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Microgrid: viable solution for off-grid or limited-connected
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GENERATION PLANT
- Photovoltaic
- Wind
- Genset
- Hybrid

STORAGE
- Lead Acid 
- Lithium Ion 
- Others technologies

CONFIGURATION PLANT
- AC coupling between RES and Storage
- DC coupling between RES and Storage

PLANT SIZE
- Small scale: up to 15kW – 30kWh
- Medium scale: up to 100kW – 200kWh
- Large scale: > 100kW

DRIVERS:

• Customers/Loads (typology, needs/habits, population density, ...)

• Site (resources, environmental conditions, space available, access road, connectivity ...)

Technology: just a starting point



Experience of Microgrid Projects in rural areas: Ollagüe, 
Chile
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Hybrid off-grid system: a viable solution for off-grid or limited-connected sites

• Hybrid project (Solar PV 205 kWp with 3Sun Modules, PV Inverters)

• Sodium Nickel Chloride batteries of 752kWh

• mini Wind turbine 30 kW

• Backup Diesel 430 kW, with a further not automatized genset for redundancy

• Thermodynamic systems each one of 1 kWe +3kWt.

ASSET DESCRIPTION:

• Supply 24hs/day 7 days/week energy to an off-grid village placed at
3700 AMSL in a desert area of Chile, removing the restriction of the
village to having access to energy during night time (no supply from 1 to
8 AM)

•Minimizing the consumption of fuel from existing diesel generator

• Testing advanced renewable technologies and storage system in a harsh
environment, with large temperature range (down to -20°C during
winter) between day and night and extreme solar radiation in rarefied
atmosphere, in collaboration with project partners and research centers.

•Develop technical solutions for fast growing market

AIM OF THE PROJECT:

• In operation since 2015, the aim of project is completely reached

• A measurement campaign performed by CESI showed high QoS,
comparable to grid, even in presence of an off-grid renewable
generator

• Installed a pre-paid metering and billing system using Enel smart
meters

• The installations of the hybrid system drastically changed the

habits of the inhabitants, with also promising economical benefits.

• Deep involvement of trained local workforce, optimizing a

sustainable growth of the solution

RESULTS:

Reliable Microgrid Operation in extremely harsh environment at high altitude



• After 3 months from the microgrid
commissioning date, load net
increase was about 22.5%

• Enpower and train local workforce
as key element to lower down
operative costs

• Educating population on
consumption is fundamental for a
sustainable growth on the energy
ecosystem:
 Installing smart-meters makes

customers more aware about
their consumption

 A careful selection of proper
loads (maize-mills, oil-mills, water
pumps, ice machines,
compressors, fridges, water
sanitation machines, welding
machines) compliant with micro-
grid size and limits is necessary
for a proper micro-grid operation

Increase of Electricity Consumption after Plant Start-Up

Experience in Microgrid Projects in rural areas: Ollagüe, 
Chile



Hydrogen Storage for Diesel Replacement

HYBRID OFF-GRID PLANT

 HYBRID STORAGE: an high-efficiency Li-Ion battery to maximize the daily energy turnaround and P2P hydrogen system to provide long-duration

capacity.

 HIGH CONVERSION EFFICIENCY and CAPEX REDUCTION: Battery and H2 Storage are charged directly by DC Link with PV. Only one bidirectional

Inverter for the entire system.

 DIESEL-FREE: Hydrogen as “green fuel”.

 ON-GRID and OFF-GRID operating modes with seamless transition.

 PLUG & PLAY containerized solution.

Experience in Microgrid Projects in rural areas: Cerro 
Pabellon Camp Pilot Plant



First Electrification
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Population without access to grid

• AFRICA KEY FACTS

 People without access to energy is growing

 Huge cost for grid extension

 High cost of diesel

People without access to grid, trendsWW distribution



HOW MUCH?

• Ability to pay for electricity: 10%-
20% of the monthly income (i.e. 5-
10 USD/month depending on the 
country)

• High price elasticity

• Ability to pay for cooking: about 8 
USD/month to buy biomass / 
charcoal / etc.). 

WHERE?

• Remote rural areas

• Peri-urban areas

• Usually at least two hours walking
away from the closest town

NEEDS?

• Tier 1 and Tier 2 (lights, mobile phone 
chargers, radio, TV)

• Cooking system

• Appliances for small commercial activities 
(shaver, sewing machine, fridge, etc.)

CONCERNS?

• Reliability of the system

• Ownership of the system

• Cost

WHO?

• Farmers

• Livestock keepers

• Shop owners (small businesses)

• Households owners/wives 
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Sources: Enel Internal analysis

Price sensitive customers demanding electricity replacing expensive fuel-
based solutions

First Electrification
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Solar Kits: a first response to customer needs  

Solar kits to accommodate energy needs that range from small to medium 

households and microbusiness:

• Solar panel: polycrystalline modules 

• Battery: sealed lead-acid or sometimes  lithium batteries.

• Control unit: continuous output power control, battery state of charge 

display, USB outputs, typically 12V DC outputs

• Remote monitoring: Smart Solar Platform to remotely monitor and 

control any power system (health of the asset, usage control based on 

payment, maintenance plan, ensure continuous service to the customers)

• Mobile money payments: 100% automated, PAYG, sell system, monthly 

fee rent

• DC Devices: low consumption, 12 V  

devices(lamps, radio, TV, chargers)

First Electrification

Solutions assembling standardized components, tailored to the specific needs thanks to 
local manpower 



Enabling trends

IoT
• Allows for device connectivity and tracking

• Enables remote monitoring and predictive maintenance

• Remote switch is necessary to access financing and reduce credit risk

Mobile money

Energy Efficiency

Big Data

Financing

• Fast and reliable payment service

• Reduces cost to serve and improves money collection

• Mainstream in East Africa

• 4 W led Bulbs, 25 W television, 8 W radio

• Allows reduced battery capacity while maintaining adequate quality of service

• In depth customer profiling

• Dynamic sales force management

• Predictive maintenance

• Clusterization and fast risk assessment

• Faster roll-out

• Ring-fencing 

• Upselling capacity

First Electrification
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Small Scale Configuration for first electrification systems

The electrical power is generated a 10 kW solar photovoltaic plant. The PV 

plant is managed by a charge controller (MPPT) that is able to constantly 

track the maximum power point that the PV strings are able to provide at 

that time, depending on the solar irradiation.

The renewable generation and the battery systems are connected on the 

DC bus since the load of residential customers is concentrated mainly 

during night hours. A grid forming inverter is used to convert and provide 

electricity to the AC load.
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The diesel generator is used to produce electrical power when there is not 

renewable resource availability and the batteries are not charged. With this 

Hybrid configuration the diesel fraction is limited to max 15% in a year.

The plant is equipped with a battery energy storage system to shift the 

power production during the evening hours, when the electrical load is 

higher. The BESS consists of lead acid batteries connected in series for an 

available capacity of about 30kWh. Also lithium-ion batteries can be used.
AC Bus

DC BusPV

BESS DC/DC PV Converter 

AC/DC InverterGenset

AC Load

First Electrification

Low initial Capex,  Reliable and modular systems, enabling fast scale  up with 

customers demand



Perimetro di Gruppo1

Identified enabling factors for a faster deployment 
of innovative solutions for electrification

 Technology for advanced but still  cost affordable solutions for distributed 
electrification is already available.

 Initial investment is still an issue in area with low-income potential customers, 
especially when infrastructures such distribution grids need to be financed. 

 On the other hand, several projects clearly showed  how electricity can be a powerful 
enabler, giving ignition to local economies. 

 Technology and know-how transfer is a key factor for sustainable development.  Having 
educated and trained people on site is value both for the investing companies and for 
the local communities. Programs for grants  facilitating education of talented students 
in Europe as well as development of technology centers  in Africa should be envisaged.



Q&A
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Phase 3: 
Launch

Q&A
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