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Reference EP/R030391/1. 
 
Disclaimer 
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The University of Southampton is a charitable foundation which is devoted to education and research, 
and which therefore, to the extent permitted by the Unfair Contract Terms Act 1977, imposes the 
following conditions on the supply of this report, and the following limits on the University’s liability. 

1. No condition is made or to be implied nor is any warranty given or to be implied as to the 
quality of the report or that it will be suitable for any particular purpose or for use under 
any specific conditions. 

2. The University and its staff accept no responsibility for any use which is made of advice 
or information which they give, of opinions which they express, or of materials, certificates 
or documents which they supply. 

3. The University’s liability arising out of the supply and use of materials, certificates and 
documents, out of the giving of advice and information, and out of the expression of 
opinions, will not extend to any incidental or consequential damages or losses, including 
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4. In any event, the University’s maximum liability shall not exceed the return of whatever 
payments the University receives for the report or service in question 
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Showcasing Engineering for Development – rural electrification theme 
 

1. Background  
The UK has historically invested heavily in supporting overseas development and until two years ago 
allocated 0.7% of UK GNI to support various activities in low- and middle-income countries. To celebrate 
the major achievements of funded projects under the UK’s Official Development Assistance (ODA) 
programmes related to engineering for development, this one-day conference held at the Royal Academy of 
Engineering, London was focussed on rural electrification in Sub Saharan Africa. It is anticipated that the 
conference will be a pathfinder for holding similar events covering other ODA funded areas such as health, 
energy, water, capacity building, climate, resilience and data. The UK Government’s Official Development 
Assistance (ODA) research investments and support programme continues to quantify impacts of research 
funding and identifies any strategic gaps and future opportunities which in turn require wider dissemination 
of research outcomes. 

2. Objectives of the conference series 
The aims of the conference series are as follows: 
 

§ Showcase the effectiveness of the ODA/GCRF programmes in delivering engineering solutions that 
addressed challenges in the global South. 

§ Provide appropriate pathways to electrification, especially in rural communities. 
§ Showcase socio-economic development in such communities. 
§ Act as a nucleus for other future targeted events. 

 

This report summarises the inaugural conference on engineering for development, with the main focus being 
on rural electrification in Sub Saharan Africa. 

3. Background to the energy for Development (e4D) – rural electrification programme  
The energy for Development (e4D) programme was created by the Energy and Climate Change Division 
(ECCD) at the University of Southampton in 2010 to address the challenge of electricity access for hard-to-
reach poor areas in Sub Shahan Africa and beyond. At its core, e4D encompasses fundamental research and 
field studies coupled with implementation of exemplar rural electrification projects as learning entities to 
support energy (electricity) access. The aims of e4D are underpinned by the UN Sustainable Development 
Goals (SDGs) targeting the improvement of living standards of the poor in rural communities whilst 
providing pathways for growth and development. Since 2010, the e4D programme has installed six solar 
photovoltaic (PV) mini grids (Figure 1), providing electricity for rural communities in Cameroon, Kenya and 
Uganda. Kenya and Uganda alone, are planning to install over 400 mini grids to support country wide 
electricity access and the e4D programme is informing and influencing such a roll out. The e4D project has 
been built around funding obtained through various UK funding agencies and the research and 
development studies, underpinned by the following projects: 
 

§ FORTIS UNUM: Innovation in Mini Grids and their Networks. 
§ Demand Side Renewables for Agricultural Base Load Energy (DeSiRABLE). 
§ Efficient VERsatile Energy Services Solution Through DC - EVERESST DC. 
§ Low cost, graduated PAYG solar home systems for Africa 
§ Newton Fund Capacity Building Project (Energy Efficiency & Energy Access) 
§ Replication of Rural Decentralised off-grid Electricity Generation through Technology and Business 

Innovation. 
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Figure 1: The six e4D mini grids developed by the energy for Development programme at the University of Southampton 

 

4. Overview of the day 
The inaugural conference on Showcasing Engineering for Development was developed in collaboration with 
the Royal Academy of Engineering, (RAEng) London, UK. The conference brought together leading 
academics, policymakers, regional/non-governmental organisations and the private sector to discuss the 
major achievements of the Engineering for Development programme, focusing on (i) electricity access 
through mini grids and solar home systems and (ii) socio-economic related issues.  
 
The programme for the day was divided into three sessions (see Appendix A). The introductory session 
covered talks from policymakers from the UK, Kenya and Uganda as well as an introduction to electricity 
access from the academic team leading the e4D activities. Session two covered technical aspects focusing on 
the Fortis Unum research project addressing mini grids and their networks as well as field trials, with the 
last presentation addressing the complexities and opportunities within the private sector to scale up mini 
grid roll out. Session three encompassed a panel discussion bringing policy makers, industry and academia 
together to discuss pertinent issues related to electricity access for rural communities. The conference had 
over 130 registrants from 65 organisations in 22 countries attending either online or in person (Figure 2). 
 
Over the course of the day there were 15 speakers across the first two sessions alongside the panel session 
and the exhibition. With attendees sharing their insights and solutions on how to develop resilient mini grid 
networks, connecting these to other mini grids and national grid and how to scale-up Africa’s electricity 
access technologies. To see the full recording of the conference visit https://energy.soton.ac.uk/showcasing-
engineering-for-development-recording/ and enter the event password RAoE-E4D. The full programme of 
the event is available at https://energy.soton.ac.uk/showcasing-engineering-for-development-programme/ 
and can be found in Appendix A. 
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5. Summary reports on all sessions  

5.1 Introduction Session  
 
Welcome from the Royal Academy of Engineering 
Meredith Ettridge, Head of Sustainable Development at RAEng, gave a warm welcome to the delegates, 
emphasising the power of engineers to address the twin challenges of climate change and access to energy 
services. Meredith highlighted the role of RAEng in funding innovative engineers to help develop solutions 
in these and other areas. 
 
Energy equity: why energy access is important 
AbuBakr Bahaj, Professor of Sustainable Energy at the University of Southampton and convener of the 
conference, set the scene for the day with a presentation covering the importance of energy access for the 
achievement of the UN Sustainable Development Goals. Highlighting the role that mini grids can play in 
achieving these goals through increasing electrification. 
 
Electrification policy in Kenya 
Benson Mwakina, Director of Renewable Energy at Kenya’s Ministry of Energy delivered a message on 
behalf of the Principal Secretary of the Ministry, Major General Ret’d Dr Gordon O. Kihalangwa. The 
message emphasised the importance of the work carried out under the Fortis Unum project in generating 
evidence for policy in relation to mini grids and their connectivity to national grids. 
 
UK ODA programmes in relation to energy 
David Woolnough, Deputy Director Research (Tech & Innovation) at the UK’s Foreign, Commonwealth & 
Development Office (FCDO), standing-in for Prof Charlotte Watts, Chief Scientific Advisor at FCDO, gave 
an overview of the UK’s support for research in energy access and highlighted the financial commitments 
made at the recent COP26 conference. David set the challenge of investigating how we can scale up mini 
grid business models in the same way the solar home systems have scaled-up over the past ten years. 
 
Electricity access in Kenya 
Benson Mwakina of Kenya’s Ministry of Energy returned to the podium (Figure 2) to present Kenya’s energy 
mix and suite of policies aimed at achieving universal electrification in Kenya. He also discussed the work 
being done to transition the country to sustainable energy supplies – which is well underway in Kenya 
thanks to investment in hydro, wind, solar and geothermal resources. 
 

    
Figure 2: Portion of the in-person delegates at the Showcasing Engineering for Development event with the Royal Academy of Engineering, (RAEng) 

London, UK (left) & Benson Mwakina of Kenya’s Ministry of Energy presents Kenya's energy and electrification strategy & policies (right). 
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Electricity access in Uganda 
Benon Bena of the Rural Electrification Agency of Uganda virtually presented an overview of electrification 
in the country documenting the role that mini grids can play in achieving universal access within Uganda. 
Benon addressed the challenge of the high costs of mini grids by suggesting that the portfolio approach being 
trialled in Uganda, where many mini grid projects are bundled together in one scheme, could result in a 
more attractive proposition for investors and consumers.  
 
Mini grids: lessons from the field 
Patrick James, Professor of Energy and Buildings at the University of Southampton spoke of the practical 
challenges involved in developing mini grids and how, from the experience of the e4D programme, an 
understanding of the growth in demand is critical for a successful mini grid. 
 
Introducing Fortis Unum – mini grids and electrical networks 
AbuBakr Bahaj returned to the podium in his capacity as the Principal Investigator of the Fortis Unum 
project.  He detailed the scope of the project, including clustering of off-grid mini grids, grid-connected mini 
grids and ultimately clusters of mini grids connected to the grid. Challenges were highlighted including the 
global pandemic, but Professor Bahaj highlighted how the Fortis Unum researchers had developed seminal 
research in mini grid networks culminating with the significant achievement of connecting the Kitonyoni 
mini grid to the national grid, which is the first community-scale mini grid to be connected in Kenya (Figure 
3). Other achievements were highlighted including business survey data collection and analysis, techno-
economic study of interconnecting off-grid mini grids, ongoing monitoring of systems and the submission 
of a response to a consultation by the Kenyan energy regulator EPRA on forthcoming mini grid regulations.  
 

    
Figure 3: Images from University of Southampton presentations including the grid-connected PV powerplant (left) and cabinet (right) at Kitonyoni, 

Kenya which were designed and built by the Fortis Unum project. 
 

5.2 Technical Session 
This session comprised research outcomes of the Fortis Unum project presented by the project researchers 
from Kenya, Uganda and the UK. It also included a presentation from a successful commercial mini grid 
developer on how they deploy mini grids at scale. 
 
Adapting a mini grid powerplant to connect to the utility network   
Majbaul Alam and Luke Blunden from the University of Southampton (UoS) communicated the approach 
taken to connect the Kitonyoni PV mini grid in Kenya with the utility network (national grid) to support the 
near end of the utility grid including all technical and socio-economic aspects. This type of applied research 
is the first of its kind in Kenya in the context of approach and technical layout.  
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It was clearly outlined in the presentation that the assessment, design and implementation phases of the 
work explored invaluable technological knowhow along with the challenges which offer learning for in-
country capacity building in African countries. Assisting to create a sustainable pathway for integrating 
small/medium scale solar mini grids to the national grid, once it arrives to the area. The Kitonyoni mini grid 
which was adapted from single phase to three phase, as according to the Kenyan grid code, is now interacting 
with the Kenya Power (KP) grid and is currently fully operational (see https://energy.soton.ac.uk/research 
/energy-for-development/kitonyoni/ for live data feed) having the following unique characteristics: 
 

§ Supporting uninterrupted power supply to the consumers in the designated mini grid area in the 
event of utility grid outage. 

§ Exporting any excess electricity generated after serving the designated area’s consumers’ loads. 
§ Importing required power, in the case of consumers’ loads became greater than the power generated 

by the PV plant. 
 

The UoS researchers also indicated the policy implications of such work to enhance and achieve clean, 
affordable and reliable electricity access in Kenya.  

 
Design and deployment issues - distribution network in Kenya  
Daniel Nyandera of the Kenya Power Institute of Energy Studies and Research (KP-IESR) team shared their 
learning in areas concerning the ‘Design and Deployment Issues - Distribution Network in Kenya’ in the 
context of connecting the Kitonyoni mini grid to the KP grid (Figure 4). The IESR presentation summarised 
the current status of Kenya’s national transmission and distribution grid including many unreliability 
factors. It documented research carried out to understand how distribution network resilience can be 
achieved through integration of distributed renewable energy (DRE) sources (such as mini grids) with 
islanding capabilities. Through modelling and analysing the Kitonyoni grid-connected mini grid, the IESR 
team showed that DRE integration can support KP in the following areas: 
 

§ Reliability of distribution networks to enhance both the system and business efficiency. 
§ Balancing network stability with expanding access to electrification. 
§ Better customer confidence.  

 

Clustering mini grid networks  
Prossy Mutesi of Kyambogo University, Uganda (Figure 4) presented how she used two energy for 
Development (e4D) mini grids in Kyenjojo, Uganda as a comprehensive modelling study to enhance 
reliability and resilience of mini grids. Modelling and analysis outcomes indicated that a medium voltage 
interconnection line is required with two control cabinets at both ends to cluster these two mini grids. 
Considering the customer load requirement and future load growth data, it was recommended that if both 
existing plants (13.5kWp PV, 38.4kWh lead acid battery storage) are upgraded (56kWp PV, 150kWh Li-ion 
battery storage) such clustering can better support and manage the loads at both ends with greater resilience. 
Techno-economic analysis indicated that clustering of multiple mini grids in a closer proximity (3km – 11km) 
can create a stronger regional grid to support local socio-economic growth while reducing the cost of 
electricity through attracting private investment. 
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Figure 4: Daniel Nyandera of Kenya Power Institute of Energy Studies & Research presents his research on design of distribution networks in 

Kenya  (left) & Prossy Mutesi of Kyambogo University, Uganda, presents on clustering off-grid mini grids (right). 
 

Understanding mini grid customers  
Samson Njoroge from Jomo Kenyatta University of Agriculture and Technology, Kenya (Figure 5), provided 
insights from a study of the electrical load and analysis of anchor, commercial and domestic customers in a 
mini grid setting. Using surveys, monitored data and modelling the team showed how load growth are 
related to other socio-economic parameter in each mini grid. They used three of the energy for Development 
(e4D) mini grids in Kenya (Kitonyoni, Oloika and Shompole) as case studies to support the analysis. The 
following research findings are derived to inform policy makers, rural electrification authorities, funders and 
mini grid developers: 
 

§ Different levels of energy uptake from mini grids are different for different regions in the same 
country.   

§ Large loads (welding/milling) will need to be considered and accommodate in mini grids to support 
growth. 

§ The usage of similar appliances across the three investigated mini grids varied with localised 
peculiarities and cultural influences.  

§ Demand forecasting is possible but requires proper loss monitoring and matching with monitored 
demands. 

 

Demand growth and reliability in mini grids  
Luke Blunden of the University of Southampton (Figure 5) showed evidence from recent studies that 
forecasting electrical demand and meeting future growth remain a major challenge for mini grid developers, 
operators and funders. If the load in a mini grid installation has increased to exceed its designed capacity, 
there is a major risk of system failure and customer dissatisfaction. This presentation addressed the following 
questions: 
 

§ How demand growth in mini grids can be predicted and addressed? 
§ How the benefits of a grid-connected mini grid can be measured? 

 

A mini grid load growth prediction model was developed, relating customer affordability and local GDP 
factors. The model highlighted that mini grid demand growth predictions can be enhanced with regional 
GDP and tariff adjustments. Developing this modelling further will help mini grid growth and sustainability 
at scale. The analysis also undertook an assessment of the monetary value of grid unreliability against the 
reliability of supply through integration of distributed solar mini grids to the national grid using the data 
from the Kitonyoni mini grid when connected to the KP grid in Kenya.  
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Mini grids at scale  
The final talk of the session was presented by Chris Kanani, VP Business Development at Winch Energy, UK 
(Figure 5), where he detailed the complexities of scaling mini grid deployment for rural electrification. Chris 
explained the challenges of deploying mini grids at scale from a developer perspective: 
 

§ Demand vs supply risk (no PPA) – impact on investment. 
§ Off-grid regulation not established. 
§ Long time to fully develop and license. 
§ Many sites are often difficult to access. 
§ Relatively small ticket size makes project finance difficult. 
§ Complex structure with many stakeholders including high legal/transaction costs.  
§ Currency risk (revenues are in local currencies and how these relate to US$ etc).  
§ Lender expectation vs realities on the ground. 
§ High levels of lender due diligence. 
§ Balancing subsidies, customer tariffs and return rates. 

 

The time required for approval of rural mini grid-based electrification projects was identified as a key barrier 
besides the financing challenges. The typical preparation and approval include many stages, agreements and 
permits which can take 2-3 years. However, Winch Energy has been successful in 100s of mini grid 
developments due to deployment through a portfolio financing approach.  
 
 

     
Figure 5: Presentations during the technical session by Samson Njoroge from Jomo Kenyatta University of Agriculture and Technology, 

Kenya (left), Luke Blunden of University of Southampton, UK (centre) and Chris Kanani of Winch Energy, UK (right).  
 

5.3 Panel Discussion Session: ‘Providing electricity access in East Africa’ 
Benson Mwakina (Kenya Ministry of Energy), Keren Kaberere (JKUAT), Al-Mas Sendegeya (Kyambogo 
University, Uganda) and Chris Kanani (VP Business Development at Winch Energy) formed a panel chaired 
by AbuBakr Bahaj (University of Southampton) (Figure 6). Key points raised include: 
 

§ Benson emphasised the importance sharing ideas and experiences generated by the Fortis Unum 
research programme. He reiterated that the project will inform the planned Ministry of Energy’s 
commitment to mini grids as well as achieving universal electrification access in Kenya. 

§ Al-Mas mentioned that the challenges posed by inappropriate technology leading to customer 
dissatisfaction, lack of consideration of social, financial and environmental impacts. 

§ Keren mentioned challenges in funding, leadership and guidance for focused research, but expressed 
the hope that the devolved County government structure in Kenya could lead to more freedom in 
funding related to energy and climate planning and preparedness. 
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§ Chris pointed to the large pledges for financing mini grids but in practice this is slow and can take 
up to three years to achieve. Perhaps financial institutions need to be prepared to take a bit more risk 
and work with mini grid developers to accelerate appropriate projects. 

§ How to encourage more women in engineering? Keren mentioned that significant progress has been 
made during her career as an electrical engineer, but societal pressures still discourage girls from 
engaging in engineering-related subjects. The key is for all children to be encouraged in their studies 
and interests without being influenced based on their gender.  

§ Benson concluded with the importance of education both of government officials and the general 
public in issues of renewable energy, climate change and electrification. He thanked the attendees 
and organisers and encouraged everyone to keep in contact.  

 
 

   
Figure 6: Panel discussion (left) on ‘Providing electricity access in East Africa’ with (right to left) Benson Mwakina (Kenya Ministry of 

Energy), Al-Mas Sendegeya (Kyambogo Univ., Uganda), Keren Kaberere (JKUAT, Kenya), Chris Kanani (Winch Energy) and AbuBakr Bahaj 
(University of Southampton) and part of the e4D exhibition (right). 

 

6. Accessing the recording of the Showcasing Engineering for Development  
The conference brought together leading 
academics, policy-makers, regional and non-
governmental organisations and the private 
sector to discuss the major achievements of the 
Engineering for Development programme with a 
focus on electricity access focus through mini 
grids and solar home systems and related socio-
economic issues. The conference had around 130 
registrants from 65 organisations situated within 
22 countries (Figure 7) with registrants attending 
in person or online.  
 
Additional photographs and information can be found at https://energy.soton.ac.uk/showcasing-
engineering-for-development/. The event was professionally recorded and can be found at 
https://energy.soton.ac.uk/showcasing-engineering-for-development-recording/, using the event password 
RAoE-E4D. Alternatively each session can be found at the following links: 
 

§ Introductory session - https://youtu.be/mvIAj3lykLA  
§ Mini grid session - https://youtu.be/juTwS2rgwjA  
§ Technical session - https://youtu.be/zbLYwN68Md4  
§ Panel discussion - https://youtu.be/c4z9omrQ7Xo  

 
Figure 7: Distribution of attendees at the Showcasing Engineering for 

Development. 
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Appendix A 
Programme for the Showcasing Engineering for Development with a focus on electrification 

conference 
 

 
 


