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Brief Overview of MG 

ÅDefinition 
ÅSystem of small electricity generation and distribution infrastructure serving 

limited number of customers isolated from national electricity networks  

ÅCapacity ranges from few kWs to MWs. 

ÅMGs are cost-effective option for high quality electrification scheme  
Åwhere the cost of grid extension is prohibitive  

ÅBenefits of Mini-grids 

Åenabler of socio-economic development (extended hours for small 
businesses, benefits for education, health, greater security, etc.) 

Åenabler of rural industrial development ( enabling PUE for SMEs) 

Åfacilitator for the delivery of public services (electrification of social 
institutions) 



Mini-grid Operator Models 

Describe organisational structure of mini-grid implementation and operation 

4 MG operator models  

Åutility,  

Åprivate sector,  

Åcommunity and  

Åhybrid models 
 

Differ mainly in Ownership of Generation & Distribution assets, and 
who does O&M of MG system, and relationships with customers. 

 



Summary of operator models 
Utility Model 
1 

Hybrid Model 2 Private Model 3a 
(Unregulated) 

Private Model 3b 
(Regulated) 

Community 
Model 4 

Owners of 
power 
generation 
and 
distribution 
assets 

Utility Private/Utility/Community Private Private Community 

Brief 
description 

Government 
or 
parastatal 
utility 
manages all 
aspects 
of mini-grid 

Private actors 
generates and 
utility distributes 
the electricity, or the 
reverse; or private 
entity to commercialise 
electricity 
generated by and 
distributed through 
public assets 

Private company 
manages all aspects, 
in the absence of 
Government 
regulation 

Private company 
manages all aspects, 
in a regulated 
environment 

Community members 
organise to 
manage generation 
and distribution in a 
regulated environment, 
with support 
and/or coordination 
from an NGO or 
private company 



Summary of operator models 
Utility Model 1 Hybrid Model 2 Private Model 3a 

(Unregulated) 
Private Model 3b 
(Regulated) 

Community 
Model 4 

Pros ÅCan absorb funds 
easily; 
ÅLess regulation 

needed; 
ÅConnection of MG to 

main-grid can be 
easier; 
ÅCross-subsidisation of 

tariffs, thus 
affordability easier 
ensured; 
ÅAim to fulfil national 

electrification goals 

ÅDifferent actors 
contribute their 
strengths, technical 
and management 
know-how; 
ÅScalable, profitable; 
ÅLess conflict potential 

with customers in 
case of distribution by 
utility with cross-
subsidised tariffs. 

ÅCommercial 
sustainability creates 
incentives for long-term 
operation; 
ÅAbility to act fast 

without government 
interference; 
ÅProfitability ideally 

allows for scaling up of 
operations 

ÅScalability through 
private capital; 
ÅTechnical knowhow, 

high reliability; 
ÅProfitability ideally 

allows for scaling up 
operations; 
ÅLegal security of 

regulated market 
attracts private 
finance 

ÅSelf-managed public 
infrastructure; 
ÅLess conflict potential 

with customers and 
officials; 
ÅCreating assets and local 

ownership; 
ÅEnabling self-

determination and 
economic development 

Cons ÅNot the core business; 
ÅUnsuited company 

structure for smaller 
projects; 
ÅStrain on limited 

budget; 
ÅPolitical interference; 
ÅPossibly corruption in 

procurement; 

ÅComplex 
management,  
feasibility of models 
depend on regional/ 
local context/ 
structures; 
ÅNon-fulfilment of 

contracts due to 
conflicts between 
business partners; 
ÅInsolvency of one 

partner (either SPD or 
SPP) puts full operator 
model at risk 

ÅNo financial support 
from public obtainable; 
ÅGrid interconnection 

challenging/ impossible; 
ÅChanges in regulation 

and fixed tariffs can 
reduce profitability; 
ÅConflicts with 

customers due to 
monopoly; 
ÅInsufficient quality and 

safety risks of service 
can occur if it is not 
supervised, which can 
contribute to a bad 
image of mini-grids 

ÅReliable regulation 
needed, dependency 
on lengthy approval 
procedures; 
ÅDebt financing 

needed for scaling 
up; 
ÅVulnerable to 

changes in 
regulation, fixed 
tariffs, conflict with 
customers; 
ÅHigh transaction 

costs; 
ÅPotential risk: grid 

interconnections 

ÅInsufficient local human 
(technical and 
management) capacity; 
ÅOften unclear ownership 

structure; 
ÅUsually high grants 

needed; 
ÅTariffs not covering 

operation and 
maintenance (O&M) and 
reinvestment costs; 
ÅCorruption risk due to 

overlapping of 
management and social 
and family connections 



Economics of MGs 

. 

ÅMG operations, like any other business, must be; 
Åeconomically attractive. In addition to covering cost, a risk-equivalent return is 

needed in order to attract investment. 

ÅFixed cost of MGs include generation and distribution hardware. Variable 
costs arise from O&M and management costs.   
ÅRevenues originate from; 
Åconnection fees, electricity sales and grants or subsidies.  

ÅStable revenues require both accurate predictions of electricity demand, as well 

as matching customersô electricity demand with the electricity supply. 

ÅSubsidies influence average tariff, the affordability and the scalability of mini-grids 

ÅConnection fees must form a balance between ensuring commitment of 

electricity customers and covering connection cost, while still being 

affordable for customers 

ÅFinancing MGs can come from public or private sources. In terms of 
private financing, project finance is so far difficult to acquire. 



CASE: Tanzania Context 
ÁPopulation (2015): 49.4million 

Á32.8% of population connected with 
electricity; 16.9% in rural areas  

ÁElectricity consumption per capita: 
137kWh/person/yr. 

ÁElectrification target: 75% by 2035. Increasing 
the share of RE in total final energy 
consumption, including off-grid generation, to 
more than 50 percent by 2030 

ÁEmission reduction targets of 10-20% by 2030 
(INDCs) 



Mini-grids: Development Status 

Energy source Existing No of plants Regions Grid Isolated Total kW Connections 

Hydro   49 14  9 40* 32,920.9    11,925 

Bio-fuel   25 11  7 18 51,714.0       562 

Solar   13   5  0 13       234.0    1,153 

Wind     0   0  0   0            0.0          0 

Diesel/natural gas   19 10  0 19 72,700.0 170,065 

Hybrid     3   3  0   3       176.8 

All sources 109 21 16 93 157,745.7 183,705 

By early 2016, Tanzania Mainland had up to 109 existing MGs in 21 regions with total 

installed capacity of 157.7 MW connecting 183,705 customers. 
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Mini-grid Ownership Trends 
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Financing Mini-grids 

REF financing for grid extension and mini-grids totaled USD 255 million 
This excludes funds from Faith Based Organizations and some development partners  11 



Addressing Policy Barriers to MGs Development 
Challenges/barriers How they  were resolved Duration Results 

Inadequate policy on SPP No MG specific policy, but incorporated in 
Electricity Act  

2003-2008 Electricity Act 

Lack of regulatory framework for 
SPPs 

Electricity Act, EWURA Act, REA Act, SPP 
regulatory framework 

2002-2008 SPPA & SPPT regulatory 
framework 

Lack of SPP tariffs for SPP 
projects 

Established Tariff Setting Mechanism 2008-2009 Technology neutral FITs 

Lack of technology specific FITs Revised Tariff Setting Mechanism 2009-2012 Technology Specific FITs 

Economies of scale in technology 
specific FIT 

Revised Tariff Setting Mechanism 2012-2015 Technology size specific 
FITs  

High inflation and TSH currency 
fluctuations 

Revised Tariff Setting Mechanism 2012-2015 FITs in USD 

High taxes/duties on renewable 
equipment 

Tax exemption for solar equipment  2000 No taxes/ duties on solar 
PV 
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Challenges/barriers How they  were resolved Duration Results 

Lack of financing for 
private SPPs 

Established  subsidies  2008-2014 Matching & 
performance grants 

Lack of credit line 
facilities 

Established credit and loan 
guarantee facility via TIB 
disbursed by local banks 

2008-2014 Commercial loans for 
SPP projects  

Inadequate local 
capacity to develop, 
O&M SPP projects 

REA established a fund for 
capacity building 

2010-2015 Tool kit and training of 
local investors and 
commercial institutions 
in SPP financing 
incentives  

Poverty of potential 
customers 

Connection costs were waived 
for specific periods for new REA 
projects 

2010-2012 Customers pay only VAT 
costs (18%) of 
connection costs 
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Addressing Policy Barriers to MGs Development 



MATCHING GRANTS 
Up to $100 000 provided per project for feasibility studies, business plan development and impact 

assessments. $3.1million has been disbursed for 30 RE projects with a total capacity of 94MW from 

2010-2014. 

 

PERFORMANCE GRANTS 
$500 for each connection. 5.3million has been disbursed for 7 projects from 2010-2014. 

 

CREDIT LINE FACILITIES 
$23 million credit line established for long-term loans of up to 15 years through the local Tanzania 

Investment Bank. 

 

GOTZ/WORLD BANK TEDAP PROGRAM 

14 

NEW FINANCING: RERE PROGRAM 
World Bank support of $200 million for grid extension and $75 million for mini-grid projects during 

2015-2019 

 
Photo courtesy 

flickr/Windwärts Energie 



MGs quality and security standards  
ÁPlanning and building a mini-grid involves various institutions, 

including TIC, MEM, REA, TANESCO, EWURA, NEMC, regional water 
basin offices, and local governments. 

 

ÁConsents include: land titles and leases, resource rights (e.g., water 
rights), letters of intent from TANESCO, business license, tax 
registration, building permits, environmental and social clearances. 
small power purchase agreements (SPPAs) with the distribution 
network operator and approval by the regulator, generation, 
transmission, distribution, and supply licenses. 



Key Lessons 

ÅTechnology specific FITs are more attractive to MG investors 
than technology neutral FITs. 

ÅOwing to falling prices over time, FITs for solar and wind can 
best be determined by competitive bidding. 

ÅIrrespective of the ownership approach adopted the efficient 
operation and management of mini-grids coupled with cost 
reflective tariffs is key to long term sustainability 

ÅFinancing of mini-grids should be a joint effort of governments, 
development partners, the private sector and faith-based 
organizations. 

 



CASE II: Ethiopia 

ÁAccess to Grid electricity: 

Á31% National 

Á85% Urban 

Á10% Rural 
 

ÁSolar Lanterns and SHS 

Á16.5% Rural 
 

Á70 million people without electricity 

 

ÁProportion with access declining 

Electricity access 

Source: World Bank Global Electrification Database 2015 



Access to electricity in Ethiopia 

ÁUS$976 to US$2,790 per customer 

depending on how close the new cluster 

of new connections is to an existing 

distribution system.  

ÁGovt. of Ethiopia recognized grid 

expansion alone cannot bring universal 

access to electricity 

ÁOff-grid solution with mini-grid are now 

in the government agenda for provision 

of wider access to electricity. 
 

Grid connection cost 
Rural Access Situation 



Ethiopia Resource Group Project Location  

Wind Powered MG for rural electrification 



Settlement Patterns  

ÁSeveral dispersed clusters of 

households.  
 

ÁEach cluster varies from 15 

to 40 households 
 



ERG Project Conception 

ÁERG conducted a resource and 

needs assessment for off-grid 

energy in North Shewa for 

MOWIE in 2013.  
 

ÁRecognized potential for wind 

micro-grids due to high wind 

speeds and clustered settlements  
 

ÁRural settlements had no access 

to power although power lines 

pass through some of them   ÁTotal annual spending for services that electricity can 

provide for the household is around ETB 600 (about USD 

27) 



ERG Project Conception 

ÁAnnual average wind resource potential in 

project area is between 7 and 8 m/s  

 

ÁWind speeds are stable across the months with 

less than 20% difference between the mean for 

the month and the mean for the year. 

 

ÁLow wind speed season is from June to mid 

September 

 

Wind energy resource 



Project Financing Structure 

ÁERG received grant from the USADF to pilot wind powered 

micro grids in 2014.  
 

ÁUsed this grant and equity (30% of investment) to develop 6 

wind-solar-storage hybrid micro grids in Menz Gera Midir.  

ÁThe project is a test case to evaluate the technical & 

commercial viability of wind powered systems, and check 

the regulatory system for electricity service provision to off-

grid rural consumers.  



Project description  

ÅEach of these 6 micro grids is powered by a 

1.4kW wind turbine and 0.6 ï 0.9kW solar 

PV, with battery storage.  
 

ÅThe six systems serve 200 households for five 

hours a day.   

ÅEach household is provided with two 

lamps and a power outlet for charging 

mobile phones.  

 
ÅAdditional 100 households benefit from 

mobile phone charging bays. 



Development and implementation 

ÅInitial assessment of resources and demands 

during MOWIE survey.  
 

ÅValidation of MOWIE data with new survey, 

community and local government consultation.   
 

ÅSystem design, land use permit, investment 

permit, procurement.  
 

ÅTri-partite agreement among ERG, 

Wereda/District Bureau and the 2 

implementation Kebeles. 



Operation and Maintenance 

ÅOperation 
ÅOperational for more than 15 months 

ÅLocal operator/manager for system  

ÅERG engineering support, periodic visits 

ÅProvide entry level access ï 20W max. 5h/d; ETB 65/month 

(USD 0.98/kWh) 
ÅElectricity price escalation rate applies 

ÅMobile charging for h-hs outside grids 
 

ÅMaintenance 
ÅRoutine maintenance by operator 

ÅOther by technicians from Addis  



Management  

ÅERG owns and manages the facility  

ÅCharges monthly fee for service  

ÅUser fees will initially cover only basic operation 

and routine maintenance.  

ÅPrice escalation rates applied 

ÅShares experience with others 
 

ÅUser committees  

ÅReport issues; collect fees 
   



Early lessons 

ÅFinance 
 

ÅHigh investment 
ÅDistribution system is costly (distribution poles and conductors) ï need to 

determine the minimum threshold for connections per distribution line ratio 

ÅCost of technology per kWh output ï lower for solar, higher for small wind 

turbines 

ÅFinancing needed for developer (grant, soft renewable energy loan, etc) 

 

ÅLong pay back period/ low IRR of mini-grid investment (compared 

to other possible investment sectors) 
ÅMight not be very attractive for purely private sector owned model 

ÅCost could be significantly cut with community involvement   



CASE III: Uganda 

ÅCountry size: 241,000 sq km 

ÅPopulation is estimated at 37 
million (8million households) of 
which 80% reside in rural areas. 
Projected to be 56 million in 
2030 (11,956,636 households) 

 



Electricity Access 
ÅThe national grid 

electricity access rate 
stood at 16% (20.4% if 
solar is included 
electricity).  

ÅIn the rural areas 5.1% of 
households are 
connected to the national 
grid (Another  5.2% use 
off-grid solutions) 

 



Rural Electrification Strategy: Grid Vs Off-grid  

ÅRural electrification is implemented through a 
combination of approached:  
ÅGrid extension for areas where robust electricity is required 

production.  

ÅMini-grids for concentrated settlements located far from the grid but 
with potential for productive use 

ÅStandalone solar systems for dispersed and isolated loads 

ÅThe Master Plan determines where its cost effective to extend the 
grid and to identify areas suitable for mini-grids.  

 
 



Existing Hydro Mini-Grids 

Å3.5MW mini-hydro dam in West Nile region implemented 
using debt financing, equity and a subsidy commissioned in 
2012  

ÅKisiizi Hospital in Western Uganda 374KW hydro mini-grid 
supplies electricity to hospital and neighboring community 

ÅThe 64kW Bwindi micro-hydro located in south western 
Uganda supplies electricity to hospital and neighboring 
community. 

Å40kW Suam Micro-hydro located in eastern Uganda supplies 
power to a community 
 

 



Existing Solar Mini-Grids 

ÅA 600kW PV & 1MW diesel hybrid mini-grid 
on Kalangala Island on Lake Victoria in Jan 
2015 by Kalangala Infrastructure Services 
which is 54% own by InfraCo Africa. Its part 
of the overall infrastructure concession on 
the island that include roads, water and ferry 
service.  
ÅFunding include OBA grant US$3.3m, 

US$1.8m commercial loan and DFI loans 
and equity of US$13.8m 

 


