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Day’s Agenda

Discussion and questions14:30

Technical challenges to grid code compliance
Sigrid Bolik
Wind farm control, compensation, fault ride through, generic modelling, 
validation/measurements/monitoring
Implications for other renewable generation

13:40

Developments and technical challenges to grid code

Grid in Wales
Peter Roper (Glasgow)
Graeme Cooper (London)
An update on latest developments regarding grid in Wales and in particular the TAN 8 impact and lack of 
Grid in Wales.

13:20

Grid in Scotland
Keith Maclean
An update on latest developments regarding grid issues in Scotland and in particular the grid queue and 
the Beauly-Denny public enquiry.

13:00

Lunch12:00

Discussion and questions11:45

Further grid code developments
Sigrid Bolik
Comparisons with overseas markets, comparing requirements and the international transmission 
impacts, application of grid code offshore

11:00

Introduction to grid code
Sigrid Bolik
An overview of what grid code is, the history of development, its relevance to wind power, the process 
for change or review of existing grid code, the process for proving compliance

10:15
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Introduction Grid Code

Dr Sigrid M. Bolik 
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Agenda

1. Introduction
2. Introduction to Grid Code
3. Wind Turbines technology
4. Grid Code Compliance
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About myself
Dr. Sigrid M. Bolik

• 1995 - 2001 Dipl.-Ing. (M.Sc.E.E.) Technical University Ilmenau, Germany
Power systems, thesis: Control design for  DFIG WT

• 2001 – 2004 R&D Generator Group Vestas, Denmark
Responsible for design, know how, electrical support, wind turbine model 
development (Matlab/ Simulink, Simplorer, DigSilent)

• 2001 – 2004/05 Industrial PhD (EngD), Vestas, AAU, Risø, Denmark
“Modelling and Analysis of Variable Speed Wind Turbines with
Induction Generator during Grid Faults” (Matlab/ Simulink)

• 2004 - 2007 Technical Support Vestas Asia Pacific, Denmark & Australia
Model development support, PSS/E studies, grid connection

• 2007 Econnect Consulting
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Econnect

• A leading internationally recognized innovator of 
solutions for the electrical grid integration of renewable 
and sustainable energy 

• Consultancy, construction and product development 
businesses

• Offices in UK, Ireland, & Australia 
• Projects in over 30 countries
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Econnect

• Comprehensive electrical, commercial, and 
construction  engineering services to take a 
client’s project from concept through to 
design, construction and commissioning
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Econnect consulting

• Feasibility studies
• Design 
• Grid code 

compliance
• Commercial & 

regulatory
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Basics of Power Systems 
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Basics of Power Systems 
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Definitions 

Transmission system
Code

“Grid Code”

Distribution system
Code

“Distribution Code”

• rules and regulation

• behaviour of all participants in the electrical system
to secure continuous and stable operation of power system

• normal and abnormal operation
• lines out minimum technical requirements & standards

• “technical interpretation” of national laws (Energy acts)
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UK Network Operators 

• UK 2 Regulators

GB NI
Ofgem Ofreg

• UK 2 TS Operators
NGET SONI

• UK 4 TS Owners

National Grid 
Electricity 
Transmission
(NGET)

Scottish Power 
(SPT)

Scottish Hydro-
Electric 
Transmission 
(SHETL)

Northern 
Ireland 
Electricity
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GB Grid Code Applicability

� 100MW� 50 & < 100MW<50MWEngland & Wales
(NGETL)

� 30MW� 5MW & <30MW<30MW
< 5MW

Southern Scotland
(SPTL)

� 10MW
� 5MW

<10MW
< 5MW

Northern Scotland
(SHETL)

LargeMediumSmallPower 
Station
TO Area

• Applies to all Transmission connected generators 
(132kV Scotland)

• Medium & Large embedded generators
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GB Grid Code Remit

• Planning Code
– Supply of information to enable system planning 

/development

• Connection Conditions
– Minimum Technical / Design / Operational criteria for 

connection 

• Operating Codes
– Outage co-ordination / testing & monitoring / Operating 

Margin

• Balancing Codes
– Submission of data to Balancing Mechanism
– System Frequency control
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GB Grid Code RemitGB Grid Code Remit

• Data Registration Code
– Data listings

• General Conditions
– Apply across all Grid Code provisions

» E.g Medium & Large Embedded Power Stations
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UK Network Operators 

Distribution Network 
Operators ( DNOs)

•8 different DNO’s
•15 diff regions
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High Voltage
Transmission
network

High/Medium/Low Voltage
Distribution/ Local 
network

Integrating Wind Power 

G
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G
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Marked growth Denmark
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History
wind turbine developing

• Energy source for decentralised mini grid supply
•Single turbines combined with solar, hydro or 
diesel

• Energy source decentralised    grid connected
• wind turbines combined in wind farms 
connected to the grid

20-25 years ago

today

29th & 31st May 2007 Sigrid.Bolik@Econnect.com 20

Grid codes

• purpose • secure reliable operation of the grid with defined quality 

frequency

• minimal technical requirements for connection • content

voltagePQ harmonics 

quality stability dispatch

• assumption • major central synchronous  generation

• Wind Turbines • major decentralised asynchronous  generation

adjustment
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History
wind turbine development

Wind
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Generator concepts
for Wind turbines

•Siegfried Heier “Grid Integration of Wind Energy Conversion Systems”
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DFIG 
over synchronous mode
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DFIG 
under (sub) synchronous mode

sw
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Wind Turbine concepts

-30 –30%IG with Slip ring converter

0 – 120%IG or SG with full scale converter

0 – 10%IG with Extern pulsed rotor 
resistance’s

0 – 2%IG with Short circuit rotor

Speed rangeWind Turbine Concept

~4% losses of 
30% power

~4% losses of 
100% power
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Grid codes

frequency

• most important Requirements

voltagePQ 
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LVFRT 275kV/ 400kV
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LVFRT 275kV/ 400kV

140ms
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PQ variability
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PQ variability
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Grid Code amendments 

Grid Code Review Panel

Working groups to advice changes
- In depth consideration of proposals

Grid Code amendments made by NGET

Proposals

Representative of all relevant grid code participants

meetings
23. Nov. 06
15. Feb. 07
17. May 07
20 Sept 07

Regional differences Working Group (RDWG)
Power Park Modules and Synchronous Generating Units 
Working Group
Low Voltage Demand Disconnection
P2/5 Working Group
Black Start Working Group
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Voltage control

Power Park Modules and Synchronous Generating Units  
Working Group
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Frequency Response

Power Park Modules and Synchronous Generating Units  
Working Group

29th & 31st May 2007 Sigrid.Bolik@Econnect.com 34

Frequency Response
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Grid codes compliance

1. identify compliance criteria for
relevant point of connection

2. identify compliance criteria
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3. Define strategy for proof

4. Necessary qualification
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GB Grid Code ComplianceGB Grid Code Compliance

• For System Operator / Transmission Owner:

• Establish compliance with technical requirements, confirming 
contribution to security of supply

• Define plant capability ready for contracting – maximise 
commercial opportunities

• Define wind farm characteristics, the basis for contracting 
Balancing Services

• Establish and validate models and associated data for the wind farm,
for use in evaluating system security in design of the Power System 
and in System Operation.

• For Project Developer & Owner:
• Obtain Operational Notification (ON) to allow operation ASAP

• Certainty of outcome of compliance prior to project commitment
- minimise project risk
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GB Grid Code Compliance

• For Power Park Unit Manufacturer:
• Ability to give confidence to Developers/Investors of low risk 

while minimising own risk

• exposure

• Deliver practical compliance at least cost

• Maximise activity in factory, minimise site activity

• generic standard solution to maximise reuse of approach
from project to project

• Provide effective performance feedback to design / product development
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User Notifies National
Grids Commercial

Contact

User Notifies National
Grids Commercial

Contact

User notifies National
Grid Control using

Standard Documents

User notifies National
Grid Control using

Standard Documents

YesNo

NG Investigates
& Review

NG Investigates
& Review

User Non
Compliance Occurs

User Non
Compliance Occurs

Yes

National Grid 
Issues LON

National Grid 
Issues LON

No End
End

3 Months
After Non-

Compliance

1 Month
After Non-

Compliance

Day 0
Of Non-

Compliance

Predicted / Actual Duration
of Non-Compliance

Problem
Resolved

?

Problem
Resolved

?

Problem
Resolved

?

Problem
Resolved

?

In Service Non-Compliance (1)
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Time

No

Data & Test Results
Submitted (UDL Update)

Data & Test Results
Submitted (UDL Update)

National Grid Reviews Results 
& if all is ok Issues FON

National Grid Reviews Results 
& if all is ok Issues FON

Yes

End of Next
National

Grid Outage
Season

Request to OFGEM
for Time 

Limited Derogation

Request to OFGEM
for Time 

Limited Derogation

Problem
Resolved

?

Problem
Resolved

?

Application
Accepted ?

Application
Accepted ?

Problem
Resolved

?

Problem
Resolved

?

LON with Breach of 
CUSC Notice

LON with Breach of 
CUSC Notice

Derogation Issued
User Fulfils

Requirements of Derogation
END

Derogation Issued
User Fulfils

Requirements of Derogation
END

Yes

No

Yes

No

In Service Non-Compliance (2)
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OtherOtherMaterial
Effect

Material
Effect

Non 
Compliant

Non 
Compliant

LONLON
ION

Modification
Application

ION
Modification
Application

LON
and/or

Derogation

LON
and/or

Derogation

LON
and/or

Derogation

LON
and/or

Derogation

Planned
Modification

Planned
Modification

In Service
Non Compliance

In Service
Non Compliance

LON with
Breach of 

CUSC Notice

LON with
Breach of 

CUSC Notice

Non Compliant
with Adverse

Effect

Non Compliant
with Adverse

Effect

Lifetime Compliance - Summary
In Service Non-compliance & Modifications
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GB Grid Code ComplianceGB Grid Code Compliance
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Summary
• Wider Compliance 

– Document sets out approach to compliance for the first time in 
detail.

– Detailed information for practitioners

• Lifetime Compliance
– No fundamental change to process – although use of LON is new
– Transparency for industry

• Further information: 
http://www.nationalgrid.com/uk/Electricity/Codes/gridcode/associateddocs/
– Near the end, look for “Guidance Notes for Synchronous 

Generators, Issue 11, Draft 1, February 2007”

• Contact:  Helge Urdal: Generation Dynamic Performance 
Team Manager, 01926 65 3387
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Thank you for your attention
Contact information:

Sigrid.Bolik@Econnect.com


