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Drivers in the development of 
electricity distribution systems

• Energy transition with drive towards sustainability of the electric 
energy supply 
-> replacing fossil fuel dependence to renewable energy 
resources (solar, wind, biomass, marine, other forms of energy); 
-> electrification of various sectors, i.e. electric vehicles

• Worldwide deregulation of electric energy production and 
electricity supply allowing access to markets of smaller 
distributed energy resources (DER) owners and operators 
-> decentralisation of the electric energy system

• Increased emphasis on electric energy supply reliability, security 
and resilience



Increasing renewable generation worldwide 
supporting electrification

Source: McGranaghan, CIGRE Paris 2018



The future of electricity networks
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Deployment of DER
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Challenge: Increasing complexity

Massiver Zuwachs regenerative Einspeisung
Betriebsführungsaufgaben verändern sich grundlegend
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Source: J. Vanzetta, CIGRE Paris 2018



Challenge: Problems faced with increasing PV 
Integration – The duck curve

Source: Parrotte, CIGRE Paris 2018

Example:
Western Australia



Active distribution network impact 
assessment
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Active distribution networks
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Applications in active distribution networks

Physical layer (generation, transmission and distribution, consumption)

Data layer (communication, data transportation and control)

Application layer (services, solutions and applications)

Distributed Generation, Electric Vehicles, 
Innovative Components ….

Energy management, self healing, billing



The vision – an integrated grid

The Integrated Grid makes Local Energy Optimization
Part of Global Energy Optimization

Integration of:
Electricity, 
Telecommunications, 
and Customer Local 
Energy Networks 

Source: McGranaghan, CIGRE Paris 2018



Activities of CIGRE SC C6

Enabling technologies for integration and application

Innovative solutions for DER and distribution technology 

deployment
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Flexibility as a key requirement in future networks
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DER providing flexibility
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Making every customer and community 
part of the solution

Internet of things
(IoT) makes it 
possible

Source: McGranaghan, CIGRE Paris 2018



Implementation
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Distributed Energy Resource (DER) structure 
and grid interface

Inverters
• Have grid supportive capabilities 

– Q injection, P injection
• Have communication capability –

P and Q outputs can be 
independently controlled

• Can be equipped with 
supplementary control 
functions/loops, to help support 
the grid including 

– Peak power P limitation/curtailment at 
the point of connection

– Reactive power(Q) regulation as a 
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Source: CIGRE WG C6-30 brochure



Application of Battery energy storage
• Electric energy storage systems – benefits in distribution systems
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Source: CIGRE WG C6-30 brochure



Framework for operation of BESS in distribution grids 

Grid measurements, 
topology, prosumers 

storage data and 
status

Electricity spot and 
regulation prices

Voltage and 
frequency set-points

Reserves and 
flexibility estimation, 
demand response 
pricing, forecasting  

DSO 

Aggregator 

Prosumer 

Demand side 
management, voltage 
control, local system 
balancing, proactive 
grid management 

Active and reactive 
power, state-of-

charge, ON/OFF state, 
charge/discharge rates

Schedules/
signals Control Level Outcomes

R
es

po
ns

e 
Ti

m
e

   
   

   
   

   
   

   
   

   
   

  
   

   
  D

ec
en

tra
lis

ed
   

 
C

en
tra

lis
ed

   
   

   
 

  

Source: CIGRE WG C6-30 brochure



Levels of DER control
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DER control with aggregation technologies
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Microgrids
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Increased hosting capacity for renewable 
generation with intelligent solutions
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