
Market Assessment of Solar Microgrids in Malawi 
A Working Paper by Aran Eales (aran.eales@strath.ac.uk) and Alfred Alsop (alfred.alsop@strath.ac.uk)  

Energy for Development Research Team, University of Strathclyde 

 

 

 

1. Overview 
The University of Strathclyde has conducted a market assessment utilising a multidisciplinary approach to quantify the potential 

for solar microgrids in Malawi to provide low carbon energy access through innovative use of solar PV. Case studies of existing 

initiatives in Kenya and Rwanda had been used to inform a system and business design appropriate to Malawi; a novel 

methodology utilising techno-economic modelling and geographic information system software has quantified the market 

potential for solar microgrids; and an energy ecosystem mapping exercise has framed the influencing parameters for 

implementing the technology nationally. This summary report outlines initial findings from the study, with the full study in the 

process of being published.  

2. Introduction 
Access to energy is an enabler for development and a lack of energy is a barrier to economic empowerment and poverty 

eradication. Access to the national electricity grid in Malawi is currently just over 10%, with rural electrification at only 5.3%. Cost 

reductions, business model innovations and novel technologies are making mini-grids and other decentralised energy systems 

cost effective electricity solutions, often in areas which are unlikely to ever be connected to national grids. Solar microgrids  

(defined here as an islanded network of demand points supplied by a central PV generation of <10kW)  offer increased access 

levels over pico solar systems and solar home systems, but are cheaper and faster to install than existing >80kW mini-grid projects 

in Malawi. Solar microgrids are thus emerging as a cost competitive, low carbon and reliable method for offering energy access in 

developing countries. With few proven solar microgrid projects apart from pilot projects underway in Malawi, a study to estimate 

the national potential for the technology and identify barriers to scale is deemed valuable to the minigrid sector and the primary 

motivation for carrying out this market assessment.   

Figure 1: Solar Microgrid in Africa (source: Renewable Energy World) 

 

3. Methodology 
This study utilises a multidisciplinary methodology which follows a three stage process to assess the market for solar microgrids 

in Malawi, namely: learning from existing initiatives, quantifying the potential market, and mapping the microgrid eco system. An 

outline of the three stage methodology is given in Table 1. 

Table 1: Comparison of the three principal stages carried out during this market assessment. 
Stage Key research questions Data collection  Data processing  Key Outputs 

Stage I: 
Learning from 
existing  
initiatives 

What has been successful 
or challenging in other 
microgrid initiatives in 
Africa? 

Expert interviews 
Local case studies site visits  
Observations and Photography 
Project report review 

Transcription/note 
taking & summary 
according to specific 
themes 

Identification of critical success 
factors and barriers to 
implementation 

Stage II: 
Quantifying the 
potential market 
 

How scalable are these 
solutions? 

Primary data (from Stage I case 
studies & Malawian RE suppliers): 
System configuration 
Economic data 
Secondary data: national statistics 
 GIS layers 

Energy systems 
modelling (HOMERPro) 
Geographic Information 
Systems (ArcGIS) 

Market size and location 

Stage III: 
Mapping the 
energy access 
ecosystem 
 

What are the key barriers 
preventing these solutions 
from reaching scale? 
What can be done to 
overcome them? 

Literature review  
Existing experience from previous in-
country fieldwork and research 

Summarised according 
to specific themes 

Recommendations for targeted 
interventions 
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4. Learning from Existing Initiatives 
Fieldwork visits were conducted to three existing microgrid providers, specifically Steamaco and the Loughborough University 

SoNG project in Kenya, and MeshPower in Rwanda. Data collection methods included expert interviews with project managers, 

site visits, and utilisation of literature and project reports from each project. A summary of the key parameters for the existing 

initiatives is outlined in Table 2.  
Table 2 Overview of Existing Initiatives evaluated 

 MeshPower Steamaco SoNG Project 

Country Rwanda Kenya Kenya 

PV Array Size 1kW 5kW 3kW 

AC/DC DC AC DC 

Number of Customers 20 50 30 

Energy End Use Lights, phone charging Variety of domestic and 
productive uses 

Portable Battery Kits, On site 
productive use 

Business Model Fee for Service Pre pay per kWh Various 

Payment method Mobile Money Mobile Money Mobile Money 

Ownership Offices in UK and Rwanda Offices in UK and Kenya Academic Pilot, Village Energy 
Committee 

 

Some of the key insights into planning and design of the systems include:  

 The value of remote monitoring with data acquisition on load profiles and smart metering with mobile payment systems. 

 The importance to choose sites with existing market centres and high energy use,  

 Positive effect of limited government regulation for small generation capacities.  

 Having projects run by Village Energy Committees allows a greater sense of ownership which can contribute to longer 

term sustainability, but can take longer to set up.  

 Diesel generators are not always incorporated but can reduce CAPEX costs 

 DC distribution has technical and efficiency benefits, but users need to be provided with DC appliances 

5. Quantifying the Market  

5.1. Methodology 
In this microgrid market assessment, the costs of proposed microgrids based on previous studies are mapped across Malawi, in 

order to indicate where solar and solar/diesel hybrid microgrids might be most feasible in the country. The introduction of diesel 

into the system architecture was justified to investigate cost reductions through for generators to cover peak loads, thereby 

reducing required PV modules and batteries. Three sizes of grid have been considered, in order to serve different sized 

communities, the key parameters for these three grids is shown in Table 1: 

Table 3: Key Data for modelling and mapping for each microgrid size 
 Small Medium Large 

Generating capacity 2kW 4.5kW 10kW 

Number of customers 30 54 70 

CAPEX per customer ($) 823 790 1069 

OPEX per customer ($/year) 53 49 56 

Average Daily Generation 4.14 kWh 10.65 kWh 24.18kWh 

 

This cost data, along with demand profiles for each grid-size and a range of sensitivity values, is input into HOMERPro microgrid 

optimisation software, which optimises the design of a microgrid (including generation mix) for the lowest Net Present Cost which 

relates directly to the Cost of Energy.  

HOMERPro determines the cost optimal system type for every combination of the input sensitivity values, which represent 

geographically varying features. In programming software Python, a map of Malawi is populated with the results by first reading 

the sensitivity values at a location (solar resource, temperature, maintenance cost and diesel cost) and looking up the 

corresponding HOMERPro output. This is repeated for each location in the country until the map is entirely populated. 

Figure 2: Methodology process for quantifying the market potential 
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The appropriate microgrid size, from Table 1, is allocated according to the population density at each location in Malawi, and then 

the results for that size of grid, in that location, are used to compile a combined map. Night-time satellite imagery and grid maps 

are also used to delineate between electrified/grid-connected locations and un-electrified locations. Areas within 2km (a value 

determined by results from HOMERPro) of these electrified locations are considered as being best served by connection to existing 

infrastructure. Similarly, locations below a threshold population density (determined by the minimum population required to 

support a small grid) are considered as being best served by standalone SHS provision. The split between areas best served by 

different technologies is therefore created through consideration of these population densities and the 2km buffer around 

electrified features. 

5.2. Key results 
Figure 3: Cost of Energy for optimally designed Microgrid in MalawiFigure 3, the cost of energy for the most appropriate microgrid 

(from the three sizes in Table 1) by location, shows that the cost of energy is lowest when in proximity to major cities, and in areas 

of greater population density. This is a result of the combination of three factors: the fact that high capacity grids (justified for 

higher populations) benefit from an economy of scale, the proximity to maintenance centres (Blantyre and Lilongwe) and the 

lower cost of diesel. Figure 4 shows the optimal generation type between solar or solar/diesel hybrid. Comparisons between Figure 

3 and 4 show that the areas with the lowest costs of energy are typically found where solar/diesel hybrid grids are recommended. 

It should be noted that whilst the areas within the grid-electrification buffer are included within Figures 3 and 4, they do not 

contribute to the final result for the market potential of microgrids. 

Figure 3: Cost of Energy for optimally designed Microgrid in Malawi 

 

Figure 4: Optimal Microgrid generation type 

 
 

 

 

 



 

Figure 5 shows the population split between different electricity infrastructure (Grid, different scales of microgrid, and solar Home 

System), based on lowest cost. This is calculated from population density and distance to existing grid infrastructure. The market 

potential for solar or solar/diesel hybrid microgrids is estimated to be approximately 37% of the population, or 6.5 million people. 

Based on maps generated for the CAPEX and OPEX for the optimally designed and sized system, along with population density 

maps, the cost to provide microgrid electricity to the quantified market is estimated as a total capital investment of $824m, with 

an annual operation cost of $70.5m per year. This equates to a capital investment of approximately $130 per person and an 

operational expense of $11 per person per year.   

Figure 5: Market Potential (percent of population) split by electrical provision type 

 

6. Mapping the Mini-grid Ecosystem 
Systems analysis of the mini-grid sector encompasses both microgrid and larger systems, and reveals the necessary elements for 

a functional market, and identifies challenges, opportunities and activities that can lead to sustainable change.  A coordinated 

multi-stakeholder approach is required for solar microgrids to be successful in Malawi, and the following section provides a brief 

overview of the mini-grid ecosystem in Malawi as a whole.  It has been informed through consultation with private sector, 

government, NGOs and donors, a literature review, and the working knowledge of the project team.    

Figure 6: Solar Microgrid Ecosystem 

 

6.1. Investment and Finance Costs 
Capital for investment is a key challenge in Malawi as energy business models are not commonly understood by Malawian banks, 

and financial players tend to be risk averse. Interest rates in Malawi are extremely high, with banks regularly charging in excess of 

40%. Additional to these challenges, exchange rate fluctuations have impacted on renewable energy projects finances, especially 

when components are purchased from abroad. Some micro finance initiatives exist, but will rarely allow enough capital to 

purchase a microgrid up front, although could provide finance for microgrid appliances. There is very little private sector 

investment for microgrids in Malawi.  Especially with the current climate of donor support, investment in the off-grid power sector 

is very low, and the lack of reliable financing mechanisms can be a severe barrier to microgrid implementation.  



6.2. Regulatory Environment 
A number of institutions contribute to the policy and regulatory framework in Malawi: the Ministry of Energy, including the Malawi 

Rural Electrification Programme (MAREP); the energy Regulatory Authority (MERA), the Electricity Supply Company (ESCOM), as 

well as a number of other Ministries, including Finance, Planning and Local Government.  The Malawi Energy Policy (2018) 

promotes mini-grids as one way of accelerating electrification in locations where grid extension cannot be an economically viable 

electrification approach. Based on the Malawi Renewable Energy Strategy (2017), Malawi would have at least 50 operational mini-

grids by 2025. Previously implemented mini-grids since 2006 have resulted in mixed experiences and mixed lessons due to limited 

long term support mechanisms although the legislation has provisions for supporting mini-grids.  

Despite this, government support for mini-grid initiatives is limited, as the majority of its funding is dedicated to expanding rural 

electrification through the Malawi Rural Electrification Programme MAREP (administered through a Rural Electrification 

Management Committee) to be achieved through support of national grid extension enabling the electrification of trading centres. 

MAREP has a facility for mini-grid subsidy to reduce electricity tariff to customers but it has not yet been implemented on a real 

life project. 

Well designed and specific policies and regulations can provide guidance and support for mini-grid implementers, whereas 

outdated and grid-centric frameworks will suppress activity.  Unfortunately, Malawi falls within the latter category with a 

complicated regulatory environment unsuited to mini-grid development, as Figure 7, taken from RISE 2017 serves to demonstrate. 

The cost of obtaining permits to set up a minigrid facility is the highest of all countries surveyed in report, with a quoted figure of 

$15,082, making licencing costs currently prohibitive.  

Lessons can be learned from neighbouring countries with less stringent regulations: in Tanzania and Kenya, licenses are required 

only for projects that exceed 1 MW, with smaller projects only required to register their businesses without approval requirements 

from the regulator, greatly reducing regulatory related deterrence of smaller practitioners. In Cameroon the lower limit is 5 MW< 

Rwanda 50kW and Zimbabwe 100 kW.  

Figure 7: total cost of obtaining permits to set up a minigrid facility in 17 countries surveys (rise, 2017) 

 

6.3. Market Challenges 
Energy pricing is currently not attractive for private investors in the Malawian microgrid sector. Sustainability should be built in 

through viable pricing of products and avoiding social subsidies that promote market distortions and lead to market failure. There 

are few existing sustainable business plans showing payback and return on investment for mini-grids in Malawi.  

Another challenge is that of finding adequate and suitable productive uses of energy (PUE) in rural areas of Malawi. Serving PUE 
reduces business model risks as entrepreneurs dependent on electricity for their business income are deemed more reliable than 
domestic customers. In Malawi there is generally a lack of rural businesses, unlike neighbouring African contexts where existing 
diesel generators are common. Maize Milling is common in rural areas of Malawi, however solar PV powered Maize mills are still 
at pilot stage in Malawi.  

6.4. Capacity building 
Capacity development is required at various levels to make microgrid development a success, especially local capacity building for 

operation and maintenance. A shortage in skilled technicians for the operation and maintenance of renewable and/or 

decentralised energy systems is a major barrier for the uptake of renewable energy in Malawi. With so few systems in place it is 

difficult to identify technical people experienced in the specifics of village power technologies. 



6.5. PAYG/mobile implementation costs 
The success of all existing initiatives evaluated relies on and the availability of mobile finance or Pay As You Go platforms. In 

Malawi, mobile money operators have not yet reached a critical mass to allow cheap enough transaction fees for customers. A 

10% commission charge is still taken from each transaction which can have negative effects on businesses relying on the service. 

There is also low mobile network penetration in rural areas. As more customers sign up to use the service the transaction costs 

will reduce the service costs and make use of the service more affordable.  

6.6. Supply Chain 
Accessing modern village power technologies (including generation, distribution, batteries, monitoring and control, and payment 

platforms) is a challenge for project developers, and tests sustainability of systems with poor access to replacement parts.  

Microgrid products found in Malawi are typically expensive compared to other countries in the region, and importation can prove 

a difficult task and remove the possibility of warrantees.  Whilst policies relating to quality standards are in place, various agencies 

need to do more to ensure enforcement and promote product quality standards and raise consumer awareness. Beyond electricity 

supply technologies, availability of quality electrical equipment and appliances is limited for consumers in homes, enterprises and 

public facilities.  Access to high efficiency products (including light bulbs, TVs, fridges, etc.) is particularly important for rural 

consumers relying on systems with limited generating capacity.   

7. Conclusions and Discussion  
Solar microgrids offer a low cost low carbon electrification solution for communities living in energy poverty in Malawi. They allow 

for higher levels of energy access than pico solar products and solar home sytems, offering more scope for income generating 

activity and once the infrastructure is there then community wide improvements to energy access are easier. Solar microgrids also 

have the potential for higher reliability that current grid connection which suffer from frequent blackouts.  

The study has assimilated and presented key experiences from existing microgrid practitioners in Sub Saharan Africa which can be 

used to inform future interventions in Malawi. Specifically, the value of remote monitoring with data acquisition on load profiles 

and smart metering with mobile payment systems has been shown. Also identified was the importance to choose sites with 

existing market centres and high energy use, and the positive effect of limited government regulation for small generation 

capacities.  

Solar or solar/diesel hybrid microgrids have been indicatively calculated to be the most cost effective electrification strategy for 

37% of the population, or 6.5 million people. The capital investment required to provide microgrid electricity to the quantified 

market is estimated as $824m, with an annual operation cost of $70.5m per year, or a total CAPEX of approximately $130 per 

person with OPEX of $11 per person per year.  The lowest costs of energy are typically found in areas of higher population, where 

maintenance and diesel costs are lower and solar/diesel hybrid grids are recommended. The results of the study are expected to 

broadly reflect the Malawian microgrid market and context, but should not be used in place of robust site selection and feasibility 

studies, rather it is hoped that the results serve as a useful resource to narrow down potential sites for consideration. 

Whilst fossil fuel divestment is gathering pace, and the reliance on fossil fuel generation in Malawi in particular is seen as 

problematic, small amounts of diesel generation in off-grid systems can lead to a reduction in the necessary system sizing. Without 

dispatchable generation such as a diesel gen-set, the solar micro-grid system needs to be sufficiently sized to be able to provide 

for all loads, including the peak load, during the systems lifetime. With dispatchable diesel generation, the system can be 

undersized and meet the community’s needs for the majority of the time with diesel generation utilised for only the greatest 

period of demand. However, incorporating diesel brings environmental problems, increased maintenance consideration, price 

volatility and security of supply issues which should be taken into account when planning projects.  

 In the most remote regions of Malawi the cost of energy is anticipated to be highest, due to the prohibitively high cost of diesel 

generation in these areas. Populations in these locations are likely to be more dependent on solar generation, and coupled with 

the higher cost of energy, these populations are also likely to have a lower ability to pay, further compounding the imbalance 

between cost reflective tariffs and ability to pay. Individuals living in these less accessible areas are also the least likely to benefit 

from grid-based electrification and are also the population least able to pay for their energy services. In order to provide financially 

viable services, the more remote populations will require some form of gap financing or subsidy scheme. One policy solution to 

this would be to offer capital investment subsidies to this population, either through a tiered scheme based on the degree of 

remoteness or CAPEX subsidisation in remote regions.  

For this study, a grid buffer of 2km was used in all locations, but it would be possible to use different grid buffers in different 

locations to better represent the presence of population centres/areas of higher demand. The grid also is assumed to be static 

and equally strong in all locations, which may not be the case. It’s possible that grid connection in one location would be more 

expensive than another based on existing grid constraints. It is likely that the proportion of the population assumed to be best 

served by grid electrification is an overestimation, as a significant number of people live within the grid and lights exclusion zone 



who may not have access to existing infrastructure due to prohibitively high connection costs. The Malawian grid also experiences 

regular blackouts, so even populations living close to the grid or with existing grid connection may benefit from under the grid, or 

grid-parallel micro-grid installations. In all considerations, the expansion of the grid should be seen as a threat to microgrid 

developers and a concrete rural electrification plan is necessary to reduce risk and increase investor confidence. 

The ability and willingness to pay of rural communities in Malawi is deemed to be lower of that in Kenya and Rwanda, making the 

cost of energy for the technology likely to be financially unviable in the short term for most Malawian communities without 

subsidies from NGOs or government.  Challenges to microgrid implementation in Malawi include an unfavourable regulatory 

environment, lack of access to finance, lack of local capacity for design and implementation of the technology, lack of mobile 

money integration, and limited supply chain for consumer appliances as well as renewable energy equipment. 

It is anticipated that increasing numbers of installed solar or solar/diesel microgrids will enhance the enabling environment for 

the technology; the more systems installed, the greater the technical experience of the technician base in the country, and the 

more effective the supply chain is likely to be. Additionally, with a larger number of systems installed, more maintenance hubs 

may be justifiable, reducing maintenance costs associated with operating microgrids in nearby locations. This environment itself 

will involve the employment of technicians, enumerators and system operators on an ongoing basis, making energy provision an 

active process (perhaps unlike grid-based electrification).  

8. Recommendations and Next Steps 
Recommendations for strengthening the microgrid sector in Malawi include conducting pilot projects to quantify local costs of 

installed systems. Technical innovations for smart metering and datalogging should be utilised and existing products with field 

experience used. These and other equipment will need to be imported and quantifying exact costs to get them to local sites will 

be essential for scale up.  

Productive uses of energy should be prioritised as a key customer base to ensure income streams as part of robust business 

models. Advocacy should be undertaken for a more convenient regulatory environment within the sector, and training 

programmes alongside knowledge dissemination initiatives will address capacity shortages within the sector. Further research is 

required to ascertain more accurate ability and willingness to pay data for rural communities to inform business models.   

It is hoped that the results of this study will be beneficial for stakeholders and policymakers in Malawi, indicating both where 

microgrids might be most viable but also indicating the estimated market size for each energy access type. The produced maps 

are intended to allow for intuitive understanding of the information processed in the project, and to provide stakeholders with 

actionable information regarding the market distribution and the effects of different factors within the energy access ecosystem, 

along with how to mitigate any barriers. 

University of Strathclyde (UoS) will be working to address the outlined challenges through further research and implementation 

through the Rural Energy Access through Social Enterprise and Decentralisation (EASE) project, a £1.3m project funded by the  

Scottish Government for the EASE project running 2018 – 2023.  The newly funded EASE project will continue to deliver improved 

energy access for some of the most vulnerable people in Malawi, building sustainable community energy businesses around micro 

grids and energy centres, whilst improving the enabling environment for sustainable energy development through training, 

advocacy and mainstreaming of energy planning by District Energy Officers.  


