 1990-2012 has more than doubled from 62 million to 

149 million children. One of the main reasons for the increase is also partially because of the 

abolishment of school fees (AAI, 2015) The 2014 school census indicates that 43.8% of all primary 

schools are connected to electricity while 56.2% are not connected. (Figure 11) portrays that in public 

primary schools only 39.4% are connected to electricity, while 57.4% private primary schools are 

connected to the electricity. In the secondary schools, 75.3% of all schools are connected to electricity 

while 24.7% are not connected. The demand patterns differ drastically with the affordability of the 

school, the location and the number of students enrolled (UN, 2015). 

 

Figure 11: Primary School Connectivity to Electricity (Sub-Saharan Africa), 2014 (AAI, 2015)(UN, 2015) 

(Figure 12) portrays that in public secondary schools only 73.7% are connected to electricity, while 

87.8% private primary schools are connected to the electricity. By taking into consideration the 

average number of students enrolled in primary schools as shown above for Sub Saharan Africa. The 

above paragraphs are explained in brief to get an understanding of the educational scenario in the Sub 

Saharan African region.  
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Figure 12: Secondary School connectivity to Electricity (Sub-Saharan Africa), 2014 (AAI, 2015)(UN, 2015) 

In the Kakamega County there are 584 in public schools, 164 in private schools. For secondary and 

high schools, the average size accounts to 294 in public and 166 in private in the Kakamega County. 

The number of schools used in this analysis accounts to just over 1100. It is estimated that the average 

energy consumptions in schools in Kakamega accounts to 1.515 kWh/day. The estimated demand 

profile for primary and secondary schools is about 671.6 MWh/year. Keeping in mind the higher 

secondary schools and universities the rate of consumption is at about 1,418 MWh/year. These figures 

are taken into account for sizing the demand based on the zones in this project. The results of the 

analysis would be discussed in the next chapters (Korkovelos, 2015; Ministry Of Education Science 

And Technology, 2014) 

5.2.2 Hospitals 

Energy solutions for the health care sector at this moment cannot be defined accurately, because there 

are vast differences in health care based on different regions. The healthcare facilities differ mainly 

based on the services provided, their ownership style, and the location, the capacity to accommodate 

patients so to say it can be divided into large healthcare facilities, health centres and health clinics.  

In this project we have divided health facilities into two categories; hospitals and clinics. The reason 

this sector was on chosen to be part of the productive uses is mainly because of the importance to be 

given to the healthcare in those regions, but also the rate of electrification to these sectors. Taking 

Kenya into perspective 75% of the facilities have access to electricity, however only 19% of the 

facilities have stable electricity. (Franco et al., 2017) 

Defining their energy demand, hospitals are larger facilities averaging over 120 beds with a large 

variety of medical instruments with drastic differences in its energy demand. Hospitals average daily 

energy demand or consumption scales in between 15-35 kWh, with power needs of 9 kW. For smaller 

health centres and the health clinics, the average patient capacity is around 60-120 beds and with the 

purpose of replacing larger hospitals in smaller cities. Therefore. the average energy demand of the 

health centre and health clinics ranges from 4 to 20 kWh, with power needs between 2.4-5 kW. The 

estimated demand profile for hospitals in Kakamega is about 527.4 MWh/year. (Korkovelos, 2015; 

Ministry Of Health, 2015) 
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Figure 13: Reliability of access to electricity supplies for healthcare facilities.(Ministry Of Health, 2015) 

5.2.3 Commercial sector 

The amount of energy consumed in the residential sector portrays the stage of economic development 

in the region. The commercial sector of Kakamega mainly comprises of small and medium scale 

industries mainly characterized by low production cost, expensive or low accessibility to raw 

materials, reachability to the markets and low level physical manufacturing process. The businesses 

usually carried out are activities like pottery, crude sugar production, brick making, liquor production, 

quarrying and masonry, carpentry, traditional medicine production, baking, bicycle repair, flour 

grinding and shoe making and repair. (Korkovelos, 2015) 

The small commerce industries portray behaviour of low load electrical applications for small scale 

and higher load electrical applications for medium scale. The rate of energy demand for both the 

industry types ranges between 10-100 kWh/day. In our study we were able to locate and reassure the 

correctness of data on 221 businesses. Studies made on Kakamega county states that an assumption of 

1,000 small scale businesses are active which accounts for 3,650 MWh/year and for medium/large 

scale businesses accounts to 174 hotels with a consumption rate of 1,905 MWh/year of electricity. 

Following the medium/ large scale industries it is assumed that there are 300 markets in the county 

with a demand implying 5,475 MWh/year. Other service oriented businesses consume about 2,281 

MWh/year for 250 businesses in the county. (Korkovelos, 2015) 

5.3 Step 3: Data processing and OnSSET runs 

In this final step, the geographic data collected from the three sectors, its energy demand segregation 

and zoning have been processed. The coordinates of the sectors were separated in three different .csv 

files and each sheet was ordered with the name, X and Y coordinates before processed. Following up, 

it was checked if all the coordinates fall into the counties boundary. This step is very important. The 

data were conditioned and saved into three different files pertaining to the sector. Then, the 

settlements.csv file containing the households and for instance the schools.csv file were uploaded as 

point file layer into ArcGis or Qgis. The layers were then set to the recommended Projection system 

used which is WSG_84 world Mercator.  

The most important step was joining the two layers. The idea behind combining both the layers into 

one makes it easier for the OnSSET tool to process. The basic idea behind joining data is typically 

used to append the fields of one table to another keeping in mind that both the table share a common 

field. A predefined geodatabase or by location as a common field worked best in this case. The X and 
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Y coordinates of both the layers in our case created a common field with which the join was made. 

The settlement.csv file would be the base layer and the schools.csv layer would be the layer 

superimposing the base layer. Once merged, the number of schools/hospitals/commercial at each 

geolocation was calculated. In this case we processed each of the productive uses separately. The 

process is illustrated in (Figure 14). 

 

Figure 14: Process Flow diagram of the project 
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6. Electrification results 

In terms with the standard approach of the electrification analysis using OnSSET (hereafter mentioned 

as baseline scenario), two scenarios were considered including different electricity demand targets for 

households in Kakamega (full definition of Tiers available in Appendix A). These are: 

● Scenario 1: Tier 5 Urban and Tier 1 Rural 

● Scenario 2: Tier 5 Urban and Tier 2 Rural 

In both scenarios, the additional electricity demand for productive uses of electricity was included. 

The results of the analysis are presented in the following paragraphs. 

With the acquired population data of Kakamega which account for 1.67 million people in 2015 the 

analysis was performed taking into account an overall projected growth rate of 2.5% a year. The 

projected population towards 2030 was estimated at 2.41 million people. Other factors which 

contributed largely to this analysis are the diesel price (0.69 $US /litre) and the household size (set at 

6 and 4 people per household for rural and urban respectively). The analysis aimed to increase the rate 

of electrification in the Kakamega County from its existing electrification rate at 5.6% towards 100% 

by the year 2030, as demanded by SDG7. It should be noted that all scenarios assumed a discount rate 

of 12%.  

6.1 Overall Projected Electricity Demand 2030 

Kakamega contains a little above one thousand schools, scattered all over the county in comparison to 

the population map below (Figure 15). The schools ranging from primary to high schools are shown 

in the figure above. It should be mentioned at this point that the type of electricity generation methods 

could not be obtained for each school. That is the limitations of the study and should be revised on 

future work. 

Figure 16, shows that about 75 health centres are located in the county which includes both hospitals 

and clinics. The southern and western regions of the county contain most of the health centres. The 

population density is much higher in regions of the counties health centres. It should be mentioned at 

this point that the type of electricity generation methods could not be obtained for each health centre. 

That is the limitations of the study and should be revised on future work.  

Figure 17, shows the commercial sector layout in the county which project more businesses located 

towards the north east of county where the existing and planned grid are located. Around 250 local 

businesses are in operation in the county. It should be mentioned at this point that the type of 

electricity generation methods could not be obtained for each commercial activity. That is the 

limitations of the study and should be revised on future work. 
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Figure 15: Schools in Kakamega County 

 

 

Figure 16: Hospitals in Kakamega County 
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Figure 17: Commercial in Kakamega County 

The results in this study are placed side by side to give the depth of difference in the analysis. Figure 

18 portrays the projected electricity demand 2030 over both the methods and scenarios. The blue 

coloured bar graph portrays scenario 1 and the red coloured graph portrays scenario 2. The percentage 

values in notation refer to the rate of change in demand over the baseline scenario.  

 

Figure 18: Overall Electricity Demand Kakamega County 2030 
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Productive uses in particular to the schools and hospitals project similar characteristics in terms of the 

residential electricity demand because of the number of students going to schools to the number of 

patients visiting the hospitals on an everyday basis showed similarities. The commercial sector tops 

with the highest electricity demands. According to previous studies performed over the county, the 

commercial sector did not account for a lot of the demand in the county. Based on this analysis, the 

commercial sector shall not be neglected; this is particularly true when one considers the impact the 

provision of electricity services might have for the total economy of the county. 

6.2 Estimated Technology Mix & capacity additions 

With limited access to the national grid assumptions were made that electrification strategies in 

Kakamega would benefit a lot from decentralized technologies. In fact, based on the results of the 

analysis the deployment of diesel generators was identified as the least cost option for achieving the 

access targets set. That is also because the diesel price was set to low value (0.69 $US/litre) which 

directly leads to a lower operating costs scenario for diesel generators. Also, the initial modelled 

capital costs pertaining to diesel (938 $/kW) is comparatively lower to as stand-alone PV (5500 

$/kW). The secondary source of power generation potentially is solar PV because of its affordability 

status compared to other renewable power generation methods. Solar PV potential in particular in 

western Kenya, is significantly high as shown in figure 20. About 6 counties in Kenya have below 

average insulation levels at 3 kWh/m2/day where half the county falls under. With these levels of 

irradiation the analysis did not prioritise on Solar PV, but in areas which proves cost worthy and 

availability.(Keizer, D, 2017) 

 

Figure 19: GHI and DNI for Kenya (Keizer, D, 2017) 

The modelled costs pertaining to promote grid based electrification are high compared to stand alone 

diesel with grid price (0.05 ($US/kWh)) and grid capacity investment costs at (2000 ($US/kWh)) 

which currently is not feasible when it comes to expanding in rural areas and when other cheaper 

technological options are available. Additionally, the north eastern region of the county has both the 
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existing and planned grid connections which entails to only below 20% of the population to be 

connected to the grid because of the restrictions in laying grid line over practicality and costs. Most 

power plants are not completely operational in the county except for the sugar mill which now is 

delivering lower output to the grid compared to the past; therefore for regions away from the power 

plants grid connected electricity consumption would not be currently possible.(Keizer, D, 2017) To 

increase grid based connections previous studies performed on the county have suggested a 30 MW 

deployment by 2030 (Korkovelos, 2015). This could definitely decrease the reliability towards fossil 

fuels and increase grid connected scenarios. 

 

Figure 20: Existing and planned power plants and grid network for Kakamega County. 

Still in the year 2030, stand-alone diesel remains as a prominent source for the mix with cost of litre 

dropping from 2012 (0.82 $US /litre). However, it should be noted that kerosene, LPG and diesel 

have largely fluctuated over price over the years. The cost of diesel for example has decreased 18% 

over the last years. Due to the price fluctuations and cost effectiveness the model chooses to prioritise 

this fuel over the others (Korkovelos, 2015).   

 

Figure 21: Diesel Price graph for Kenya(Knoema, 2016) 
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The productive uses of electricity have increased the overall demand, but have not changed the 

technology mix patterns compared to the standard scenario as shown in Figure 23-24. 

 

Figure 22: New Connections Scenario 1 for Kakamega County 

 

Figure 23: New connections scenario 2 for Kakamega County 

In general, as electricity demand increases with higher tiers or the addition of productive uses, the 

amount of generation capacity needed, increases. The capacity increase in scenario 1 for each sector is 

given by (standard: 24.08 MW, including schools: 28 MW, including hospitals: 27.62 MW and 

including commercial: 31.20 MW). Scenario 1 indicates an increase on the grid expansion side, due to 

its topology and reliability factors. The productive uses are geographically spilt all over the county 

and thus a clear even pattern of capacity requirements have seen throughout all the sectors in scenario 

1. Before 2015, the county has already had existing Stand-alone Diesel generators and thus a larger 

increase in terms of capacity wasn‘t in place this scenario. Finally, Stand-alone PV technology also 
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had its bottlenecks with the amount of irradiance received over the region and did not prove effective 

as compared to the other technologies, therefore a marginal capacity increase to electrify the northern 

regions of the county.   

 

Figure 24: Capacity requirements scenario 1 for Kakamega County 

The capacity increase in scenario 2 for each sector is given by (standard: 46.81 MW, schools: 51.53 

MW, hospitals: 51.03 MW and commercial: 53.53 MW). In scenario 2, the capacity requirements 

show drastic differences compared to scenario 1 with both stand-alone Diesel and grid expansion 

methods are favoured here and Solar PV at the latter. The combinations of tier 5 and tier 2 status of 

electrification has increased the demand at remote regions where grid connection is not currently 

possible. With those regions taken into consideration 40-45% of the total share is split to stand-alone 

Diesel and between 38-40% to grid connected network. With higher demand come higher costs, to 

satisfy the increment costs and to electrify the region by 2030 scenario 2 provides the best of both. 

Solar PV has increased from 2% to 5% in the scenario 2 at regions of higher GHI and DNI. 

 

Figure 25: Capacity requirements scenario 2 for Kakamega County 
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Scenario 2 unlocks more technologies compared to the other scenarios with productive uses as shown 

in Figure 24. The northern regions are mostly a mix of Solar PV and stand-alone diesel. Almost 80% 

of the county is covered with stand-alone diesel, with a few regions in the centre of the county 

containing mini grid diesel and mini grid hydro. Both mini grid diesel and mini grid hydro 

connections are from the existing power plants the county had commissioned in the past. 

 

Figure 26: Overall Technological Mix Kakamega 2030 Standard scenario 2 

6.3 Required Investment 

Economic development and infrastructural investments will be required to improve electricity 

penetration into rural areas and electricity access for rural households and Productive uses to achieve 

universal access by the year 2030. The key findings into sustainable investments include income, 

welfare and distributed impacts(IGC, 2019). The figures below show the amount of investments 
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needed to fully electrify the Kakamega County by 2030. The investment data were obtained from the 

OnSSET analysis. 

Firstly, the investment costs pertaining to grid expansion are influenced by many criterias such as the 

type, the capacity and the length of lines keeping in mind the topology. More specifically, the costs 

are influenced by elevation, land cover, road network, land cover type and distance from 

substations(Mentis, 2017). The grid expansion investments are comparitively the highest among 

others keeping in mind all the sectors. The standard, schools and hospital are comparitively closer 

interms of grid expansion costs between 210-212 million $US  and the commercial sectors on the 

higher side at 215 million $US. Stand alone diesel generations methods currently require more 

investments compared to Solar PV due to the question of intermitency of the natural resources in the 

region. Stand alone diesel requires an investment ranging between 5-10 million $US  in all the 

sectors. The question of reliability has prioritised Solar PV with the lowest amount of investment 

compared to the other technology types ranging between 2-5 million $US . 

Grid based investments peak in scenario 2 ranging between 220-250 million $US. Compared to 

scenario 1 the grid based investments are much higher owing to the fact that the use of tier 5 and tier 2 

levels of electrification in this scenario. The increase in demand has followed the same pattern as 

scenario 1 with a higher reliability factor towards grid network expansion. One of the reasons the 

model has chosen to prioritize grid based is because the electricity would be comparatively cheaper 

compared to other sources, unless there are generous incentives or very high utility rates where both 

are currently not the case.  

In Scenario 2, Stand-alone Diesel and Solar PV are second and third in terms of total cost need to 

commission. An increase in capacity in scenario 2 is more on the grid side but almost in par with 

Stand-alone Diesel. As mentioned in the paragraphs above the initials costs are higher on the grid 

expansion network over Stand-alone Diesel.  Secondly, in both scenarios the commercial sector tops 

the investment list. The differences in scenario 1 are an additional (0.64%, 0.66% and 3.10%) in the 

order of schools, hospitals and commercials over the standard scenario. Differences in scenario 2 are 

(2.1%, 8.8% and 15.36%) from the standard scenario. The pattern of differences in both the scenarios 

is seemingly not so different with the commercial sector demand much higher than the rest. 

 

Figure 27: Investments needed scenario 1 for Kakamega County 
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Figure 28: Investments needed scenario 2 for Kakamega County 

In order to achieve the highest energy targets in all of Kakamega County based on our assumptions it 

would require investment costs of 230 or 300 Million $US  at 12% discount rate respectively. It 

should be taken into account that the scenarios with higher discount rates and greater use of diesel 

technologies require lower capacity investment cost than scenarios which rely mostly on renewable 

technologies. The majority of the costs are allocated for capacity investments for generation, 

transmission and distribution using the county grid, followed by standalone PV capacity. Standalone 

diesel investments make up only a marginal part of the investments in both cases (Figure 27 & 28). 

The investment costs are reduced slightly for the higher discount rate as some standalone PV systems 

are replaced by diesel standalone systems. Only three technologies were utilized using this method; 

grid-connection, standalone PV and standalone diesel (Figure 27 & 28). In rural areas the expected 

energy consumption is lower. The areas where grid connection was the chosen technology were also 

the areas where the energy consumption could be expected to be higher. 

6.4 Levelized cost of electricity (lcoe) and affordability 

Based on the selected scenarios, stand-alone diesel has been primarily the least cost electrification 

technology for the majority of population in Kakamega. Stand-alone diesel systems show lower initial 

capital investment than other technologies and have low running costs (assuming low diesel prices of 

course). This also translates to lower lcoe values. The average lcoe value given both the standard 

scenarios 1 & 2 for stand-alone diesel systems was estimated at 0.109 $US/kWh, 0.079 $US/kWh. 

The same value for stand-alone PV systems was 0.111 $US/kWh, 0.095 $US/kWh while for 0.219 

$US/kWh, 0.159 $US/kWh for grid connection. Aggregating the results on the analysis, the average 

lcoe value achieved per province was calculated and presented in Figure 29 and 30 below. The 

varying cost due to geographical locations and disturbances shall be taken into account by policy 

makers when designing tariff policies in the county.  
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Figure 29: LCOE Kakamega County 2030 Standard Scenario 1 

 

Figure 30: LCOE Kakamega County 2030 Standard Scenario 2 
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7. Discussion & Conclusions 

The results of the case study of Kakamega County using the original OnSSET method showed that 

grid connection and stand-alone diesel is likely an important factor for increased electrification rates 

in Kakamega, especially in densely populated areas. However, off-grid systems such as stand-alone 

PV would also have an important role in all scenarios. This is especially true for the both the scenarios 

of electricity access which has a higher tier for urban regions and lower tiers for rural areas where 

approximately 94% of Kakamega county is based on a rural setting, but even for levels corresponding 

to Tier 1 and 2, 7-10% of the population would benefit from off-grid technologies.  

The study has shown ways to promote the introduction of productive uses in governmental 

infrastructure development platforms and for planning purposes. Interestingly in terms of investments 

required the additional amount to satisfy electrifying productive uses have been calculated. Keeping 

the standard analysis as base the investments required to satisfy electrification status is 220 million 

$US  to cover 180 GWh/year, over which an additional 4%, 0.6% and 8% in terms of investments 

would be required to electrify the productive uses in this study, keeping in mind the value are for 

scenario 1. In the second scenario for the baseline analysis the required investments are 300 million 

$US  to cover 250 GWh/year, with an additional cost incurring 8%, 8% and 24.2% for schools, 

hospitals and commercial. With all the given parameters and analysis perform the average levelized 

cost of electricity achieved in Kakamega is 0.319 $US/kWh.  

With recent developments in machine learning techniques a correlation between productive uses were 

devised to find cluster formations between themselves by using various cluster formation methods. 

Many attempts were made in this study to include machine learning techniques to identify and 

categorise productive uses of electricity, but with limited amount of time and investments a detailed 

study was not possible. 

The study also suggests allowing the user or planner to set individual demands or individual tiers of 

electrification based on different sectors to give a more detailed picture. For example, setting tier 5 

and tier 1 for households and tier 4, tier 2 for schools therefore making the analysis more customized 

to the setting. More options to include are to provide options for the user to choose between the pool 

of productive uses in terms of customizing the analysis and gaining different perspectives of the 

results. A few trials were made on the Kakamega county urban centre to classify data based on 

colours and produced positive results. 

In order to increase global electricity, access the use of energy models such as OnSSET and LEAP 

integration with GIS may be profitable during the planning process. The OnSSET study of Kakamega 

County showed that a combination of grid and off-grid technologies can provide the least costly 

electrification pathways at costs close to or below what the government has promoted in the Power 

System Master Plan. Grid power, PV systems but also Diesel generators were found to be the most 

important technologies in order to bring the electrification rate to as what it is projected in this study 

by 2030.  
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Newer additions to the OnSSET methodology were developed. Before this study OnSSET was solely 

considering residential demand, thus leaving an unpainted picture over the other contributing sectors 

which add to the demand pool. It has come into view that adding more sectors to the OnSSET analysis 

has remarkably shows different patterns in terms of cost, access to electricity and technological mix. 

This method may provide a new option for the OnSSET analysis, but further research is needed to 

determine the global structure of how the productive uses is to be correlated geographically to make 

the analysis perform as standard on which it is based. Another contribution of this thesis is the 

suggested data collection method, used to extract large sums of geodata from the open sources.  

Additional studies have to be performed over the productive uses individually to bring a universal 

status in methodology under which they can be analysed, because productive uses are subjected to 

show drastic changes with change with geography. Once this is achieved it would be interesting to 

compare in detail household demand and productive uses which gives a clearer picture for both the 

governments and energy parties in attaining different targets. 

Remote sensing has continually grown during the past years. It has widely been used in disaster 

management as well as in agriculture and forestry with remote sensing being a constant factor. In 

Austria e. g. remote sensing is used as a medium for tree protective law or to control building 

regulations manually by visually interpretation of satellite images or aerial photos. The United 

Nations use remote sensing to track and growth of refugee camps, the data is used to estimate how 

many people approximately hold in one camp.(―Image Classification Techniques in Remote Sensing,‖ 

2014) 

Energy planning related remote sensing is a slowly trending, with it being used in creating of solar 

potential maps or cadasters. These maps or cadasters provide information about the energy potential 

for solar collectors or photovoltaic modules. High resolution LIDAR data is used for site selection of 

wind generators. Even more, multiresolution remote sensing data is used for the evaluation of small 

hydropower potential. (Dugoua et al., 2018) 

Supervised classification  

 

Figure 31: Supervised Classification 

With supervised classification representative samples are chosen for each land cover class by the user. 

The software uses these ‗‘training sites‘‘ provided by the user and applies them on the entire image. 

Spectral signature defined in the training set is used in supervised classification. For instances, the 

program determines what resembles the most in the training set. Most commonly used supervised 

classification algorithms work with the principle of maximum likelihood and minimum distance 

classification.(―Image Classification Techniques in Remote Sensing,‖ 2014) 
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Figure 32: Supervised classification on Kakamega County 

Supervised classification is a time consuming process compared to the other classification methods, 

because the user has to manually classify the area before running the analysis. The analysis performed 

on Kakamega centre four classes are chosen of which the orange band indicates the built up areas, the 

green band indicates the forest and trees, the blue band indicates water and light green band indicates 

agricultural land. 

Unsupervised Classification 

 

Figure 33: Unsupervised Classification 

In unsupervised classification, firstly the pixels are grouped into ‗‘clusters‘‘ based on their unique 

properties. This is made possible with analysts using imaging clustering algorithms such as K-means 

and ISODATA. After picking the algorithm that suits best for the analysis, the user is required to 

identify the number of groups needed to be generated. In our case, the K-means closest neighbouring 

algorithm and four groups. (―Image Classification Techniques in Remote Sensing,‖ 2014) 



 

45 

 

 

Figure 34: Unsupervised Classification on Kakamega County 

The chosen 4 classes distinctly segment the area that is visible to the human eye. The red colour 

portrays the built up areas like roads and buildings. The green colour band indicates the green farm 

lands, the blue band indicates brown coloured farm lands and the black band indicates trees and forest 

areas. 

Object Based image analysis for remote sensing 

Environment monitoring needs, global conservation goals, spatial planning efforts or ecosystem 

oriented management lends the need for immediate development of operational solutions that can 

extract information. Remote sensing imagery is a growing phenomenon particularly widely used with 

Geographic information system (GIS). Emphasis was placed on per-pixel analysis or sub pixel 

analysis for this conversion, moreover with the increasing spatial resolutions alternative methods have 

been followed for instance deriving objects that are made up of numerous pixels. The pixel paradigm 

is showing promising signs with OBIA methods towards a spatially explicit information extraction 

workflow, being required for spatial planning as well as for numerous monitoring 

programmes.(Blaschke, 2010) 

Typical geo-object based features contain spectral, shape mainly geometric, texture and contextual 

measures that are extracted from the image followed by unsupervised image segmentation. Recent 

research made on GEOBIA, on one hand provided ways to capture characteristic features of the 

geographic objects. On the other hand, feature space reduction from a huge pool of candidates has 

become one of the primary steps and is increasingly relying on machine learning methods and 

practices. (Gang Chen, Qihao Weng, Geoffrey J. Hay & Yinan He, 18012018) 
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Appendix A 

Technical aspects of Open Source Spatial Electrification tool 

OnSSET is an open source tool which is written in Python and meanwhile makes good use of GIS. 

Currently, the study area is divided into a grid cells ranging to 100 m per grid cell. Each cell in the 

grid is calculated based on the LCOE which gives way to compare technologies over their lifetime on 

an economic point of view. Given the existing capabilities of the tool, it can also calculate the total 

investment costs required and the number of new people to receive electricity by individual energy 

technologies. The latest version of OnSSET of the tool about seven configurations of generation 

technologies which are further divided into three categories as given in the tables below which are 

Table 1; grid-connections (GC), mini-grid (MG) and stand-alone (SA).(Babak Khavari, Andreas 

Sahlberg, 2017) (―ONSSET,‖ n.d.) 

 OnSSET Process Flow 

 

Figure 35: Framework of the Open Source Spatial Electrification Toolkit (OnSSET). (Mentis, 2016, 2017) 

Demand assessment and base-year electrification status 

The demographics and the energy access targets based on different sectors are strongly considered to 

estimate the energy demand. The population and sectorial density in every cell provided by a GIS 
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dataset is calibrated with the intention of the total population matches the official statistics for the 

base year. The grid cells are later badged urban or rural based on the population and sectorial density 

to reflect on the urban ratio in the base year. The population density is calculated based on the 

forecasted rates from the urban and rural populations respectively. Lastly, the electricity access targets 

for urban and rural populations are determined. (Babak Khavari, Andreas Sahlberg, 2017)  

The grid cells which have been initially grid-connected are identified and calibrated based on the base 

year‘s electrification rate. The calibration process takes into account the minimum NTL, population 

density and maximum distance to roads and the grid to determine which grid cells are electrified to 

reflect on the existing electrification rate. (Babak Khavari, Andreas Sahlberg, 2017)  

Electrification Tiers 

The electrification algorithm in OnSSET is based on the electrification tiers defined by the Global 

Tracking Framework (GTF) report for electricity access targets. The GTF report promotes a multi-tier 

approach which uses various methods to portray electricity supply in numerous dimensions and also 

captures the use of electricity services with a multi-tier framework. (Babak Khavari, Andreas 

Sahlberg, 2017)  

The multi-tier approach is based on the sectorial based electricity consumption and defines if different 

sectors have access to electricity as well as the level of electricity access. The multi-tier approach 

mainly takes into account electricity supply and electricity services. The electricity supply is divided 

into five different tiers for electrified sectors which are attributes defined by quantity of electricity, 

reliability, duration etc. The higher the supply tier the different electricity services instantaneously 

available and viable. For instances, the electricity service category is divided into five tiers and 

depicts focus on the ownership of different appliances. (Babak Khavari, Andreas Sahlberg, 2017)  

Table 1: Multi-tier matrix of household electricity access (USAID, 2014) 

          Tier 1 Tier 2 Tier 3  Tier 4 Tier 5 

Peak 

Capacity 

 

Power capacity 

(W) 
Min 3 W Min 50 W Min 200 W Min 800 W Min 2 kW 

Power capacity 

(Wh) 
Min 12 Wh Min 200 Wh Min 1 kWh Min 3.4 kWh Min 8.2 kWh 

Availability 

(duration) 

  

hours/day Min 4 hrs Min 4 hrs Min 8 hrs Min 16 hrs Min 23 hrs 

hours/day Min 1 hr. Min 2 hrs Min 3 hrs Min 4 hrs Min 4 hrs 

Reliability     
Max 14 hrs 

disruption/week 

Max 3 hrs 

disruption/week 
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Table 2: Multi-tier matrix of household electricity services (USAID, 2014) 

  Tier 1 Tier 2 Tier 3  Tier 4 Tier 5 

Tier 

criteria 

Task 

lighting and 

phone 

charging 

General 

lighting 

and phone 

charging 

and 

television 

and fan 

Tier 2 and 

any 

medium-

power 

appliances 

Tier 3 and any 

high-power 

appliances 

Tier 4 and any 

very high 

power 

appliances 

Off-grid technology LCOE 

The LCOE for the off-grid technologies are calculated taking factors into account like the unit 

investment cost, energy demand and energy resource available or the fuels costs depending on the 

technology. Except the first factor, rest of the factors vary based on the spatial information. The 

formula which is used to calculate the LCOE is given by equation 1: 

 

Given where t is the year, I ($US) the investment cost, O&M ($US) the operation and maintenance 

costs, F ($US ) the fuels costs, E (kWh) the energy generation and r the discount rate. (Babak 

Khavari, Andreas Sahlberg, 2017) (―ONSSET,‖ n.d.) 

Fuel cost (for diesel) 

The off-grid technologies include fuel costs are MG and SA diesel with the other technologies 

utilizing renewable energy resources. The fuel cost depends on the two factors the diesel pump price 

per litre in the country which is understood to be uniform for the whole country and the additional 

transportation costs which mainly depends on the distance to large cities. The cost of diesel, Pt ($US 

/kWh) in each grid cell is given by the equation 2: 

 

With Pd ($US /liter) the diesel price, c is the diesel consumption of the diesel transportation truck k 

(l/h), t (h) is the time taken to travel from large cities, V (l) is the amount or volume of diesel 

transported and LHVd (kWh/l) is the lower heating value of diesel. The factor of 2 is derived because 

of the delivery truck going both ways to deliver the diesel. (Babak Khavari, Andreas Sahlberg, 2017) 

(UNDG, 2017) 
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Mini-grid cost 

The MG technologies differ from the SA technologies even more they invite an additional cost for the 

distribution network that needs to be built. The grid cell area, sectorial density and peak power 

demand is used to determine the shortest length of the grid network. (Babak Khavari, Andreas 

Sahlberg, 2017)(UNDG, 2017) 

Grid electrification algorithm 

An iterative algorithm is used to compare the grid-connection option to the off-grid technology 

option. A reference matrix is derived where a minimum sectorial density is required to make grid-

connection more affordable compared to off-grid technologies are determined based on the distance to 

the current and planned grid. The multiples of the cell size are distances used in the matrix, whereas 

each cell is compared to the reference matrix. For instances, if the population density is larger than the 

minimum population density necessary according to the reference matrix for the distance, then the 

grid cell is considered grid-connected. Once all the cells have been analysed the distances to the grid 

network for unconnected cells are updated, the process goes on until no more cells are connected. The 

maximum grid-extension length taken into account is 50 km based on the techno economic 

evaluations. (Babak Khavari, Andreas Sahlberg, 2017). 
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Appendix B 

 

Figure 36: Web-scraping code for Productive Uses 

 

 

 

 


