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National Grid Electricity Transmission R&D Programme Detailed Report 
 
During the financial year, 2010/2011 National Grid Electricity Transmission utilised 99% of the Innovation 
Funding Incentive across a number of programme areas. These programme areas and their associated 
projects are indexed below and the detailed progress reports follow. 
 
The report has been structured to show research project and the area of research they relate to spanning 
network wide projects to specific asset types. 
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Network 
 

Project title On line Monitoring Integration 

Project Engineer Carl Johnstone 

Description of 
project 

To trial and implement a full on line monitoring system external of the business 
network, by the involvement of key stakeholders across the business. To retro 
install an online density system on gas insulated switchgear (GIS) substation 
were current monitoring in manual checking of gauges and a new GIS 
Substation where there is a stand alone online density system installed through 
construction, and then evaluate the benefit case for running a scheme to roll out 
to other substations.  

Expenditure for 
financial year 

Internal  £3k 

External £45k 

Total      £48k 

Expenditure in 
previous (IFI) financial 
years 

Internal  £8k 

External £204k 

Total      212k 

Total project costs 
(collaborative + 
external + 
[company]) 

£260k Projected [next year] 
costs for [company] 

£0 

Technological area 
and/or issue 
addressed by project  

More efficient management of GIS and sulphur hexafluoride (SF6) filled 
equipment to move from reactive to proactive planning of resource, by applying 
modern monitoring techniques to order equipment where bigger benefits would 
be delivered. 

Project Benefits 
Rating 

Project 
Residual Risk 

Overall Project 
Score 

Type(s) of innovation 
involved 

Incremental  

11 2 9 

Expected benefits of 
project 

The benefits are itemised for SF6 but the business process benefits could apply 
to any online condition based measuring systems such as Drallim (cable oil 
pressure), Gas in Oil analysers (Hydra< Kelman) Partial Discharge (AIS and 
GIS). 

Process  

• To predict the time to intervene and action required then record and 
make information available to a wide audience and to other systems 
(planning, reporting to the regulator, ranking of leaks) maximising 
benefit by focusing on highest leaks, automated instruction to site staff 
on action required cost avoidance to deferred maintenance for resource 
constraint.  

• Maximise expenditure by matching level of leak, to level of repair.  

• Regulator incentive £10m over 5 year period.  

• Carbon equivalent (£25/ton carbon x 23,000) cost if applied £837,411 
(at Littlebrook 07-08)  

• £14k/annum spent on SF6 gas for top-ups (at Littlebrook 07-08)  

• Man hours for top up and gauge survey (£3.5k/annum with travel time 
Littlebrook)  

• Reduce call outs diverted resource to respond to gas alarms 
(£70k/annum to GIS sites)  

• Reduced alarms to the NOC 
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Better Visibility  

• Easier to view current status (on-site or remote) to reduction of 
emissions, site targets, reduces need to attend site (travel time/carbon 
footprint)  

• better 'buy-in' for site staff and other business users due to clarity of 
drivers and contribution to the overall target  

• Reduced training requirements and understanding of proprietary 
software from different suppliers.  

 

Efficiency  

• Better use of resource in areas where constraints (GIS and cables are 
generally based in London and South East) reducing deferred work.  

• Opportunity cost benefit for released resource - 25 man-days for sub 
routines for the four sites  

• Avoidance of inefficiencies associated with diverted resource  

• Maximise benefit of system already installed, currently under utilised.  

• Calculate volume of gas used in each gas zone removing need for 
weighing and mass flow meters. 

 

 

 

 

 

 

 

 

 

Expected timescale 
of project 

3 years Duration of benefit 
once achieved 

5 Years 

Probability of 
success 

60% Project NPV = (PV 
benefits – PV costs) 
x probability of 
success 

-£27k 

Potential for 
achieving expected 
benefits 

The project has now highlighted the benefits of online monitoring of SF6. It 
shows the capability and viability of retro fitting, and how we specify technology 
on GIS substations. In particular: 

• Capability to upgrade ~ 30-year-old assets with modern technology 
without the need for an outage. Three generations of GIS included in 
this project. 

• Moving from reactive to proactive planning optimising resource. 
(optimised planning alignment with 3 month advanced warning). 

• Prioritisation of leaks to maximise leak reduction efforts. 

• Remotely assess criticality and impact of any alarm to provide 
appropriate response. 
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• Remove need for routine checks, by providing automatic monitoring 
and reporting across business streams. 

• Future reduction of capital cost of monitoring hardware by up to 40%, 
and ongoing operational costs. 

• Validation of alternative techniques such as remote mass flow meters 
(See separate R&D project). 

• Understanding security and support framework of separating monitoring 
from operational data and processes. 

• A sustainable model of managing IT monitoring life expectancy with that 
of the primary asset life. 

The understanding gained from this project and applying the lessons learned 
into future specification and business processes has the potential  to reduce 
typical capital costs per monitoring system by around £50k - £200k, reducing 
opex costs in stand-by, and systems and size of substations,  

  

Project progress  

[Year to End of 
March 2011] 

All the 157 gas zones are now being monitored and have had online true 
density transducers. The key types of adaptors to allow the transducers to be 
fitted to a live gas zone without an outage have been developed and fitted. 
These have also been developed to allow the transducer to be replaced non-
outage in the event of it failing. 

The new type of fittings for top-ups are now standardised, removing the delay 
and cost in using non-standard fittings. 

The system now sends data automating to the remote TSAM (Tactical Strategic 
Asset Management) server allowing any business user access to the data on a 
web portal in a single platform utilising the same format as air compressors and 
online DGA monitoring, removing the need for training and refresher courses. 

The system predicts any leakage rate and provides an alerting date for 
planning. This project has shown the need and benefit of integrating data from 
multiple sources of SF6 data and an increased prediction model when using 
pressure sensors not true density to compensate for temperature changes. 

 

 

 

 

 

 

 

    Current Gauge technology                  Site is large and difficult to retro-fit 

 

 

 

 

 

 

 

Single fitting adaptor for top-ups with transducer       True density transducer 
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                Solution for Mk II type assets            Direct Tank fitting 

 

 

 

 

 

 

 

 

 

 

 

TSAM end user viewing platform 

Collaborative 
partners  

Siemens have participating with the development of the system and knowledge 
of the primary assets. 

R&D provider Siemens/ C3 Amulet 
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Project title Condition Monitoring (Assessment) of circuit Breakers 

Project Engineer Carl Johnstone 

Description of 
project 

The project is aimed at improving the process used for Condition Monitoring of 
circuit breakers and to raise it to a feasibility level where a single monitoring 
specification can be used on any breaker on National Grid’s system. The 
feasibility will demonstrate the issues and benefits of centralisation of data to use 
and develop asset management tools for maintenance cycles and end of life. This 
information will be presented via the condition-monitoring web (SAM). 

The outcome of this programme will direct the second phase of R&D which is 
automated knowledge for Asset Management and prioritisation tools.  

Expenditure for 
financial year 

Internal  £6k 

External £93k 

Total      £98k 

Expenditure in 
previous (IFI) financial 
years 

Internal  £5k 

External £70k 

Total      £75k 

Total project costs 
(collaborative + 
external + 
[company]) 

£174k Projected 2010/11 
costs 

 

£0k 

Technological area 
and/or issue 
addressed by 
project  

Existing Circuit Breaker (CB) monitoring already installed is not delivering its 
potential benefit or a clear strategy for meeting the increasing demands of asset 
managing circuit breakers. 

Project Benefits 
Rating 

Project Residual 
Risk 

Overall Project 
Score 

Type(s) of 
innovation involved 

Incremental  

4 1 3 

Expected benefits 
of project 

This R&D project is in-line with National Grid’s policy for condition monitoring and 
will provide input to the condition monitoring strategy. 

The monitoring kit will be beneficial for reactive maintenance. It could potentially 
help to carry out planned maintenance in a cost beneficial, risk managed and 
outage controlled manner. It should also raise confidence in new technology. 
Monitoring applied at appropriate times gives engineers more knowledge and 
information of the asset and enables longer lead times and clear assessment of 
management decisions. Using data currently held, as well as new data, it will 
allow enhanced performance and maximum efficiency. In effect it’s the drive 
towards a cost effective, optimum timing device to enable National Grid to move 
towards condition/risk base maintenance. 

CB timing incurs a cost in time and resources that could be mitigated using a real 
time online methodology.  It takes 2 people 1 day to perform timing tests on a 
single CB and approximately 60 CBs are timed each year.  Also, it takes one 
person one day every month to download the data from CB watch equipment on 
site.  Consequently, over a five year period 660 man days are spent timing circuit 
breakers and retrieving the data which equates to manpower costs of £165k.  
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The increased visibility of data achieved by centralised storage would enable the 
Asset Health and Switchgear teams to make use of data to which they previously 
did not have access.  The risk of a CB failing when asset data was available that 
could have prevented this failure is a situation to which National Grid is currently 
exposed. 

 

 

 

 

 

 

 

 

 

 

 

 

Expected timescale 
of project 

2 Year Duration of benefit 
once achieved 

5 Years 

Probability of 
success 

80% Project NPV = (PV 
benefits – PV costs) x 
probability of success 

£ >100k depending on 
deployment 

Potential for 
achieving expected 
benefits 

This project was to see the potential and viability of taking the research further. 

Due to the success of this project, and similar complementary projects sponsored 
by Scottish Power (SP), the next phase is intended to increase scope to include 
multiple forms of data collection (online, offline, and protection relay data) in 
partnership with SP, with Areva interested in support and findings. 

Project progress  

 

[Year to End of 
March 2011] 

The objectives of the project were met with the outcome exceeding expectation. 
Under blind data submission two distinctive ‘clusters’ where found using the 
measured parameters. Upon further investigation it was found that there were two 
types of CBs and fell clearly within a ‘family norm’. This proves the viability of the 
resolution required to move from fixed parameters of unknown tolerance, to a 
level where each family can be uniquely categorised and benchmarked against. 
Any drift or movement from this will identify potential risks or defect supporting 
the move to Asset Health and Criticality regimes. This will ultimately assist with 
asset life projection and optimised maintenance regimes. 
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Concentrate on Melksham Pole 
C

GL316X FEX2

 

Collaborative 
partners  

Power Link (Australia may provide extra data) and Areva (Supplier) are assisting 
with knowledge 

R&D provider Strathclyde University and C3 Amulet 
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Project title Remote Mass Flow Meters 

Project Engineer Carl Johnstone 

Description of 
project 

To automate the sending of data from mobile SF6 mass flow meters currently on 
trial in the field to a central server. The objective is to bring the data provided 
when each zone is topped-up to a central database, provide automatic reports, 
and provide better asset management. Also enable the user to remotely locate 
the mobile unit(s) on a site. 

Expenditure for 
financial year 

Internal  £2k 

External £4k 

Total      £6k 

Expenditure in previous 
(IFI) financial years 

Internal  £5k 

External £36k 

Total      £41k 

Total project costs 
(collaborative + 
external + 
[company]) 

£47k Projected [next year] 
costs for [company] 

£0 

Technological area 
and/or issue 
addressed by project  

Remote measurement and assessment of SF6 zones to enable more effective, 
efficient and economic asset management. 

Project Benefits 
Rating 

Project 
Residual Risk 

Overall Project 
Score 

Type(s) of innovation 
involved 

Incremental 

10 -3 13 

Expected benefits of 
project 

The business benefits are :- 

• Reduced risk of misreporting of data (undefined corporate fine, potential 
of >£1m)  

• Simple and easy validation recording of SF6 usage 

• Minimised time spent locating test equipment (reduced travel and 
worktime) 

• Effective use of test equipment by increasing availability 

• Reporting can be aligned with online density monitoring. Single viewing 
platform for online and offline top-ups 

• Offer an alternative where it is not viable to fit online monitoring  

• Trial of a technology that could be transferred to others technologies 
(CB timing, SF6 gas Sampling, etc). 

Expected timescale 
of project 

2 years Duration of benefit once 
achieved 

5 Years 

Probability of 
success 

60% Project NPV = (PV 
benefits – PV costs) x 
probability of success 

£23k 

Potential for 
achieving expected 
benefits 

 The system will automate the process from top-up to reporting. This will enable 
accurate recording of all top-ups due to reduce human intervention and transfer 
errors between systems. 

The automation of the top-up provides the functionality for the operator to 
optimise their time by being able to have parallel activities and being notified 
when the top-up is complete. When used in conjunction with further potential 
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R&D for a prediction model and other SF6 monitoring techniques, could move 
proactive planning, reducing call-outs while increasing resource availability 
(~£100/annum).  As below this tachniques has already shown savings on the 
trial due to automating top up while an asset could not be removed from the 
system, leading to reduced leakage and better outage planning. 

Project progress  

 

[Year to End of 
March 2011] 

System is now in use. The system allows for the operator to type in the Site, 
asset ID, gas-zone target pressure, operators name and their mobile number. 

The device allows the operator to not have to be in full attendance during the 
top-up and text him on completion enabling them to do other duties and 
optimising their time. 

The data is also automatically sent in parallel to TSAM (Tactical Strategic Asset 
Management) web portal for viewing and reporting. 

During this trial, an issue arose when a large leak occurred on an asset that 
was unable to be removed from service for repair in the immediate term. This 
device has the functionality to choose the flow rate allowing it to be set as low 
as possible for a single top-up. This allowed the pressure to be reduced 
minimising gas released before it could be repaired and extending the time for 
the operator to attend, reducing call-out costs. 

The business needs to lead further development of this innovation to allow for 
the development of a continuous top-up device that is only used when all repair 
options are not possible.  

It automatically maintains the gas pressure at the low end of the operational 
scale. This reduces the amount of SF6, removes call outs, while allowing the 
operator to request the status via text, the engineer is then notified if bottle 
pressure is low providing proactive management. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Mass flow meter with touch screen 
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Continuous top-up Unit (CTU) device      Automated text from CTU 

 

 

Illustration of the way the CTU differs from traditional top-ups, and an example 
of how gas emissions are reduced  

 

Collaborative 
partners  

 

R&D provider A1Predicta and C3Global  
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Project title Review of Voltage Dependency of Load 

Project Engineer Mark Perry 

Description of 
project 

The project will investigate the composition of loads connected to DNO 
networks, evaluate the current load models used in analysis work, and, if 
appropriate, recommend updated models. The project will undertake some 
validation of the models by comparing study results using them with 
measurements taken during large system voltage disturbances. There will be 
two deliverables: 

A report describing revised composite load models applicable for the UK and 
indicating their impact within load flow studies in relation to VDL. 

A report documenting the comparison of measured responses against a 
theoretical model based on current assumptions. 

 

Expenditure for 
financial year 

Internal  £3k 

External £24k 

Total £27k 

Expenditure in 
previous (IFI) financial 
years 

Internal  

External  

Total  

Total project costs 
(collaborative + 
external + 
[company]) 

£ Projected 2011/12 
costs for national Grid 

£0K 

 

Technological area 
and/or issue 
addressed by project  

It has been some time since the modelling assumptions underlying current 
composite demand models have been challenged with respect to voltage 
sensitivity.  During this time the types of loads, and their performance 
characteristics, have changed, meaning that currently used models may not be 
representative. A number of important system planning and operational tasks 
(including voltage stability and the identification of initial conditions for fault level 
studies) would benefit greatly from revised models with improved 
representations of voltage dependency of load (VDL).  This project will consider 
quasi-steady-state modelling only. Through liaison with DNOs it will improve the 
understanding of the composition of loads currently connected to the 
transmission system and develop updated models for use in system analysis 
studies to represent  

Project Benefits 
Rating 

Project 
Residual Risk 

Overall Project 
Score 

Type(s) of innovation 
involved 

Incremental 

5 -1 6 

Expected benefits of 
project 

An accurate model of the voltage dependency of load is essential to accurate 
fault level and transmission system voltage-performance assessment. 
Significant investment is based on fault level and voltage analysis, often in 
cases where system performance is expected to be only marginally outside of 
capabilities and / or standards. Where load models are not known pessimistic 
assumptions are made. Better modelling of loads is likely to result in a reduced 
requirement for reactive compensation plant (ranging in cost between £5 million 
and £20 million per compensation device) and lower requirements on 
switchgear.  

The accurate calculation of fault levels operationally is essential to the safe 
operation of substations. Overstressed equipment may explode and substation-
running arrangements have to take account of fault levels to ensure safety. In 
some cases substation splits, which are less desirable for security but help 
reduce fault levels, may be unnecessary and based on fault level calculations 
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using pessimistic load assumptions. 

Improving knowledge of the composition of loads, and the development of 
accurate models, is likely to reduce transmission system investment and 
increase levels of system security. 

Expected timescale 
of project 

2 years Duration of benefit 
once achieved  

5 years 

Probability of 
success 

60% Project NPV = (PV 
benefits – PV costs) x 
probability of success 

£8k 

Potential for 
achieving expected 
benefits 

The success of the project depends on the level of information that can be 
obtained from DNOs regarding the composition of their load. It is expected that 
there will be mixed information from different DNOS, meaning that it is likely that 
there will be partial success, with further surveys of DNOs needed in the future. 

Project progress  

 

[Year to End of 
March 2011] 

A literature review and analysis has been produced however a research Fellow 
who had been appointed left and was then replaced by a visiting Master’s 
student to at least finish this first deliverable. 

 

The analysis showed that a load model is one of the most important elements in 
power system simulation and control. Accurate load models are required to 
correctly understand the potential for voltage collapse and system oscillations 
following system disturbances. Also the information/knowledge enables proper 
power system planning, reliable prediction of prospective operating scenarios 
and provides for adequate control actions to be chosen in order to prevent 
undesired system behaviour and ultimately system instability. Transmission 
power flow limits are determined from studies of these conditions and the 
accuracy of the load models is critical. Although the importance of load 
modeling on system dynamics has been well known, load modeling is still a 
very challenging problem and remains unsolved so far. In fact the load consists 
of various components with various characteristics, which nevertheless, have to 
be represented by one aggregated model. The main problems in building 
generic load models and finding the load model parameters are: 

• Changing load characteristics due to the emerging digital society and 

the increasing penetration of power electronic based loads; 

• Different load composition (i.e. industrial, commercial, agricultural, 

residential and other loads) of every load bus; 

• Difficulty to establish the exact load composition at medium and high 

voltage level; 

• Lack of precise information on the composition and mix of loads by 

users; 

• Penetration of new load composition into the system and diversity in the 

types of loads connected to the power system at any given moment; 

• The random load variation from hour-to-hour, day-to-day, and season-

to-season which cause load level changes and load composition 
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changing, (i.e. when electrical power is used for air conditioning or 

heating);  

Further work will continue once a replacement researcher is identified. 

Collaborative 
partners  

ScottishPower Energy Networks 

R&D provider University of Strathclyde 
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Project title Demand Response 

Project Engineer Shanti Majithia 

Description of 
project 

Task XIX (Micro Demand Response and Energy Saving) is a collaborative 
project under the International Energy Agency’s Implementing Agreement on 
Demand Side Management (DSM).  Historically, the majority of DSM offerings 
have focused on large consumers.  The work will consider the potential for 
small consumers to participate in Demand Response and Energy Saving 
projects, focusing on the use of Time of Use pricing, remote/automatic demand 
switching and energy end use monitoring and feedback.   

The principal deliverables will be two reports, covering both the information 
collated from the UK participants and the International partners.  The first of 
these will define the requirements for the implementation of Micro demand 
Response and Energy Saving schemes, along with options for effective 
delivery.  The second will build on the first to assess the business case for 
delivering such schemes. 

The work commenced in January 2009 and tt is anticipated that it will require 15 
months to complete. 

Expenditure for 
financial year 

Internal  £3k 

External £7k 

Total      £10k 

Expenditure in 
previous (IFI) financial 
years 

Internal  £4k 

External £8k 

Total      £12k 

Total project costs 
(collaborative + 
external + 
[company]) 

£422k Projected [next year] 
costs for [company] 

£0 

Technological area 
and/or issue 
addressed by project  

The project assesses the potential for and likely business case/s to support the 
delivery of Micro Demand Response (DR) and Energy Saving projects to 
Residential and SME customers.  The three techniques for demand side 
management that will be focused on are Time Of Use pricing, remote/automatic 
demand switching and End Use Monitoring and Feedback (EUMF). 

Whilst the primary interest is in relation to developments within the UK market, 
the project is coordinated under the International Energy Agency’s 
Implementing Agreement on Demand Side Management.  This provides an 
opportunity to look at the possibilities in a broader context, and to understand 
developments within the other participating countries. 

Project Benefits 
Rating 

Project Residual 
Risk 

Overall Project 
Score 

Type(s) of innovation 
involved 

Incremental  

 

5 -5 10 

Expected benefits of 
project 

The anticipated benefits of participating in this project are as follows: 

• An opportunity to influence Residential & SME DR terminology and 
understanding within the UK; 

• Gain an independent view of the technology and techniques available 
for the largely untapped Residential & SME market; 

• Knowledge of international approaches and opportunity to learn with 
others to develop ‘best practice’ approach to small consumers; 

• Understand the role of demand side in energy markets through the use 
of DR programmes and mechanisms;  
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• Evaluate the advantages and disadvantages of different technologies 
and techniques;  

• Quantify infrastructure needs for load control and energy saving 
options;  

• Assess the potential of time of use or developed profile metering in 
achieving objectives; and 

• Opportunity to work with a number of UK stakeholders and gain an 
awareness of current developments in this area. 

Expected timescale 
of project 

2 years Duration of benefit 
once achieved 

5 Years 

Probability of 
success 

60% Project NPV = (PV 
benefits – PV costs) x 
probability of success 

-£17k 

Potential for 
achieving expected 
benefits 

The potential for achieving the expected benefits is high.  EA Technology has 
delivered a number of similar projects and has a robust project management 
system in place. 

As it is a collaborative project, there is a potential risk of limited contribution by 
other members of the UK team. 

Project progress 
[2011] 

The project commenced in January 2009 and consisted of an initial phase of 
confirming what would be required to deliver the project.  This led to the first two 
meetings for the National Representatives’ and the first meeting for the UK 
team being held.  These meetings brought the relevant teams together to agree 
the work programme.   

This project has now completed the final report being delivered in July 2010.  
This project has increased the knowledge that National Grid has on demand 
management and has now brought in Network Operation, Contracts and 
Management to see how the practical application of this research could be 
implemented. 

Collaborative 
partners  

British Gas New Energy, Department for Energy & Climate Change, EdF 
Energy, E.ON Engineering – Innovation team, Scottish & Southern Energy. 
International partners – France, India, Finland, Spain, Greece, Netherlands 

 

R&D provider 

 

EA Technology Ltd 
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Project title SALVO 

Project Engineer Gill Duffy 

Description of 
project 

SALVO is a project to research and develop innovative approaches to decision-
making in the management of mature assets.  SALVO aims to develop simple, 
flexible and practical guidance and tools for determining what to spend and when 
in the following common, yet critical, decision scenarios: 

 “As the equipment ages, what changes to inspection, condition monitoring, 
functional testing or planned maintenance should I make?” 

 “When is the optimal time to replace (or decommission) this equipment, and what 
are the cost/risk effects of delay?” 

“Should I replace with the same design (like-for-like), or with a technology 
change/upgrade/alternative design?” 

“Is it worth refurbishing the current equipment, to extend its life and, if so, by how 
much?” 

“Is a (non-cyclic) modification project worthwhile, and how does this compete for 
value/priority with timing-sensitive or cyclic tasks (e.g. maintenance/renewal)?” 

Programme integration level (only possible once the above questions can be 
answered individually and quantitatively): 

“What is the optimal (life cycle value) combination of capital investment and 
operating/maintenance expenditures for a particular class of assets (i.e. 
optimising the mix inspection, maintenance and renewal)?” 

“What is the optimal integrated work programme (multiple activities for multiple 
assets) over the next XX years (including coordination opportunities, resource 
smoothing etc)?” 

“Given a specific capital investment budget, which projects or tasks should I 
spend it on?” 

“What are the investment and maintenance budget/resource needs for my asset 
portfolio in the next XX years?” 

These questions all draw on certain common technical and process requirements.  
Such core components determine the SALVO R&D technical work elements 
(figure 1). 



 

 

 
 

47 

Problems &
opportunities

detection/ranking

Investigation
(cause/effects)

Select
feasible

solution(s)

Capital
investment/

project
evaluation

Replacement
timing

evaluation

Maintenance
interval

evaluation

Inspection
interval

evaluation

Function test
interval

evaluation

Asset
whole life

optimisation

Capital
investment
programme
optimisation

Maintenance
history data

Asset
Performance

data

Asset
condition

data

New ideas &
technology

opportunities

Changes in
requirements,
constraints,
resources

Integrated programme optimisation

Problem diagnosis & characterisation

Maintenance
& shutdown
programme 
optimisation

Discrete solution evaluation/optimisation
Option appraisal

& trade-off
optimisations

Process, data
& info needs,

interfaces

 

Figure 1 Technical module development requirements 

Expenditure for 
financial year 

Internal   £23k 

External  £25k 

Total      £48k 

Expenditure in 
previous (IFI) 
financial years 

Internal  £27k 

External £50k 

Total      £77k 

Total project costs 
(collaborative + 
external + 
[company]) 

£318k Projected 2010/11 
costs 

 

£60k 

Technological area 
and/or issue 
addressed by 
project  

See project description 

Project Benefits 
Rating 

Project 
Residual Risk 

Overall Project 
Score 

Type(s) of 
innovation involved 

Significant 

10 -2 12 

Expected benefits 
of project 

Asset management is a core capability for National Grid to enable optimal 
management of its assets across the whole life cycle.  National Grid is committed 
to enhancing its asset management capability.  It was the first utility in the world to 
gain BSI PAS 55 certification and is actively involved in developing asset 
management practice both internally and externally e.g. through leading and 
participation in Institute of Asset Management projects.  National Grid sponsored 
and was an active contributor to the MACRO project and has extensive 
experience both developing and using asset-management decision support tools. 

 

National Grid uses asset management to address current and future challenges 
and opportunities e.g. managing an ageing asset base, building a network to 
facilitate change in generation to meet climate change targets, maintaining the 
high reliability levels experienced by UK consumers, ensuring consumers get 
value for money whilst maintaining at acceptable levels, ensuring the network is 
sustainable in the future.  This asset management requires sophisticated 
analytical assessment and balancing of costs, risks and performance.  



 

 

 
 

48 

£5 Billion in capital investment is identified to be needed in electricity transmission 
infrastructure in the next 5 years.  Reasonable projections for the resultant 
savings in maintenance, capital investment (avoidance/ deferral/ improved value) 
and earlier adoption of high performance technologies represents a net estimated 
benefit to National Grid of £20-100 Million. 

This project will contribute an estimated 10% of the potential benefits. 

Expected timescale 
of project 

4 years Duration of benefit 
once achieved 

5 Years 

Probability of 
success 

60% Project NPV = (PV 
benefits – PV 
costs) x probability 
of success 

£636k 

Potential for 
achieving expected 
benefits 

The confidence level in achieving these benefits is rising as the project 
progresses – the first trials by collaborators during August-Sept 2010 (of the 
prototype tool for asset renewal timing decisions) yielded consistent significant 
financial and risk reduction benefits (each case >£700k annualised impact) 
compared to existing strategies/practices.  Corresponding prototypes for 
evaluating enhanced maintenance, condition monitoring and plant modifications 
(to extend asset life) are expected to identify further benefit areas later this year. 

Project progress  

[Year to End of 
March 2011] 

The overall process mapping workstream has identified 5 primary steps in the 
management of aging assets, within which more detailed requirements and 
guidance have now been scoped and developed for most of the first three steps 
(problem definition and prioritisation, identification of feasible solutions, evaluation 
of discrete feasible solutions).  These processes have been documented, and 
illustrations of their component sup-steps are currently being collated for inclusion 
in the final guidance materials.   

Step 3 (evaluation of discrete options and their optimal timing/intervals) has 
several branches, of which the primary one (evaluating asset renewal timing, in 
both like-for-like and obsolescence/upgrade versions) was converted into 
software prototypes and field trialled in Aug-Sept 2010.  Enhanced functionality 
and graphical user interface for this ‘module’ are being specified currently. 

Other branches of Step 3 (e.g. enhanced maintenance, condition monitoring and 
‘step-change’ projects) are in the functional requirements specification stage, with 
a view to issuing prototypes for field trials later this summer. 

The working practices of the project have evolved into a backbone of regular 
intensive 2- or 3-day workshops during which working group participants address 
key areas for best practice identification, debate and definition.  Technical 
requirements specifications, case examples and niche developments are then 
placed as actions on sub-groups or other nominated working parties.  This seems 
to be retaining momentum well and all participants have commented on the useful 
and in-depth contributions of the individuals involved. 
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A milestone workshop occurred in November 2010, at which overall progress was 
reviewed, field trial results discussed, and ‘associate’ organisations to the project 
were invited to comment and contribute.  This was deemed very successful and 
good feedback was received by the project managers.  The next such milestone 
workshop is scheduled for November 2011. 

Collaborative 
partners  

Scottish Water, London Underground, Scottish Power, SASOL, Forbo Flooring 
Systems  

R&D provider The Woodhouse Partnership Ltd, The University of Cambridge 
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Project title Optimising the operation of an integrated DC link within an AC system 

Project Engineer Alex Carter 

Description of project Determination of how the system should be operated with the introduction of 
offshore HVDC lines to maximise the exploitation of renewable energy 
resources, especially wind and the types and amounts of reserve that are likely 
to be required. 

Expenditure for 
financial year 

Internal  £4K 

External £21K 

Total      £25K 

Expenditure in 
previous (IFI) 
financial years 

Internal  £0 

External £0 

Total      £0 

Total project costs 
(collaborative + 
external + [company]) 

£121K Projected 2010/11 
costs for national 
Grid 

£14 K 

Technological area 
and/or issue 
addressed by project  

National Grid has a good history of operating the AC network and also utilising 
a DC link as an interconnector. However National Grid has no experience in 
operating an integrated HVDC link in conjunction with the AC system. 

The first intra-network HVDC line is planned to be operational from 2013 to 
accommodate the significant increase in wind generation being installed in 
Scotland. It will be the responsibility of the System Operator to determine the 
optimum power flow on this link by balancing the risks and flows between the 
parallel AC and DC networks. 

Project Benefits 
Rating 

Project Residual 
Risk 

Overall Project 
Score 

Type(s) of innovation 
involved 

Radical 

10 0 10 

Expected benefits of 
project 

Ensure that the correct balance between security and efficiency is maintained 
by advising on the best strategies to approach setting the flow between the 
parallel AC and DC networks. This will need to factor in transmission losses 
and stability for a range of different operating conditions and understand the 
consequences that this will have. 

The main benefits to the system will be a study enabling the understanding of: 

• The risks associated with different levels of power dispatched pre-fault 
on the HVDC link that is being operated in parallel with the AC 

• Advice on suitable levels of dispatch on a parallel HVDC link. 

The dimensions of risk are expected to include: risk of overloads on the AC 
system; and risk of rotor angle instability on the exporting side of a boundary 
following a fault outage. The scope for different levels of inter-trip to manage 
the above risks will also be explored alongside the need that remains for pre-
fault constraint of generation under different circumstances. Finally, through 
liaison with CIGRE JWG C4.B4.C1.604 (“Embedded HVDC”), knowledge will 
be sought on emerging international practice in respect of the above and on 
fault rates on the HVDC side. 

 

This study will be critical into maximising the exploitation of the renewable 
energy resources in the North of Britain.  As well as ensuring minimisation of 
balancing services costs associated with operating the system. 

 

Analysis was carried out in July 2010 to assess the Interim Connect and 
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Manage over the period 2010/11 to 2014/15 and shows that the boundary 
between England and Scotland will remain congested and constraint costs are 
likely to be approximately £75k/MW/year. The cost of the project is therefore 
equivalent to the constraint cost of reducing pre-fault flows by 2MW for one 
year. 

Expected timescale 
of project 

4 year Duration of benefit 
once achieved 

5 years 

Probability of 
success 

60% Project NPV = (PV 
benefits – PV costs) 
x probability of 
success 

£187k 

Potential for 
achieving expected 
benefits 

An encrypted version of the GB network model is now available and 
Strathclyde has the correct level of knowledge so this project has a high 
likelihood of success. 

Project progress  

[Year to End of March 
2011] 

A PhD student has been appointed from the University of Strathclyde’s 
partnership scheme with North China Electric University. Co-funding has been 
obtained from the Scottish Energy Technology Partnership (ETP). 

Objectives in the first year have concerned attendance of Master’s level 
classes to improve background knowledge and conducting analyses of power 
system steady state security. A recently developed 29-node representation of 
the GB main interconnected transmission system has been used to allow key 
phenomena to be studied without overwhelming the investigator with detail and 
data issues.  

The ENSG 2020 “Gone Green” scenario has been studied including the west 
coast ‘bootstrap’. A number of different operational scenarios have been 
studied including variation of demand, level of wind power available and 
whether Torness is available to run or not. The aim has been to discover how 
much power should be dispatched on the HVDC link in such a way for the 
system to be secure against either loss of one pole of the link or a double 
circuit on the AC side. Two cases have been explored relying solely on pre-
fault actions where necessary, or assuming that post-fault actions could be 
implemented sufficiently quickly. 

A report of the steady state analyses is being prepared with a view to sharing it 
with National Grid in September 2011. The plan for year 2 will then be 
expanded and is expected to include stability issues. 

Collaborative 
partners  

STP 

R&D provider University of Strathclyde 
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Project title Communication of system wide quantities using emerging 
communications technologies to enhance the stability of distributed 
generation during grid system disturbances. 

(Satellite based LOM) 

Project Engineer Dr William Hung 

Description of project The unreliability and instability of Loss of Mains (LoM) protection is a well know 
problem. This protection is designed for avoiding any embedded station being 
islanded but is triggered unnecessarily by disconnection of generation under 
large system disturbances conditions (eg large loss of infeed or generation). 
This could be a risk to system security. As the volume of embedded plant has 
increased to over 6 GW and is expected to continue to increase, the risk on the 
system will become unmanageable. There is therefore an urgent need to 
improve the reliability performance of this type of protection. The proposed 
project is to explore an alternative way of using up-to-date technology for LoM 
protection without jeopardising system security. 

Expenditure for 
financial year 

Internal  £3k 

External £14k 

Total      £17k 

Expenditure in 
previous (IFI) 
financial years 

Internal  £0 

External £0 

Total      £0 

Total project costs 
(collaborative + 
external + [company]) 

£77k Projected 2011/12 
costs for national 
Grid 

£6k 

Technological area 
and/or issue 
addressed by project  

This research project will investigate the potential for further improvement of 
the stability of DG connections during system-wide events by taking advantage 
of existing and emerging communication technologies such as satellite and/or 
internet. Satellite communications may form a particularly viable solution for 
remote and offshore locations (where many wind farms are, or will be, 
installed); whereas internet could preferably be used in urban areas. Satellite 
communications have not been widely applied in protection systems due to the 
assumed limited (or rather unknown) reliability of this medium. Therefore, it is 
believed that in addition to the development of novel LoM methods, the key to 
the successful deployment of such technologies in the protection domain is the 
rigorous assessment of the reliability of the communication media.  

 

Project Benefits 
Rating 

Project Residual 
Risk 

Overall Project 
Score 

Type(s) of innovation 
involved 

Tech Transfer 

 

7 -6 13 

Expected benefits of 
project 

The key benefits of the project can be summarised as follows: 

• for power system utilities – by using new improved protection methods 
the network operators will be able to accommodate more energy 
sources; 

• for protection manufacturers – by adopting new protection methods 
and algorithms the manufacturers will be able to develop and offer new 
products meeting the demands of the future active power systems; 

• for distributed generation developers – by using new protection 
solutions the developers will be able to connect new energy sources at 
lower connection costs. 

• for the engineering standardisation and regulatory bodies – the 
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outcomes of this research should lead to major changes and 
standardisation in the fault performance of the distributed energy 
sources. 

• for the society – improved level of stability and security of electrical 
power delivery. 

Expected timescale 
of project 

4 years Duration of benefit 
once achieved 

5 years 

Probability of 
success 

60% Project NPV = (PV 
benefits – PV costs) 
x probability of 
success 

-£18k 

Potential for 
achieving expected 
benefits 

The University of Strathclyde has already undertaken a substantial body of 
investigative research into the assessment of the existing LoM protection 
methods and the development of new algorithms. Moreover, the University has 
a state of the art real time simulation facility (RTDS) for hardware testing under 
realistic system conditions. The above factors greatly increase the potential for 
meaningful practically applicable results. 

Project progress  

 

[Year to End of March 
2011] 

The project progress has been delayed because of difficulties of recruiting the 
appropriate PhD student for the project. This problem has now been resolved. 
NGET is also pleased that SSE is also participating in the project. The first 
project meeting was held on 24 June and there were very constructive 
discussions on the subject, mainly the impact of small embedded generation 
because of the inconsistent ROCOF operation on transmission system 
performance. 

The project is to focus on using other means (ie Satellite based) of LoM 
protection rather than relying solely on independent ROCOF relay operation.  

Collaborative 
partners  

EPRC Doctoral Training Grant £46k 

The project partners are University of Strathclyde, National Grid, Scottish and 
Southern, AREVA.                                 

R&D provider Strathclyde University 
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Project title EU-Real Smart 

Project Engineer Alex Carter 

Description of 
project 

The overall scientific and technical aim of the EU REAL-SMART project is to 
take a pivotal role in the creation of technology for intelligent operation of wide-
area AC transmission grids using emerging measurement technologies. The 
project integrates in-depth understanding of the operational issues with analysis 
of state-of-the-art measurements and first-principles physical knowledge to 
invent and develop tools that will be deployed in the field in case studies with 
the transmission operator partner. 

Expenditure for 
financial year 

Internal  £3k 

External £0 

Total      £3k 

Expenditure in 
previous (IFI) financial 
years 

Internal  £0 

External £0 

Total      £0 

Total project costs 
(collaborative + 
external + 
[company]) 

£1,090k Projected 2010/11 
costs for national Grid 

£3k 

Technological area 
and/or issue 
addressed by project  

Electrical transmission and distribution in Europe is entering a period of 
significant renewal and technological change. Transmission grids such as the 
Nordic system, the National Grid in the UK and the UCTE system in continental 
Europe are accepting power injections from new and variable energy sources, 
especially from large-scale wind power generators, and will therefore face major 
future challenges to operate and control. Policy documents from the US DOE, 
EU, UCTE and the National Grid have highlighted (i) the need for improved grid 
infrastructure and advanced control technologies and (ii) the importance of 
emerging measurement-based technology in enhancing the stability and 
security of AC transmission in an increasingly complex operating environment. 

Changes happening in the process industries also have an impact on electrical 
supply. Sustainability, efficiency and maintenance considerations are leading to 
electric motors taking over from traditional gas turbine drivers for rotating 
machinery such as compressors. Understanding and managing the interface 
between these large and variable electrical loads and the transmission grid is of 
great interest for smooth operation of the transmission system. 

Trained, experienced and knowledgeable people are required to achieve the 
ambitious agenda for operation of the European electricity supply networks in 
the future. Meeting the target will require collaboration between academia and 
industry and people able to do creative research who are also trained to convert 
the technologies into industrial systems and products. The changed operating, 
business and technical environment in the industry requires new ways to 
monitor and manage system stability security and reliability. This proposal 
presents a balanced programme of applied R&D to address measurement-
based monitoring and management of the high voltage transmission grid. 

Project Benefits 
Rating 

Project Residual 
Risk 

Overall Project 
Score 

Type(s) of innovation 
involved 

Significant 

 

7 -10 17 

Expected benefits of 
project 

For very low cost National Grid can have exposure to the latest thinking 
surrounding how infrastructure should be best reinforced and advances in 
control technology, as well as being kept informed on the important area of 
measurement-based technology enabling stability and security of the AC 
transmission system in an increasingly complex environment. 
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The three research themes of this project align with National Grid’s views and 
concerns of the future.  Providing knowledge in these areas can assist in 
avoiding misinformed investments resulting in stranded assets.  Also ensuring 
the correct measures are taken to enable the continuing security of supply that 
the UK currently experiences. 

Expected timescale 
of project 

4 years Duration of benefit 
once achieved 

5 Years 

Probability of 
success 

60% Project NPV = (PV 
benefits – PV costs) x 
probability of success 

-9k 

Potential for 
achieving expected 
benefits 

Due to the large numbers of partners in the consortium and the quality of the 
academic institutes involved, there is a high likelihood of success for this project 
which will then need implementing in partner states. 

Project progress  

[Year to End of 
March 2011] 

Two international academic researchers have spent 3-month placements at the 
ENCC. Jukka Turunen from Aalto University, Helsinki, Finland was in 
Wokingham from January to March and was applying the power-system 
oscillation analysis techniques he had developed as part of his PhD on both 
historic and current National Grid data. During the placement, he briefly 
returned to Finland and successfully completed his viva exam and was awarded 
his PhD. 

Prof Herwig Renner from Technical University Graz, Austria was in Wokingham 
from February to April and was investigating the modelling of oscillation and 
stability phenomena on the National Grid system. He developed a simplified 
power system model based on Seven Year Statement and other publically 
available data and compared this with the full National Grid model. 

Having both secondees on site proved invaluable in being able to compare 
historic and current measurements and the corresponding analysis techniques 
with modelled results. It also gave a useful overview of the real system issues 
and has provided a very useful start to the project. 

Collaborative 
partners  

European wide collaboration (FP7) 

R&D provider Imperial 

 



 

 

 
 

56 

 

Project title Reducing Climate Change Impacts 

Project Engineer Shanti Majithia 

Description of project In order to meet some of our Strategic Goals set out in our R & D strategy in 
Jan 2007, this project on Climate Change tries to address various adaptation 
and mitigation issues within National Grid. 

Expenditure for 
financial year 

Internal  £4k 

External £11k 

Total      £15k 

Expenditure in 
previous (IFI) 
financial years 

Internal  £20k 

External £47k 

Total      £67k 

Total project costs 
(collaborative + 
external + [company]) 

£132k Projected 2011/12 
costs for national 
Grid 

£ 0k 

Technological area 
and/or issue 
addressed by project  

Given the potentially increasing levels of extreme weather events, this project 
addresses issues related to National Grid’s adaptation to climate change 
strategy.    

Project Benefits 
Rating 

Project Residual 
Risk 

Overall Project 
Score 

Type(s) of innovation 
involved 

Incremental  

6 -4 10 

Expected benefits of 
project 

In order to mitigate the Climate related risk on our transmission System this 
work will provide information on possible extreme weather events. Recent 
extreme events have lead to loss of supply to customers which has a cost 
associated with reputation and security of supply – full costs not known at this 
time however potential avoidance of extreme event costs will give financial 
benefit in addition to the strategic objective of addressing climate change issue, 
indeed the Executive identified that the costs cannot be underestimated.   

Expected timescale 
of project 

2 years Duration of benefit 
once achieved 

Ongoing 

Probability of 
success 

70% Project NPV = (PV 
benefits – PV costs) 
x probability of 
success 

-£97k 

Potential for 
achieving expected 
benefits 

Good. This projects results will be communicated via four lunch time 
presentations. 

Project progress  

[Year to End of March 
2011] 

The project has completed and the reports on baseline climate hazards have 
been issued. 

The analysis of the data showed a correlation between faults and weather 
conditions.  This was then used to calculate the potential increase in faults that 
may occur with climate change using UKCP09 data.  (Lightning is not included 
in UKCP09 data so instead convective available potential energy (CAPE) was 
used as a proxy for the number of lightning strikes per day.)  The report was 
accompanied with a web page that allowed users to use a raphical information 
system to view the results and show any areas of concern. 

The difficulties in the statistical analysis (Bootstrapping) of the weather types 
and the work itself have merited a paper that has been produced by the Met 
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Office. This work has provided a useful independent review of the faults and 
scientifically proved that the fault types occurring on the grid can be directly 
linked to the different types of weather.  Most weather related faults on the 
transmission system are related to wind, snow and lightning. 

Collaborative 
partners  

ENA 

R&D provider Met Office 
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Project title SuperGUM 

Project Engineer Derek Young/Janet Coley 

Description of 
project 

Development of a prototype software analysis program by the University of 
Strathclyde for probabilistic generation planning, for eventual use by National 
Grid. 

Expenditure for 
financial year 

Internal  £3k 

External £-7k 

Total      £-4k 

Expenditure in 
previous (IFI) 
financial years 

Internal  £5k 

External £20k 

Total      £25k 

Total project costs 
(collaborative + 
external + 
[company]) 

 

£27k 

Projected [next year] 
costs for [company] 

 

£6k 

Technological area 
and/or issue 
addressed by project  

Probabilistic generation analysis and network planning. 

Project Benefits 
Rating 

Project 
Residual Risk 

Overall Project 
Score 

Type(s) of innovation 
involved 

Significant 

6 -9 15 

Expected benefits of 
project 

The software developed will be available as a prototype analysis tool, and 
National Grid will benefit form the knowledge gained during the project. The 
software could be developed into a production tool used in gaining a greater 
understanding of the generation market, and in the assessment of risk in load-
related capital planning. 

Expected timescale 
of project 

4 years Duration of benefit 
once achieved:  

could be used over a 5-year 
regulatory review period and 
possibly beyond 

Probability of 
success 

60% Project NPV = (PV 
benefits – PV costs) 
x probability of 
success 

£7k 

Potential for 
achieving expected 
benefits 

The transmission network is currently planned using deterministic security 
standards. However, a major issue in identifying appropriate load-related capital 
expenditure is the uncertain nature of the ‘generation background’ against 
which those standards are applied. That is, a transmission planner cannot 
currently know the complete future mix of generation capacities and locations 
with any certainty. This is a particular problem when lead times for major 
transmission reinforcements are very long and when different future scenarios 
would, if known with certainty, lead to different transmission development plans 
and different levels of load-related Capex and consequential levels of cost of 
operating the system.  

The intention behind this work is to have a more objective and testable basis on 
which to develop future generation scenarios in order that (a) transmission 
development plans can be articulated that are more robust against uncertainty 
and (b) greater confidence in those plans can be given to stakeholders.  
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Project progress  

 

[Year to End of 
March 2011] 

In late 2008, the student attended a weeklong discussion and workshop period 
with interested parties at the National Grid Warwick office, and produced a 
technical progress report concentrating on an analysis of GUM and 
methodological issues in the modelling literature. 

In late 2009, an interim report was produced, followed up by a presentation and 
discussion in early 2010 at National Grid Warwick. A novel software framework 
has been written which combines elements of agent-based and workflow 
systems (reusing robust, open source software). This allows GUM to be 
repositioned using agent-based technology, and separates out the core 
business processes (market protocols and the connection application process) 
from agent behavioural modelling. This provides an advanced modelling 
process including visual development and data standardisation / visualisation. 

A set of models (using this framework) have been designed which take an 
analogue of the GUM model and explore the effects of adding various 'more 
realistic' structural features. In particular, and in contrast to many such models 
in the literature, it looks at sensitivities to various degrees of heterogeneity 
amongst market participant behaviour (which an agent-based approach 
facilitates). This should provide useful insight into the types of model changes, 
which National Grid might consider, their potential effects on system dynamics, 
and where real-world variability in behaviour is important. 

As of March 2011 when funding for the work concluded, a final framework has 
been developed which allows a number of different approaches to modelling of 
generation markets to be represented. In so doing, one of its major benefits is 
to highlight key design issues for a modelling tool and force a tool’s users and 
designers to identify the critical phenomena to be modelled and the data on 
which they depend. 

Example of representation of the process by which a generator applies for and 
obtains a connection to the transmission system and, by so doing, becomes 
part of the generation background. 

 

 

As noted above, by being based on workflow models, actual business 
processes can be represented; this includes those that exist across multiple 
companies. One of the key issues in design of the framework was resolution of 
how different time dependencies within the business processes can be 
represented. In addition, for the purposes of testing the model, manual 
interventions can be carried out to explore different model states and responses 
or, alternatively, to allow particular business processes that are not conducive 
to software representation to be modelled by manual intervention. 

A high-level view of the kind of process that can be represented in the 
framework, and which has been implemented as part of the demonstration 
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prototype, is show in the figure below. 

Collaborative 
partners  

Possible interest was expressed  by SPT (Scottish Power Transmission), but no 
formal agreement was reached 

R&D provider University of Strathclyde: Keith Bell (Senior Lecturer, Institute for Energy and 
Environment, Department of Electronic and Electrical Engineering), Stuart 
Rossiter (Research Student) 
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Project title Supergen 1 – FlexNet 

Project Engineer Ray Zhang 

Description of 
project 

FlexNet is a four year (2007-11) programme focused on seven themes.  Of these 
“Intermittency”, “System Operation” and “Multi-terminal High Voltage Direct 
Current (HVDC) Systems” are particular challenges for the UK Government’s 
2020 Low Carbon Transition Plan (LCTP).  The other themes: “A More Electric 
Future”, “Visions and Scenario”, “Customer Participation” and “Active 
Distribution” are topics that prepare for the 2030 onwards agenda.  The 
uncertainty of the future means that flexibility continues to be an important 
objective.  The programme aims, where possible, to showcase its insights and 
achievements so that these can be taken up by the commercial sector, 
government and regulators for practical implementation.  

Expenditure for 
financial year 

Internal  £7k 

External £25k 

Total      £32k 

Expenditure in 
previous (IFI) 
financial years 

Internal  £16k 

External £75k 

Total      £91k 

Total project costs 
(collaborative + 
external + 
[company]) 

£625k Projected [next 
year] costs for 
[company] 

£3k 

Technological area 
and/or issue 
addressed by 
project  

The issues being addressed by the work-streams and reported under each of the 
themes are as follows: 

• Intermittency - The 40% renewable electricity target will be met mainly by wind 
energy (intermittent generation). This creates challenges for system balancing 
and security of supply. This research aims to ensure that cost-effective 
integration of wind generation is achieved. 

• System Operation - FlexNet’s planned research in system operation is proving 
well-aligned with the Electricity Networks Strategy Group (ENSG) and Energy 
Technologies Institute (ETI) reports. The work is focused on building a modelling 
and analysis base for testing increased boundary transfer limits and of corrective 
post-fault control.  The planning of strategic network investment beyond 2020 is 
key topics currently being pursued. 

• Multi-Terminal HVDC Systems - This theme re-focuses on power systems 
electronics in response to the growing development of offshore renewable 
generation exploitation of which will require a departure from conventional AC-
based transmission.  To date, HVDC deployment has been limited to point-to-
point connections; realisation of DC networks will require significant research into 
both control methodologies and underlying hardware.  

• More Electric Futures - The dramatic cuts in CO2 in the electricity sector require 
radical changes. This work investigates these changes and examines the 
implications for the energy networks through five projects. The first project 
addresses the demand placed on the electricity system in GB from the increased 
use of electricity as the vector for energy transmission and distribution. The 
second project looks at how significantly increased electricity use should be 
accommodated within the GB power system.   

• Visions and Scenarios - The work carried out for FlexNet supported the ‘Long-
term Electricity Network Scenarios (LENS) project. 

• Customer Participation - The emphasis here is on the end use of electricity in 
economic, technical and human sense.  Work is being undertaken on engaging 
consumers about the necessary transition towards the 2020 objectives. This is 
focused on understanding how people view the electricity supply system and 
their flexibility in interfacing with it.   



 

 

 
 

62 

• Active Distribution – The work examines the distribution planning problem as a 
stochastic maths programme.  Work is underway on control room interfaces for 
active networks, and on an active power distribution network and data acquisition 
simulator/emulator. 

Project Benefits 
Rating 

Project 
Residual Risk 

Overall 
Project Score 

Type(s) of 
innovation involved 

Radical 

13 2 11 

Expected benefits 
of project 

Each area of FlexNet’s work is delivering benefits and expected to deliver further 
benefits as highlighted below:- 

• System Operation – Insights gained will be showcased through grid models, 
flexible protection and control platforms including WAMS, and demand-side data 
sets.   

• Multi-Terminal HVDC Systems - Control system designs for power flow 
regulation in MT-HVDC have been established and tested in standard power 
system simulators.  

• More Electric Futures –This theme has already contributed evidence for policy 
development through the LENS project.  

• Visions and Scenarios – The outputs of the LENS scenario have been used in 
various responses for the fifth Distribution Price Control Review; the OFGEM 
‘RPI-X@20’ project; National Grid in their ‘Operating the Electricity Transmission 
Networks in 2020’ consultation (June 2009); the Gone Green scenario (Nov 
2008); as well as a joint Electricity Networks Futures Group (ENFG) and Energy 
Networks Association (ENA) project which is seeking to understand the long term 
(2020-2030) requirements for distribution systems.  

• Customer Participation – To achieve the envisaged decarbonisation of the 
electricity sector beyond 2030, most of the demand for electricity will need to be 
able to align itself with the availability of carbon-free generation, The work 
programme across FlexNet is developing some of the key enablers for this 
objective including self-regulating buildings, electricity market designs catering 
for flexible demand. 

Expected timescale 
of project 

4 years Duration of benefit 
once achieved 

5 Years 

Probability of 
success 

25% Project NPV = (PV 
benefits – PV costs) x 
probability of success 

£77k 

Potential for 
achieving expected 
benefits 

The new concepts, techniques, prototypes and demonstrations will inform 
network operators of the options that could become available in the next few 
years. FlexNet will produce a number of PhD graduates who will be familiar with 
issues associated with distribution and transmission networks.    

Project progress  

[Year to End of 
March 2011] 

The project has completed 3.5 years of its 4 year programme and most work has 
reached the stage of producing conclusions on the basis of its simulation models 
and experimental tests. The training programme is also nearly complete with a 
series of discipline crossing training courses and industrial placements 
undertaken for researchers. 

The progress reported here concentrates on tasks completed in the last 12 
months. 

• Intermittency – New techniques and algorithms have been used to assess the 
ability of demand side flexibility and interconnections to. 

(i) “Firm up” intermittent renewables, hence increasing the capacity 
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value of intermittent generation and reduce backup requirements 

(ii) To reduce the need for operating reserves and flexible generation, 
enhancing the operating efficiency of the system and the ability of 
the system to absorb intermittent generation. An approach to bidding 
wind power in a competitive market has been produced. 

• System Operation – a WAMS demonstration platform has been completed and 
proposals made for the use of corrective control options. The operation of a 
system with series compensation and HVDC bootstraps has been modelled and 
the provision of damping in such as system investigated. An adaptive auto-re-
closer scheme has been demonstrated. 

• Multi-Terminal HVDC Systems – Laboratory demonstration of multi-terminal 
operation has been achieved. Detailed control schemes have been established 
for multi-module power converters and tools produced for assessing the power 
loss of these structures. Some specific proposals have been made for control 
and operation through AC- and DC-side faults.  

• Customer Participation – Demonstrations have been completed on frequency 
responsive home appliances and of building energy management systems that 
respond to local network conditions and energy prices. A study of deliberative 
engagement taking an example at Nailsea on the reinforcement route from 
Hinckley Point has led to conclusions on how a community perceives the 
information present on route options. 

• More Electric Future – The linkages between electricity and heat distribution 
systems have been explored using a case study in Ebbw Vale.  

• Active Distribution Networks – Experimental evidence has now been provided 
that the hybrid tap changer extends contact life into millions of operations and a 
fast switch actuator has been prototyped. The soft-open-point has been 
assessed in simulations of 12 example networks and the control system is also 
being tested in a laboratory example. Fault current analysis of inverter distributed 
generation (DG) has been experimentally verified and a procedure for calculating 
such fault currents established. Existing protection policies have been tested 
against a large number DG scenarios to established where and when such 
policies may need revision. Proposals have been made for adaptive protection 
regimes. A demonstration of a control room display incorporating active 
management schemes has been completed.  

Collaborative 
partners  

EPSRC and the following industrialists: 

CE Electric UK, Central Networks, UK Power Networks. Scottish Power Energy 
Networks and Scottish and Southern Energy. 

R&D provider University of Bath, University of Birmingham, University of Cambridge,  

Cardiff University, University of Durham, University of Edinburgh,  

University of Exeter, University of Manchester, University of Strathclyde and 
Imperial College London. 
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Project title Harmonic data gathering project organised by ENA 

Project Engineer Forooz Ghassemi 

Description of project Organised by the Energy Network Association (ENA), National Grid is in 
collaboration with DNO companies to conduct a system wide survey on the 
existing harmonic distortion on the electricity supply system in the U.K. The 
survey has been conducted since February 2005.  

The key objectives of this survey are as follows:  
Increasing Flexibility  

• To determine the harmonic voltage levels during the defined 5 years,   

• To obtain the trend of harmonic distortion for the period of survey,   

• To investigate any correlation in harmonic voltages on transmission 
and distribution systems at the measured sites, and   

• Verify whether or not the existing control measures are sufficient to 
meet the needs of a society with an ever appetites for equipment that 
generates harmonic current.  

 

Expenditure for 
financial year 

Internal  £3k 

External £1k 

Total      £4k 

Expenditure in 
previous financial 
years 

Internal  £16k 

External £1k 

Total      £17k 

Total project costs 
(collaborative + 
external + [company]) 

£21k Projected 2010/11 
costs 

£0 

Technological area 
and/or issue 
addressed by project  

To have the harmonic voltage measurements at 6 National Grid substations.   

To determine the trend of the harmonic voltage levels over the period of 5 
years of survey.   

To work with DNO companies and ENA on the issue of harmonic variations, 
harmonic flow and excessive harmonic voltage levels. in G514- 1.  

Project Benefits 
Rating 

Project Residual 
Risk 

Overall Project 
Score 

Type(s) of innovation 
involved 

Tech Transfer 

9 0 9 

Expected benefits of 
project 

With uncertainties of background system harmonic voltages, larger design 
margin of harmonic equipment will be required and the additional cost could 
add up to a million pounds in an EHV project. For example, it had caused an 
addition of 3 million pounds on HVDC filters on the Chandrapur (Indian) project 
as the harmonic problem at the design stage of the project was not identified. A 
similar cost impact could apply in the UK. If a life time of a 240MVA 40011 
32kV transformer is reduced to 30 years from 40 years due to the electrical 
overstress of harmonics, it is equivalent to £750,000 approximately at today's 
price. 

Expected timescale 
of project 

3 years Duration of benefit 
once achieved 

5 Years 

Probability of 
success 

60% Project NPV = (PV 
benefits – PV costs) x 
probability of success 

£64k 
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Potential for 
achieving expected 
benefits 

UK harmonic level profile for the last few years for EHV, HV and MV voltage 
levels has been established. Reports have been prepared for presentation to 
Engineering Committee.   

Project progress 

March 2011 

Measurements up to winter 2009/2010 have been obtained. 

Coordination with some DNOs was completed to do measurements at selected 
sites.  

No measurements were able to be completed during the 2010/11 winter 
season. 

Collaborative 
partners  

DNOs, ENA, Harmonic Group (ENA) 

R&D provider DNOs, ENA, Harmonic Group (ENA) 
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Project title Voltage transducers for power quality measurements 

Project Engineer Forooz Ghassemi    

Description of 
project 

The aims of this proposal are : 

• To devise test procedures for determining HV and EHV voltage transducer 
frequency response. This can be incorporated in international standards 
such as IEC. 

• To determine frequency characteristic of typical wound voltage 
transformers (WVTs) in National Grid’s network and hence assess the 
accuracy of the historical data. 

• To examine the frequency response of residual current devices (RCDs). 

• To examine the use of capacitor voltage transformers (CVTs) for power 
quality measurements by considering the use of a new add-on device, the 
PQSensor, to a standard CVT. The device response and capability would 
be examined. 

Key Deliverables 

1:Specification for source, test rig and procedure (4 Months) 

2:Design, build and commissioning of source and test  (12 months) 

3:Specification for reference measurement system.(1 months) 

4:Design and build of reference measurement system (4 months) 

5:Review and update of test specification  (2 months) 

6:Review and update of specification for reference measurement system (1 
months) 

7:Test on different type of Wound VTs (2 months) 

8:Test on different type of RCDs (2 months) 

9:Test on CVTs with new sensors.(2 months) 

10: Analysis of data and reporting (6 months) 

Expenditure for 
financial year 

Internal  £11k 

External £11k 

Total      £22k 

Expenditure in 
previous (IFI) 
financial years 

Internal  £11k 

External £175k 

Total      £186k 

Total project costs 
(collaborative + 
external + 
[company]) 

£208k Projected 
2010/11 costs 

£0 

Technological area 
and/or issue 
addressed by 
project  

To assess the suitability and accuracy of voltage transducers for power quality and 
wide band measurement. 

 

 

 

Project 
Benefits Rating 

Project 
Residual Risk 

Overall 
Project Score 

Type(s) of 
innovation 
involved 

Incremental  

6 -1 7 
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Expected benefits 
of project 

This project will result in a saving of almost £500k considering just wind farm 
connections and HVDC schemes currently planned.  

1. WVTs have been used by National Grid as the acceptable transducer for power 
quality measurements. This is because of their wider bandwidth. 

2. Power quality measurements are limited to sites with WVTs, which are not 
available at all substations because of their costs and size.  

3. When considered for substations, due to their costs and space requirements, 
only a single unit has been used, usually connected to the yellow phase.  

4. Accuracy of measurements taken so far and are being taken through WVTs are 
not known. Recent comparative measurements have indicated discrepancies in 
measurements even at low order harmonics.  

5. WVTs are expensive and not being used as standard transducers in schemes. 
They have to be specified on a project by project basis. 

6. RCDs are required to be specified in schemes related to tractions, HVDC and 
other polluting loads. 

7. RCDs must be used in parallel with CVTs, nearly doubling the cost of the 
installation. 

8. WVTs and RCDs require additional substation space. 

9. Instead of WVTs or RCDs, CVTs together with new accessory, the PQSensor, 
can be used in power quality monitoring, which in turn will reduce cost and save 
space, outage time and civil work. 

10. PQSensor can be ordered with the new CVTs or retrofitted to the in-service 
units.  

11. CVT and its add-on also make it possible to readily carry out power quality 
monitoring at all substations as CVTs are present in all EHV substations.  

12. IEC standards for instrument transformers need be reviewed so far as power 
quality requirements are concerned. There is no reference to power quality 
measurement capability in present IEC standards.  

13. At National Grid, a new policy paper for monitoring requirement is in 
preparation. The project's results will help to incorporate voltage transducer 
requirements into the paper. 

14. The project outcome shows that the cost of voltage transducers can be 
reduced in schemes.  

Expected 
timescale of 
project 

3 years    Duration of benefit 
once achieved 

Permanent 

Probability of 
success 

60% Project NPV = (PV 
benefits – PV costs) 
x probability of 
success 

-£47k 

Potential for 
achieving 
expected benefits 

The project is slightly behind due to the delay in finding a suitable reference 
transducer and difficulty in design of isolation between high voltage 50Hz and 
harmonic sources.  The project is getting back on track. 
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Project progress  

[Year to End of 
March 2011] 

 A transducer to be used as reference measurement transducer has been located 
and procured. This is a device suitable for use in a laboratory with a controlled 
environment and will be used for voltages up to 240kV. 

Voltage and current injection methods are being both considered to superimpose 
harmonic signals on to the high 50Hz voltage to be applied on the device under 
test. 

Theoretical models for each element within the source has been determined that 
will be used to design and test the high voltage multi-frequency source. 

Collaborative 
partners  

 

R&D provider Areva, ABB , University of Manchester  
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Project title Improve reliability of future system by enabling integration of new 
generation 

Project Engineer Tarek  Ismail 

Description of project Collaboration projects with developers and manufacturers of power plant to 
ensure that design of new low carbon plant (CCGT,Clean Coal, Nuclear) 
meets minimum technical system requirements. 

Expenditure for 
financial year 

Internal  £7K 

External £0k 

Total      £7k 

Expenditure in 
previous (IFI) 
financial years 

Internal  £39K 

External £0k 

Total      £39k 

Total project costs 
(collaborative + 
external + [company]) 

£145K Projected [next 
year] costs for 
[company] 

£50k 

Technological area 
and/or issue addressed 
by project  

Frequency response capability, load rejection and operation under power 
system split situation, Black start capability, reactive capability and control 
system stability. 

Project Benefits 
Rating 

Project 
Residual Risk 

Overall 
Project Score 

Type(s) of innovation 
involved 

Incremental  

11 -5 16 

Expected benefits of 
project 

Provide NGET with a timely and efficient means of understanding new 
generation technology limitation.  

Reduce the impact of the new generation technology on power system 
security by the timely development necessary codes and standards evolved 
from technical knowledge. 

Expected timescale of 
project 

6 Years  Duration of benefit 
once achieved 

For the life time of the 
generation plant which 
is between 20 and 60 
Years 

Probability of success 70% Project NPV = (PV 
benefits – PV costs) x 
probability of success 

£28k 

Potential for achieving 
expected benefits 

Very good 

Project progress 31st 
March 2010 

In September 2010 funds were approved to allow for extending the project to 
2013 for the inclusion of environmental controls. The high level of power 
station commissioning and associated site work meant that during the year 
there was a lower level of activity than anticipated. However the 
manufacturer interface continued plus the inclusion of Pratt & Whitney as a 
new manufacturer entering the GB market. This year saw a visit to Alstom in 
Baden to discuss development in CCS systems associated with CCGT and 
Coal plants. Key objectives of this project continue to be met through 
collaborative work with power plant manufacturers and developers. 
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Collaborative partners  Including Alstom, GE. Areva, Siemens, Pratt & Whitney 

R&D provider Work supported within ENI 
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Overhead Lines 
 

Project title Scheme 20448 Development of a Live Wrap Replacement techniques for 
OHLs Using a Modified SCC System 

Project Engineer Oliver Aries 

Description of 
project 

Develop a new technique and associated equipment which will allow National 
Grid’s overhead lines (OHL) suppliers to replace fibre optic cable wrapped on the 
earthwire with an optical ground wire (OPGW) using a live technique (i.e both 
circuits live). This technique will eliminate the need for installing temporary fibre 
diversions (needed to keep telecoms services going during the work) and the 
need for transmission outages as the work can be carried out live. The process 
will reduce scheme costs, reduce the requirement for optical and transmission 
outages, enable the work to be carried out in all environments and be less 
damaging to the environment. Capital works will also benefit because the method 
will lower the risks which normally have to be mitigated in the larger capital 
scheme ultimately lowering overall scheme costs.. 

Expenditure for 
financial year 

Internal  £14k 

External £5k 

Total      £19k 

Expenditure in previous 
(IFI) financial years 

Internal  £42k 

External £128k 

Total      £170k 

Total project costs 
(collaborative + 
external + 
[company]) 

£189k Projected 2011/12 costs 
for national Grid 

£0k 

Technological 
area and/or issue 
addressed by 
project  

Replacement of wrapped earthwire without use of temporary bypasses. 

System can be deployed without requiring transmission outages (i.e. with the HV 
circuits live). 

Significant reduction in the number of optical outages (reducing risk to 
customers). 

Can be deployed over difficult terrains where there is no method at present. 

 

Project Benefits 
Rating 

Project 
Residual Risk 

Overall Project 
Score 

Type(s) of 
innovation 
involved 

Incremental 

10 0 10 
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Expected benefits 
of project 

Removal of the need to install temporary diversions should save National Grid 
~£3m between 2008/9 and 2011/12.  The method can be used without the need 
for transmission outages.  The method will significantly reduce the number of 
optical outages, which will benefit C&W and their customers and reduce National 
Grid’s project risks. The procedure can be used to replace the wrapped fibre 
across all terrains and environments, which is not possible at present. 

Expected 
timescale of 
project 

3 years Duration of benefit once 
achieved 

Ongoing 

Probability of 
success 

80% Project NPV = (PV benefits – 
PV costs) x probability of 
success 

£1,577k 

Potential for 
achieving 
expected benefits 

The project has had a number of delays due mainly to technical and system 
access problems to trial new OHL process. It is expected the technique will be 
available for commercial use from end of 2011/12 after the system has gone 
through a final live trial. However, the system has been rolled out to all 3 main 
OHL suppliers. It is expected that post the live trial the system will be moved into 
production status. Its use should provide a net benefit of around ~£3m by end of 
2018. However, one of its key benefits will be in its use to enable fibre wrap 
replacement work to be carried out over difficult crossings and in built up areas 
which presently cannot be achieved by other methods. It is expected that this 
system will achieve its objectives and will be in use in time to meet the peak 
volume of work expected beyond 2012. 

Project progress  

[Year to End of 
March 2011] 

In Sept 2008 a full live trial was carried out on a 3km section of overhead line near 
Tilbury. This was very successful but exposed some minor technical issues and 
has also driven further improvements in equipment design.  

Since this trial the equipment has been modified to overcome some of the 
installation issues raised in the trial. A small training and trial was carried out at 
Eakring in early 2010 to handover the method to the 3 overhead line suppliers. 

The next step is to carry out a further live trial to prove new process and modified 
equipment on a longer run and across different OHL environments. Access to 
obtain this trial has been difficult to accommodate within the capex work and is 
still outstanding. However, it is expected a route will be defined in due course and 
the trial carried out as part of the capex works. In summary the R&D has 
concluded on this work but outstanding areas to resolve are: 

Acceptance of the system by Network Rail – requires an external Network rail 
consultant to review the research specifications. 

Acceptance of the system by C&W – This is low risk.  

Collaborative 
partners  

 

R&D provider BBPNL (East OHL Alliance) 
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Project title Earthwire Platform 

Project Engineer Martin Wilson 

Description of project A lightweight platform, which will give access for one linesperson to the earth 
wire span. The platform must be quick and easy to install on all tower types 
and will extend approximately 2.5m out from the tower into the span. 

Expenditure for 
financial year 

Internal  £2k 

External £10k 

Total      £12k 

Expenditure in 
previous (IFI) financial 
years 

Internal  £13k 

External £26k 

Total      £39k 

Total project costs 
(collaborative + 
external + [company]) 

£51k Projected 2011/12 
costs for national Grid 

£0 

Technological area 
and/or issue 
addressed by project  

Health & Safety 

Project Benefits 
Rating 

Project Residual 
Risk 

Overall Project 
Score 

Type(s) of innovation 
involved 

Incremental  

5 -5 10 

Expected benefits of 
project 

This project will provide a system which is user friendly, very effective and will 
ensure we give our Lines persons the best working environment to eliminate 
the risk to their health. The long term occupational health benefits to the 
company will mean less man hours lost due to lower back and muscular 
injuries sustained during the routine maintenance activities. The reduction in 
long term occupational health issues is unquantifiable but the reduction of 
injuries we cause to our staff undertaking their routine duties cannot be 
underestimated. 

Expected timescale 
of project 

2 years Duration of benefit 
once achieved 

20 Years 

Probability of 
success 

75% Project NPV = (PV 
benefits – PV costs) x 
probability of success 

-£17k 

Potential for 
achieving expected 
benefits 

The work completed to date has indicated there is good potential to achieve 
the benefits as detailed above. 
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Project progress  

[Year to End of March 
2011] 

2008 – 2009 First prototype trialled, this identified a change to the specification 
and design parameters. Second prototype manufactured and tested, field trials 
to be completed to ascertain the suitability of current design and any required 
design changes. 

2009 – 2010 A number of field trials have been completed and further 
modifications have been identified and installed. Further field trials now 
required to enable the effectiveness and suitability of the current specification 
to be confirmed. 

 

2010 – 2011 During the last year it has proved very 
difficult to complete the required field trials to enable 
the current specification to be evaluated. In principle 
the design has been well received however without 
the confirmation of this with practical trials further 
progress cannot be made. The requirement to 
complete these trials has been highlighted to the 
OHL management team  and the expectation is that 
these will be completed in the near future. 

Collaborative 
partners  

 

R&D provider Spondon Engineering 
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Project title Development of Multi response Stockbridge Damper at 400kV 

Project Engineer Dave Bedford / Martin Wilson 

Description of project The project is proposed to : 

• Meet all requirements of TS 3.4.7 on Zebra and Araucaria conductors. 

• Design attributes to ensure approval for future high temperature 
conductors.  

• More conductor friendly than current designs, expected to reduce 
damage and mechanical stresses at attachment points.  

• Improved damping efficiency - multi response as opposed to current 
twin response for increased conductor life. 

Expenditure for 
financial year 

Internal  £7k 

External £37k 

Total      £44k 

Expenditure in 
previous (IFI) 
financial years 

Internal  £5k 

External £30k 

Total      £35k 

Total project costs 
(collaborative + 
external + [company]) 

£147k Projected 2011/12 
costs for national 
Grid 

£68k 

Technological area 
and/or issue 
addressed by project  

National Grid currently uses a range of twin response dampers with bolted 
clamp attachment based upon optimum performance based on corona 
performance and mid range damping qualities. These generic designs are 
between 20 & 30 years old, with the improvements in analytical design tools 
National Grid are seeking to develop a damper that has acceptable corona 
performance at 400kV, increased reliability of attachment points, minimised 
conductor damage & improved damping efficiency. 

Project Benefits 
Rating 

Project Residual 
Risk 

Overall Project 
Score 

Type(s) of innovation 
involved 

Incremental 

9 -2 11 

Expected benefits of 
project 

Reduced number of instances of inner layer damage caused by aeolian 
vibration, - therefore offering an extended life for conductors.  

Reduction of damages to outer layers of alloy conductors, minimising the risk 
of conductor failures. The recent ZPA conductor failure cost in the region of 
£24K to recover not including constraint costs.   

Removal of installation errors, impossible to over torque and can be reapplied 
more times than current guidance suggests for bolted attachments.   

Compatible with AGS / HSU applications.  

 

Expected timescale 
of project 

4 years Duration of benefit 
once achieved 

5 Years 

Probability of 
success 

60% Project NPV = (PV 
benefits – PV costs) x 
probability of success 

-£157k 
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Potential for 
achieving expected 
benefits 

The supplier has already proved a number of the different concepts in various 
products in use in other parts of the world. The largest threat to the project is 
corona performance of the unit. It is anticipated that with the joint knowledge of 
PLP & National Grid experience of corona testing this can be overcome.   

The potential for success of this project is deemed to be good. 

Project progress  

[Year to End of March 
2011] 

This project has reached the first milestone  with Conceptual Design – Design 
Drawings & Proof of Concept all being completed. 

The required testing has been completed by March 2011 and the project has 
progressed to the stage where a line trial is to be completed to enable the 
effectiveness of the proposed solution to be verified. A trial location has been 
identified and the trials are planned to be completed between July & 
September 2011. A set of Vibrec monitors are being installed to benchmark the 
current solution before the new dampers are installed following, which a further 
period of monitoring is to be completed. 

Following the site trials the information downloaded from the Vibrec monitors 
will be analysed and the effectiveness of the new dampers can be determined. 

 

Collaborative 
partners  

N/A 

R&D provider Preformed Line Products GB 

 



 

 

 
 

77 

 
 

Project title Remote control of bird scarers 

Project Engineer Mark Winters 

Description of project At present, our bird scarers [20 off] do not have a remote control or indication 
capability. This project will deliver remote control and indication economically, 
simply and efficiently by means of SMS from any mobile phone. This 
functionality is urgently required for several key reasons. Providing the platform 
to mute the equipment opens up other exciting functionality options, and will 
dramatically minimise the number of times a tower has to be climbed. Running 
costs will be negligible, as “pay as you talk” SIM cards will be used, costing 
around 10p per call. 

Expenditure for 
financial year 

Internal  £5k 

External £11k 

Total      £16k 

Expenditure in 
previous (IFI) 
financial years 

Internal  £13k 

External £20k 

Total      £33k 

Total project costs 
(collaborative + 
external + [company]) 

£49k Projected 2011/12 
costs for national 
Grid 

£0 

Technological area 
and/or issue 
addressed by project  

Functionality improvements to existing bird distress call bird scarers. Benefits 
include minimising habituation of birds, minimising noise nuisance to 
neighbours and almost eliminating expensive visits to site to adjust settings or 
investigate faults.  

Project Benefits 
Rating 

Project Residual 
Risk 

Overall Project 
Score 

Type(s) of innovation 
involved 

Incremental  

15 -4 19 

Expected benefits of 
project 

When deployed, the remote controlled bird scarer would be seen as a 
reassuring demonstration of our professionalism and capability to what may be 
very irate grantors or neighbours.  The option for complainants [in appropriate 
circumstances only] to “self manage” their scarer and hence their problem. 

Rapid reaction times to turn units on or off as dictated by birds or noise 
complaints.  Rapid reaction times to switch the operating mode from normal to 
reinforce or to intense if birds are stubborn. 

Fast diagnosis of the most likely faults without having to climb a tower. 

Without remote control, a tower would need climbing at least four times per 
annum to effectively but basically manage the scarer “On” and Off” cycles. The 
number of visits can quickly ramp up if the mode needs changing or if there are 
concerns about integrity that can only be confirmed by physical inspection. The 
cost of one “quick” visit is no less than £800 and probably in excess of £1K. 
Then there remains the problem of resourcing an appropriately skilled 
linesman. 

There is a very real risk of birds habituating if units are left on permanently. 
Once that happens, life becomes very difficult for our neighbours and then for 
us. 

Being able to manage the units means that the scenario of the unit being 
removed for deployment elsewhere can be easily tested. The units are meant 
to be a temporary expedient for a transient problem in most cases. In reality, 
we tend to leave them on their first deployment until we have desperate need 
of a unit elsewhere. At present, we have no spare units available. 



 

 

 
 

78 

Expected timescale 
of project 

2 years Duration of benefit 
once achieved 

5 Years 

Probability of 
success 

60% Project NPV = (PV 
benefits – PV costs) x 
probability of success 

£175k 

Potential for 
achieving expected 
benefits 

The entire R&D funded scarer units [now 7 units] are working to Version 2 
which delivers all of the original benefits of v1but now with the required level of 
power economy. On v1 the GPS worked 24/7 and the main scarer board was 
powered 24/7, with power consumption around 300mA for 24/7. Now the GPS 
only powers up for about 5-minutes twice/day and the main scarer board is 
switched off during the hours of darkness. Power consumption now is 
acceptable and much improved; daytime is 170mA and nighttime is 75mA. This 
benefit is most useful during winter months when daylight hours are shortest, 
the available energy in the sun is less and the amount of cloudy weather is 
much more than in summer. 

Project progress  

 

[Year to End of March 
2011] 

Project complete; all R&D scarer units have been recovered from service, 
upgraded, bench tested and re-deployed successfully [to time, cost and 
quality]. Many thanks to the willing participation of field staff and planning, who 
managed to get the units down and back up again during an otherwise busy 
time. 

 

 

 

 

 

 

 

 

 

 

 

Collaborative 
partners  

N/A 

R&D provider Adaptive Wireless Solutions Ltd 
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Project title Acoustic Emissions from HV Overhead Conductors  

Project Engineer Richard Morris 

Description of project The key objective of the proposed research is aimed at understanding the 
causes of excessive noise from overhead line conductors and how this might 
be alleviated. The aims of the project are as follows. 

Characterise the surface ageing processes, including corrosion, on conductors 
including GAP, AAAC and solid aluminium: 

• The deposition of species (e.g. sea salt, dust, soot, pollutants, etc.) 
from the atmospheric environment onto the conductor surface and how 
these influence local processes such as pitting corrosion and 
hydrophobicity. 

• Determination of initial surface chemical state for the conductor, 
including hydrophobicity; how this chemistry changes as a function of 
environmental stresses, including: moisture, atmospheric deposition, 
high voltage, etc. 

• Determination of initial surface physical state for the conductor, this 
being predominantly surface roughness; the progression of roughness 
as a function of environmental stresses (i.e. as above) 

• Study interactions (if any) within the conductor, including effect of 
internal moisture, greasing and galvanic corrosion between steel core 
and aluminium conductor. 

• Identification of the key factors involved in physico-chemical 
deterioration of the surface and, hence, development of a model of 
surface damage with time. 

Characterise the corona discharge activities resulting from wet high voltage 
surfaces: 

• Audible discharge activity will be characterised in terms of volume and 
frequency content as a function of surface hydrophobicity, surface 
conductivity, surface roughness, and moisture conductivity 

• The impact of the physical form of the substrate (conductor) will be 
determined, including conductor geometry strand size and shape and 
pitch 

• The way in which moisture behaves macroscopically on a conductor 
will be determined including the impact of wind, inclination, geometry 
and hydrophobicity 

• Measurements of force generated by discharges will also be 
determined 

• Provide a model showing the causes of excessive corona discharge 
leading to noise and radio frequency interference (RFI) from ‘gap’ type 
conductors: 

• The way in which complete spans of conductor might be excited to 
generate excessive corona discharge, noise and radio discharge from 
discharge activity will be modelled 

• Electrodynamic behaviour resulting from the novel conductor structure 
will also be considered as a potential cause of the noise and radio 
discharge. 

• Generate at least one solution for to the problem of excessive corona 
discharge producing noise (considering requirements for existing and 
new installations) 
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• Working with National Grid engineers, potential remedial solutions will 
be identified. 

• Information will be supplied in a form suitable for inclusion in future 
National Grid specification to minimise future exposure. 

Expenditure for 
financial year 

Internal  £7k 

External £555k 

Total      £562k 

Expenditure in 
previous (IFI) 
financial years 

Internal  £9k 

External £62k 

Total      £71k 

Total project costs 
(collaborative + 
external + [company]) 

£870k Projected 2011/12 
costs for national 
Grid 

£224k 

Technological area 
and/or issue 
addressed by project  

The environmental impact of assets is a key concern to the community and 
National Grid. One key aspect of this is the audible noise produced by plant. 
Noise resulting from high voltage overhead lines is well studied, and models 
exist for traditional conductors and conductor bundles. However recent 
experience of Matthew GAP conductor has demanded a rethink of the 
fundamental, largely empirical models used.  

This work will challenge existing models and create data on which to base new 
models suitable for application on any form of conductor. This will allow novel 
conductors to be deployed with a clear understanding of their acoustic and 
electromagnetic noise emission characteristics. 

The corrosion characteristics of new conductor materials will allow improved 
asset management, and the implications of ageing on acoustic noise to be 
determined. 

Project Benefits 
Rating 

Project Residual 
Risk 

Overall Project 
Score 

Type(s) of innovation 
involved 

Incremental  

7 3 4 

Expected benefits of 
project 

National Grid has already spent £1.35M reconductoring just a few spans at one 
location on the ZO route, costs such as this could easily escalate should 
National Grid begin to receive more complaints from members of the public 
following reconductoring with Matthew Gap conductor.  The avoidance of only 
one repeat event of this type would save £1.35m and more than repay the 
project costs 

The avoidance of costs associated with conductor cleaning or inspection.  The 
cleaning of conductor on only one span of the ZDA cost in the region of £25k 
for direct expenditure only, so future annual savings can be in the region of 
£12.5k per annum if one intervention can be avoided every two years, plus 
savings in outage planning and project management time. 

Avoidance of staff time taken up in managing complaints, both in liaising 
directly with complainants and local Environmental Health Officers, and 
undertaking monitoring visits. This is estimated to be in the region of £20k per 
annum, suggesting potential savings of £20k per annum if a doubling in the 
number of problem areas is avoided.  

There are no clear mitigation measures available at present, so the avoidance 
of costs and extended time scales associated with having to resort to presently 
available alternatives, for example the use of triple instead of twin bundles, 
requiring the diverting of routes and/or rebuilding of towers, and the potential 
requirement to apply for Section 37 consents. The savings here can be 
considerable. 

Better specification for conductors on future schemes will reduce the need to 
respond reactively following complaints and so there are considerable resource 
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savings to be made in future years.   

Additional business benefits include: 

• A greater understanding of the processes resulting in excessive corona 
discharge leading to conductor noise and radio interference  

• Better modelling of conductor noise for planning and selection of 
appropriate conductor types and specification 

• Reduction in the number of complaints from members of public, 
leading to a positive public image. 

• Better understanding of the causes of noise and radio interference and 
therefore more ability to respond effectively and efficiently  

• Less man hours required for responding to complaints 

• Reduction in the number or outages (for example to carry out 
conductor cleaning); this may in itself generate more outage 
opportunities 

• Alleviate existing H&S concerns by reducing future need for manual 
intervention 

• A more professional approach and better understanding of the issues 
will improve our reputation with our complainants and other stake 
holders 

Expected timescale 
of project 

4 years Duration of benefit 
once achieved 

5 Years 

Probability of 
success 

60% Project NPV = (PV 
benefits – PV costs) 
x probability of 
success 

£34k 

Potential for 
achieving expected 
benefits 

Developing background knowledge to support the application of existing and 
new conductor technologies will be supportive of improving transmission 
capability and managing the environmental impact of our overhead line 
infrastructure. In addition this will rebuild a core competence for National Grid 
and its partner in the University of Manchester. It will also leave a legacy 
capability of laboratory-based noise and corrosion measurement on HV 
equipment for further work. 

Project progress  

[Year to End of March 
2011] 

The three strands of work: studying corrosion processes, modelling electric 
fields and acoustic energy, and measuring acoustic emission have come 
together over the last six months to show this comprehensive approach was 
correct, and will yield a holistic view of the processes not previously achieved. 

The project continues broadly to plan, with the theoretical side in advance of 
expectation and the experimental some what slower. It is expected that over 
the next six months the experimental work will have caught up with the original 
plan. Such deviations for the original plan are not unexpected. 

Corrosion Processes:  

• Research continues on increasing our understanding of the potential 
corrosion processes that may give rise to changes in the surface 
morphology, roughness and surface chemistry of conductors during 
atmospheric exposure.  

• Controlled experiments have been conducted by collecting residues 
from ultrasonic cleaning, and re-applying these. 

• Sample conditions investigated include as received, ultrasonically 
cleaned, steam treated and washed in acetone and ethanol. 
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• Salt fog tests have been used to simulated industrial conditions 

• Contaminated samples exhibit higher hydrophobicity than relatively 
cleaner ones, as evidenced by droplets retained on sample surfaces 
(below) and a longer time-of-wetness. 

 

• Quantified measurements include surface roughness, contact angle 
and weight-loss. 

The present conclusions of this work are that hydrophobicity is increased after 
corrosion; more significantly for contaminated samples. An Increase in 
corrosion rate is linked to the presence of contaminants. Surface roughness 
also increased after exposure to salt spray and weight loss is significantly 
increased by presence of surface contaminants 

Field Modelling:  

• A review of existing commercial packages for predicting noise has 
been completed. The data on which these models have been based 
has also been reviewed. 

• The FEA modelling has shown the limitations of conventional 
approaches. An improved product, Ansys, has been ordered which can 
couple three physics fields: Electromagnetic, Multi-phase fluid flow, 
and Acoustic. This will be used to develop the final models for the 
project. 

• Models of field over the whole conductor are being used to determine 
potential acoustic power development. 

 

 

 

 

 

 

 

 

Acoustic experimentation:  

• The smaller test rig has been completed. This is now being used to 
characterise the behaviour of individual droplets, on controlled 
surfaces. A new partial discharge set from Omicron has been ordered 
to further improve data acquisition and interpretation. 

• The large chamber is complete, but for the HV bushing which is on 
order. A direct feed via the open doors has allowed experimentation to 
proceed, verifying the theory and design of the rig, shown below. 
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International Liaison: 

A key commitment of this project is to gather the world’s knowledge and make 
it available to National Grid. As part of this, a Seminar is being arranged in 
Manchester with an attempt to pull together representatives from the other 
three most active research groups in the world. This will take place in 
Manchester and it is hoped to have representation from Eskom, Tsinghua 
University, and The Swiss Fed. Inst. of Technol.. So far two of these groups 
have committed to attend. 

Collaborative 
partners  

N/A 

R&D provider University of Manchester 
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Project title Live Line working Equipment 

Project 
Engineer 

Matthew Grey 

Description of 
project 

Live Line working was initially introduced in the 1960s and actively utilised in the 
1990s.   This was a high profile project and an example of how an integrated 
Transmission Company can use innovative Transmission Owner techniques to 
manage defects in a timely manner and also deliver benefits to the System Operator.  
These benefits are primarily around access to the system in order to ensure OHL 
defects are rectified also increasing minimising system outages to carry out work and 
so increasing system security. There are also maintenance activities that can only be 
undertaken using Live Line techniques. Since the introduction of Live Line in the 
1990s, the system has been less constrained and deadline access more easily 
available (hence the decline in use).  However the Transmission System is likely to 
become increasingly constrained over the next 5-10 years, based on forecast 
constraint costs, new access arrangements, continued asset investment requirements 
and new generation connections.  Live Line Working offers significant opportunities in 
enabling maintenance and defect OHL work to be carried out against this background; 
however significant investment and commitment is required in order to re-establish 
previous Live Line capability. 

The re-establishment of Live Line Working within National Grid has already been 
approved by National Grid’s internal governance committees and discussions with 
OFGEM and the HSE on this matter have already begun.  As part of the commitment 
to re establish Live Line, National Grid has committed £451K for further purchase 
initial prototype equipment developed, training, safety case review etc. 

The costs identified in this paper are purely for the initial development of the live line 
basket system, live line trolley and the new design of aviation equipment. 

Expenditure for 
financial year 

Internal  £56k 

External £7010k 

Total      £757k 

Expenditure in 
previous (IFI) 
financial years 

Internal  £4k 

External £52k 

Total      £56k 

Total project 
costs 
(collaborative + 
external + 
[company]) 

£1,265k Projected 2011/12 
costs for national 
Grid 

£452k 

Technological 
area and/or 
issue 
addressed by 
project  

Live line working in support of improved, more efficient system access in critical 
system areas. 

Project Benefits 
Rating 

Project Residual 
Risk 

Overall Project 
Score 

Type(s) of 
innovation 
involved 

Significant 

 

13 -4 17 

Expected 
benefits of 
project 

1 Benefits of Live Line Working 

Live Line working would provide greater flexibility and efficiency in rectifying OHL 
defects, particularly as we move towards a Dynamic Asset Management model. 

Increased System Security due to reduced requirement for system outages. 

Elimination of hazards associated with dead line working due to tower climbing and 
earthing requirements i.e. manual handling, management of induced voltages and 
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circulating currents (this risk has significantly increased since Live Line working was 
first introduced). 

Increased maintenance productivity levels when dealing with larger volumes, e.g. de-
spacering. Typical rates of de-spacering using traditional techniques are 
approximately 4 - 6 span per day, whilst at the peak of Live Line use, the team were 
achieving up to 15 spans per day (and typically 10 spans a day). 

Additional contingency providing a further option/method of working when responding 
to major faults or incidents. 

There is some works that can currently only be carried out using helicopter access 
live line techniques (although the circuit may be de-energised), e.g. high crossing 
work on XL Severn River Crossing.  If National Grid Live Line working is not re 
introduced we would be reliant on RTE to carry out this work on our behalf.  

Reduced estimated return to service time (when using helicopter access on de-
energised lines) due to no requirement to isolate and earth and apply double dress 
earth systems to allow access to the circuits. 

Potential avoidance of System Outage Costs  

2 Key Drivers For Increase in Live Line Working 

2.1 Current Potential Usage Of Live Line Working 

Going forward due to adjustments in our capital plan, aging assets and operating cost 
pressure, we will increasingly be taking an approach of Dynamic Asset Management.  
This will require having the capability to respond quickly and effectively to significant 
defects.  Live Line working would strongly support this asset management approach, 
removing any system access issues, which could otherwise delay defect rectification. 

In addition, based on current OHL outage defect levels, approximately £27,600 is 
spent per annum on monitoring of defects that could be rectified using Live Line 
techniques. 

 

2.2 Short Term Transmission Access Issues 

There are a number of longer term drivers that will place an upward pressure on 
system access: 

* Continued high levels of asset replacement on  the UK Transmission system 

* New Generation 

* Development of new Transmission Access arrangements 

These system access issues will also be in conjunction with a greater emphasis on a 
dynamic asset management approach.  Furthermore the only feasible provider to 
National Grid for Live Line work currently is RTE.  Development of National Grid 
capability would introduce competition in this market and potentially allow for the other 
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British TOs to make financial savings. 

3 Cost Benefits 

Over the next five years there are a minimum of three schemes that will require 
helicopter access work.  These include the re-conductoring of the Severn crossing, in 
2014/15, which will require the dampers to be removed and then to be replaced (i.e. 
2x helicopter access work).  In 2011 we will be introducing our first capital scheme 
which will replace fittings on ACAR (Aluminium Core Alloy reinforced), as the outer 
aluminium strands are very soft, a trolley will not be used to access the conductor, 
and helicopter access will be required.   

If Live Line/helicopter access techniques were developed by National Grid, the in-
house cost for this work would be approximately £40K for each scheme involving of 
Helicopter access work (i.e. £120K).  If this work was to be outsourced based on 
previous RTE contract costs, this would be at least £190K for each scheme (i.e. 
£570K, £450K more than in- house costs). 

There is also a significant amount of earthwire repair work that would normally be 
undertaken using Live Line helicopter techniques.  Earthwire damage could be 
repaired typically within a day using helicopter access techniques (either deadline or 
live line).   

If the work had to be carried out using traditional deadline techniques, this would 
involve earthing (1 day for a simple circuit, 2 days for a complex circuit).  It would take 
2 - 3 days to lower (and then raise) the earthwire (if crossings are involved this would 
require the use of scaffolding or skycradle etc.), plus several hours for the actual 
repair. The work would therefore take anywhere between 3-5 days, depending on the 
complexity of the circuit, and crossings. 

Expected 
timescale of 
project 

3 years Duration of benefit 
once achieved 

5 Years 

Probability of 
success 

55% Project NPV = (PV 
benefits – PV costs) x 
probability of success 

£190k 

Potential for 
achieving 
expected 
benefits 

On target to deliver live line working during 2012 and therefore avoiding potential 
costs to outsource the work to an external contractor. One project already planned in 
for completion by the National Grid live line team is the Usk river crossing in South 
Wales. 

Project 
progress  

[Year to End of 
March 2011] 

Throughout 2010/11 National Grid has been working on a comprehensive R&D 
programme to facilitate the reintroduction of Live Line working on our overhead line 
(OHL) network. The main focus was placed on Live Line Work using Helicopter 
Access Techniques. National Grid has worked closely with an aviation company in 
producing the design of equipment for Live Line Helicopter Access work. This project 
also includes development of a new live line insulated rope and all necessary 
certification and ongoing continuing airworthiness of all the equipment in line with 
European Aviation Safety Agency (EASA) regulations. 

                           

New Design Live Line Basket & Rope System     New Live Line Insulated Rope 

The equipment will include a new rope and rope system, basket and attachment 
system on the helicopter, a load and visual monitoring system will also be included in 
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the helicopter cockpit, with the aim to make use of new technology and materials to 
improve the environment in which the pilots and linesmen are subjected to. 

 

 

 

 

 

 

 

Prototype Helicopter Attachment System 

 

Collaborative 
partners  

N/A 

R&D provider Bond Aviation Group, Roblon and English Braids 
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Project title Microshock PPE Development 

Project Engineer Martin Wilson 

Description of project The project will aim to further develop the initial work that has been completed 
by Yasir Ahmed into the Microshocks received by linesmen. This project will 
progress the initial studies to produce a harness and lanyard system that will 
reduce to an acceptable level or totally remove the microshocks that linesmen 
experience whilst climbing OHL towers with live adjacent circuits. 

Expenditure for 
financial year 

Internal  £15k 

External £66k 

Total      £82 

Expenditure in 
previous (IFI) 
financial years 

Internal  £4k 

External £2k 

Total      £6k 

Total project costs 
(collaborative + 
external + [company]) 

£102k Projected 2011/12 
costs for national 
Grid 

£8k 

Technological area 
and/or issue 
addressed by project  

Health and Safety 

Project Benefits 
Rating 

Project Residual 
Risk 

Overall Project 
Score 

Type(s) of innovation 
involved 

Incremental  

6 -1 7 

Expected benefits of 
project 

To produce a harness and lanyard system that will reduce to an acceptable 
level or totally remove the microshocks that linesmen experience whilst 
climbing OHL towers with live adjacent circuits. 

Expected timescale 
of project 

3 years Duration of benefit 
once achieved 

20 Years 

Probability of 
success 

75% Project NPV = (PV 
benefits – PV costs) x 
probability of success 

-£57k 

Potential for 
achieving expected 
benefits 

Work completed to date would indicate there is a good chance of the expected 
benefits will be achieved. 

Project progress  

[Year to End of March 
2011] 

2009 – 2010 The theoretical work previously 
completed has been progressed into 
physical equipment. A number of controlled 
trials measuring the effectiveness of the 
equipment have been completed. To date 
trials have consistently seen voltages drop 
from 2.5kv to 200v thus removing 
microshocks.  

 

The final production models for field trials are programmed to be available by 
end of May 2010, field trials are then to be completed to enable the 
effectiveness of the equipment in the work environment to be documented. 
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2010 – 2011 The field trials commenced in May 2010. A set of 3 controlled trial 
days were completed with mixed success due to the conditions on the days. 
Following these trials a more extensive set of trials were commenced which 
supplied the equipment to approx 10 OHL teams to use for a period of 
approximately 6 months. The initial feedback from these trials appears to be 
positive. A trial closure meeting planned for end of March was cancelled and is 
now planned for the 20th July at which point the feedback from the trial will be 
received. Following this meeting a review of the feedback will be completed 
and will allow the effectiveness of the equipment to be evaluated. 

Collaborative 
partners  

 

R&D provider Total Access UK, Pammenter & Petrie, The University of Manchester 
Intellectual Property Limited (UMIP) 
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Project title Development of OHL Hot Joint Monitoring Tool 

Project Engineer Martin Wilson 

Description of project Development of an innovative modelling and monitoring tool for 
overhead line hot joints that are discovered and reported by the 
helicopter unit as part of their annual infrared patrols.  The model will 
act as the central repository for all information relating to hot joints on 
the network (from identification to rectification) and include the 
deterioration prediction tool currently issued in TGN 200. 
Implementation via the National Grid SAM platform will allow access to 
multiple users at the same time and dramatically ease data sharing.   

Expenditure for financial 
year 

Internal  £6k 

External £48k 

Total      £54k 

Expenditure in 
previous (IFI) 
financial years 

Internal  £0 

External £0 

Total      £0 

Total project costs 
(collaborative + external + 
[company]) 

£54k Projected 2011/12 
costs for national 
Grid 

£0 

Technological area and/or 
issue addressed by project  

National Grid currently complete helicopter borne infra red patrols on an 
annual basis for 70% of the circuits and every two years for the 
remaining 30%.  Part of this inspection is the search for so called “hot 
joints”.   

The current tool for sharing and recording hot joint data has become 
inadequate and presently results in long delays in rectifying hot joint 
problems. 

Hot joints can potentially cost the system operator (and thus the 
consumer if passed through) thousands of pounds as well as possibly 
reducing system security.   This is due to the fact that circuits must be 
downrated if a hot joint is discovered.  Downrating of circuits can then 
result in constraint costs which can be significant.   

As well as cost issues downrating can have a significant impact on the 
security of the network as circuits cannot be operated as designed. 

Project 
Benefits 
Rating 

Project 
Residual Risk 

Overall 
Project Score 

Type(s) of innovation 
involved 

Incremental  

9 1 8 

Expected benefits of project Development of this modelling tool will greatly enhance the ability of 
National Grid to manage and monitor hot joints on the network.  The 
new system will ensure that up to date information is made available in 
a timely manner to all concerned parties.   

As well as greatly improving the efficiency of hot joint reporting it will 
also facilitate faster rectification of hot joint problems as they will be 
highlighted far sooner than previously possible, thus allowing for quicker 
defect repair and better planning of the maintenance programme.   

This in turn will reduce the potential cost implications of hot joints. 

An example of this is that between 7th April and 1st July 2010 the 
downrating of a single circuit due to a detected hot joint resulted in 
constraint costs of £625k.   It is fair to say that swifter identification and 
rectification of this issue would have significantly reduced these costs 
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as well as ensured that the network was operating at its optimum.   

As well as the benefits identified above further benefits will arise from 
the ability of the model to facilitate trend analysis that will allow a 
prognostic approach to hot joint monitoring thus allowing for even more 
efficient maintenance planning and thus a reduction in maintenance 
costs and a possible reduction in outage requirements for maintenance 
activities (this in turn may reduce constraint costs). 

Expected timescale of 
project 

1 year Duration of benefit 
once achieved 

5 years 

Probability of success 60% Project NPV = (PV 
benefits – PV costs) 
x probability of 
success 

£98k 

Potential for achieving 
expected benefits 

This project has a high chance of being successful due to the previous 
work that C3 Global have completed for ENI on the SAM platform, it is 
intended to operate this application via the SAM platform. 

Project progress  

[Year to End of March 2011] 

2010 – 2011 – The hot joint model has been developed and is now live 
on the SAM portal. The model is now actively being used for the 
monitoring of the OHL hot joints. This has proven to be a useful tool 
during this short period of time.. 

Collaborative partners   

R&D provider C3 Global 
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Project title Enhanced Lubrication for National Grid HV maintenance 

Project Engineer Pete Denyer 

Description of project Determine the most effective modern lubricants to ensure enhanced reliability 
and performance, replacing obsolete, ineffective and possibly environmental 
harmful lubricants. 

Expenditure for 
financial year 

Internal  £13k 

External £90k 

Total      £103k 

Expenditure in 
previous (IFI) 
financial years 

Internal  £27k 

External £79k 

Total      £106k 

Total project costs 
(collaborative + 
external + [company]) 

£258k Projected 2011/12 
costs for national 
Grid 

£49k 

Technological area 
and/or issue 
addressed by project  

Lubrication and maintenance 

Project Benefits 
Rating 

Project 
Residual Risk 

Overall Project 
Score 

Type(s) of innovation 
involved 

Incremental  

11 -1 12 

Expected benefits of 
project 

Extension of maintenance frequencies for a large proportion of National Grid 
HV equipment. Increased availability and reliability. Rationalisation of existing 
lubricants. 

Expected timescale of 
project 

3 Years Duration of benefit 
once achieved 

5 years 

Probability of success 60% Project NPV = (PV 
benefits – PV costs) x 
probability of 
success 

£412k 

Potential for achieving 
expected benefits 

The expectations are that this project will achieve the benefits expected, as 
good lubrication is the key to reducing maintenance costs whilst ensuring 
good availability and reliability. Technology in the tribology field has 
developed considerably and this project will ensure National Grid will use the 
most suitable lubricants available. 

Project progress  

[Year to End of March 
2011] 

An RA was appointed and visited National Grid refurbishment centres and 
sites. All current and historic lubricants have now been identified and 
compared based on constituent products. Interim recommendations have 
been submitted for the bay refurbish program. 

Extensive aging tests on many greases and oils have been carried out. The 
aging tests have been along the lines of elevated temperature, intensive UV 
and water washout. Analysis has been done using an infrared spectrometer 
and stiction & friction tests. These tests are continuing and the results being 
analysed and collated into a format that will be useful to field staff. Additional 
work has been identified for research into spray greases.  

Collaborative partners  None 
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R&D provider Imperial College 
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Project title Vegetation management research 

Project Engineer Matthew Murphy 

Description of project Research into vegetation growth rates. 

Expenditure for 
financial year 

Internal  £3k 

External £76k 

Total      £79k 

Expenditure in 
previous (IFI) 
financial years 

Internal  £4k 

External £181k 

Total      £185k 

Total project costs 
(collaborative + 
external + [company]) 

£1,718k Projected 2011/12 
costs for national 
Grid 

£0 

Technological area 
and/or issue 
addressed by project  

Vegetation growth rates vary across the country, dependent on a variety of 
climatic factors. Currently we have little research to base these growth rates 
on. This project aims to provide a growth model, taking these conditions into 
account.  

Project Benefits 
Rating 

Project Residual 
Risk 

Overall Project 
Score 

Type(s) of innovation 
involved 

Incremental  

8 -1 9 

Expected benefits of 
project 

The country can be split into discrete climatic zones; this means that 
geographical location can have a big effect on growth rate. After the first years 
research we expect to have a model of vegetation growth rates based on a 
variety of environmental factors, for many different types and age of tree. This 
will be refined, based upon additional data obtained over the next 4 years. The 
result will be a detailed growth model leading to a better understanding of the 
risks to our system from vegetation. A better understanding of these risks will 
help us to mitigate them appropriately, and will lead to reduced risk to the 
system in the future. 

Expected timescale 
of project 

4 Years Duration of benefit 
once achieved 

10 years plus. 

(results will inform future 
decisions for many years) 

Probability of 
success 

75 % Project NPV = (PV 
benefits – PV costs) x 
probability of success 

£131k 

Potential for 
achieving expected 
benefits 

This project is a collaboration between National Grid and several Distribution 
Network Operators. These companies fund it jointly. It is in everybody’s interest 
to see a successful conclusion and the potential for achieving the expected 
benefits is high. The project is due to be completed during June 2011.  
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Project progress  

[Year to End of March 
2011] 

This projects overall goal was to provide an improved understanding of 
vegetation growth. The project has run successfully for 3 years and although 
there were substantial delays in making the last measurements in the winter of 
2010/2011, due to the adverse weather conditions, however all measurements 
have now been completed. There was a delay in the production of final reports 
by approximately 6-8 weeks due to the late measurement. 

The project is in its final stage, which consists of data analysis, production of a 
final report and dissemination of results in the form of a national database of 
vegetation growth. This will be shared with the project partners. ADAS will 
assist the partners with integration of this database into their vegetation 
management systems in order to promote efficient management of vegetation. 

Collaborative 
partners  

Scottish and Southern Electric (SSE), United Utilities (UU), Scottish Power 
(SP), EDF Energy (EDFe), Central Networks (CN) 

R&D provider ADAS forest research. 
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Project title Effective Protective Coatings for OHL Towers 

Project Engineer David Clutterbuck 

Description of project A number of tests have been carried out by EA Technology on behalf of a 
group of ESI companies. This includes the evaluation of a number of new 
products and special purpose paint systems. Inspections of trial towers painted 
with a newly developed environmentally friendly water based system have also 
been carried out. National Grid has requested the opportunity to participate in 
the final stages of the testing. Participation will ensure access to all test results 
to date and the final report when complete. 

Expenditure for 
financial year 

Internal  £5k 

External £7k 

Total      £12k 

Expenditure in 
previous (IFI) 
financial years 

Internal  £16k 

External £19k 

Total      £35k 

Total project costs 
(collaborative + 
external + [company]) 

£113k Projected [next 
year] costs for 
[company] 

£8k 

Technological area 
and/or issue 
addressed by project  

Impending European legislation may restrict further the use of high volatile 
organic compaound (VOC) paints for any industrial use. The only approved 
National Grid tower paint product falls into this category. Maintenance policy 
requires the painting of approximately 1200 towers per year. Predicated 
ongoing spend on tower painting is £6.85 million per year, hence requirements 
have been identified for continued research to test and evaluate the 
performance of alterative paint products to ensure the company is prepared for 
any changes to legislation. 

Project Benefits 
Rating 

Project Residual 
Risk 

Overall Project 
Score 

Type(s) of innovation 
involved 

Incremental  

9 0 9 

Expected benefits of 
project 

The expected benefits of undertaking this research are as follows. 

• Compliance with European Law regarding VOC emissions 

• Reduction to single coat paint systems (two coats currently used). 

• Reduction of steelwork replacement during OHL refurbishments. 

Expected timescale 
of project 

5 Years Duration of benefit 
once achieved 

5+ Years 

Probability of 
success 

10 % Project NPV = (PV 
benefits – PV costs) x 
probability of success 

£350k 

Potential for 
achieving expected 
benefits 

The original alternative epoxy paint proposed has proved problematic and not 
fully effective during field trials, however significant progress has been made 
with alternative low VOC and water based coatings. 

The alternative coatings being tested show good potential for meeting both 
VOC compliance and performance. The new products are still improving but 
are already being introduced ahead of European legislation changes.  
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Project progress  

[Year to End of March 
2011] 

A field inspection of the National Grid 4ZC line had been carried out.  A report 
on the previous inspection on the 4ZE line was included in the final report. 

Results of the tests on insulator samples contaminated with paint have been 
published. The Prohesion test report on a range of alternative paint products 
has been completed and report published. The tower paint specification and list 
of approved suppliers has been published together with the contact details of 
all the sponsors’ representatives. The National Grid specification for the top 
coat of the modified vinyl system had been changed permanently to allow the 
use of the lower viscosity version. A new single coat vinyl system has been 
included in the specification for use on steelwork in good condition, this is still 
in the trial stage. A list of the toxic constituents of paints currently used for 
tower painting had been drawn up 

The approved suppliers of tower paints have been contacted to ensure that 
they complied with REACH legislation. 

Improved environmentally friendly versions of the single-coat urethane alkyd 
and modified vinyl paint systems are still in development. New formulations are 
likely to be made with low toxicity anti-corrosive pigments, and be based on low 
aromatic solvents, so that the products will not need to be labelled as 
‘Dangerous for the environment’ or ‘Irritant’. It is also possible that they will be 
cheaper when manufactured in batch quantities. 

Collaborative 
partners  

United Utilities, Scottish Power, CE Electric UK (NEDL), Scottish and 

Southern Energy, Central Networks, EdF Energy 

R&D provider EA Technology 
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Project title Finite element analysis for ratings (FEAR) 

Project Engineer David Payne 

Description of project To improve the delivery of cable ratings calculations through the use of more 
flexible and accurate finite element analysis (FEA) modelling methods. 

Expenditure for 
financial year 

Internal  £3k 

External £39k 

Total      £42k 

Expenditure in 
previous (IFI) 
financial years 

Internal  £8k 

External £59k 

Total      £67k 

Total project costs 
(collaborative + 
external + [company]) 

£114k Projected [next 
year] costs for 
[company] 

£5k 

Technological area 
and/or issue 
addressed by project  

Verification of the rating methods used for cable ratings under various laying 
conditions and considering cable joint rating methods.  A review will be carried 
out using Finite Element Analysis (FEA) methods to confirm or otherwise 
existing methods.  

Project Benefits 
Rating 

Project Residual 
Risk 

Overall Project 
Score 

Type(s) of innovation 
involved 

Significant 

 

8 -3 11 

Expected benefits of 
project 

A better understanding of cable ratings and in particular cable joints by analysis 
using FEA could lead to cable thermal rating enhancements providing more 
flexible operation of the transmission network, facilitating outage planning and 
avoiding generation constraints. 

Expected timescale 
of project 

8 years Duration of benefit 
once achieved 

5 Years 

Probability of 
success 

60% Project NPV = (PV 
benefits – PV costs) x 
probability of success 

£545k 

Potential for 
achieving expected 
benefits 

The expected benefits for the original project were achieved and Finite Element 
Analysis has been adopted as a standard to assess/verify cable ratings under 
real conditions.  The project has been extended to consider the effect on 
ratings of cables crossing in close proximity. 

Project progress  

[Year to End of March 
2011] 

The project has clearly demonstrated the use of FEA for providing analysis of 
complicated cable rating problems.  Unfortunately delays have been 
experienced in this project due to prioritisation of scheme work. 

R&D provider Southampton University. 
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Project title Phase III Centrifuge Modelling and Field Monitoring of Wind Induced 
Loads on Transmission Towers 

Project Engineer David Clutterbuck 

Description of project To carry out enhanced environmental modelling of full OHL support system 
fully instrumenting a short section of line. 

To carry out centrifuge modelling to expand the range of foundation and soil 
types currently considered, using the data collected by the environmental 
modelling. 

To assess the appropriateness of current British Standard method for 
determining tower foundation uplift capacity and influence the change of 
industry design codes. 

Expenditure for 
financial year 

Internal  £6k 

External £162k 

Total £168k 

Expenditure in 
previous (IFI) 
financial years 

Internal £14k 

External £32k 

Total £46k 

Total project costs 
(collaborative + 
external + [company]) 

£214k Projected 2011/12 
costs for national 
Grid 

£0k 

 

Technological area 
and/or issue 
addressed by project  

The outsourcing of all National Grid Tower design activities for OHL 
refurbishment using Pre-Sanction Engineering (PSE) has highlighted a 
difference in approach taken by NGT and its contractors to assess the capacity 
of existing structures and foundations. Contractors use the current design code 
BS EN 50341 (normally intended for new build). The contractors’ analyses 
have indicated that tower foundations have a substantially lower capacity to 
resist uplift forces than previously assumed. To date, foundation-strengthening 
work identified by PSE has been put on hold pending further R&D by National 
Grid. These issues have been partially addressed by recent R&D work ref 
NSETH118. This previous work has successfully established a method of 
testing 1:50 scale foundation models in centrifuge apparatus capable of giving 
full-scale results.  

 

Project Benefits 
Rating 

Project Residual 
Risk 

Overall Project 
Score 

Type(s) of innovation 
involved 

Incremental 

9 0 9 

Expected benefits of 
project 

National Grid will benefit from this research by being able to reliably assess 
OHL foundation capacity, optimising tower strengthening upgrades, avoiding 
unnecessary  foundation reinforcements  

The research will contribute to updating to National Grid’s Technical 
Specification for line refurbishment and provide a high level of confidence that 
National Grid structures are fit for purpose.  

This research will help significantly reduce the number foundation upgrades 
required during the planned capital refurbishment program. 

Expected timescale 
of project 

6 years  Duration of benefit 
once achieved  

5 years 

Probability of 
success 

60% Project NPV = (PV 
benefits – PV costs) 
x probability of 

£3k 
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success 

Potential for 
achieving expected 
benefits 

High given the initial results and the skills of the university group. 

Project progress  

[Year to End of March 
2011] 

The field testing element of the work has been expanded to construct 5 new full 
size L4M type tower foundations and a steel grillage (North American type) 
foundation at a well characterised clay test site (BRE Chattenden, Kent) and to 
determine the ultimate vertical uplift capacity when subject to rapid uplift 
conditions. Foundations installed July/August 2010. 

A laboratory large scale rapid uplift testing system has been developed to proof 
of concept and has been demonstrated over a range of conditions. 

Full scale rapid foundation uplift testing system to be used to load test L4m 
type foundations installed in clay ground conditions (backfilled with type 2 HA 
engineered fill) and steel grillage type foundations installed in clay ground 
conditions. System designed to deliver ~100 tonnes uplift capacity over a 
vertical displacement of ~130mm in <1 second duration. Test will take place 
Sept 2011. 

Collaborative 
partners  

EPSRC (to fund a PhD) 

R&D provider University of Southampton 
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Project title OHL Conductor Asset Lives 

Project Engineer David Clutterbuck 

Description of project To review the technical asset life for ACSR Conductors 

Expenditure for 
financial year 

Internal  £4k 

External £0k 

Total      £4k 

Expenditure in 
previous (IFI) 
financial years 

Internal  £8k 

External £40k 

Total      £48k 

Total project costs 
(collaborative + 
external + [company]) 

£52k Projected [next 
year] costs for 
[company] 

£0 

Technological area 
and/or issue 
addressed by project  

Historically, conductors used on the system are aluminium conductors, steel-
reinforced (ACSR) of Zebra (400mm2, 54/7, 28.62mm diameter) design, but 
with different levels of grease protection, and past exposure to environmental 
conditions that vary widely throughout the UK.  Other stresses (e.g. conductor 
vibration due to subconductor oscillation) may also have a significant influence 
on remnant life.  This project is to determine the condition of conductors, both 
in service and taken from service, assess the extent and form of any damage 
and corrosion, and determine the likely remnant life of conductors 

Project Benefits 
Rating 

Project Residual 
Risk 

Overall Project 
Score 

Type(s) of innovation 
involved 

Incremental  

12 -3 15 

Expected benefits of 
project 

There is a requirement to maintain and reliably operate ACSR conductor to end 
of asset life and produce an optimised plan for replacement. To optimise 
replacement decisions, an accurate view of remaining life for installed 
conduction on a range of environmental conditions is required. The OHL asset 
replacement budget is in excess of £500 million planned for this and future 5 
year periods. The work will provide information to feed into a review of ACSR 
conductor asset lives by enhancing the understanding of corrosion and fatigue 
as deterioration mechanisms. Confirmation of existing lives with the recent 
sample data will give confidence that the current asset lives are valid and if 
possible there may be scope for life extension and replacement deferral. If one 
200km scheme is deferred beyond the current price review period as a result of 
this project, this will lead to deferral of £60m of capex. 

Expected timescale 
of project 

2 years Duration of benefit 
once achieved 

5 Years 

Probability of 
success 

60% Project NPV = (PV 
benefits – PV costs) x 
probability of success 

£16k 

Potential for 
achieving expected 
benefits 

End of life for ACSR conductors has historically been taken as a 15% loss of 
conductor strength. However recent forensic work has found slower rates of 
loss of strength than previously expected. This work is to better understand the 
degradation mechanisms. Potential for achieving this goal is high. 
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Project progress  

[Year to End of March 
2011] 

Samples 1 – 188 condition assessed, The generic grease type (i.e. grease or 
bitumen) established and extent of the grease applied within the conductor (i.e. 
core-only / all inner-layers /all-layers greased) captured. Tensile measurements 
completed on 139 samples. Preliminary presentation issued. 

Approximately 200 additional samples have been collected from across the 
network. Previous samples were almost all jumper samples but a significant 
number of the new samples are phase conductor, which is required to give an 
improved insight into the long term behaviour. 

Initial results showed the sample number was too small across the various 
ages and environment types to generate conclusive results.  

In 2010/11 further in phase, samples have been taken from decommissioned 
conductor on the major OHL refurbishment schemes. Significant effort has 
been made to increase the sample size to enhance the quality of the project 
output. 

Testing of the new samples is ongoing and once complete full analysis all test 
data will be compiled and reported on. 

Collaborative 
partners  

None. 

R&D provider ERA Technology 
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Project title ACSR Corrosion Research 

Project Engineer David Clutterbuck 

Description of project Phase 1 of Cormon ACSR Equipment replacement. National Grid are seeking 
a replacement of the existing overhead line corrosiondetector. This project 
investigates the requirement for a new corrosion detector. This project is a 
preliminary phase to identify the requirements of National Grid and to 
understand the costs and timescales that would be involved in developing, 
testing and trialling an OHL corrosion detector. 

Expenditure for 
financial year 

Internal  £4k 

External £0 

Total      £4k 

Expenditure in 
previous (IFI) 
financial years 

Internal  £10k 

External £17k 

Total      £27k 

Total project costs 
(collaborative + 
external + [company]) 

£31k Projected [next 
year] costs for 
[company] 

£0 

Technological area 
and/or issue 
addressed by project  

Internal corrosion is a major factor limiting the life of steel reinforced aluminium 
conductors (ACSR) and a crucial stage in the corrosion process is the loss of 
zinc from the central galvanised steel strands. 

Once this galvanising is lost the aluminium strands are subject to galvanic 
corrosion and the conductor deteriorates rapidly. The effects of this form of 
internal corrosion are not visible or detectable by infra-red methods until the 
conductor is near to failure. 

Project Benefits 
Rating 

Project Residual 
Risk 

Overall Project 
Score 

Type(s) of innovation 
involved 

Significant 

 

9 -4 13 

Expected benefits of 
project 

There is a requirement to maintain and reliably operate ACSR conductor to end 
of asset life. Investment decisions on scope, timing and prioritisation of full 
refurbishment or fittings only schemes are informed through condition 
information. The capability to deliver an optimised OHL asset replacement plan 
relies on the ability to select suitable routes for fittings only schemes. Without 
ACSR corrosion test equipment, extensive in span destructive sampling would 
be required leading to additional longer system outages, additional site 
resources and thus higher costs for collecting the condition information.  

With an OHL asset replacement budget in excess of £500 million planned for 
this and future 5 year periods it is essential National Grid can continue to use a 
non destructive test to measure steel core loss to ensure condition information 
can be accurately and efficiently collected. Without this equipment it is 
expected the costs for collecting the condition information will increase from 
£1500 to £4500 for each section of a route where condition information is 
collected. This could equate to an additional cost of E600k for the tests which 
are required to support the plan for this five year period.  

Expected timescale 
of project 

2 years Duration of benefit 
once achieved 

5 Years 

Probability of 
success 

60% Project NPV = (PV 
benefits – PV costs) 
x probability of 
success 

£11k 
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Potential for 
achieving expected 
benefits 

The potential for success is high. The basic operating principal is proven. The 
development is required to enable a modern practical and reliable machine to 
be developed.  

Project progress  

[Year to End of March 
2011] 

The first 3 stages of work have been completed and the initial agreed funding 
has been spent 

Stage 1: Functional Specification  

Stage 2: System Specification and Detailed Project Plan  

Stage 3: Options for commercial development arrangements. 

Commercial discussions are ongoing regarding the significant funding required 
for the project and how long term support will assured for any new equipment 
developed. 

Full scope and final costs for project completion have been agreed. Due to the 
significant potential project cost discussions are ongoing with other 
International Transmission Utilities to ensure the development is unique to the 
market. 

Collaborative 
partners  

No Partners at this stage but the options for commercial arrangements include 
EA Technology as possible partners for future development. 

R&D provider EA Technology 
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Project title Composite Cross Arms study 

Project Engineer Boud Boumecid 

Description of 
project 

Task 1. Case Study Specification 

Upon commencement of the project, National Grid , The University of Manchester 
(UoM) and EPL Composite Solutions Ltd (EPL) will meet and agree specifications 
for the L2 and L3 lattice tower cross arms. The specification will include the 
following. 

• Current construction details in steel;  

• Design rules and standards for both structural and electrical performance 
(these being based on existing cross-arm / insulator standards);  

• Current weight and installed cost for steel cross arms / insulators, which 
will be used for benchmark purposes. 

The specification will also include the required life time, handling techniques, 
maintenance practices, installation characteristics etc that may be essential or 
useful to take into account during the design process.  This specification will be 
used as a reference document through the course of this and any future phases 
of the project to ensure that the final product is fit for purpose and satisfies the 
requirements of National Grid. 

Task 2. Techno-Economic Benefits Of The Case Studies 

Given that the uptake of this technology would rely on the development of an 
economic case, it is essential that this is considered within this phase of work. 
UoM and EPL will provide to National Grid the benefits that can result from the 
composite cross-arm. This information will be largely based on work already 
presented to National Grid with some refinements based on recent work. It is 
anticipated that while UoM and EPL will contribute to this task with engineering 
support, the bulk of this work must be undertaken by National Grid who can cost 
the potential benefits of the technology. 

Task 3. Resolution Of Technical Barriers To Composite Cross-Arm 
Development 

This task aims to carry out an initial analysis of the following aspects of the 
composite cross-arm technology. These specific areas were all identified in the 
phase 1 report to National Grid as potential barriers to the development of the 
composite cross-arm technology.   

• Solution to allow maintenance access to conductor fittings  

• Selection and test of an appropriate coating technology  

• Selection of an appropriate pultrusion profile  

• Identification of a suitable shedding profile for the pultrusions  

• Design and fabrication of a wet test facility for the prototype  

• Consideration of failure mechanisms of existing composite insulators in 
relation to composite cross-arms  

• Software development for modeling of lateral loading  

• Development of method to provide co-ordination gaps 

It is not expected that these phases of work will be fully resolved in terms of 
defining the final solution by the end of this project phase. However, as a 
minimum, the challenges will have been more clearly defined and initial 
developments will have allowed potential final solutions to have been identified. 
For example, it is highly unlikely that a choice for the optimum silicone rubber 
coat will be selected in this work but the main challenges will be understood in 
terms of both manufacturing and electrical performance. The emphasis is 
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therefore in the continued reduction of risk associated with the issues presented 
in the phase 1 report. 

At the end of this task, the expectation is that the additional knowledge gained 
will lead to a review of the three composite cross-arm design options previously 
presented (fully profiled, flat with insulator or lightly profiled with insulator). 

Task 4. Manufacture And Test Of Full-Scale Prototypes 

Within this task, a full-scale mechanical prototype (defined in task 1) will be 
manufactured and tested. EPL will design a structure that can be used to support 
the cross-arm for the purposes of mechanical testing. A second electrical rig will 
be developed that will be used in the UoM HV Laboratory for electrical testing 
only (this rig being relatively light-weight as it will not support significant load). 
The cross-arm will be designed using software developed in phase 1 of the 
project which will be updated to include lateral load applications and relevant 
commercial codes. The testing will be performed according to the specification 
defined in task 1.  However, in terms of mechanical testing, it will check the ability 
of the prototype to withstand static loads only and not consider long term 
durability at this stage. Through the mounting of the cross-arm on the test rig 
(replicating a tower) and by the inclusion of a conductor fitting allowing the 
installation of a length of conductor, electrical tests will assess the ability of the 
cross-arm to withstand AC, lightning and switching voltages. An assessment of 
the levels of visual corona will also be carried out. 

Task 5. Development Of Future Project Road Map 

At the end of this project phase, the feasibility of a composite cross-arm should 
be fully established. It is therefore essential to have a future project road-map 
that builds on the proposal previously presented to National Grid. This task of 
work will be carried out by EPL and UMIP (the University of Manchester 
Intellectual Property Company). Ways to include the alliance partners of National 
Grid and cooperation with other organizations such as Hydro Quebec and EPRI 
will be discussed in terms of the remaining research and development phases of 
this work.  

Due to the need to develop a full scale prototype within this stage of the work in a 
short timescale, the spend per month is relatively high owing to the number of 
people working on the project. This work will also equip EPL and the University of 
Manchester with many of the hardware and software tools they need for the 
project going forward. It is intended that future phases of this project will be 
supported with funds from other sources. 

Expenditure for 
financial year 

Internal  £13k 

External £36k 

Total      £48k 

Expenditure in 
previous (IFI) 
financial years 

Internal  £23k 

External £592k 

Total      £615k 

Total project costs 
(collaborative + 
external + 
[company]) 

£791k Projected [next year] 
costs for [company] 

£67k 

Technological area 
and/or issue 
addressed by 
project  

Overhead line cross-arms. The use of an insulating cross-arm potentially allows 
the upgrading of an L3 275 kV tower to operate at 400 kV and the elimination of 
the insulator strings on other tower types. 

Project Benefits 
Rating 

Project Residual 
Risk 

Overall Project 
Score 

Type(s) of 
innovation involved 

Tech Transfer 

8 1 7 
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Expected benefits 
of project 

If it proves feasible to upgrade L3 towers to 400 kV operation there are several 
areas of the transmission network where future generation connections, that 
would ordinarily require new overhead line routes to be constructed, could be 
accommodated by upgrading a 275 kV route to 400 kV operation, increasing its 
power carrying capability, thereby avoiding the need to construct a new line.   

Expected timescale 
of project 

5 years Duration of benefit once 
achieved 

5 Years 

Probability of 
success 

60 % Project NPV = (PV 
benefits – PV costs) x 
probability of success 

-£42k 

Potential for 
achieving expected 
benefits 

There is very high potential for realising the above benefits. Work to date has 
been focusing on studying the feasibility of replacing a steel L3 tower crossarm 
with an equivalent composite capable of operating at 400kV. Research studies, 
electrical and mechanical tests have been successfully carried out to confirm this 
application is feasible. 

Project progress  

[Year to End of 
March 2011] 

Four prototype cross-arms 
have been successfully 
installed at a location in the 
Cairngorms National Park in 
Scotland. The cross-arms 
are placed on a 132kV line 
in an area where severe 
environmental conditions 
are experienced such as 
high winds and heavy ice. 
The cross-arms are also 
being monitored to see how 
mechanical loads imposed 
by wind and ice are 
distributed between the 
compression members. This 

trial will also be used to develop a robust data acquisition system to perform 
satisfactorily under such harsh conditions. Later this year, the cross-arms will be 
trialled in a coastal location and energised with a 231kV transformer (231kV 
being the phase to earth voltage of a 400kV system). 

 

A field trial is also planned at National Grid Eakring training facility to develop the 
required maintenance and access procedures. 

 

 

 

 

 

 

 

 

 

 


