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Off-grid population today

Last decades trendsGeographical distribution off-grid population

AFRICA KEY FACTS: 
§ High capital costs for grid extension.
§ demographic explosion: +40% at 2030 reaching 1,7 billion of people.

The number of people in Africa with no access to energy is increasing
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Off-grid population…It’s a question of money!
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In Africa, most people without access to electricity live in rural areas and have a very low 
GDP/capita: 
Ø They don’t have money to pay an electricity bills.
Ø The potential electricity consumption would be very low, hence of low interest for the 

national or international utilities.
In this scenario few players will risk to invest in grid extension 3



What is a minigrid
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A typical hybrid renewable mini-grid is composed of: 1) one or more types of renewable 
generation systems, 2) an energy storage device, 3) an “optional” diesel generator, 4) a 
distribution network and 5) a metering system (ie smart meters)

Mini-grid sizes vary from 20kW to 5MW and differ case by case.

AC Bus

DC Bus

DC/DC PV Converter 

AC/DC Inverter

AC Load

GENSET

--
Mini-grids are flexible: by adding simple modules, the system is able to meet electrical 

demand increases while keeping the RE share above 85% of total generation.

Do not forget 
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Then, why Mini-Grids?

ü Allows access to energy – where there is no grid;

ü Sustainable energy solution – Renewable mini-grids have a very low or zero 

pollution;

ü Fast solution – A mini-grid implementation takes 1-2 years from conception to 

operation;

ü Modular – Can be easily expanded to follow demand growth;

ü Low cost of energy – Lower LCOE compared to full powered diesel mini-grids, 

energy costs in case of grid extension needed, conventional thermal power plants.

ü Reliability and availability - Solar generation backed by storage is static and 

reliable;
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Assumption	energy	consumption:
80%	paying	customers	&	20%		free	households
(the	household	don’t	pay	the	energy	bill!	It	is	

indirectly	paid	by	the	Community)

Assumption	energy	consumption:
70%	paying	customers	&	20%		
households	10%	free	households
(the	household	start	paying	the	
energy	bill!)

mill

M

Typical rural village structure un-electrified  

M

Multi step approach



Commercial hub

The business model:
- Inclusive business model
- Focus on productive use of energy
- Integration with the agrifood business
- Modularity and flexibility of the RE solutions
- Local empowerment

7



Stakeholders to involve
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LOCAL 
COMMUNITIES

Regulatory 
agencies

NGOs 

REAs 
(Rural electrification 

agencies)

Government

Other productive players as 
anchor load (telecom, agri

food, water etc.)

Private sector Investors



Bottom-up approach 

Engagement of local community in the management of the Mini-grid
Engaging local communities to take ownership of the mini-grid O&M is fundamental 
to assure the correct functioning and continuity of the system as well as client 
satisfaction. Moreover, it creates local competence and jobs that improve local 
development and the mini-grid’s social acceptance.
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Micro-Grid Academy: an example of 

capacity building on Mini-grids



Micro-Grid Academy Project

Key Objectives of the Micro-Grid Academy:  

1. Educate new generations of young professionals through capacity building activities in the 
energy, commercial, management field. 

2. Regional approach to cover East Africa Region.

3. Draft innovative experimental activities to find solutions for access to energy.

4. Realization of a 10-30 kW off-grid hybrid power plant in Kenya directed toward capacity 
building activities.

Target group:

Both young local individuals and just-graduated international students - cultural clash has a 
huge role as continuous exchange of experiences and opinions would benefit in terms 
of innovative ideas and creation of start-ups.
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Strategic Partner: KPLC

Kenya Power, Kenya’s leading company in the electric distribution, is the 
local strategic partner to realize the project. 



Contents - Learning Activities

For the purpose of providing all students with the most suitable education approach
the project foresees several types of training activities. 

Advanced 
Training Courses

2 week courses 
targeting 

professionals 
in energy 

management

Permanent 
Training Activities

targeting local 
technicians in the 
electric sector to 

design, install and 
maintain

On-demand 
Knowledge-

deepening Activities

Addressed to a wide 
audience and 

intended to share 
and promote new 

ideas and 
innovative projects

Online Remote 
Classes 

To encourage 
permanent 
learning of 

technicians and 
students

The goal is to involve 300-500 students/year !
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Tech. spec. of the MGA power plant

Solar-PV:	20-30	kWp

Wind:	1-5	kW

Energy Storage: TBD

Diesel	back-up	component:	5-7	kW

Renewable	rate:	100%	daily	based	(90%	annual	based)	
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MGA facilities-KPLC Institute of Energy Studies & Research

PV FIELD 1

PV FIELD 2
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Vocational training with San Kizito Institute 
and Strathmore University
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Professionals for Power Plant construction
and maintenance



MGA timing and partnership

Approval
Jan

2017

Site	definition
Feb

Fundraising Start	of	training

Technical	design Inauguration	
R4A	conference

MoU	with	
KPLC
March July

2018Construction

Other contributors
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RES4Africa members’ experience on 

decentralized renewable energy solutions



Somalia: EPS
Minigrid for city electrification

Argentina: ENERRAY
Solar Home System

Perù: ENERRAY
Rural electrification
DC energy box

Cile: EGP
Minigrid for rural electrification

Eritrea: ENERTRONICA
Rural electrification

Tanzania: Politecnico Milano
Mini-grid for rural electrification

Colombia: Asja Ambiente
Mini-grid for rural electrification

Extract of RES4Africa members’ experience

Legend:
Biomass

Solar energy

Wind energy

Hydro energy

Diesel generator

Energy storage

Solar Home System

In back-up : details of each project
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South Africa: EGP
Power quality for industrial customer



Mini-grids are one of the best solution to manage the transition to access to energy. 
Key points to remember:

ü Local community has to take the ownership to manage the mini-grids (O&M);

ü Integration and synergy with the agrifood value chain will stimulate local economy;

ü Importance of capacity building on Mini-grids for effective job creation;

ü An anchor load (e.g. telecom tower operator) needed to guarantee a constant revenue 

stream;

ü Modular and incremental design can follow demand growth;

ü Energy storage is a pillar of mini-grids (…and stability of the grid once it will arrive!);

ü Not business-as-usual approach but bottom up, decentralized, public private partnership;

ü An innovative financing scheme is needed;

ü Hybridization of exiting diesel mini-grids is not only possible but highly recommended;  

ü Short terms investment scenario for a long-term vision;
ü Policymaker role is fundamental.

Final Recommendations
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RES4Africa members’ experience on 

decentralized renewable energy solutions

Projects details



ASJA ambiente, Colombia, Macondo

Ø CONTEXT: Colombian policies favor the distributed

generation of energy from renewable sources for the

electrification of non-interconnected areas to the national

interconnection electrical system. The project also meets

the needs of a local production activity that guarantees

work for the small rural community.

Ø GENERAL DESCRIPTION: Hybrid renewable energy

source plant connected to a local distribution isolated

grid. A cogenerative power plant uses residual

biomass of palm oil production – Photovoltaic - Diesel

for combined generation of electricity and heat. Heat, and

part of electricity are used in a near palm oil production

infrastructure. The remaining electricity is transported

via a new electric transport line for electrification of a

non-interconnected rural local distribution grid.

Ø PROJECT LOCATION: Macondo is a rural location in the municipal area of Mapiripan, a small urban center

in the Meta region of Colombia.



Ø TECHNOLOGY: Rankine cycle thermoelectric plant

with direct combustion of residual biomass of palm oil

production, with a backpressure steam

turbogenerator integrated with a PV plant an two

Diesel generator set.

Ø POWER: Steam turbogenerator 1.412 kWe and 17,7

MWt; PV plant 200 kW; Diesel generator set 265 kW +

530 kW.

Ø CONTEXT: Colombian policies favor the distributed

generation of energy from renewable sources for the

electrification of non-interconnected areas to the

national interconnection electrical system. The project

also meets the needs of a local production activity

that guarantees work for the small rural community.

Ø COST: 4,1 mln USD

Ø ENERGY: Electricity 7800 MWh/year, heat 105000

MWh/year

ASJA ambiente, Colombia, Macondo



Electro Power Systems - Somalia, Garowe

5.9	MW	wind	and	solar-powered	minigrid

Somalia has no national grid, so every town is a de facto mini-grid.
On a pure commercial basis, EPS provided engineering, supply, turnkey
installation and operation of a renewable and storage solution (with
conventional back-up) allowing a reduction in diesel consumption of
more than 3,000 liters per day.

PV
1	MWp

Wind
750	kW

Storage	1	MW/1.8	MWh
Lead	acid	and	Lithium-ion batteries

Diesel	Gensets
3.2	MVA

Power	Conversion	System 1	MW
Full Virtual	Inertia	DROOP	Control	
Technology

Master	Controller
Pool Algorithms	&	Black	Start	
Function

Connected Users
50,000+	people

Reduction
600	tons/year

Immediate	electricity	Bill	reduction
17%	immediate,	50%	target

Hybrid Power Plant built by EPS for NECSOM (National Energy
Corporation of Somalia) to power the town of Garowe. Located in the
North-East of Somalia, Garowe (50,000+ inhabitants) is the
administrative capital of the autonomous Puntland region and a fast-
growing city.

With PV capacity of 1MWp, wind capacity of 750kW, and 3MW of
conventional diesel-fueled generation, the Hybrid Power Plant serves a
peak 3.5MW load, securing power supply 24/7 with world-class
power quality.
In the current operating regime, EPS is still conservatively keeping one
genset running at all times, capping the instant contribution of the
renewable energy source to load cover to approx. 90%.
Over the next few months, EPS plans to extend to the Garowe mini-grid
the operating technics already proven in other microgrids in Latin
America and Europe, allowing the complete switch-off of conventional
spinning capacity under favorable wind and solar conditions.



Electro Power Systems - Somalia, Garowe
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Ø PROJECT LOCATION: Ollagüe is a small cut off village, originally a mine one, 160 km far away from Calama, at

the border with Bolivia. Its little more than 200 inhabitants live at an altitude of 3700 m and the village is not

connected to the network; previously there was a micro-grid circuit powered by a 450 kW diesel generator,

supplying electricity for 16 hours a day – none was provided from 1:00-8:00 am. The changes in temperature

are extreme, reaching a delta of 22°C in a day time, with minimums of -20°C.

Ø SYSTEM CHARACTERISTICS:

Solar PV: 205 kWp (Thin film modules)

Storage: 752kWh (Sodium Nickel Chloride tech.)

Mini Wind turbine: 30 kW

Diesel generator: 450 kW

Dish Stirling Engines (2): 1 kWe +3kWt.

Ø AIM OF THE PROJECT: Supply 24hs/day 7 days/week energy, removing the restriction of

the village to having no access to energy during night time, testing advanced renewable

technologies and storage system in a harsh environment and developing technical solutions

for fast growing market.

Enel Green Power - Chile, Ollague



RESULTS:
Ø Hybrid system construction completed in December 2014; in full operation since Q1 2015;
Ø Installation of the hybrid system drastically changed the habits of the inhabitants, also with promising

economic benefits;
Ø The operation of such an advanced plant is giving deep knowledge about such kind of systems and possible

business model in remote area;
Ø Advanced technology, fully monitored and managed remotely with local Community for O&M support;
Ø The metering & billing system allows to enhance hybrid performance, providing a pre-paid service based on

real consumption data, it also sensitizes population in terms of electricity consumptions; collected money is
used by the Community to partially cover maintenance costs;

Ø Micro-grid stability has been assessed through dedicated
monitoring campaigns, demonstrating that installed generators
guarantee a power quality level similar to that accepted in the
usual public distribution networks and also transients due to
connections/disconnections, load variation, etc. are quickly and
effectively managed by the BESS control.

Monthly	kWh	consumption	per	client

PV’s	and	vertical	axis	WTG

Power	flows	for	a	typical	day	of	operation
Battery Solar Generator Wind Consumption

Enel Green Power - Chile, Ollague



Ø EGP is committed to supporting corporates in capturing business

value and tackling climate change while marching corporate energy

needs.

Ø Sharing our global expertise, we are keen and able to offering our

project development capabilities by supplying private sector

business with reliable renewable solutions.

Ø Focusing on large energy intensive customers such as mines as well

as commercial and industrial customers such as automotive, food &

beverage, etc. EGP is well positioned to negotiate and conclude such

long-term private PPA’s.

Ø We are currently in the final stages of negotiating ground breaking

on-site captive power project for a private off-taker

Ø The Polycrystalline photovoltaic solar PV facility will be located

within the Gauteng province and expected to generate

approximately over 70GWh/year of electricity.

Enel Green Power - South Africa 

Projects	under	development



ENERRAY: Plug the Sun Argentina



RURAL ELECTRIFICATION IN ARGENTINA

Plug the Sun has been recently awarded with an important Off-Grid tender in Argentina, included in the
renewable energy program PERMER issued by the Ministerio de Energía y Minería on September 2016. The
offer, submitted on 30th November 2016, turned out to be the most competitive both under technical and
financial point of view leading to the award notification on 17th January 2017

The International Bank for Reconstruction and Development, a World’s Bank institution, is granting a 200
MUSD* loan to the República de Argentina in order to guarantee and manage the overall project.

The project includes the supply, installation and maintenance of 8,500 off grid SHS (Solar Home Systems)
that will be located across 8 regions (SALTA, TUCUMAN, CORRIENTES, RIO NEGRO, SAN JUAN Y SANTA CRUZ,
NEUQUE, CHACO).

The SHS kits have peak powers ranging between 200 to 300 Wp equipped with storage system depending on
the installation batch and the required delivery of power into DC or AC current.

“PERMER	LPN	03/2016” is	the	third	edition	of	national	projects	aiming	
to	extend	the	electrical	access	to	the	largest	part	of	the	Argentinian	
territory.

ENERRAY: Plug the Sun Argentina



ENERRAY: Plug the Sun - The Peru case



Plug the Sun provided a technical solution to this problem thanks to the DC ENERGY BOX system, which
provides free, green and fast energy, avoiding expensive infrastructures.

RURAL	ELECTRIFICATION IN	PERU

ENERRAY: Plug the Sun - The Peru case



PROJECT LOCATION: Embatkalla is a very small village, 70 km far away from the capital of Eritrea, Asmara.
The village, at an altitude of 1600 m, is connected to a very low efficiency national grid that is available few
hours a day. The project is implemented in a land plot of ERCOE facility (Public Administration).

SYSTEM CHARACTERISTICS:

Ø Solar PV: 250 kWp (Polycrystalline modules)

Ø Storage: 800 kWh (2250 Ah @C10 - Lead Acid Batteries OPzV )

ENERTRONICA - Eritrea, Embatkalla



RESULTS:

Ø System construction completed in April 2017; in full operation since May 2017;

Ø Advanced technology, fully monitored-based with local Community for O&M support;

AIM OF THE PROJECT:

1. Supply	a	continuous,	reliable	and	regulated	
power	supply	to	the	facilities,	when	the	site	is	
used	for	its	institutional	purposes

2. Supply	electricity	to	the	National	grid,	when	
conditions	are	such	to	guarantee	a	generated	
energy	surplus

3. Supply	Energy	in	any	condition:

• National	Grid	availability	or	National	Grid	
unavailability

• 24hours/day
• Grant	minimum	2	days	autonomy	in	the	

case	of	National	Grid	Unavailability	and	
out	of	service	of	the	PV	Generator	

ENERTRONICA - Eritrea, Embatkalla



PROJECT	LOCATION:
All	over	the	state	of	Eritrea	– 73	different	places	from	the	border	with	Djibouti	to	the	border	with	Sudan	and	
Ethiopia

AIM OF THE PROJECT:
Enertronica is involved on the installation and construction of about
100 innovative PV systems with energy storage based on acid-lead
batteries. Such systems will supply facilities, offices, farms and clinics
property of the Minister of Agriculture all over the state of Eritrea.
Projects are commissioned directly by the Eritrean Government and
financed by the European Union (EDF Program).

ENERTRONICA - Eritrea – 73 sites



SYSTEM CHARACTERISTICS:

Ø Solar PV: 1,7 MWp (Polycrystalline modules)

Ø Storage: About 10 MWh (600 to 3500 Ah @C10 - Lead Acid

Batteries OPzV )

Ø 100 Shelter solutions (49 of them are based on roof

mounted structure for shelter)

RESULTS:

Ø Shelter solution lesson-learned / Analysis

• Decreasing of the Thermal Transmittance (U-Value)

• Increasing of the batteries and converters life-span, due

to the less energy required to condition

• Modular architecture

• Each shelter can be moved in any moment from the

concrete basement

• Double door system: the shelter have both the original

doors and a second aluminum infix

• Possibility to do a preliminary check/test.

ENERTRONICA - Eritrea – 73 sites



Ø The hybrid micro-grid is in Ngarenanyuki, Tanzania, a
secondary school, involving about 200 people living in the school
and 400 students. Starting from 2014, the microgrid has been
upgraded and today it is also connected to the Tanesco public
grid.

Ø The main power source is a run-off-river plant (also used for
local farmers) based on a 3.2 kW Banki turbine, balanced by a 4
kW dump load. The school installed two back-up systems: a pack
of 8 x 100Ah/12V Chloride Oxide batteries which can be
charged by the micro hydro turbine through a 2.4 kW charger and
a a 5 kW diesel generator, used when the hydro plant is not in
operation and the battery pack are unloaded or for special
reasons (i.e. school celebrations, etc.).

Ø Starting from that situation, the E4G project combined the power
systems already available with new installations of PV panels (3
kWp) and lead-acid batteries (30 × 200 Ah/12V lead-acid
battery bank) connected by a bi-directional Interface Converter
(5 kW) with specific control units and EMS.

https://it-it.facebook.com/energy4growing2014/

How	to	make social	development and	research jointly

Politecnico di Milano-Tanzania, Ngarenanyuki



Ø Provide	the	school	with	the	needed	electricity

Ø Carry	out	research	activities:

• Load	forecasting	and	generation	optimization

• Frequency	and	voltage	control

• Battery	optimal	control

• Requirements	of	grid	codes	to	make	it	possible	to	

connect	microgrids	to	public		distribution	systems

Politecnico di Milano-Tanzania, Ngarenanyuki



SAET Hybrid microgrid prototype 

In the context of continuous development of new solutions for the incoming needs of the electric market,

SAET developed a prototype of a hybrid microgrid solution for electrification of rural areas suitable to

provide access to primary needs like lighting and power for food preservation and other basic services.

Based on a standard 20’ ISO container to allow easy

transportation and installation, the system is

characterized by following features:

_ 10kW PV power (installed both on rooftop and on

the ground)

_ 20 kWh battery storage (both lithium and sodium

chloride technology available)

_ smart EMS fully developed by SAET for microgrid

supervision and control

_ on-grid & off-grid operation

_ arrangement for the integration of wind generator

and can be easily scaled to properly match customer

needs.



Installation	of	SAET	prototype		during	G7	Energy	Ministerial	Side	Event

SAET hybrid prototype supported the G7

Energy Ministerial Side Event: “Africa 2030:

empowering the continent through

innovation, green tech solutions and

capacity building” organized by Enel

Foundation, RES4Africa and the Africa-EU

Energy Partnership (AEEP), that took place

in Rome in April 2017.

It will also be the basis for the development

of RES4AFRICA Micro-Grid Academy

(MGA) project, which foresees the

implementation of a leading training

platform in Eastern Africa to train young

professionals on access to energy and

sustainable energy solutions.

SAET Hybrid microgrid prototype



Image	source:	REN21,	EAC	2016

Potential new household needs



Solar-home systems (SHS)



Smart meter & pay as you go

45

Smart meters allow for energy sales through a pre-paid scheme and help 
reduce the risk of revenue loss.

Image	source:	Sparkmeter,	2016


