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Research and innovation in:
Solar Home Systems and 
DC Mini Grid

The Energy for Development (e4D) programme continues research and 
innovation to support United Nation’s Sustainable Development Goal-7 
(SDG7), with emphasis on clean, sustainable and affordable electrification for 
all. With its strong track record in Decentralised Renewable Mini Grid 
research, development and deployment, the e4D team also expands its work 
in two other following key areas. 

o Solar Home systems (SHS)
o DC Mini Grid (DCMG) 

Background

Fig.1: Solar Home System and components testing facilities at ECCD laboratory. LED 
bulb testing equipment (Top left), PV panel testing (Bottom left), and LED aging and 
battery discharge testing (Right).  
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DC Mini Grid (DCMG)

SHS has been a widely accepted and proven technology for off-grid 
electrification. However, DCMG is still a niche area of research in off-grid 
context. The common objectives of e4D research in these two areas are:

• Technological innovation in user focused product and service,
• Product quality, sustainability and efficiency,
• Reducing levelised cost of electricity (LCOE), and 
• Enabling productive use of electricity

Solar Home System (SHS)
Through the research project ‘Low cost, graduated PAYG solar home 
systems for Africa’, analysis of a wide range of SHS and system components 
were undertaken including a range of LED bulbs, lead acid batteries and 
some other DC appliances (refrigerator, LED TV and fan) in the laboratory. 

The project has also undertaken a feasibility study into the productive use of 
power and end-use combinations for different business applications of power 
encompassing:

• Analysis of potential businesses needs and ability to pay.
• Creation of business plan for the end users.
• Optimising the power system and end-use equipment.
• Develop new business model to support productive uses of SHS.

Fig.2: Business cash flow scenarios for watermelon farming in Kenya using 
appropriately designed SHSs at different depth of water level for water pumping.

Although Direct Current (DC) is native to Photovoltaic (PV) electricity 
generation, and some of the most commonly used off-grid appliances are 
inherently DC in nature, applications of DC mini-grids (DCMG) are very rare in 
developing countries. 

The ‘Efficient VERsatile Energy Services Solution Through DC’ research 
project, which considered Sub-Saharan Africa proposes a DCMG platform to 
serve rural and remote areas beyond the utility grid. 

The DCMG research outcomes aim to create a step change in the efficiency of 
energy usage by avoiding DC to AC conversions and generating confidence in 
modern, efficient DC devices.

Mini grid type
  

Load type LCOE  (/kWh) Comment

DC mini-grid
Without anchor load 0.62 USD DCMG presents cheaper 

LCOE regardless of load 
types as a better option 
to AC mini-grid.
LCOE is 19.5% 
cheaper on average.

With anchor load 0.54 USD

AC mini-grid
Without anchor load 0.75 USD

With anchor load 0.69 USD

Table 1: Comparison between DC and AC mini grid LCOE 

Fig.3: Grid price parity (%) comparison of different types of off-grid electrification 
approaches/ technologies at different tiers of electricity access level. 

The following recommendations were made based on our research findings 
for off-grid applications:

• Extra low voltage DC transmission (≤48V DC) perhaps should be 
considered.

• For off-grid community, DC mini-grids should be combined with uses 
of efficient DC appliances.

• While serving an anchor load DC mini-grid can be used a 
community energy kiosk.

Fig.4: A value chain for SHS and DCMG 
based off-grid electrification for SDG7

Quality of PV panels and 
components along with reliable 
services is the key for wider 
acceptance of SHS and DCMG.

Sustainable off-grid 
electrification requires 
appropriate policy support, 
access to training and finance 
for productive uses of power. All 
these should be supported by 
suitable business delivery 
models.  
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