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The author has been involved as a renewable industry stakeholder in the development and 
implementation of renewable generation for 30 years of Grid Codes for 20 years and will reflect on 
the development of Grid Codes, lessons learnt, future trends and possibilities. The presentation will 
examine the challenges of an increasingly diverse range of technologies and the growing impacts of 

renewable and distributed sources plus HVDC interconnections; reducing the dominance of 
synchronous machines and the challenges of managing reducing system inertia. The author will 

compare the options of Codes versus ancillary services to address the challenges ahead.

Disclaimer.  Any views or opinions expressed are the personal views of the 

Author, have not been agreed by Element Power and not necessarily the views 

of Element Power.
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MICHAEL REYNOLDS: Chairman

• 40 years industry experience

• Senior roles at Barclays, Endesa S.A., Sithe 

Energies/Vivendi, National Power, Carron Energy and 

Finavera Renewables.

TIM COWHIG: Chief Executive Officer, Element Power 

Ireland

• CEO and Executive Director of SWS Energy, overseeing 

200MW of onshore wind construction and 400MW 

pipeline before sale to BGE

• Chairman of the Irish Wind Energy Association (IWEA) 

from 2002 to 2009 

DERMOT BYRNE: Non-Executive Director, Element Power 

Ireland

• Retired Chief Executive of EirGrid 

• Successful completion of the €600m East West 

Interconnector and the development and 

implementation of the Grid25 strategy

MIKE O’NEILL: President and Chief Operating Officer, 

Element Power Europe

• Over 19 years experience in the renewable energy 

sector.  Previously Commercial Director at RES, steering 

the company to become a leading international 

developer and IPP

• Overseen over 3GW of wind projects into financial close 

and operation

NICK HEXTER: Group Financial Director

• 27 years of experience in banking, financial consultancy 

and various dedicated roles within the Natural Resource 

sector. 

• Worked with a range of mid to large multi-national 

clients covering M&A, recapitalisations, restructuring, 

MBOs and many other corporate transactions. 

Element Power leadership team

• Backed by $1bn Hudson Clean Energy fund

• Management team led some of the largest companies and transactions in 

renewable energy sector over 20 years

• Track record in delivering thousands of MWs of projects

• Built up development portfolio of 10 GW over 10 countries 

• Mike O’Neill formerly led RES Group’s wind energy business

• Element’s Irish team includes the former management of SWS Energy, 

Ireland’s largest independent wind energy developer

• Element’s UK team led Novera Energy, a leading UK renewable energy 

company

Regional headquarters

Development offices

EP employees working remotely

Solar facilities (operating/near term)

Solar assets (in development)

Wind facilities (operating/near term)

Wind assets (in development)





Personal Background

• 1992 Electrical Engineer EcoGen First grid connected windfarms in UK e.g. 

Penrhyddlan and Llidiartywaun Llandinum Wales, 103 turbines largest 

windfarm in Europe.

• 1995 Electrical Engineer for Hagshaw Hill windfarm first in Scotland 

• 1995 joined Scottish Distribution Code Review Panel

• 1996 joined Scottish Grid Code Review Panel

• 2004 joined new Great Britain Grid Code Panel

• 2003/4 Representing the Irish Wind Energy Association in development of 

Irish Grid Code for Wind.

• 2010-13 Head of Grid at RenewableUK engaged with ENTSO-E in 

Requirements for Generators.

• Currently  - GB Grid Code Panel Member representing Generators with 

Novel Units.



Why do we have Grid Codes?

• The electricity industry has developed and operated over about a century 
without Grid Codes. So why were they introduced?

• Before unbundling, the introduction of competition and privatisation, the 
electricity sector was commonly a vertically integrated state owned 
monopoly.  

• In these cases the specifications of plant and equipment, including 
generation plant was selected according to need and appropriate cost 
benefits analysis.

• These decisions often included the location of plant, the fuel type (coal, 
oil) and the technical details of synchronous machines, controls systems 
etc.

• At the time the predominant technologies were fossil fuelled or nuclear 
generators all with synchronous machines.

• With unbundling and competition, generators became independent 
companies and a Grid Code was needed to determine the performance 
requirements of their generating plant and equipment.

• The first Grid Codes documented the specifications of equipment already 
installed, rather than specifying future requirements.



Suites of codes

• Grid codes sit in  a suite of codes on balancing, 

market operation, network design, metering, charging 

etc.



EU/ ENTSO-E suite of network codes

• Why a code for HVDC and not HVAC? 

• What is the role of Grid Codes in specifying the network and system?
– E.g. how does harmonic pollution and harmonic performance interact?



Grid Code 

environment 
• In addition to the Code there are 

referenced standards, 

modifications, governance panels, 

workgroups, monitoring, etc.



Scope and content of codes –

Requirement for Generators (RfG)



Codes never reduce!
• New codes are built from taking 

everything in existing codes and 

adding it up.  

• What is the incentive to optimise 

requirements in a cost effective way?



Open governance and review
Overview

• All Industry Codes including Grid 

Codes can have a significant cost 

impact on users and stakeholders.

• These costs will end up in customers’ 

bills and will cost customers money.

• It is vital therefore that good open 

governance is followed.

Guiding  Principles

• A code Panel should represent all 
stakeholders with independent chair.

• Any stakeholder should be able to raise a 
modification.

• Informal workshops are a good way to 
test challenges, ideas or proposals for 
changes to the Code.

• Working groups with experts should be 
appointed  where appropriate.

• Changes should be consulted on.

• Consultation should be meaningful and 
take account of responses.

• The National or Regional / EU Regulator 
should have final decision if industry 
does not agree on a change.

• Changes should not be implemented 
retrospectively.

• Changes should allow sufficient notice 
period for new requirements to be 
designed, specified, contracted and 
delivered.

• There must be an option for exemptions.



2003 Irish Moratorium on wind 

• Wind was the first independent 
generation on the Irish system.

• Only Around 300MW connected 
to the system with a peak 
demand of ~ 3.5GW and 
summer night valley demand of 
under 2GW.

• There was little understanding
of the technology by the TSO 
and no connection 
requirements for turbines.

• The TSO was concerned that the 
system security was under 
threat.

• To release the Moratorium a 
Grid Code for Wind was 
developed.



Ramp rates 

• Wind Variations
– 1 to 6 GW in 5h = 0.3MW/s

• Interconnector
– 3GW in 1.5h = 0.5MW/s

– 1.6GW in 5 mins = 5MW/s

• Trips e.g. Sizewell B
– 1.26GW in ~1s = 1000MW/s

Grid Codes often want to control ramp rates in renewables but other variations are 

usually far more onerous – some examples from the National Grid in Great Britain



Fault ride through for small power stations
• Fault or low voltage ride through is 

required for very large generators 

connected at the highest system voltages 

in case many generators are affected by a 

low voltage event during a fault.

• Fault ride through for small power stations 

is not necessary. They only trip for a local 

fault.  Under any fault the MW that will 

trip is not a threat to the system.

Voltage dips at lower voltages are 

much less severe, especially at 

distance from the 400kV fault 

e.g. indicative voltages at 132kV , 

33kV and LV turbine transformer



Reactive power and 

location

• Grid Codes impose reactive power 

requirements on generators even 

though the capabilities provided are 

not always required or useable.  

• Generators are not necessarily on-

line to deliver reactive when it is 

needed.

• Often reactive power equipment 

(switched capacitors, reactors, SVC ) 

is needed where there are no 

generators.

• Reactive power needs are locational 

so why specify the same levels for all 

plant?



Reactive range often cannot be used

Smaller Generators in 

medium voltage networks 

(e.g. 33k) often  cannot 

utilise the full reactive 

range ( e.g. lagging PF / 

exporting VAr) due to 

resulting voltage changes 

on connecting networks.



Inertia, ROCOF, Fast Frequency Response

SIR – synchronous inertial response

• More non-synchronous plant such 
variable speed wind turbines, PV,  HVDC 
interconnectors, battery storage etc. is 
connecting to the system.

• At certain times in particular these 
power sources are displacing 
conventional synchronous plant from 
the system.

• In addition the inertia of demand is 
falling as, for example, more motors are 
coupled via variable speed drives.

• When there is a large infeed loss (e.g. a 
large nuclear or fossil generator trips) 
the system frequency falls.

• With lower inertia the rate of change of 
frequency (ROCOF) increases.  

• The frequency nadir can be limited by 
greater and faster response.

• However there are concerns in Ireland 
that a ROCOF of >0.5Hz/s may impact 
conventional plant integrity so system 
inertia has to be managed.



“Synthetic Inertia” or FFR

• “Synthetic Inertia” is actually fast 
frequency response (FFR).

• Future Scenario in GB system

– 30GW wind generation

– 40GW demand

– 1.8GW loss of large nuclear plant

– 30GW wind delivers “synthetic 
inertia”, but reduces power 
generation by 10% to 27GW in less 
than a minute.

– Reserves are now required to fill a 
4.8GW shortfall.

• There is no advantage!

• However wind which is curtailed can 
respond very quickly (<2s) to deliver 
fast frequency response.

– E.g. 30GW of wind curtailed to 27GW 
could deliver and additional 3GW 
within 2-5 seconds on demand.



EirGrid System Services & values



System services value by technology



System (Ancillary) Services vs Grid Codes

System services
• Can be implemented quickly and attract 

innovative and flexible plant.

• Fewer issues of discrimination.

• Services can be tailored to the strengths of 
each type of plant.

• Can be used to trial new technologies and 
requirements.

• Rewards innovation, no issue with 
patents/IPR.

• Can encourage retrofits and plant updates to 
capture new revenues and deliver services.

• Can exploit new capabilities of new 
technologies that exiting plant cannot offer.

• Conventional fossil fuel generators can 
derive significant revenues from System 
Services, which enables them to remain in 
business as the amount of energy they 
deliver is reducing due to increasing 
renewables and interconnection.

Grid Codes
• Acts on all new future plant on the system 

ensuring maximum coverage/capability.

• Sends clear message to manufacturers.

• Difficult to treat all plant equally – e.g. 
inertia.

• Hard to impose on existing / historic plant. 
No incentive on existing plants to 
upgrade.

• Lack of confidence in market based 
solutions lead to a Code based approach.

• Not all plant in all locations needs 
capability.

• How do Codes deal with hybrid power 
stations? E.g. with PV and storage or wind 
and diesel generators?



Conclusions

• Grid Codes are less than 30 years 
old.

• Grid Codes have worked for coal, 
gas and oil generation with 
synchronous machines.

• Grid Codes are stressed and 
challenged with new system 
operational paradigms, innovations, 
interconnections and renewables.

• System services markets are 
growing in importance and should 
be prioritised to future proof the 
power system making it robust and 
cost effective.

• Only System Services can deal with 
issues like inertia.

Thank you.


