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1. Summary

1.1 Background

Mott MacDonald has been commissioned by the Energy Technologies Institute (ETI) to carry out the ETI's

Network Capacity Project. This project is aimed at supporting the ETI’s overall goal of accelerating the

deployment of technologies that will help reduce greenhouse gas emissions and thus help achieve climate

change goals. Specifically the project will assess the feasibility of two potential areas of development to

improve the operation and increase the capacity of the UK onshore T&D systems. The outcome will be a

thorough, coherent and well presented analysis that will enable the ETI to make informed decisions as to

where future work in the programme should be directed.

= The first area of the project is focussed on the feasibility of applying new and existing power electronic
technologies to provide enhanced management of network power flows in order to release more
capacity within the T&D system.

= The second area concentrates on the technical feasibility of multi-terminal HVDC in the context of
operation within the existing UK T&D system.

The work associated with both areas comprises an assessment of the credible options from these

technologies in the context of power flow management including the benefits and also associated

impediments to their development and deployment, and will provide guidance in respect of technology

development opportunities. The work has been structured into two packages;

= Work Package 1 concentrates on the novel technologies with the potential to release capacity in the UK
T&D networks. The work in this package comprises a literature review and modelling of the various
technologies integrated into the networks to determine their effectiveness and requirements for such
integration. It will also include analysis of environmental and social impacts, and of the barriers to
development and deployment.

= Work Package 2 concentrates on the use of multi-terminal HVDC transmission and its integration within
the existing UK T&D networks. The work in this package will comprise a feasibility assessment and
detailed modelling of multi-terminal HVDC to assess its performance, impact and potential interactions
arising from its use. It will also include analysis of the requirements for such integration, the benefits
case for conversion of existing AC lines, and of the barriers to development and deployment.

1.2 Work Package 1 Task 4 and 5 Final Reports

Mott MacDonald’s final report on the barriers to the development of FACTS devices in the UK Grid covered
by the Work Package 1 Task 4 Scope of Work is included as Appendix A. Mott MacDonald’s report on the
Environmental and Social Impacts of FACTS devices in the UK Grid covered by the Work Package 1
Task 5 Scope of Work is included as Appendix B. The reports incorporate amendments that have been
made in response to ETI comments received on the draft reports submitted in April 2010.

The reports are provided as separate stand-alone documents at this stage. The final report for the project
consolidates and updates the outputs from each of the individual task reports, including that covered by this
document, in order to provide a coherent output that represents the integrated output from all of the work
carried out.
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1. Introduction

This report will consider the barriers to developments of FACTS (Flexible AC Transmission Systems) in the
UK transmission and distribution network. The FACTS technologies considered in this report are Static Var
Compensators (SVC), STATCOMs and Thyristor Controlled Series Compensation (TCSC). For
completeness, outline details of the designs and application of these FACTS devices are given in this
report. More comprehensive details are given in the Work Package 1: Task 1 (WP1T1) report.

This report will assess the boundaries for utilisation and development of each of these FACTS technologies
individually, including:

= the ability of the industry to commercially deliver the technologies,

any potential supply chain issues,

barriers to the device rating or widespread use,

the reasons — if any — for the lack of application in the past,

any operational issues the technologies may introduce, and

investigate potential solutions to the issues raised above.

In addition to the FACTS devices, this report will explore the related issues of coordinated control of
quadrature (or quad) boosters in a network and the barriers for utilisation and development of active
management of the transmission network. Active network management covers a range of subjects
including: demand side management dynamic thermal ratings and power flow management (through
special protection schemes). These subjects are discussed in detail in the Work Package 1: Task 2
(WP1T2) report.

It should be noted, that this report will not consider any of the barriers for development of HYDC
technologies, these will be considered in the Work Package 2: Task 4 (WP2T4) report.
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2. Shunt Compensation

Shunt compensation equipment exists in number of forms including; fixed compensation equipment, Static
Var Compensator (SVC) and Static Compensator (STATCOM) systems.

Fixed compensation equipment is found in the form of passive elements - such as capacitors or shunt
reactors (inductors) - in many applications these can be switched in and out of the network using circuit
breakers. These are not FACTS devices but may be combined with STATCOM or SVC devices in cases
where full control of output is not required, to reduce costs, footprint and maintenance requirements.

Both capacitors banks and reactors are mature and established technologies that have been applied to all
voltages in the UK network; as such there are no major technical barriers to their further deployment.

2.1 Static Var Compensation (SVC)

The Static Var Compensator (SVC) is based on conventional capacitor and reactor modules connected in
parallel. These modules can have their output controlled by a thyristor controller, or can be fixed
(permanently connected). Fixed elements are often used as harmonic filters. The modules are generally
connected to a medium voltage (MV) busbar with a typical operating voltage in the range 13 to 36 kV. The
MV busbar can be connected to a higher voltage network using a dedicated transformer or through the
third winding of a system transformer. Figure 2.1 and Figure 2.2 show typical configurations of SVCs.

SVCs have been available since the 1970s and have been successfully applied on the UK transmission
system for over 20 years providing an output range of up to 225 Mvar per unit. They are considered as
conventional technology that has been proven practically.

Figure 2.1:  Typical configuration of an SVC
HV

@Step—down transformer fJ\ uJb\J
@)LV bus bar v M@

@ Thyristor controlled
reactor

@ Thyristor switched
capacitor

®) Fixed filter circuit H* * * *
® ®

@ Control
® ®

Source: Reynolds, Mark — Siemens — IEEE San Francisco Power Engineering Society (PES), “Application of New Technologies for
Power Transmission Systems”, June 2006
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Figure 2.2:  Common connections of SVCs

Source: Reynolds, Mark — Siemens — IEEE San Francisco Power Engineering Society (PES), “Application of New Technologies for
Power Transmission Systems”, June 2006

The Work Package 1: Task 3 (WP1T3) study indicated that the size of an SVC required to enhance the UK
network capacity would have a controllable output range of up to 900 Mvar (£450). SVCs are shunt devices
and as such there should be no major technical barriers to increasing the size of the device, essentially
connecting four SVCs rated at 225 Mvar in parallel could provide 900 Mvar. Furthermore very large SVCs
such as the 720 Mvar (+575/-145) unit at Black Oak in the USA have been installed outside the UK.

To be utilised in the UK network, a large SVC will be required to connect to voltages up to 400 kV. This is
not a technical barrier as a transformer is used to step up the SVC voltage (13 to 36 kV as noted above) to
the system voltage.

# $

The SVC is regarded as a conventional and established technology in the UK and has been used in both
EHV (400/275kV) connected applications and at lower voltage ratings.

We do not envisage any significant issues in extending the application of equipment of this type; however
the following issues may need to be considered:

2.1.2.1 Control

Where two SVCs (or any combination of shunt connected compensation equipment) are connected in the
same area, the output of one device may influence the other. This introduces an issue of coordinating
control.

The manufacturers have developed control designs, which have been successfully implemented in the UK
where many SVC installations are provided as ‘pairs’ and operation is coordinated with mechanically
switched compensation in the immediate vicinity through Automatic Reactive Switching (ARS) schemes.
However, it will be necessary to confirm that the higher levels of compensation envisaged in this study do
not result in undesirable control interactions.
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