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Overview 
 



 Centralized generation 

 Practically all the electricity 

produced is made out of the centers 

of consumption 

 The central generators feed the 

interconnected transmission system 

through their step-up transformers. 

The power being extracted from this 

HV network passes through a series 

of bulk supply transformers to the 

distribution network to ultimately 

reach the clients´ demand 

 High losses in  transmission & 

distribution lines (10 to 13%) 

 Opposition to new grid installations  

 Network saturation 

 

 

 

Conventional Power Systems 



•The European Directive 2009/28/EC of 23 April 2009 on the promotion of 

renewable energy aims at achieving by 2020 a 20% share of energy from 

renewable sources in the EU's final consumption of energy. It is expected 

that distributed generation (DG) will support this scheme by producing 

cleaner and more efficient energy.  Therefore it is prevalent to know: 

 

• Which are the issues and problems renewable energy poses to the 

power system 

 

• Which are the means to overcome these problems 

 

• Which are the regulatory measures adopted and their efficiency 



1. No universal definition 

 

2. Reviews converge to small-scale 

electricity  generation (≤ 50-100 

MW). Microgrids are also small-

scale active distribution networks 

that group DG systems and loads at 

LV levels  

 

3. Applied to MV/LV distribution 

networks from  230/415 V up to 145 

kV. E.g. Island and autonomous 

power networks 

  

 

Distributed Generation 



DG Technology Types 

 

•Fossil-fuel powered generators (and diesel gensets) 

•Cogeneration and micro-CHP systems 

•Wind power 

•Solar photovoltaic systems 

•Fuel cells 

•Small-scale hydro generation 

•Geothermal plants 



DG Integration Advantages 
 

 New acquirements in DER technologies 

 Limitations on the transmission & 

distribution lines (i.e. thermal ratings, 

voltage limits and power losses) 

 Geographically widespread and usually 

located close to loads 

 DER connection to the LV levels as 

seperate entities or interconnected in the 

form of Microgrids and smart grids offer: 

a) Power quality 

b) Reliability 

c) Grid capacity & limits characterization 

 

 

 High penetration levels of DG can 

have a big impact on the operation 

and planning of distribution networks: 

 

Intermittency, e.g. wind energy 

 

Fire up the fault level at the 

addition buses 

 

Sensitive to disturbances 

 

Limited controlability 

BUT... 



 

Grid Integration 
 



What is INTEGRATION? 

 

Renewable Energy Integration focuses 

on incorporating renewable energy, 

distributed generation, energy storage, 

thermally activated technologies, and 

demand response into the electrical 

distribution and transmission system  



Renewable Energy Concepts 

 

Wind and solar are the main important technologies to 

consider 

 

1. They are among the renewable generation types that are 

subject to a NATURAL VARIABILITY in their energy 

sources. This variability creates distinct challenges for 

integration into the large power system            NON-

DISPATCHABILITY, LOAD SHEDDING… 

 

2. Wind and solar are relatively mature for use in large 

capacities and in wide areas and so have a significant 

impact on the power grid that is likely to increase over 

time 

 

  



Renewable Energy Concepts 

 
Wind and solar generation: 

- Non-controllable variability 

Wind and solar output varies in a way that generation operators cannot control 

Wind speeds and available sunlight may vary from moment to moment 

This fluctuation in power output results in the need for additional energy to 

balance supply and demand on the grid on an instantaneous basis – 

ancillary services 

- Partial unpredictability 

A wind turbine may only produce electricity when the wind is blowing and PV 

require presence of sunlight 

Wind power can differ from forecasts 

 

 



Wind and solar generation: 

- Partial unpredictability 

Unpredictability can be managed through:  

1. Improved weather and generation forecasting technologies 

2. The maintenance of reserves that stand ready to provide additional power 

when RE generation produces less energy than predicted 

- Location dependence 

  The best wind and solar resources are based in specific locations 

  These locations are far from the places where the power will ultimately be used 

 

 

 

Renewable Energy Concepts 

 



The Microgrid (MG) Concept 

 

A typical MG configuration 

!The Microgrid concept is 

encompassed within 

what is known as 

Distributed Generation 

(DG)! 

 

 

 



The Microgrid (MG) Concept 

 

• Customer’s point of view: MGs supply both electrical and 

heat loads and ensure system’s stability by voltage and 

frequency support. 

 

• Operational point of view: DGs are equipped with power 

electronic interfaces and control systems to ensure the 

operation of the MG as a single aggregated system. 

 

• Grid’s point of view:  MGs can be considered as controlled 

units  that can operate as an aggregated load or generator and 

may provide ancillary services to the main network. 

 

 

 



Diesel- 

Powered Island  

DG  

Integration 

MV/LV Networks 

Torque Pulsed  

Variations 

Island or Autonomous  

Power Systems 
Reactive Power Control,  

Voltage & Frequency 

 Regulation 

 

VARs, Capacitors,  

STATCOMs, ESS 

 

FRT, SCL, Voltage dip/rise,  

Losses, Ancillary Services 

Frequency 

Inherit  

Oscillations 

Power Quality Issues 

¿Issues…? 

 



 

RES Impact on the  

System 
 



• Renewable energy may impact on the power system as; 

 

• Grid stability: Most of the installed wind energy used a technology 

which was very sensitive to grid voltage variations. Wind turbines 

disconnected from the grid when facing voltage dips. 

• As a consequence, there was a big wind generation loss when the 

grid faced transient conditions with sudden voltage changes (the so-

called voltage dips).   

• The subsequent generation lack must be balanced instantaneously 

by importing energy from the interconnection with neighboring 

countries. 

• E.g. the Spanish interconnection capacity with the rest of Europe is 

very limited and occasionally it can not supply the desired amount of 

energy 

• The balance between generation and demand is in hazard. Grid 

stability under risk. 



• From seconds to minutes, grid operators must deal with 

fluctuations in frequency and voltage on the transmission 

system 

 

• Operators may order generators to inject power (active or 

reactive) into the grid not for sale to consumers but in order 

to balance the actual and forecasted generation of power 

which is necessary to maintain frequency and voltage 



• The integration of the renewable energy in the power system must done in 

a safe way. It is necessary: 

 

• To define the needed grid reinforcements 

 

 

• To take into account the stability of the grid 

 

 

 

GRID 

DEVELOPMENT 

ASSURING STABILITY 

(Operational 

procedures) 

  Codes at European level are demonstrated to satisfy the operational 

limitations and ensure the system security of a grid power network.  

 

  In Spain, grid codes that concern the wind power integration state that 

during faults wind turbines must continue being connected permitting the 

protection system to clear the fault. 



 

Stability of Power  

Systems 
 



Power balance & grid frequency 

 



• During a fault close to a generator, the generator  can’t export its 

power.  Therefore it speeds up 

 

• When the fault clears, it should slow down to synchronous 

speed 

 

• A generator may not re-synchronise with the others if there is a 

transient stability problem 

 

Transient Stability 

 



Transient Stability 
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220 kV fault lasting 100 ms close to a large generator 



1. The stability of power systems is traditionally achieved 

by regulating large synchronous machines with high 

inertia to accommodate every disturbance in power 

systems 

 

2.  In electrical grids the frequency of the generated 

voltage is stabilized by a combination of the rotational 

inertia of synchronous generators in the grid and a 

controller acting on the rotational speed of a number 

of major synchronous generators 

Transient stability & grid frequency 

 



Frequency stability-droop control 
 

•Generator output is reduced if 

frequency>50 Hz 

 

•Generator output is increased if 

frequency<50 Hz 

 

•Slope of droop determines 

relative contribution 

 



Diesel gensets-droop control 
 

• Droop based governor is used where the speed and frequency of a 

genset decrease as its output power increases. This behavior can be 

represented in steady state by 

 

 

 

 

 

R is the droop factor usually selected so that f decreases by about 

3% - 5% as P varies from no-load to full-load 



0 kW  7 kW 

50.3 Hz 49.84 Hz 

 

12 kW 0 kW 

49.5 Hz 50.3 Hz 

 Increase in load demand 

  

 

Increase in diesel loading   

 

 

Reduction in Torque  

 

 

Frequency drop 

!!Diesel generator frequency 

fluctuations¡¡ 

Frequency Oscillations: 12.5 Hz 



droop control 

A method to eliminate frequency oscillations 

∆ω=75 rpm 



Diesel gensets-Battery inverters 

  

Without SI Inverter 

 

a)Basic load: f=50 Hz 

b)Full load: f=49.68 Hz 

 

 

 

With SI Inverter 

 

a)Basic load: f=50 Hz 

b)Full load: f=49.81 Hz 

 The frequency stability is  reinforced with the 
 participation of a battery inverter 



¡The inertia is critical for the stability of the system! 

• Frequency stability issues usually appear up to a few seconds 

following variations in the power demanded from the plant 

 

• They are addressed primarily by the primary control blocks which 

should make sure that the rate of change of frequency (ROCOF) 

and frequency excursions remain within acceptable values 

 

• One important element in fast variations of the grid frequency 

after variations in demand is the amount of kinetic energy stored in 

the rotating masses of the power plant, which tends to reduce 

frequency variations 



Microgrids are prone to intensing frequency variations 

¡¡When distributed energy sources that employ non synchronous 

machines, e.g. some renewable energy sources, are utilised to 

replace synchronous generators in a system, the  total rotational 

inertia of the synchronous generators is decreased significantly!! 

¡The inertia is critical for the stability of the system! 



¡The inertia is critical for the stability of the system! 

System frequency response at 15%, 22.5% and 30% 

penetration levels with a system generation outage. 

The system frequency further degrades as more 

DFIG wind generation is added to the system 





System frequency response at 15%, 22.5%, 

and 30% penetration levels with a system 

loading increase. The system frequency 

further improves as more DFIG wind 

generation is added to the system 

¡The inertia is critical for the stability of the system! 





Voltage stability 

• Ability of the system voltage to recover following a disturbance. 

 

• Large induction machines (motors and generators) tend to 

inhibit voltage recovery. 

 

• During the fault, generators accelerate 

• Once the fault is cleared, they will try to slow down 

• In slowing down, they take reactive power from the network; this 

tends to pull the voltage down. 



Voltage stability - Voltage recovers 
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Voltage stability - Voltage fails to recover 
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Voltage stability 

 Voltage stability is a local issue-reactive power doesn’t travel 

 

 Renewable energy is often connected to weak grids, i.e. where the 

voltage is easily influenced 

    Grid infrastructure was not built for renewable energy 

 

 Renewable energy should contribute to voltage stability, provide 

voltage support when needed 

 

Reactive power control 

Fault ride-through                              
Increasingly a requirement by grid 

operators (grid codes) 



 Uncompensated reactive power leads to voltage sags or swells 

resulting in possible damage to equipment due to high currents and 

overheating. 

Reactive & Voltage = A chicken-and-egg relationship 

voltage drop  
voltage rise  



Voltage stability 

 Nodal voltages must be regulated in order to be retained within 

statutory limits beyond the transformer substations. These limits define 

the allowable variations for steady-state voltages in electrical systems. 

A simplified layout of electrical  power circuits 



DFIG WT dynamic performance & fault 

ride through capability  



A new steady state operation 

WF Connection Node 

 

WT Terminal Bus 

  

  

  

  

  
  



Conclusions 

•The question of power quality and DG is not outspoken 

 

•DG has proven to have a healing effect on the voltage profile 

 

•When the penetration rate is high, the impact on system’s stability is more 

severe because DG may cause voltage oscillations and interfere with 

voltage-control process 

 

•The majority of embedded plants occupy rotating machines, with induction 

and synchronous generators increasing the fault level of the distribution 

systems 

 

•DG integration into Island or autonomous power systems influences 

these power systems in multiple ways 

 

 

 



¡Thank you for your 

attention! 




