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Green Mini-Grids:  
Towards financially viable 
business models 
 



 
 The Climate Technology Centre and Network 

• Operational arm of the UNFCCC Technology Mechanism 

• Consortium of organizations from all regions + Network 

• Mission to stimulate technology cooperation and enhance the development and deployment of 

technologies in developing countries 

• Technologies include any equipment, technique, knowledge and skill needed for reducing greenhouse 

gas emissions and for adapting to climate change effects  

• Core services include:  

o Technical assistance to developing countries 

o Knowledge platform on climate technologies 

o Support to collaboration and partnerships 
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 Country-driven 

• Any organization from developing countries can express need  

• Request endorsed and submitted by the NDE 

 

 Fast and easy access to assistance 

• User-friendly access: 4-pages submission, in all UN languages 

• Appraisal of request within 1-2 weeks and response design within 2-8 weeks 

 

 CTCN selects and contracts relevant experts 

• Assistance provided through Consortium and Network (value up to 250,000 US$) 

• Collaboration with financial organizations to trigger funding 
 

 
 CTCN Technical Assistance 

Support to remove barriers to technology transfer (financial, technical, institutional) 

 

 Identification of needs and prioritization of technology, depending on country context 

 Technical recommendation for design and implementation of technology 

 Feasibility analysis of deploying specific technologies 

 Support to scale up use and identify funding for specific technologies 

 Support legal and policy frameworks 
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 Networking and Collaboration 

 Join our network! Easy and free of cost. 

 Access commercial opportunities: respond to competitive bidding for 

delivery of CTCN technical assistance services  

 Create connection: network with national decision makers and other 

network members to expand your partnership opportunities and learn 

about emerging areas of practice 

 Increase visibility: broaden your organization or company’s global reach, 

including within UNFCCC framework 

 Exchange knowledge: keep updated on the latest information and share 

via the CTCN’s online technology portal 

 

Examples of collaboration 

• Co-host climate related events 

• Twinning arrangements with research institutions 

• Engage in new technology projects 
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 How to Use GoToWebinar 

 To listen to the webinar (select audio mode): 

 

1.  Listen through your computer: Please select the “mic and speakers” radio 

button on the right hand audio pane display 

2.  Listen by telephone: Please select  the "telephone” option in the right-hand 

display, and a phone number and PIN will display.  

 

 To ask a question 

Select the “questions” pane on your screen and type in your questions, at any time 

during the presentation 

 

 If any technical difficulty 

Contact the GoToWebinars Help Desk: 888.259.3826 

 

 The presentations will be made available after the webinar 
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CPCS is a management consulting firm focused 
on strategy for transportation, energy, and PPPs 
 

Our work in the energy sector mainly comprises power sector 
restructuring, transaction advisory, and project development 

PPP 

Sectors of focus 

GEOGRAPHIC INFORMATION SYSTEMS 

POLICY & ECONOMIC ANALYSIS 

REGULATORY REFORM 

STRATEGY 

TRANSACTION ADVISORY SERVICES 

POWER 

TRANSPORT 

Sample of services 

GEOGRAPHIC INFORMATION SYSTEMS 

POLICY & ECONOMIC ANALYSIS 

REGULATORY REFORM 

TRANSACTION ADVISORY SERVICES 

STRATEGY 
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 Technical services include 
Energy audit & Renewable Energy system design 
Project design and development 
Tendering and procurement 
System installation and supervision 
 
Consulting 
Renewable Energy market analysis 
Policy development 
Renewable Energy capacity building & training 

 

 

Africa Solar Designs Ltd is a leading Kenya-
based renewable energy company 
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Content slide  

Access to electricity remains incomplete in several parts of 

the world, especially in rural areas of Sub-Saharan Africa 

Source: Global Tracking Framework, WB/SE4All, 2015 edition 

Share of global population without access to electricity Where are those without access located?  

The five countries with the largest populations without access to electricty 
are (in order): India, Nigeria, Ethiopia, Bangladesh, and DR Congo. 
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Content slide  

Access to electricity is no longer a “yes/no” question: 

the multi-tier approach is more in line with reality  

Source: Multi-tier approach from the World Bank 
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Content slide According to the IEA, to achieve universal electricity 

access in Sub-Saharan Africa, mini-grids are needed 

for 40% of new capacity by 2030  

GRID EXTENSION 

MINIGRIDS 

STAND-ALONE 
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Content slide 

A mini grid is a distribution network:  

• Powered by a local generation source  

• That supplies electricity to a localized group of customers 

• In isolation from national electricity grid 

Size ranges from 1-10kW to several MW 

Diesel still the most represented 

But a large variety of technologies are now available for Green Mini 

Grids (GMGs): 

• Small hydro 

• Biomass-to-power 

• Mini-wind 

• Photovoltaics 

• Hybrids (mostly PV+Diesel) 

• With or without storage 

 

 
A large variety of technologies are now 
available for mini- and micro-grids 
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The technology is there… but green mini-grids struggle 

to expand beyond pilot projects. What is the problem? 

 

Source: Insensus, CPCS analysis 

Policy & regulatory 

framework 

Capacity 

Understanding of 

local community 

Choosing right  

business model 

Financing  

Technical elements  

Barriers to 

Green Mini-

Grids 

Focus of this 

presentation 
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Green Mini-Grids usually seek to achieve 
financial sustainability over the medium-term 

Projected revenues 

Projected costs 
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Initial investment, usually 
supported by subsidies 

Annual revenues and costs of mini-grid project  
$US 1000s 

Revenues > operating costs to 
help cover investment costs 

HOPED FOR 
SCENARIO 

Source: World Bank – From the Bottom Up (2014), CPCS 15 
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In reality, the high costs of supplying off-grid electricity and 

low revenues collected often lead to a financial viability gap 
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Source: World Bank – From the Bottom Up (2014), CPCS 
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Some key questions to help think through 
mini-grid solutions 

1. Who are the customers? 

 

2. What kind of service do they need? (can they afford?) 

 

3. What is the appropriate technology to answer these needs? 

 

4. How to keep the costs under control? 

 

5. Who will own and operate the minigrid? 

 

6. How to make sure customers pay? 
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Who are the customers? Bankability/viability 
increases as the expected consumption grows 

Electricity Sales (MWh/day) 
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Who are the customers?  
The ABC model 

‘A’nchor customers 

• Anchors represent daytime 

load, predictable in nature, 

requiring continuous delivery. 

• Anchors need to be located 

near a rural community 

• Telecom towers 

• Retail chains 

• Petrol stations 

• Mining companies 

• Agro-processing industry 

‘B’usiness customers 

• Businesses are local 

commercial establishments 

for whom power is a critical 

input for expanding 

operations or improving 

productivity 

• Local small businesses and 

shops 

• Charitable institutions 

• Schools, Clinics, Irrigation 

systems 

‘C’ommunity customers 

• Community members: 

affordability is a major issue; 

may have many other 

pressing needs in addition to 

power 

• Household 

Source: World Bank – ‘A-B-C’ model for Off-grid Energy Solutions, 2013 

Customers Description Examples 
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What kind of service do they need?  
Demand assessment is a crucial step 

Willingness to 

pay 

Field survey: 

• Identification of customers (domestic, businesses, institutional, …) 

• Current energy uses and expenses, WTP for electricity 

• Specific electricity needs 

 

Steps Description 

Level of 

service on 

offer 

Define the right level of service to offer, for instance: 

• DC only, limited wattage, a few hours per day 

• AC, limited wattage, a few hours per day 

• AC 24/7 with no wattage restriction 

Demand 

forecast 

Demand forecast provides:  

• Energy needs (kWh) 

• Peak demand (kW)  

• Typical daily load curve 

• Future evolution 
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How best to answer these needs? 
New technologies make it possible to 
precisely adjust supply and demand 

Supply Demand 

Solar PV 

Pico/Micro 

hydro 

Biomass 

(eg. Husk) 

Small 

wind 

Diesel  

(back-up, hybrid) 
Storage 

LED lights 

Low wattage 

appliances 
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How to keep the costs in control? 
Adapted technical choices reduce the cost 

Standardize 

the design 

• Standardization will reduce the engineering costs, installation time, 

risks of technical failure. It will facilitate maintenance. 

• The downside of standardization is that it leave less room for 

optimization 

Strategy Description 

Adapt 

technical 

standards 

• Technical standards for electrical installations are usually adapted 

to urban settings with higher consumption. Strict application may 

lead to oversizing.  

• If local regulation allows, these standards can be revised to match 

the lower needs in rural areas. 

Avoid 

complexity 

• Complex/sensitive equipment represent a high risk of technical 

failure that will then translate in disruption of the minigrid’s 

operation and loss of revenues. 

• Proven technologies must be preferred. 
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How to keep the costs in control? 

Distributed micro-utilities achieve economies of scale 

A single entity operates several minigrids 

Standardized technical solutions = reduced development costs 

Standardized commercial approach = increased revenue collection 

Professional operators bring missing capacity to remote locations  
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Who will own and operate the minigrid? 

Many models exist but regulatory framework may limit 

the options 

Public utility 

 Access to technical know-

how 

 Access to subsidies 

× Rural electrification not a 

priority for utilities 

× No separate bookkeeping for 

minigrid 

Model Advantages Disadvantages 

Community 

Private 

Public Private  

Partnership (PPP) 

 Strong sense of ownership 

 In-kind contribution from 

locals reduce costs 

× Lack of local skills (technical, 

commercial) 

× Conflict of interest: owner vs. 

user 

 Access to technical know-

how 

 Rigorous commercial 

management 

× Affordability for the poor not a 

priority 

× Only denser/richer areas can 

be attractive for private sector 

 Get the best of Community 

and Private models 

× Adds contractual/institutional 

complexity, may increase dev 

costs 

× Skilled private partner may be 

hard to find 25 



How to make sure customers pay? 
New options emerge that facilitate revenue 
collection 

Solutions for commercialization: 

 Mobile money is becoming a powerful payment tool for electricity. 

However, it can be used only if already well developed in the area. 

Initiating a mobile money system only for electricity will most likely 

not be cost-effective. 

 Prepaid meters are now widespread. It however requires to 

develop distribution channels for customers to buy recharge. 

 Digital services. Bundled energy and communication packages 

(i.e. electricity with cable TV or internet service) enable service 

providers to diversify and expand revenue generation. 

 Cloud-based electricity sales. Customers in off-grid areas can be 

connected by wires and meters or, in the case of solar home 

systems sold but not connected to the GMG, by cellular based 

service accounts. 

 Traditional low-tech options may still make sense! 
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Somalia: Privately Owned Diesel Mini-Grids 

 

 

SUMMARY TECHNOLOGY POLICY FRAMEWORK 

The absence in Somalia of an energy 
regulatory framework and national 
electricity utility has left the private sector 
to take the initiative for the purchase and 
installation of diesel generators. These 
systems serve a primary private purpose 
(anchor load) and distribute excess 
electricity to surrounding clients for a fee. 
The model demonstrates that people can 
be willing to pay high costs for electricity.  

• 10 kW to 1MW diesel 
generators. 

• Village electrification, off-grid 
power, power back-up.  

• Recent innovations are  
introducing solar PV and wind 
to generator systems. 

A lack of a central authority in Somalia has 
resulted in the energy sector operating in a policy 
vacuum with no legal or regulatory framework. 
Until recently, power provision has been 
unplanned and un-coordinated.  In larger towns 
(Hargeisa, Bossaso, Boroma, Mogadishu) the 
tendency has been for the IPP’s to govern 
themselves, to consolidate and to work with both 
consumers and governing bodies to lower costs 
and improve service.  
  

BUSINESS MODEL LESSONS LEARNED 

Generation and distribution are fully 
private. Consumer electricity prices ranged 
between US$0.90 to $1.50 per kWh in 
2014 but have dropped to below 
$0.40/kWh in some parts of Somalia due 
to company consolodation.  Smaller 
consumers pay higher rates and larger 
consumers are given discounts.  There is 
often commitment by operators to provide 
schools, mosques and health facilities with 
free electricity. 

• Lack of a centralized power generation 
authority  has seen the private sector fill in the 
gap and meet energy needs. 

• When profits are assured, the private sector 
will invest in power generation and distribution 
without the need for subsidies or donor 
funding. 

• National energy policies and regulations are 
necessary for development of the sector so 
that consumers benefit from cheaper electricity 
prices, reliable, safe grid power. 

• A large portion of the community is unable to 
connect to the grid because of the high 
electricity costs. 
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Kenya: NGO-Led PV Hybrid Mini-Grid 

 

 

SUMMARY TECHNOLOGY POLICY FRAMEWORK 

In East Africa, NGO-led mini-grids that are 
initiated with donor support are often 
installed in communities remote from the 
grid. Projects are typically led by 
community organizations, NGOs or 
companies that are capable of raising 
funding. 
 
This project has been successful because 
of strong local ownership, maintenance 
contracts and follow up by owners. 

• 12 kW hybrid PV system with 
batteries and a small generator 
back-up serves a training 
centre, an ecotourism site and a 
number of staff households. 

• A number of associated stand 
alone clinic, school power 
systems were installed as part 
of the same project. 

This project is installed in a community-managed 
conservancy which is at least 20 km from the 
nearest electricity grid. Because the conservancy 
is privately managed by members of the 
community, and because the system was installed 
by the community, it is outside of typical power 
sector regulatory process. Nevertheless, it does 
meet national electrical codes and standards. 

BUSINESS MODEL LESSONS LEARNED 

The NGO installed the system to replace a 
diesel generator that supplied power to 
occupants of the site.  
 
According to the plan, the NGO, which 
maintains the system, should collect 
payments from the ecotourism site for 
sales of power. However, because the 
system was grant-funded, cost recovery 
was never a high priority for the 
operators. 
 

• A solar-diesel-battery hybrid system can 
successfully operate when properly desiged 
and when adequate operation and 
maintenance plans are put in place. 

• For many sites, profitable operation of the 
mini-grid is not the primary focus of the 
project. 

• Reliance on donor funds restricts the roll-out of 
technically-viable projects. 
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Uganda: Kisiizi Hydroelectric Mini-grid 

 

 

SUMMARY TECHNOLOGY POLICY FRAMEWORK 

The regulatory environment in Uganda 
supports private power suppliers and a 
Public Private Partnership programme is 
In place to assist them in developing 
projects. In this case study, a hospital used 
electricity from its own hydro plant for 
many years. Through the government 
support programme in combination with 
private equity, it upgraded this plant and 
constructed a mini-‐grid to supply 
electricity to the neighbouring 
village. 
 

• The Kisiizi origianl mini-grid was 
built in 1984 with a 60 kVA 
Giikes turgo hydro turbine that 
generated power for the 
hospital exclusively.  

• In 2009, a 294 kVA crossflow 
turbine raised the power output 
significantly.  

• An 80 kVA standby generator is 
present and is only utilized as 
back up to the hospital during 
the dry season when there is 
reduced flow from the river. 

The Government of Uganda, through the Ministry 
of Energy and Mineral Development’s (MEMD) 
Electricity Act 1999, enabled private sector 
participation in the electricity sector and 
established the Electricity Regulatory Authority 
(ERA).  It actively encouraged the hospital to solve 
its power needs with private particiaption. 
Although the case study under discussion, as an 
off-grid mini-grid, does not qualify for either FiT 
support, these are important facets of an overall 
national energy framework and will become 
specifically relevant to Kisiiza should the grid 
arrive in that location.  

BUSINESS MODEL LESSONS LEARNED 

The Kiisizi mini-grid uses a private operator 
model. Kisiizi Hospital Power Ltd owns and 
operates the system, including setting its 
own tariffs.  
 
Until 2012 the hospital had provided 
power free to its own staff, but found that 
usage was very high. Despite resistance 
within the institution a new policy was 
created by which hospital staff received a 
set amount of power each month for free, 
above which it is charged at a discount.  

• Sustainability of a privately owned and 
operated mini-grid is affected by its role in the 
host community. Kisiizi Power Company, is 
closely affiliated with a non-profit hospital, and 
as such may not have a profit concern.  

• The company has had to adjust more relaxed 
policies, such as provision of free electricity to 
hospital staff, after this was found to be 
depleting the system’s resources.  

• Due to capacity constraints, the Kisiizi mini-grid 
is not able to handle new customer requests, 
which has created an avenue for the resale of 
power by the already connected customers.  
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SENEGAL: ERSEN Off-grid Solar Energy Programme  

 

 

SUMMARY TECHNOLOGY POLICY FRAMEWORK 

Senegal promotes the electrification of 
some remote areas through investment 
and donor-supported initiatives. The 
initiatives use hybrid operation models, 
whereby the Government remains the 
owner, and a private firm has a concession 
for operation, maintenance, and repairs. 
To date, 18 mini-grids have been 
implemented, powered by wind, PV, and 
diesel generator technologies and 
operated by local private businesses. 
Tariffs are sufficient for covering 
operational and maintenance costs.  

• Most ERSEN systems utilize 5 
kW solar PV / hybrid AC-
coupled technology. 

• GIZ’s PERACOD programme 
standardised the design of the 
mini-grid systems as much as 
possible  to ensure quality, 
facilitate maintenance and 
minimise technology-related 
problems. Control systems 
manage the battery to prevent 
damage caused by deep 
discharging.  

The government proactively provides for private 
sector electricity generation, in part through the 
establishment of concession schemes that divide 
the country into 10 Priority Rural Electrification 
Programmes (Programmes Prioritaires 
d’Électrification Rurale, or PPER). Six out of 10 
concessions have been allocated to national and 
international companies.  In recognising that 
large-scale grid extension will not meet needs of 
remote off-grid communities, the government has 
allowed for smaller off-grid projects in the form of 
mini-grids, solar home systems and other 
decentralised solutions.  

BUSINESS MODEL LESSONS LEARNED 

The operator model in use for the ERSEN 
mini-grids is a hybrid utility-private 
model.  
  
ERSEN’s plants are owned by the 
government and licensed to private 
operators who have the right to operate 
the plant and sell electricity produced at 
regulated prices for 15 years. 
 
The sites use load limiters and pre-paid 
meters to charge consumption-level based 
monthly tariff. 

• Regulatory challenges related to balancing 
public and private sector intervention, and to 
keeping rural electricity affordable.  

• Technological challenges arose from lack of 
familiarity with mini-grid technologies.  

• Socio-economic challenges arose from high 
consumer expectations, and difficulties aligning 
payments with customers’ seasonally variable 
income streams  

• Business and management challenges arose 
with the PPP arrangements, such as the sharing 
and management of investments, revenue and 
responsibilities between various partners.  
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TANZANIA: Njombe Biomass Mini-grid 

 

 

SUMMARY TECHNOLOGY POLICY FRAMEWORK 

The Tanzanian national regulatory 
framework was changed in 1994 to allow 
private electricity generation as it became 
clear that the government would not be 
able to supply electricity to many rural 
areas.  After 2008, Standardized PPA 
contracts and a standard tariff 
methodology led to private investments in 
electricity supply in remote areas. 
Tanganyika Wattle Company (TANWAT) 
took advantage of these regulatory 
changes to produce their own power and 
to sell to the Njombe community. 

• The TANWAT plant uses waste 
products from wattle extracts, 
eucalyptus and pine trees 
obtained from its sawmill to 
provide power for its own 
processing facility as well as to 
the Njombe TANESCO mini-
grid.  

• The plant obtains its feedstock 
from an industrial forest estate 
of wattle, pine and eucalyptus.  

There is no special Feed-in Tariff (FiT) in place for 
renewable energy.  Instead, the Government in 
2009 incentivized independent power production 
through establishment of a standardized 
mechanism for developing small power projects 
(SPPs) using Standardized Power Purchase 
Agreements (SPPA) for main grid and off-grid, and 
a Standardized Tariff Methodology (STM) for main 
grid.  With added security of a government buyer 
and clear, formalized power purchase 
mechanisms, private sector players began 
venturing into the power generation.  

BUSINESS MODEL LESSONS LEARNED 

The plant utilizes a private operator 
model. As per the SPPA, TANWAT owns 
the plant and ensures reliable power 
production while TANESCO is responsible 
for distribution and maintaining the 
quality of power to consumers.  The 
project started as a fully private model 
and became a “hybrid” model. When it 
was connected to the national grid, 
TANESCO took over all aspects of the 
mini-grid and provided an SPPA 
arrangement for TANWAT based on 
power sales. 
  

• To encourage private contributions to off-grid 
mini-grids, governments should offer a 
standardized PPA contract and standardized 
tariff methodology  

• Renewables can offer a more cost-effective 
option for rural electrification as compared 
with diesel power plants.  

•  A FIT designed to incentivize specific 
(renewable) technologies would help to 
stimulate private sector investment in 
renewable projects  

• TANWAT is a good example of a project that 
grew “organically” with the existing regulatory 
framework.  

32 



 
Going further 

World Bank’s 2014 “From the Bottom Up” report 

 https://openknowledge.worldbank.org/handle/10986/16571  

 

Energypedia Minigrid portal 

 https://energypedia.info/wiki/Portal:Mini-grid  

 

AfDB’s Green Mini Grid Programme  

Helpdesk http://greenminigrid.se4all-africa.org/  

Reference library http://greenminigrid.se4all-africa.org/search/content  

 

Upcoming webinar on Minigrid/Grid connection issues, May 4th 

 https://attendee.gotowebinar.com/register/992555916115887619  

 

Contact us : jgrabowiecki@cpcs.ca ; ckayserbril@cpcs.ca 

mhankins@africansolardesigns.com  
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