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Problem 

The Licensee must provide a narrative which explains the Problem(s) which the Project is seeking to address. 

Method(s) 

The Licensee should describe the Method(s) which are being demonstrated or developed. The Licensee must outline how the 

Method(s) could solve the Problem. The type of Method should be identified where possible eg technical, commercial etc. 
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Method(s) continued 

Funding commentary 
The Licensee must provide a commentary on the accuracy of its funding estimate. If the Project has phases, the Licensee 

should identify the approximate cost of each phase. IGTs should indicate potential bid costs expenses.  

Specific Requirements (please tick which of the specific requirements this project fulfils) 

A specific piece of new (ie unproven in GB) equipment (including control and/or communications 

systems and/or software) 

A specific novel arrangement or application of existing gas transmission or/and distribution 
equipment (including control and communications systems software) 

A specific novel operational practice directly related to the operation of the gas transportation system 

A specific novel commercial arrangement 
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Accelerates the development of a low carbon energy sector & has the potential to 

deliver net financial benefits to existing and/or future customers 

The Licensee must demonstrate that the Solution has the potential to accelerate the development of the low carbon energy 
sector in GB and/or deliver wider environmental benefits to GB customers. The Licensee must demonstrate the potential to 
deliver net financial benefits to existing and/or future customers. 
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Delivers value for money for gas customers 
The Licensee must demonstrate that the Method(s) being trialled can derive benefits and resulting learning that can be 
attributed to or are applicable to the gas transportation system.  

 

  

 

Demonstrates the Project generates knowledge that can be shared amongst all 

Licensees 
The Licensee must explain the learning which it expects the Method(s) it is trialling to deliver. The Licensee must demonstrate 
that it has a robust methodology in place to capture the learning from the Trial(s).  
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Please tick if the project conforms to the default IPR arrangements set out in 

the NIC Governance Document? 
If the Licensee wishes to deviate from the default requirement for IPR then it must demonstrate how the learning will be 
disseminated to other Licensees and how value for money will be ensured. The Licensee must also outline the proposed 
alternative arrangements and justify why the arrangements are more suitable than the default arrangements. 

How is the project innovative and with an unproven business case where the 
innovation risk warrants a limited Development or Demonstration Project to 
demonstrate its effectiveness. 
Demonstrate why the Licensee has not previously used this Solution (including where the Solution involves commercial 
arrangements) and why NIC funding is required to undertake it. This must  include why the Licensee would not run the trial as 
part of its normal course of business and why the Solution is not Research. 
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Project Partners and external resourcing/funding  

The Licensee must provide evidence of how Project Partners have been identified and selected, including details of the process 
that has been followed and the rationale for selecting participants and ideas for the Project. 
 
The Licensee should provide details of any Project Partners who will be actively involved in the Project and are prepared to 
devote time, resources and/or funding to the Project. If the Licensee has not identified any specific Project Partners, it should 
provide details of the type of Project Partners it wishes to attract to the Project.  
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Derogations or exemptions 
The Licensee should outline if it considers that the Project will require any derogations, exemptions or changes to the 

regulatory arrangements. 

Customer impact 
The Licensee should outline any planned interaction with customers or customers’ premises as part of the Project, and any 

other direct customer impact (such as amended contractual or charging arrangements, or supply interruptions). 
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Details of cross sector aspects 

The Licensee should complete this box only if this Project forms part of a larger cross sector Project that is seeking funding 

from multiple competitions (Gas NIC, Electricity NIC or LCN Fund). The Licensee should explain about the Project it will be 

collaborating with, how it all fits together, and must add a justification for the funding split.  

9 



Contact name 

Contact Address 

E-mail 

Direct telephone line 

Job title 

Any further details the Licensee feels would add to the submission 

10 


	Funding LicenseeRow1: National Grid Gas Plc (Transmission)
	Network Licence Project PartnersRow1: 
	Funding Licensee areaRow1: National Grid Gas Transmission
	Project titleRow1: Variable Envelope Compressors: Trial Optimisation and Review - 'VECTOR'
	The Licensee must provide an approximate Project start and end dateRow1: The flow of gas on the National Transmission System (NTS) is driven by a fleet of compressors. Because of the changing demands on the NTS, many of these compressors are now operating outside their 'envelope', where they work most efficiently. This problem is unique to networks that need to cope with significant variations from choices made by the supply market, and with demand changes from customers' evolving needs.
 
Since most of the compressors were installed, new turbo engine technology has been developed by the car industry. This could help to resolve the problem by making the envelope on existing compressors larger.
 
None of the major international Original Equipment Manufacturers (OEMs) offer a solution that can be retrofitted onto an existing compressor. Development and demonstration are needed to provide investment-level confidence that the technology can be used on a high-pressure natural gas network. 
 
Overall, this solution will reduce fuel consumption, carbon emissions and fuel cost - and, above all, provide an additional option for increasing flexibility in the network.
 
The project will start in April 2014 and finish in 2017.
	Total cost of Project: £8m
	NIC funding requested: £7m
	If yes please specifyCross Sector Projects only Requested funding from Electricity NIC NIA or second tier LCN Fund: N/A
	The Licensee must provide a narrative which explains the Problems which the Project is seeking to addressRow1: The flow of gas on the National Transmission System (NTS) is driven by a fleet of 68 compressors. Placed across the country, these compressors send the gas from supply injection points to all parts of the gas network - and ultimately to customers' homes and businesses.
 
In 2012, compressor operations consumed 227,386 GWh of gas, with 235,741 tonnes of directly associated greenhouse gas (GHG) emissions. This is roughly the same as the emissions from 50,000 average UK households (2009 data).
 
Each compressor has two main components: a drive unit and a compressor unit. 
 
Most of the drive units are gas turbine engines that can deliver between 5 and 30 MW of power. At the upper end of that scale they're as powerful as Boeing 747 jet engines. 
 
The compressor units, meanwhile, vary their output by changing the speed at which they rotate. Each one is designed to operate within limits known as the 'envelope of operation'. Operating outside this envelope reduces efficiency, creates potentially destructive vibration, increases noise and reduces the operational life of the equipment.
 
When new compressors are installed, their size and configuration are based on analysis of the network at that time. Inevitably, as the many factors involved in that analysis change, this means that what was appropriate during installation may not be ideal many years later.
 
For instance, the pattern of gas flow in the NTS has been changing in recent years as North Sea gas sources (mainly connected in Scotland) contribute less to GB supply, and LNG sources (importing in South Wales and the South East of England) contribute more. This is leading to frequent and significant changes in the gas flow requirements. 
 
These changes will continue - and others will occur in the future - as we decarbonise the GB energy sector and change where the gas comes from, what we use it for and where in the country we use it.
 
This is likely to lead to a growing number of compressors operating outside their design envelope for an increasing amount of time.
 
	The Licensee should describe the Methods which are being demonstrated or developed The Licensee must outline how the Methods could solve the Problem The type of Method should be identified where possible eg technical commercial etcRow1: The car industry was facing a similar problem in the late 1980s. Limits around the 'envelope of operation' on car turbo units led to the development of variable vane turbo units. Most of the gas-driven compressors in the NTS were installed before this technology was developed.
 
New industrial-scale compressors are being developed by some OEMs for use with non-explosive gases. These new compressors have a larger envelope because variable vane guides are used to control them, instead of the rotation speed of the drive unit being changed.
 
However, none of the OEMs offer a solution that can be retrofitted to the existing compressors on the GB network. This means that major capital investment for replacing compressors across the network would be needed, to give the flexibility that vane guide control can provide.
	Methods continuedRow1: In order to adopt this technology into the GB gas network, four specific developments are needed:
 
1) Technology development. In partnership with an OEM, the project team will design and manufacture a prototype variable vane inlet guide, designed to be retrofitted to an existing compressor.
 
2) Demonstration. As there are no examples of this solution being used elsewhere on the natural gas networks in the world that are comparable to the GB NTS, there is no information available to validate how much the operational envelope is increased in practice, and what set of flow and pressure requirements would justify its use from an economic perspective.
 
3) Risk evaluation. There are two possible ways of introducing variable vane guides into an existing compressor;both have different risk and benefit profiles.
 
4) Optimisation. If successfully demonstrated, roll-out of the variable vane guide control across the NTS fleet would inevitably be phased, so new systems and strategies that deal with a combination of fixed and variable vane compressors on the same site need to be developed, tested and optimised.
	The Licensee must provide a commentary on the accuracy of its funding estimate If the Project has phases the Licensee should identify the approximate cost of each phase IGTs should indicate potential bid costs expensesRow1: An approximate costing has been developed, based on existing activity and the output of an IFI-funded feasibility assessment. As the detail of the technology that will be deployed has not yet been confirmed, the cost of £8m is estimated to +/- 30%.  
 
The costs fall into two main phases:
  
Phase 1 (£4.5m) - design and manufacture a first-of-a-kind retrofit solution for the adaptation of existing fixed vane compressors to variable vane operation.
 
Phase 2 (£3.5m) - arrange a compressor outage; install a demonstration unit; carry out performance trials and a risk evaluation; and test a range of control combinations.
 
 
	The Licensee must demonstrate that the Solution has the potential to accelerate the development of the low carbon energy sector in GB andor deliver wider environmental benefits to GB customers The Licensee must demonstrate the potential to deliver net financial benefits to existing andor future customersRow1: The strategy set out in the Carbon Plan identifies the need for greater flexibility in the gas transmission network as the role of gas in our energy systems changes.  The patterns of flow across the gas transmission network will become more variable as gas fired power stations provide the flexibility needed to meet peak demand and manage intermittent generation of wind and solar.  The network will need to be able to respond to changes in gas pressure and flow over greater ranges and in much shorter time scales than today.
 
At present there are three options for changing the pressure and flow performance of natural gas compressors on the NTS: 
 
1) Operate outside the efficient 'envelope of operation' if it is safe to do so.  However, this uses more fuel, increases GHG emissions, reduces the operational life of the equipment and leads to greater maintenance and replacement costs. 
 
2) Replace one fixed vane compressor wheel with another (re-wheeling) that has fixed vanes set at a different angle. However, this is expensive, typically in excess of £1m each time it is done, and is impractical for managing daily or weekly variability. 
 
3) Replace the existing compressors with new ones which is very expensive.
 
The proposed project will develop a solution that allows variable vane guide and rotation speed control to be retrofitted onto existing NTS compressors.  This will enable them to operate stably and more efficiently over a wider range than is currently possible.  As a result it will be possible to provide increased operational flexibility in gas transmission to support the Carbon Plan strategy sooner and at lower overall cost than using established compressor technology through:
 
o   reduced compressor fuel consumption, fuel cost and carbon emissions directly associated with the operation of the network.  The financial benefits from this are passed directly to customers through reduced network charges.
 
o   reducing the need to re-wheel compressors. 
 
o   operating a single machine over a wider range which in some cases will reduce the need to operate multiple machines in parallel and increase the operational life of existing equipment. 
 
	The Licensee must demonstrate that the Methods being trialled can derive benefits and resulting learning that can be attributed to or are applicable to the gas transportation systemRow1: Compressors on the NTS are vital for and exclusively for the transportation of gas from all national supply points to all customer take-off points.
 
The demonstration project will measure the real benefits from retrofitting variable vane guide compressor technology.  
 
Measured benefits include reduced gas fuel (shrinkage) cost, reduced carbon, NOx and SOx emissions, reduced EU-ETS costs and increased plant flexibility, all of which are directly attributable to the gas transportation system.
 
Suppliers of equipment and services will be competitively tendered following National Grid's normal procurement process.  For aspects of the project for which this may not be appropriate, the selection of partners will include a competitive evaluation of their proposed contribution along side technical capabilities and willingness to conform to the default IPR requirements of the NIC.
 
 
 
	The Licensee must explain the learning which it expects the Methods it is trialling to deliver The Licensee must demonstrate that it has a robust methodology in place to capture the learning from the TrialsRow1: Four main areas of learning are expected to be delivered by this project:
 
· A functional design for a retrofit variable guide vane wheel for the demonstration compressor, and for ones similar to it on the NTS.
 
· The design issues and philosophy for a retrofit solution that will be suitable for other compressor types and for other OEM compressors on the NTS.
 
· The requirements of, and interactions between, control systems in order to manage compressors with both variable vane and rotation speed control, and those with just rotation speed control.
 
· The costs and benefits of rolling out the technology across the GB fleet of NTS compressors, to establish where and under what circumstances it is viable and beneficial.
 
The project manager will prepare reports identifying all relevant knowledge gained to the project steering committee at least twice a year.  These will be published on the project web portal, details of which will be sent to all GB Network Licensees.  Results and project learning will also be reported at the annual NIC conference, in National Grid Gas Transmission's annual Network Innovation report and on National Grid's innovation website www.nationalgrid.com/innovation.
	If the Licensee wishes to deviate from the default requirement for IPR then it must demonstrate how the learning will be disseminated to other Licensees and how value for money will be ensured The Licensee must also outline the proposed alternative arrangements and justify why the arrangements are more suitable than the default arrangementsRow1: We aim to conform to the default IPR arrangements set out in the Gas NIC Governance Document. Should it become necessary for the project to deviate from these arrangements at the Full Submission stage, the full project submission will demonstrate how the learning and benefits will be shared.
 
	Demonstrate why the Licensee has not previously used this Solution including where the Solution involves commercial arrangements and why NIC funding is required to undertake it This must include why the Licensee would not run the trial as part of its normal course of business and why the Solution is not ResearchRow1: An independent consultant acting for National Grid has interviewed six major internal compressor OEMs to establish the maturity of the technology.
 
Most of the global compressor market meets the needs of industrial processes that do not have the variable operational requirements and complexity of the GB transmission network. As a result, none of the OEMs have either new compressors or retrofit solutions with this technology that can be currently used on the GB natural gas transmission system.
 
Two of the OEMs approached have expressed interest in supporting the development of a retrofit variable vane solution.   It is clear, however, that due to the niche nature of the market for a retrofit solution, particularly one that could be applicable to compressors from multiple vendors, this solution won't be developed without funding support.
 
The potential benefits from a retrofit solution are clearly understood from the aerodynamic performance of new compressors for non-explosive gases. However, 
full-scale demonstration is needed to: establish the technical feasibility of a retrofit solution on existing compressors from various OEMs, of various sizes, configurations and ages; to test the risks from their use with explosive gases and the knock-on costs to maintain safe operations; and to validate the actual operational benefits and the circumstances in which it is a cost-effective solution for the GB network.
	The Licensee must provide evidence of how Project Partners have been identified and selected including details of the process that has been followed and the rationale for selecting participants and ideas for the Project The Licensee should provide details of any Project Partners who will be actively involved in the Project and are prepared to devote time resources andor funding to the Project If the Licensee has not identified any specific Project Partners it should provide details of the type of Project Partners it wishes to attract to the ProjectRow1: The main partner required to deliver a successful outcome from this project will be an OEM.
 
We have approached six major international OEMs for an expression of interest in developing a solution. Two have expressed interest and have outlined two different approaches to integrating variable inlet guide vanes into existing compressors.
 
We will appoint an independent consultant to evaluate the benefits of the project and a wider roll-out.  Proposals will be sought from suitably competent parties and evaluated on their technical and commercial merits.
 
	The Licensee should outline if it considers that the Project will require any derogations exemptions or changes to the regulatory arrangementsRow1: Not applicable.
	The Licensee should outline any planned interaction with customers or customers premises as part of the Project and any other direct customer impact such as amended contractual or charging arrangements or supply interruptionsRow1: None.
	Any further details the Licensee feels would add to the submissionRow1: The process that has been followed to date to decide which projects to prioritise for NIC submission has been as follows:
 
1 consultation with relevant experts within the National Grid business and with suppliers and a number of other external stakeholders to develop a list of potential innovation projects 
 
2 categorisation into four possible funding routes: normal business investment, Network Innovation Allowance (NIA), Network Innovation Competition (NIC) and other research funding routes, taking into account level of innovation risk, nature of the expected innovation benefits and beneficiaries and match to funding mechanism eligibility criteria,
 
3 short listing of projects most appropriate for NIC funding for 2013 competition based on when the innovation will be needed to deliver the Governments Carbon Plan and relative scale of expected benefit.
 
4 approval of proposals for 2013 within National Grid normal governance processes.
	Contact nameRow1: David Oram
	Contact AddressRow1: National Grid House,
Warwick Technology Park,
Warwick
CV34 6DA
	EmailRow1: david.oram@nationalgrid.com
	Direct telephone lineRow1: 07884 475 641
	Job titleRow1: Network Innovation Competition Manager
	Check Box6: Yes
	Check Box7: Yes
	Check Box8: Yes
	Check Box9: Off
	Check Box10: Yes
	Text11: This is not a cross-sector project.


