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Agenda

 Where to connect? — Challenging in remote
coastal regions

» Getting grid connected — technical compliance
ISsues

o Costs of getting grid connected

« Typical project phasing.

PRE-CONNECTION > PRE-CONSTRUCTIO> PRE-ENERG|SAT®
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Consultancy Team formed 1995,
supporting all forms of renewables.

Involvement in approximately 50%
of all wind projects constructed in
the UK, >20GW of renewable
projects in 32 countries

Wave and Tidal Experience: Pulse
Tidal, Open Hydro, EMEC.
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 Feasibility — resource, grid, planning

Ifremer CGFS surveys data
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 Grid perspective (connection options, indicative costs):

» Capacity at possible connection points (thermal capacity, voltage rise)

National Grid Seven Year Statement 2009
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 Grid perspective (connection options, indicative costs):
» Capacity at possible connection points (thermal capacity, voltage rise)
» Updates to network (DNQO'’s Long Term Development Statements, NGET 7 year statement)
 Talk with the DNO (are these options realistic, costs, planning, other projects)
» Connection Application
« Connection Offer

* Involvement of National Grid

sEconomics

» Assessments and negotiation ~£10 — 15k
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 Design:

 Layout and distance to connection point (scale, efficiency, equipment and cost)
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e Compliance:

» Grid Code Compliance (Transmission System): Northern Scotland - 10MW. Southern Scotland
30MW. England & Wales 50MW

Planning Code

Provision of information to allow NGET to plan development

Connection Conditions

Minimum technical, design and operational criteria which must be complied with by NGET at Connection Sites
and by Users connected to or seeking connection with the GB Transmission System or by Generators (other
than in respect of Small Power Stations ) or DC Converter owners, connected to or seeking connection to a
User's System

Operating Codes

Deals with Demand forecasting; outage and contingency planning; operating data and reporting; testing and
monitoring of Users; provision of written reports on faults etc.

Balancing Codes

Deals with the submission of Balancing Mechanism Unit Data from Participants, and of certain other
information, for the following day and ahead of Gate Closure; the post Gate Closure process; and the
procedures and requirements in relation to System Frequency control

Data Registration Codes

Listing of all data required by NGET from Users, and by Users from NGET

General Conditions

Ensures that the various sections of the Grid Code work together and work in practice
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 Design:
 Layout and distance to connection point (scale, efficiency, equipment and cost)
 Cable selection (rating, losses and physical protection)

» Equipment specification (transformers, reactive compensation, etc) — Grid/Distribution Code
Compliance

 Protection systems

e Environmental constraints
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e Compliance:

* Distribution Code Compliance
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e Compliance:
* Distribution connection agreement
» Compliance with various technical standards:

 Conditions specified whether generating 20kV or >20kV, and whether generationis 5MW, in
the range >5MW to 50MW in England and Wales or >5MW to 30MW in Scotland
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e Compliance:
*Distribution Connection Agreement — equipment specification to ensure compliance
* Protection G59/1 (5MW, 20kV or below) or G75/1 (>5MW and >20KV)

Requires detailed modelling of the system response to the generation system and vice
versa

Fault Ride Through (FRT) capability — ensure continued operation

Operates within voltage and power factor limits
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e Compliance:

* G5/4 Harmonics

11111

11111

11111
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e Compliance:
» G5/4 Harmonics

» P28 Voltage fluctuations (inrush, flicker)
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e Compliance:
» G5/4 Harmonics
» P28 Voltage fluctuations (inrush, flicker)

» P29 Voltage unbalance
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» Compliance (minimal technical requirements for connection — quality, stability,
dispatch):

* Grid / Distribution Code Compliance

» G5/4 Harmonics

» P28 Voltage fluctuations (inrush, flicker)

» P29 Voltage unbalance

 Earthing (ESI publications and Engineering Recommendation S34)
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* Economics:

» Equipment costs
» Connection Equipment  11kV: £40-95k, 33kV: £130-190k

* Cable 11kV: £130-150k/km, 33kV: £200-240k/km
* Transformer onshore 33/11kV: ~£700k
* Substation ~£300-500k

* Dry mate connection 33kV: ~£15-20k

* Wet mate connection 8kV: ~£30-35k
* Installation costs

« Offshore cable laying ~£30-100k/day
» Support costs (Consultancy)

* Detailed design ~£10-60k

« Compliance studies ~£20-40k
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» Construction phase
* Deliver grid code compliant solution

 Testing and commissioning — verify compliance

 Economics:

» Spend on equipment supply and payment of subcontractors at appropriate milestones
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Operational Project

SUMMARY

» Phased approach from prospecting to generation — bankability to implementation

*Grid Code and Technical Standard compliance is a critical aspect of design and
can be complex for large projects

* Economics are device, scale and location dependent
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