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Global trends in RE investment by region

Source: BNEF Global trends in RE investment 2017

AVARITSIOTIS KCST 3



2030 RES share in electricity production
2030 RES share in TFEC
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Connecting RES to the grid
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Distribution grids have been originally 

designed to transmit power from 

transmission grids to small scale 

consumers

Large scale penetration of RE in 

distribution grids will require new 

equipment for network control and 

protection to cope with the change from 

one-directional to bi-directional power 

flow 



RES and grid integration issues
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OVERVOLTAGES
In areas with low demand, overvoltage may occur, which can shorten lifetime of some equipment. Overvoltage can
be mitigated by limiting the output from varRE, controlling reactive power, or by storing part of the produced electricity. 
Poor design of independently connected PV systems can lead to voltage imbalance issues. Wind farms can also cause sudden 
dips in voltage, if a large amount of generation suddenly trips out of the distribution grid.

HARMONICS
are in principle possible, but can be prevented with proper equipment. 
wind turbines have been equipped with protections that disconnect the turbine from the grid if changes in the frequency or 
voltage are significant enough

FREQUENCY DEVIATIONS 
due to faults are normally arrested by inertial and governor responses of the
conventional generators

LOSS OF LOAD
To avoid loss of load, there has to be enough upward reserves that can support frequency
before the frequency drop is too large



Grid-connected 
PV Systems

Variation of PV production in 
Germany for three days. 

Variation is smoothed when 
the output from multiple PV 
systems is analysed instead 
of only one system.

Data based on 5 minute 
averages. 

Ruska & Kiviluoma Renewable electricity 
in Europe Current state, drivers, and 
scenarios for 2020
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Grid-connected Wind Generators
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Wind power forecasts are used in power system operations in power systems where the 
share of wind power is considerable

Forecasting tools have 
improved considerably.
On the average, the forecasting 
tools give decent predictions of 
wind power output in the day-
ahead time range (root mean 
squared error between 5–15% 
of installed capacity depending 
on the forecast method, region, 
and regions size

Example of probabilistic predictions of wind generation

Ruska & Kiviluoma Renewable electricity in Europe Current state, drivers, and scenarios for 2020



Overview of typical forecasting approaches. 
Wind speed forecast data (1) are de livered by a numerical weather
prediction (NWP) from a weather service and wind power SCADA data (3) are provided by the wind farms
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Powering Europe: wind energy and the electricity grid November 2010 A report by the European Wind Energy Association



challenges for the power system
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power system has to accommodate the variation from the variable forms of renewable energy 

Small amounts of varRE will not be a problem for the system as the system is already capable of handling some 
variation. However, as the penetration of varRE increases, it will first start to influence and then to overshadow the 
existing demand variation

Incorporating large amounts of varRE will require changes to current operational practices in order to achieve 
economic efficiency while maintaining reliable system operation

A new global approach in the generation, transmission, distribution, metering and consumption of 
electricity is necessary.

Massive renewable integration and power energy storage technologies will have to be deployed. 
Energy efficiency will have to be a general driving vector, 
Demand will become an active player within the electrical system and
Electrification of transport will be a challenge. 

These latter drivers will require far-reaching changes in the area of distribution networks and will determine 
modifications in system operation, with consequent impact on design, planning and operation of transmission 
networks.



Smart Grids
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The U.S. DoE describes the Smart Grid as 

representing an unprecedented opportunity to 

move the energy industry into a new era of 

reliability, availability, and efficiency that will 

contribute to economic and environmental health.

According to the EU a smart grid employs 

innovative products and services together 

with intelligent monitoring, control, 

communication, and self-healing technologies
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TRADITIONAL POWER SYSTEM

FUTURE POWER SYSTEM



Smart grid deployments include three key elements
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1. Smart field devices and sensors within the physical grid infrastructure that 
can monitor, communicate data back to operations centers, and which 
respond to digital commands automatically to adjust a process.

smart meters, phasor measurement units and intelligent electronic devices

2. Communications networks that share data among devices and systems. 

3. Information management and computing systems that can process, 
analyze, and help operators access and apply the data coming from digital 
technologies throughout the grid. 



Benefits associated with the Smart Grid 
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The main benefits associated with the Smart Grid are:
● More efficient transmission of electricity, 
● Quicker restoration of electricity after power disturbances, 
● Reduced operations and management costs for utilities, and   

ultimately lower power costs for consumers, 
● Reduced peak demand, which will also help lower electricity rates, 
● Increased integration of large-scale renewable energy systems,
● Better integration of customer-owner power generation systems,   

including renewable energy systems.



Smart Grid Deployment
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The first wave of grid investments occurred in the late 2000s 
under the banner of smart grid technology, resulting in utility-
owned, front-of-the-meter assets like Advanced Metering 
Infrastructure (AMI) and distribution automation devices. 

Today, grid modernization has evolved to be more inclusive of 
customer preferences and desires. In many geographies, this has 
translated to infrastructure and process improvements that have 
facilitated the integration of Distributed Energy Resources 
(DER).



smart grid participants 
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smart grid participants are categorized as follows:
● Network operators: transmission and distribution 
system/network operators.
● Grid users: prosumers, consumers (including mobile consumers), 
storage owners.
● Other actors: suppliers, metering operators, Energy Service 
COmpany(ies), aggregators, applications and
services providers, power exchange platform operators.



microgrids
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. 

P. Arboleya, C. Gonzalez-Moran, M. Coto, M. C. Falvo, L. Martirano, D. Sbordone, I. Bertini, and B. D. Pietra. Efficient 
energy management in smart micro-grids: ZERO grid impact buildings. IEEE Trans. Smart Grid, 6(2):1055–1063, 2015.

A microgrid typically consists of renewable (wind turbines, solar panels, etc.) and/or non-
renewable (micro-turbines, fuel cells, etc.) energy resources, energy storage devices, and 
energy consuming devices/appliances, all of which are connected through a power and 
communication network 

The main advantage of a microgrid is that it is treated as a controlled entity within the power 
system; 
It can be operated as a single aggregated load, which is controllable and compliant with grid 
rules and regulations without hampering the reliability and security of the power utilities.

Microgrids can provide energy independence to individual “Energy Communities” 
who intend to manage their own power generation and distribution



INITIATIVES RELATED TO SMART GRID STANDARDISATION
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At present there are many activities running in parallel which are related to the 
field of smart grid standardization. Since these activities are relevant to the 
same subject, there is inevitably some overlapping and duplication of activity 
and opportunities for learning from the work of others.

Among these initiatives are:
Smart Grids European Technology Platform
M 441 Smart metering mandate
OPEN meter project
NIST Smart Grid mandate
IEC Smart grid (SMB Strategic Group)
IEEE Smart grid initiatives



Smart grid programs in some countries I
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Japan
Japan is aiming at reducing CO2 emissions by 25% compared with the 
level in 1990. As for the "smart grid," the next-generation power 
distribution grid, Japanese administration will be supporting it 
financially.
Japan’s existing electricity network is already considered to be 
reliable, and so Japan's objective is more focused – to enable further 
introduction of renewable energy and create a new infrastructure for 
EVs and new services through the utilization of smart meters and ICT 
network.

Renewable Energy Policies and the Energy Transition in Japan, 
Hironao Matsubara, September 2018, FES TOKYO OFFICE



Smart grid programs in some countries II
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China
The China market is a very important market for smart grid. The 
requirements there are for a stronger and smarter grid with massive 
investments focused on increasing capacity, reliability, efficiency and 
integration of renewable.

Korea
South Korea aims to build the world's first nationwide smart grid 
system to reduce its emissions by monitoring energy use more 
carefully.



Smart grid programs in some countries III
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US
The US view is that the Smart Grid concept for the electric power grid integrates 
digital computing, and communication technologies and services, with the 
power-delivery infrastructure, supporting sophisticated new energy-related 
applications.
Some example new Smart Grid-enabled applications include: 
real-time consumer control over energy usage;

increased reliance on solar and other clean or renewable energy sources; 
controls for large scale energy storage; 
mobile billing for charging electric vehicles; 
security for critical infrastructure protection and for privacy, etc..

DoE, Smart Grid System Report, Report to Congress, November 2018



ENERGY 
COMMUNITIES
Energy Community 
Definitions 
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EU  DEFINITIONS

In relation to “energy communities”, there are two new 
official EU level definitions, namely:

‘Citizen Energy Community’ and

‘Renewable Energy Community’. 

The multitude of terms, as well as their inter-relationships, 
could make communication complicated and confusing 
throughout our presentation. 

Therefore, we would like to put forward an explanation of 
the various definitions that appear in European law. 

AVARITSIOTIS KCST 23



AVARITSIOTIS KCST 24

Energy Community Definitions, Joshua Roberts (REScoop.eu, Dorian Frieden (Joanneum
Research), Stanislas d’Herbemont (REScoop.eu), Explanatory Note, May 2019



Activities of an Energy Community
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Activities of a Renewable Energy Community
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Models of Local Energy Ownership and the Role of Local Energy Communities in Energy Transition in Europe, 
Commission for the Environment, Climate Change and Energy, European Union, 2018



US  DEFINITION
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“Cooperative Energy Communities” 
The cooperative system is a legal structure deeply rooted in our 
modern industrial society. 
It first appeared during the Industrial Revolution 
Energy communities are the products of this legacy. 
They were mandatory in the rural electrification of the US in the 1930s.

Even without private investors, the 1936 Rural Electrification Act 
provided low-interest loans and technical support to empower local 
populations and update the infrastructure of the nation.

The Role of Smart Grids in Integrating Renewable Energy, Technical Report, NREL/TP-6A20-63919, May 2015
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Middlegrunden Wind Farm
Middelgrunden Wind Turbine Co-operative is an offshore wind farm located 3km from Copenhagen harbour. 

Operational since 2001, the project comprises 20 turbines of 2MW each providing 40 megawatts of 

electricity – equivalent to 3 per cent of the capital’s electricity needs.20

Key points
• 20 2MW turbines, located 3km offshore from Copenhagen 
harbour
• 50% owned by Copenhagen Energy (the local utility 
company, itself owned by Copenhagen
municipality), and 50% by a local co-operative with over 
10,000 members
• The decentralisation of energy targets and flexible planning 
arrangements in Denmark encouraged
the innovative joint venture between a local utility and co-
operative
• Co-operative energy projects have a long history in Denmark 
and are powerful cultural symbols,
helping the project to gain public support after other private-
developer owned offshore wind projects
had met local opposition
• Open and transparent public engagement, along with the 
involvement of the local municipality,
helped the project to gain trust and support from a very 
diverse local public

Cultures of Community Energy
Dr Neil Simcock, Rebecca Willis and Peter Capener
Lancaster University, May 2016
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Ecopower, Belgium
Founded in 1991, Ecopower is a large co-operative based in the Flanders region of Belgium

Key points
• A co-operative with 50,000 members and 40,000 

customers

• Generates energy from hydro, solar and wind, and 

supplies electricity directly to its members

• Belgium has a strong social enterprise sector, with 

co-operatives and mutual active in health

and social care, insurance and credit, for example

• Ecopower is different to many community energy 

schemes as it both owns and operates multiple

renewable energy projects, but also operates as a 

electricity supply companyCultures of Community Energy
Dr Neil Simcock, Rebecca Willis and Peter Capener
Lancaster University, May 2016
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Buan County community energy
Buan County is located on the southwestern coast of South Korean peninsula. Covering about 493 square 

kilometres, it has a population of about 60,000 people.

Key points
• Solar PV (roof-mounted, 36kW total) + geothermal and 

solar heating systems

• Led and owned by Buan Citizen Power Generation, a 

local NGO set up in 2006

• The project occurred within a national policy culture 

that favoured nuclear energy and was not particularly 

conducive for community-based renewable energy

• Protests against nuclear energy raised awareness of the 

potential for renewable energy in

the Buan region, and built a shared counter-culture and 

resistance spirit between residents.

The Buan solar projects built on this spirit, and were 

pursued in order to pursue and put into practice what 

mainstream energy policy and dominant cultural norms 

neglect.

• Interpersonal trust between residents and with the 

project leaders was also crucial, developed by the shared 

experiences of nuclear protest but also the ethics of 

shared religious and spiritual beliefs.

Cultures of Community Energy
Dr Neil Simcock, Rebecca Willis and Peter Capener
Lancaster University, May 2016
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The Aardehuizen: a neighbourhood microgrid

The system combines several 
compatible technologies, 
including rooftop solar panels, 
electric vehicles, heat pumps 
and storage batteries, to 
intelligently harvest and 
distribute clean energy to the 
community.

World Economic Forum, 14 Sep 2018,Johnny Wood
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The TILOS project is testing the integration of an innovative 
local-scale, molten-salt battery (NaNiCl2) energy-storage 
system in real grid environment. 
smart grid control system and provision of multiple services, 
ranging from microgrid energy management, maximization of 
RES penetration and grid stability, export of guaranteed 
energy amounts and provision of ancillary services to the main 
grid. 

Island of Tilos (Greece).

https://www.greeneuropeanjournal.eu/life-on-the-green-islands-of-southern-europe-in-2049/



The energy TRILEMMA in
MIDDLE EAST AND GULF STATES
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Renewable energy programs are expected to be deployed throughout the region, 
improving energy security, system resilience, and environmental sustainability

ENERGY
SECURITY

ENVIRONMENTAL
SUSTAINABILITY

ENERGY
EQUITY

World Energy Trilemma 
Index 2019, 
World Energy Council 2019
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THAKS A LOT FOR YOUR ATTENTION


