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Renewable Energy / PV – Future trend

• Photovoltaics (PV) is one of the main pillars of future
energy supply. According to IEA (International
Energy Agency), in 2050 PV energy will contribute to
more than 15% of the world electricity demand. (1)

• EU has set the target of 27% renewable energy in
2030. Assuming that nearly 40% will come from PV, at
least 220 GWp of new PV capacity shall be installed
in Europe by 2030. (2)

(1) International Energy Agency, PV Roadmap until 2050, September 2014.

(2) European Photovoltaic Technology Platform, Position Paper on the
Future of the Photovoltaic Manufacturing Industry in Europe, March 2015.
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PV Impact on Distribution Grid (EU 2014)

Source: www.pvgrid.eu
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Distributed Generation in Italy (2014)

10NORTH-EAST

194.341 connections

6.483 MW

SOUTH

109.911 connections

8.028 MW

CENTRAL

149.850 connections

6.178 MW

NORTH-WEST

137.865 connections

5.551 MW

TOTAL

591.967 connections

26.240 MW

>500.000  LV prosumers
invested some 25 B€
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MV busbars with reverse power flow in Italy (2014)

Source: www.pvgrid.eu
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Effects of renewable energy penetration in LV grids

• Intermittent power generation

• Alteration of voltage profiles due to local power injection

• Reduction of power quality due to circulation of reactive 

currents, injection of unbalanced power by single-phase 

equipment, increase of THD due to resonances

• Possibility of unintentional islanding

• Reversal of power flow in distribution busbars

• …

Solution: Aggregate distributed energy sources into LV “smart” 

micro-grids capable of efficient power sharing, flexible interaction 

with the utility, and off-grid operation.

For/Against: This approach would revolutionize the electrical 

market structure and economy (↑), but is currently prevented by 

DSOs (DistribuDon System Operators) at regulatory level (↓).
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Micro & Nano-grids: Impact

ENERGY – ENVIRONMENT – QUALITY OF SERVICE

• Pervasive use of green energy

• Reduction of carbon footprint

• Synergistic exploitation of energy sources

• Improved power quality even in remote locations

• Increased hosting capacity of existing infrastructure

SOCIAL – ECONOMICS - MARKET

• Strong involvement of citizens (environmental awareness, economics)

• Reinforced prosumers’ role by aggregation of communities

• New functions and players in the energy market: ESCOs, technology 

providers, web service providers, aggregators, etc.

• Enhanced role of national and local authorities to warrant and regulate 

the electrical market

• Huge potential for green collars, investors and entrepreneurs

TOWARD AN ELECTRICAL MARKET REVOLUTION

THE INTERNET OF ENERGY
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Micro & Nano-grids: Technological Challenges

• Implement cheap ICT platforms for 

distributed control and communication 

• Restructure network protections

• Pursue flexibility and scalability (from 

buildings to townships)

• Develop layered architectures (micro-

grids as tiles of larger patchworks)

• Pursue energy efficiency at any levels

• Integrate micro-grid control and 

domotics

• Assure data security and privacy

• Revise accounting  principles and 

methodologies

• Retrofit existing plants

• …..

TECHNOLOGY IS NOT THE 

BOTTLENECK !
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LV Micro-Grid Architecture

Elements:

• LV distribution grid

• ICT infrastructure

• Passive loads

• Renewable energy 

sources 

• Energy storage devices

• Smart meters

• Energy gateways (EG)

• Utility Interface (UI) / 

Master Controller (MC)

The Utility Interface is a key element to ensure safe dynamic 

operation of the micro-grid and effective interaction with the mains 
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Utility Interface
• Voltage Source
• Interfaces micro-grid 

and utility
• Control master (two-

way communication to 
EGs and DSO)

Smart meters
• Local metering
• One-way communication 

to UI/MC

Energy Gateways
• Current sources
• Interface local sources 

and LV grid
• Control slaves (two-way 

communication to UI/MC)

Role of “Smart” Elements

Utility Interface allows optimum micro-grid operation in steady 

state (minimum losses, maximum power quality) and enables 

black start and soft transition to/from islanding condition.
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Control Hierarchy

Primary
(local) 
control

(EGs)

•Management of local energy 

sources (smoothing of power 

profiles, control of local 

energy storage,  …)

•Reactive and harmonic 

compensation of local loads 

•Local voltage stabilization

•Emergency supply to local 

loads

Secondary
(microgrid) 

control
(UI + EGs)

•Load power sharing

•Full exploitation of DERs

•Reduction of distribution and 

conversion loss

•Optimization of µG operation on-

grid and off-grid, black start …

Tertiary
(global) 
control

(DSO + UI + EGs)

•Optimization of interaction between 

micro-grid and mains: harmonic, reactive 

and unbalance compensation, demand 

response, fault management, islanding 

detection and management, etc.

PCC

Mains

Local Loads

PV gen.

Energy storage

Local Loads

Energy storage

Local Loads

PV gen.

LV distribution grid

P, Q
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Execution

Dispatch of

power

commands to EGs

Time

Communication

Poll of all

K micro-grid

nodes

Computation

Computation of

total consumed

and generated power

Control algorithm

Selection

of control

strategy

Grid conn. Islanded

Over-

generation

Under-

generation

Power-Based Control – Data processing

Power commands do not need synchronization ! 
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Power-Based Control - Features

Control features
Hierarchic

control level
Agents Objectives

• Local voltage support

• Full exploitation of distributed 

energy sources including storage

• Full exploitation of power 

converter control capability 

(active, reactive, unbalance and 

distortion power control)

• Optimum power sharing

• Transition on-grid ↔ off-grid

• Demand response

Primary

Primary/Secondary

Primary / Secondary

Secondary

Tertiary

Tertiary

EGs

UI & EGs

UI & EGs

UI & EGs

UI

UI & EGs

• Cooperative operation 

of DERs

• Minimum power loss

• Fast dynamic response

• Control of voltage 

profiles

• Micro-grid to operate as 

a single aggregate 

prosumer

• Islanded operation

System features
• Plug & play integration of energy sources and storage units

• Scalability of architecture

• Asynchronous control of distributed power sources

• Broadcasted power commands (one-way communication)

• EGs operated as current sources (grid impedances not affected)

• Controllable power factor at utility terminals

• Demand response (micro-grid responds to utility power requests)
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What comes next – Energy SuperNet

Active integration of micro-grids in MV distribution grids
Aim: to take full advantage of distributed control capability

• Control of amplitude and direction of active and reactive power flow

• Integration and management of community energy storage

• Dynamic control of voltage profiles

• Planning and management of demand response

• Active protection in case of fault

• Improved distribution efficiency

• Synergistic control and exploitation of distributed power sources

• Extended flexibility of operation

• Implementation of layered architectures

• Increased hosting capacity of existing infrastructure

GREAT DEVELOPMENT EFFORT, BUT NO BOTTLENECKS IN TECHNOLOGY !
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Smart micro-grids: a win-win solution

END-USERS (prosumers) take advantage of:

• Energy savings, reduced electricity bill, increased power quality

• Upgrade of role in electrical market, increased negotiation capability

DSOs and ESCOs take advantage of :

• Aggregation of end-users into efficient and programmable macro-users

• Participation of end-users to investments for distributed energy 

generation, storage and management

• Improved flexibility and efficiency of distribution network operation

ENVIRONMENT, SOCIETY & ECONOMY take advantage of:

• Low-carbon energy

• Active citizen participation to energy market

• New services for prosumers’ community (warrants, regulators, 

aggregators, traders, app developers …. Internet-like)

Traditional oligarchic electric market evolves toward democracy !
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Conclusions

� Distributed generation, from small environmental sources to residential 

renewable energy, is experiencing a huge diffusion worldwide.

� This will dramatically change some traditional and consolidated markets, 

like electric distribution, and open entirely new and pervasive application 

domains, like nano- and micro-grids.

� The expected investments on distributed generation technologies in the 

next decade are very high (tens of B$ in North-America, Europe, China, 

Japan, Korea ..) , under the pressure to reduce carbon footprint, preserve 

environment and improve health and quality of life.

� Key elements of such innovations are ICT and power electronic devices 

and systems, that can provide distributed and effective power 

management at low cost, high efficiency and compactness.

� After one century of substantial stability the electrical market is now 

approaching a bottom-up revolution, under the pressure of stringent 

environmental politics,  aggressive and distributed investment 

strategies, ICT market push, and technology advancement.
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