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1.0 WHAT IS THE
LIVERPOOL-MANCHESTER
HYDROGEN CLUSTER?
1.1 Background and Context

Emissions from natural gas combustion and use are the largest source of greenhouse gas
(GHG) emissions in the UK. The use of hydrogen in place of natural gas, in principle, offers
a potential route to long term widespread decarbonisation of gas distribution networks,
as shown by the Leeds City Gate (‘H21’) study1. The purpose of considering conversion
to hydrogen is to deliver widespread carbon abatement across the UK at lower cost than
alternative decarbonisation strategies.
The Government is to finalise and publish the long-awaited ‘Clean Growth Plan’ along
with an Industrial Strategy White Paper in Autumn 2017. Conversion from natural gas to
hydrogen, potentially on an incremental basis, would likely represent a major opportunity
for new industrial growth. This might be through the longer term stability or potential
expansion of existing (newly decarbonised) energy intensive industry or through
business opportunities and growth created from new technologies developed to facilitate
the transition to hydrogen as the UK becomes a global leader and major exporter of
equipment and skills. Job creation and the resulting gross value added (GVA) to the
economy could therefore be significant in delivery of the goals of the Industrial Strategy
Challenge Fund (ISCF).
The H21 work recognised the considerable delivery challenges and the need for a
programme to deliver a deployment pathway. This study has sought to formulate a first,
deliverable project, which is cost effective and provides meaningful emissions reduction.
The Project is designed to represent a ‘no regrets’ step and have the potential for
extension to allow further decarbonisation of the gas network. At the same time, it might
deliver key facilitating infrastructure for wider opportunities; in particular the Project may
support decarbonisation of the transport sector, by facilitating the use of hydrogen as a
transport fuel, thus alleviating air quality concerns, particularly within major cities.
The characteristics required of a deliverable, cost effective, hydrogen conversion
project are:

Northern Gas Networks (2016) H21 - Leeds City Gate, July 2016
http://www.northerngasnetworks.co.uk/document/h21-leeds-city-gate/
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n Low cost, low risk, low carbon hydrogen production
Commercially available techniques for bulk hydrogen production involve conversion
of fossil fuels. This study considers projects that are predicated on the use of steam
methane reformation (SMR) to manufacture hydrogen from gas, as proposed in
the H21 study. The carbon dioxide (CO 2) produced must not be released to the
atmosphere and hence Carbon Capture and Storage (CCS) infrastructure is also
necessary.
CCS infrastructure is not yet available in the UK and a critical element of the study is
to seek to formulate an integrated project approach involving hydrogen production
and CCS. This approach would not rely on the separate justification of the CCS
infrastructure, but would rely upon sufficient scale being achievable to underpin CCS
options that are low cost.
n Minimum disruption and cost to end consumers
Work has only just begun on the development of domestic appliances to operate on
hydrogen and a supply chain has yet to be created. Furthermore, public acceptance
of hydrogen use has not yet been tested. Consequently, the focus of this study has
been to consider options which do not require any change in domestic gas appliances
or consumer behaviour. The study draws upon work to establish hydrogen-gas
‘blends’ with potentially up to 20% by volume (vol.) hydrogen currently underway in the
HyDeploy project.2
n T
 he facility to match hydrogen production to network demand, both
on a seasonal and daily basis, at low cost
The wide difference in gas network demand between summer and winter, largely
arising from domestic and commercial users, must be accommodated cost effectively.
Daily fluctuations in demand can also be significant and beyond the capability of SMRs
to ‘load follow’. Ultimately, for widespread conversion of the network to hydrogen in
place of natural gas, substantial hydrogen storage will be essential. As noted in the
H21 study, this is feasible but would require the creation of storage facilities in salt
caverns, together with the associated injection and recovery facilities.
Such hydrogen storage facilities are likely to be very expensive, both in terms of
capital for construction and in ongoing operational costs. As a result, for a deliverable
first project as proposed in this study, an alternative strategy has been adopted, which
does not require hydrogen storage in salt caverns.
This strategy is based on the fact that many major process industries operate
continuously, thus resulting in little change in demand either daily or annually.
This offers the potential to formulate projects which do not exhibit such extreme
fluctuations in demand.
Both Liverpool-Manchester and the Humberside area are both strong candidates in which
to locate an industrial hydrogen conversion project, which follows this approach. Both are
industrial areas with a cluster of process industries, both are close to potential offshore
CO 2 stores, and both are close to extensive salt deposits already used for natural gas
storage enabling the future extension of an initial project.
The analysis in the accompanying Technical Report (to this Summary Report) shows that
Humberside represents an attractive location (in the national context) for such a project,
but that the Liverpool-Manchester area is preferred as the industrial tranche is more
extensive, the population density and scale are higher and the costs are lower.3

See http://media.nationalgrid.com/press-releases/uk-press-releases/east/boost-for-lowcarbon-future-as-national-grid-scoops-11-million-for-ground-breaking-test-projects/
2

Cadent Gas (2017) The Liverpool-Manchester Hydrogen Cluster - A Low Cost,
Deliverable Project: Technical Report, May 2017
3
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1.2 Cluster Area Gas Demand

Figure 1.1 presents the specific scope of the geographical area and the associated
gas distribution network operated by Cadent Gas Ltd (‘Cadent’), which is considered
as the ‘Liverpool-Manchester Hydrogen Cluster’ area (the ‘L-M Cluster’) for the
purposes of this study.

Figure 1.1: L-M Hydrogen Cluster Area
and Existing Cadent Gas Network

Note: The area situated to the South West of the Cluster is operated by Wales and
West Utilities (WWU) and so the related pipelines are not presented
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As summarised in Table 1.1, based on data provided by Cadent, total natural gas use
by industry (only users with demand > 5.9 GWh/annum) connected to the distribution
network within the L-M Cluster was 11,039 GWh in 2015. This represents 21% of the
52,928 GWh consumed by such industrial users across the whole Cadent network
and around 11% of the total industrial gas consumption in Great Britain (GB) of 99,729
GWh in 2015.4
Total gas consumption (domestic and non-domestic) in the L-M Cluster area
was 47,631 GWh in 2015, which represents 11% of total GB gas consumption (at
distribution level) of 495,656 GWh in 2015.

Table 1.1: Gas Consumption Data for L-M Cluster Area
Parameter

Industrial (sites >5.9 GWh) gas consumption (2015)
Commercial gas consumption (2014)
Domestic gas consumption (2014)
Total gas consumption (2014)

Natural Gas Consumption
(GWh)1
11,039
16,331
20,261
47,631

Notes:
1.	Excludes gas consumption delivered directly from the national transmission system (NTS)
and excludes potential future demand from the transport sector

1.3 Consistent Demand from Industrial Gas Users

There are many large industrial gas users in the L-M Cluster. For example in 2016,
4,856 GWh was consumed by just 10 companies. This is 10% of the total gas used in
the area. The annual demand profile for large users is presented in Figure 1.2, which
demonstrates that there does not exist any significant seasonal variation.

Figure 1.2: Natural Gas Demand from Large
(>5.9 GWh/annum) Users in the L-M Cluster (2016)

BEIS (2016) Historical gas data: gas production and consumption and fuel input 1920 to 2015,
August 2016 https://www.gov.uk/government/statistical-data-sets/historical-gas-data-gasproduction-and-consumption-and-fuel-input-1882-to-2011
4
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Large industrial gas users exist in several industrial sectors. The major users in the
L-M Cluster are within the oil refining, glass manufacturing, ‘food & drink’, chemicals
and ‘pulp & paper’ sectors. The main use of gas is for heat production, whether in
furnaces, ovens or combined heat and power (CHP) plants for high heat, or in boilers
for steam raising and lower heat applications.
Figure 1.3 shows the location of some of these major industrial gas users. It is
noteworthy that many are close to a corridor which runs parallel to the
Manchester Ship Canal.

Figure 1.3: Location of 10 Major Industrial Gas Users

Source: Map data ©2017 Google
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1.4 Existing Sources of Hydrogen

As presented in Figure 1.4, there are a number of existing sources of hydrogen production
within the L-M Cluster, some of which are also major gas users. Two of these sites have
already used hydrogen as a fuel for their onsite boilers.
In addition, there are also currently two known pipelines transporting hydrogen in the
Cluster area:
n A pipeline connects Inovyn’s site at Runcorn (where hydrogen is produced as a
by-product of chlorine production), with Solvay at Warrington; and
n A pipeline connects BOC’s St Helens site to Pilkington Glass (also at St Helens), where
hydrogen is supplied to support float glass production.
Hence the area has pre-existing skills and capability related to the production, handling
and use of hydrogen. The availability of this hydrogen, to the extent that its use can be
shown to not result in additional CO 2 emissions, opens the possibility of a degree of
demand-production management.
Some of the current sources of hydrogen, along with the existing pipelines may be
available, if required, to support initial demonstration projects, should these be needed
prior to committing to a larger project.
In addition, it is relevant to note that the production of bio-substitute natural gas (bioSNG) and bio-hydrogen from waste has been successfully piloted and that a small
commercial project (part-funded by Cadent) is under construction in Swindon. The
technology used implicitly involves CO 2 separation and as the waste has a high biomass
content, ‘negative emissions’ could be achieved if commercial plants were to be sited
near to CCS infrastructure.

Figure 1.4: Potential Existing Sources
of Hydrogen in the Cluster Area

Source: Map data ©2017 Google
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1.5 Access to Low Cost CO2 storage

The Liverpool Bay ‘complex’ of hydrocarbon fields (see Figure 1.5), located in the East Irish
Sea off the coast of Merseyside, could be repurposed to provide CO2 storage.
These fields are likely to cease production around the time that any project to develop
a L-M Cluster might be in a position to make a Final Investment Decision (FID). Data
published by Government shows that the Liverpool Bay complex produced only 122
million m3 of natural gas in 2015, down from production of 2,617 million m3 in 2003. It is
understood that the fields are likely to continue to produce gas until the early 2020s,
which is consistent with the development timeframe for the proposed L-M Cluster.
A recent study from the Energy Technologies Institute (ETI) identifies the Hamilton field
within the Liverpool Bay complex as within the ‘top 20’ best storage reservoirs in UK
waters.5 The study estimates that the Hamilton field has a CO2 storage capacity of 130
million tonnes, which is material in the context of the proposed L-M Cluster.6 If CO2 were
stored as a gas rather than in ‘dense’ phase, the storage capacity would be around 25
million tonnes. This would still be material in the context of a first project.
The Hamilton field is also much closer to land than many other offshore oil and gas fields
around UK shores. At present, one major (20 inch) gas pipeline runs from the Liverpool
Bay complex to the Point of Ayr gas terminal. As shown in Figure 1.5, this pipeline then
runs on from Point of Ayr to E.ON’s Connah’s Quay combined cycle gas generation
(CCGT) plant. Once production of natural gas ceases at Liverpool Bay, it may well be
possible to repurpose this pipeline for reverse flow of CO2.
The potential to repurpose existing natural gas production facilities and pipelines for CO2
transport and storage and the potential alignment between the cessation of production
at Liverpool Bay and the development of a L-M Hydrogen Cluster offers the prospect
of extremely low CO2 transport and storage costs. The analysis in the Technical Report
indicates that such costs will be lower in the L-M Cluster area than at other UK candidate
locations – Humberside, Teesside and Grangemouth – at which hydrogen cluster projects
might be considered.

ETI (2016) Progressing development of the UK’s Strategic Carbon Dioxide Storage Resource, April 2016
http://www.eti.co.uk/news/eti-project-identifies-cost-effective-ccs-storage-sites-off-the-uk-coast/
5

Information taken from the Strategic UK CCS Storage Appraisal Project, funded by DECC, commissioned by
the ETI and delivered by Pale Blue Dot Energy, Axis Well Technology and Costain. See https://s3-eu-west-1.
amazonaws.com/assets.eti.co.uk/legacyUploads/2016/04/ETI-licence-v2.1.pdf
6
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Figure 1.5: The Liverpool Bay Complex
of Oil and Gas Fields

Gas
Power Station

Oil

Pipelines

Source: BHP Billiton Petroleum Operational and Financial Review 2006

In addition to the fields comprising the Liverpool Bay complex, which together provide
storage capacity estimated to be in excess of 200 million tonnes, there is even greater
CO2 storage capacity at Centrica’s Morecambe Bay complex, also in the East Irish Sea.
In the same ETI study, both the Morecambe North and Morecambe South gas fields are
identified as also being in the top 20 UK offshore reservoirs for storage of CO2, with a
combined total storage capacity in excess of 1 billion tonnes. Whilst the life of these
fields is expected to extend into at least the late 2020s or early 2030s, they represent a
strategic asset in respect of extended, deep deployment of a hydrogen network in the
wider North West region in the future.

09

2.0 PROJECT DESIGN CONCEPT
The concept formulated in this study is a project based around the L-M Cluster area
(‘the Project’), which:
n Uses low carbon hydrogen to reduce the carbon intensity of the gas distribution
network supplying a population of around five million;
n Delivers major CO2 reduction for a tranche of industry, which has no viable alternative
means of decarbonisation; and
n Creates initial CCS infrastructure as an integral part of the Project and provides the
platform for more extensive, subsequent decarbonisation of the gas network and
extension of the CCS infrastructure.
The Project Design Concept is presented schematically in Figure 2.1.

Figure 2.1: Project Design Concept

The key elements of this concept are as follows:
1) Injection of hydrogen into the natural gas distribution network to the maximum
possible level without requiring changes to gas appliances
Up to 12%vol. of hydrogen is allowable in parts of the gas network in the Netherlands.7
Furthermore, as mentioned above, the HyDeploy project in the UK, which is currently
underway, is seeking to establish a maximum percentage of hydrogen by testing
blends potentially up to 20%vol;8

CEN/TC (2011) Gases from Non-conventional Sources – Injection into natural gas grids: Requirements
and Recommendations, 2011. Available at http://www.greengasgrids.eu/fileadmin/greengas/media/Cross_
Country_Overview/Gas_Quality/TC_234_draft_TR_NCS_injection_110330_1_.pdf
7

See http://media.nationalgrid.com/press-releases/uk-press-releases/east/boost-for-low-carbon-future-asnational-grid-scoops-11-million-for-ground-breaking-test-projects/
8
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2)	Conversion of a tranche of industrial plants to high hydrogen to provide a large
base-load demand for low carbon hydrogen
It is technically possible to adapt many furnaces and boilers and some CHP plant to
operate on a high hydrogen/natural gas mixture. Most industrial process plant operate
continuously throughout the year and consequently conversion of a tranche of such
sites to operate on a high hydrogen ‘mixture’ could provide a near constant annual
base load demand.
3)	Avoidance of the need for expensive salt cavern storage via use of a range of
methods to manage fluctuations in domestic demand9
Overall distribution network demand varies by a factor of eight between summer
and winter months, which appears to preclude the design of a cost effective system
that does not include hydrogen storage. However, the integration of industrial base
load plant converted to operate on high hydrogen via a dedicated pipeline (alongside
retaining existing gas connections) with unmodified general network users supplied
with a blend can be arranged to produce a smooth annual demand profile for
hydrogen.
Short term, daily fluctuations in demand can be managed in a number of ways,
all of which could be applicable at different points in time. These include:
a.	The use of ‘line-pack’ in the dedicated pipelines supplying
hydrogen to industrial users;
b.	Variation in the hydrogen content of the hydrogen/natural gas
mixture supplied to industry to maintain a constant blend in the
wider distribution network irrespective of network demand;
c.	Use of ‘tolerable’ variation changes in hydrogen production
rate by the associated SMRs;
d.	Sourcing of hydrogen from existing industrial hydrogen
producers; and
e.	Supply of hydrogen to others sites, which are not
connected to the distribution network
4) Low cost CCS with unit CO2 transport and storage costs approximately
half of those at other potential locations for CCS
As described in Section 1.0, not only is CO2 storage located only a short distance
offshore, but there is significant potential to reuse the associated pipelines and
platforms. These factors and the coincidence between the date for cessation of
production from the fields and commitment to undertake the Project substantially
reduces the costs of CO2 transport and storage.

As described in detail in the Technical Report, however, there is significant potential for underground
hydrogen storage in salt caverns in the Cheshire Basin as part of a future, expanded hydrogen cluster
9
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5) Location for SMRs chosen to minimise the costs of natural gas supply from the
NTS, those for CO2 transport infrastructure and for a new hydrogen pipeline
A possible location would appear to be near Ince Marshes, which is both close to
the NTS, and the potential route for the hydrogen pipeline and which has reasonable
access to the existing Liverpool Bay complex for CO2 storage.
Indicative pipeline routes and configurations are presented in Figure 2.2. This shows
that many industrial manufacturing facilities, including many major gas users, are
located in a ‘corridor’ through which the Manchester Ship Canal passes. The corridor
links the coast at Liverpool Bay to the centre of Manchester and is an established
route for existing pipelines. Ince Marshes is an industrial area close to the ship canal
and hydrogen produced by SMRs located there could be piped to a range of industrial
plant. A hydrogen pipeline spur to north of the Mersey can also enable industrial plants
in the Liverpool area to be linked to provide an interconnected tranche. This hydrogen
pipeline configuration enables hydrogen to be injected (via multiple, smaller spurs)
into the existing gas distribution network to provide the required hydrogen/natural gas
blend across the cluster area. As mentioned above, further spurs from the pipeline
could be introduced to supply hydrogen to vehicle fuelling stations, including bus and
commercial fleet depots.

Figure 2.2: Conceptual Pipeline Routes and Configurations

CO2
storage

Source: Map data ©2017 Google
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The Technical Report provides detailed analysis and modelling of variations in demand
from the distribution network, both in respect of daily and seasonal fluctuations, and
future demand scenarios. The analysis provides sufficient understanding of the demand
profile in cluster area from which to specify how the hydrogen supply system should
be designed.
Consequently, for the purpose of formulating the Project it is assumed that 1,620 GWh/
annum of hydrogen must be supplied to provide a 10%vol. blend across the distribution
network. This number can be scaled to higher or lower blend percentages, and/or if
necessary, for reduced or extended geographical coverage, taking into consideration the
need to design for the ‘1 in 20 year’ peak demand.
As mentioned above, a substantial proportion of industrial gas use is associated with
the production of high and low temperature process heat, with a relatively flat demand
profile. Hydrogen is delivered to the cluster of industrial users by a new hydrogen pipeline
system. The existing gas connection at each site would be retained and a hydrogengas mixture produced for each site using a local ‘entry unit’. As described above, this
approach has been designed such that these major industrial users can play a key role
in easing the challenge of matching SMR hydrogen production to network demand.
However, the initial design assumption for sizing the Project is that the hydrogen supplied
to each industrial site will be held constant throughout the year with the natural gas in the
mixture being increased to cover periods of higher demand. This produces the demand
profile shown in Figure 2.3.

Figure 2.3: Total Average Daily Hydrogen Demand per Hour
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The sizing in the final Project will depend on the actual demand in the network to be
supplied with a blend, taking into consideration both the need to satisfy the 1 in 20 year
demand excursion, and the industrial tranche selected to balance demand.
Combining the average hourly hydrogen demand from the selected major industrial gas
users with a 10%vol. blend in the distribution network results in the need for a facility
comprising three SMRs, each sized at 260 MW. All three SMRs would operate during
the winter months and two during the summer. This allows each SMR to be taken offline
for maintenance in rotation every three years whilst at the same time ensuring a high
utilisation factor. The operating range of the SMRs means that this configuration is able to
follow the annual network variation profile.
It is envisaged at this stage of conceptual development that the hydrogen pipeline will
need to be designed to deliver between 580 MW of hydrogen during summer months,
(when one of three SMRs can be offline for maintenance) and 760 MW during winter
months.
As set out in Table 2.1, based on initial analysis of data relating to the gas use of the
major industrial sites located broadly along the hydrogen pipeline route presented in
Figure 2.2, it is estimated that there will a requirement to transport and store 0.84 to 0.97
million tonnes of CO2/annum emitted from the SMR complex in relation to industrial use.
Furthermore, a 10% blend of hydrogen injected to supply the network across the cluster
equates to another 0.33 million tonnes of CO2/annum produced by the SMR complex.
In addition, one of the UK’s two major ammonia production plants (operated by CF
Fertilisers) is sited very near to the location of the proposed SMR complex. This ammonia
plant includes four existing SMRs that produce hydrogen from natural gas. As part of the
production process pure CO2 is also produced; and whilst some is sold, the remainder is
currently released to the atmosphere. This CO2 could be transported and stored at low
cost (via simple compression to CO2 pipeline pressure) and so is included in the amount
to be stored in Table 2.1.
As a result, the Project is assumed to require the transport and storage of over 1.5 million
tonnes of CO2/annum. This CO2 would be piped from the SMR complex via a 25km CO2
pipeline to link to the existing pipeline which travels from Connah’s Quay to Point of Ayr
and thence to the Liverpool Bay fields.

Table 2.1: Estimated CO2 Transported by the Project
Source

10% Network Blend (SMR Complex)
Industry (SMR Complex)
Existing Industry
Total

CO2 (million tonnes per annum)

0.33
0.84 - 0.97
0.35
1.52 - 1.65
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3.0 OVERCOMING TECHNICAL
CHALLENGES FOR INDUSTRY
Prior to the Project being finalised a number of technical uncertainties must be resolved.
The accompanying Technical Report details technical and engineering constraints and
opportunities for use of hydrogen as a substitute, in whole or in part, for natural gas in
different industrial sectors.
The analysis shows that there are significant differences in the physical and combustion
characteristics of natural gas and hydrogen. These need to be further explored to
underpin its safe use, either as a blend in the network or as a high hydrogen/natural gas
mixture in a small number of selected industrial plants.
In an industrial context, hydrogen might be used in in furnaces, kilns, lehrs, boilers, gas
turbines, reciprocating engines, process heaters and as a chemical feedstock. Use
of hydrogen in each of these technologies presents unique engineering challenges.
Primarily, attention will need to be paid to:
n The burners in which hydrogen is used and the systems which control such use; and
n The higher flame temperature associated with hydrogen, which has the potential
to increase the formation of NOx.
In most cases, however, reasonable confidence exists that partial substitution of
hydrogen, i.e. 10-15%vol. should be possible with minimal modification to plant or
equipment being necessary. However, to facilitate this, further work is required, on a
case-by-case basis, in conjunction with the relevant OEMs (as providers of guarantees),
particularly with regard to power generation units.10
The analysis in the Technical Report spans eight industry sectors. In many cases, there
has been some experience of burning hydrogen-rich fuel mixtures due to previous
use of Town Gas (which comprised up to 50% hydrogen) up to the 1970s. There is also
experience of hydrogen combustion in at least two plants within the L-M Cluster area.
Consequently, there is some existing learning and experience which can be built upon.
It appears that there are no fundamental technical or engineering barriers that would
prevent significant substitution of gas by hydrogen, which may even be up to 100% in
some cases. However, there remains a number of areas where further work is required
to establish and provide confidence in the levels of hydrogen substitution which can be
used. Towards this goal, the design of a practical testing and demonstration programme,
in partnership with industry, should be the focus of further development activity.

10

OEM = Original Equipment Manufacturer
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4.0 COSTS AND
FUNDING MECHANISMS
A range of cost data is presented in the Technical Report for this study. Whilst this is an
early phase of analysis, and many of the costs are indicative, in summary, the modelling
for the L-M Cluster suggests that:
n The Capex for the Project is estimated to be of the order of £0.6 Billion. This is
low compared with the £2.1 Billion of Capex (for the same level of CO2 reduction)
associated with 100% conversion of the network to hydrogen to supply a city
comprised largely of domestic and commercial users, as proposed in the H21
project.11 The difference largely relates to the need to replace hundreds of thousands
of household and commercial boilers in the H21 project and also the need for
hydrogen storage in underground salt caverns; and
n The Opex for the Project is estimated to be of the order of £57 M/annum, which can
be compared with the £139 M/annum associated with the configuration proposed in
the H21 project. The difference in costs largely relates to the lack of need (in the L-M
Cluster Project) for any underground storage of hydrogen in salt caverns.
The cost effectiveness of the Project may be judged by comparing its Cost of Abatement
(CoA) against alternatives, whilst again noting that there are very limited opportunities for
the bulk decarbonisation of industrial heat.
In its simplest form, the CoA is the sum of the capital and operational costs over the
project life divided by the total CO2 abated. On this basis, the CoA of the Project is
estimated to be around £90t/CO2. If a methodology is used which involves applying a 4%
discount rate (typical of the rate used to assess social benefit for initiatives of this type) to
the costs and the benefits of CO2 abatement, the CoA rises to an estimated £104/tCO2.
The data presented in Table 4.1 suggests that:
n The CoA of the L-M Project is comparable with those associated with power
generation technologies, such as nuclear and offshore wind, which have strong policy
support. In this context it should be acknowledged that this is a first of a kind (FOAK)
Project which also requires deployment of a considerable amount of new CCS and
hydrogen delivery infrastructure;
n The approach to decarbonisation of heat in the Project represents very good value for
money (VfM) when compared to air source heat pumps (ASHPs). However it should be
noted that the L-M project is applicable to urban areas whereas a strength of the heat
pump proposition is its suitability for use in more rural environments, including those
not served by gas.

Northern Gas Networks (2016) H21 - Leeds City Gate, July 2016
http://www.northerngasnetworks.co.uk/document/h21-leeds-city-gate/
11
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Table 4.1: Comparison of CoA with Alternatives
Approach to Decarbonisation

Proposed L-M Hydrogen Cluster Project
Nuclear
Offshore Wind
H21 Project
Air Source Heat Pumps

CoA (£/tCO2)

90 – 1041
1252
1312
292
7683

Notes:
1.	Derived using H21 cost data. Upper range applies a 4% discount rate. Inclusion of ‘Scope 3’ emissions would
increase the upper range to around £109/tCO2
2.	Based upon the levelised cost of electricity equivalent to the current ‘administrative strike’ price under the
Contract for Difference (CfD) mechanism and assuming that power generation via CCGT at a levelised cost
of £55/MWh and a carbon intensity of 0.343t/MWh is displaced
3.	Based on the current level of support for ASHPs under the Renewable Heat Incentive (RHI) and assuming
215 kgCO2/kWh carbon intensity of electricity generation in 2020 (as per National Grid’s ‘slow progression’
scenario in its 2016 Future Energy Scenarios) and a coefficient of performance (COP) of 2.51, as set out in
BEIS’ 2016 RHI Impact Assessment

Whilst the Project formulation and the associated cost estimation are believed to be
representative, it is recognised that the structure of the final Project may differ and the
costs involved may vary from those assumed in this study. Sensitivity testing of the
impacts of variations to five key variables are presented in Table 4.2. The combined effect
of an increase in all of these parameters would result in a CoA as high as £131/tCO2 or
£154/tCO2, depending upon the calculation methodology adopted. Even in this extreme
case, therefore, the CoA associated with the L-M Cluster Project is comparable with that
associated with large-scale power generation technologies
In summary, this analysis suggests that investment in the proposed L-M Hydrogen
Cluster would represent a low cost, no regrets project with a lower cost than alternative
means of CO2 abatement, and which could act as a catalyst for further gas network
decarbonisation.

Table 4.2: Sensitivity Analysis
Variable

SMR Capex. (+50%)
Costs of additional natural gas (+40%)
Higher conversion costs for industry
(+£100M over base of £100M)
Higher capex of new offshore pipeline for
CCS (+£66m if existing pipeline not useable)
Capex of offshore facilities
(+£106m if new rig required)

CoA variation
from £90/tCO₂
+15
+11

CoA variation
from £104/tCO₂
+19
+12

+4

+5

+5

+6

+6

+8
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In respect of funding, the investment risk associated with low carbon hydrogen
production and supply should be isolated from the investment risk associated with
CCS infrastructure. However, whilst the two market models are separate, they are
interdependent and should be developed in parallel. In summary, the analysis in
this study suggests that:
n The Project should be funded under the RIIO price control mechanism12
Considering the issues relevant to development and execution of the Project and
drawing upon evidence published by the Committee on Climate Change (CCC), there
is potential for funding of the complete hydrogen network under RIIO. 13 The integrated
nature of the hydrogen and CCS elements of the Project, its potential significance in
terms of decarbonisation and its ground-breaking, FOAK nature suggest that it may
also be appropriate for CCS expenditure to be included within the RIIO mechanism (at
least for this first project). Ofgem is scheduled to launch a consultation on the scope
and arrangements for the next RIIO charging period in December 2018, to be finalised
in December 2020. This will determine network cost allowances, revenues, and
incentives for the period 2021-28. The next three years of engagement with
Ofgem and the wider Gas Distribution Networks (GDNs) will therefore be critical.
n The funding requirement from Government for CO2 transport and storage
can be reduced via transfer of decommissioning costs
Consistent with a report from the Parliamentary Advisory Group headed by Lord
Oxburgh, the research undertaken for this study suggests that CO2 transport and
storage infrastructure should be considered separately from the plant incorporating
CO2 capture in order to separate the development, construction and operational
risks associated with the onshore and offshore parts of the Project.14 There is no clear
business case for private sector investment in pure CO2 storage, whilst there is also
a need for Government to underwrite certain CCS-specific risks. Consequently, in
view of the fact that CCS is also a ‘social’, non-competitive service for which costs
can be socialised, Government participation is needed to support deployment. The
potential for Government to transfer at least its 50% share of decommissioning costs
at Liverpool Bay to fund CO2 storage could be powerful lever in this respect. The
Department for Business, Energy and Industrial Strategy (BEIS) must therefore
engage with the Oil and Gas Authority (OGA) and HM Treasury to develop a
suitable investment model, which allows FID to be secured within the timeline for
decommissioning at Liverpool Bay.

RIIO is Ofgem’s performance based model for setting gas distribution network companies’
price controls. RIIO stands for ‘Revenue set with Incentives to deliver Innovation and Outputs’.
See https://www.ofgem.gov.uk/network-regulation-riio-model
12

Frontier Economics (2016) Future Regulation of the UK Gas Grid Impacts and institutional
implications of UK gas grid future scenarios – a report for the CCC, June 2016.
https://www.theccc.org.uk/wp-content/uploads/2016/10/Future-Regulationof-the-Gas-Grid.pdf
13

Parliamentary Advisory Group on Carbon Capture and Storage (2016) Lowest Cost Decarbonisation
for the UK: The Critical Role Of CCS, September 2016 http://www.ccsassociation.org/news-and-events/
reports-and-publications/parliamentary-advisory-group-on-ccs-report/
14
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5.0 PROJECT RISKS
AND TIMELINE
There are a range of uncertainties to overcome during the development phase to enable a
FID on the proposed L-M Cluster Project. These risks can broadly be categorised into four
areas and are summarised as follows:
1) Technical risks relating to hydrogen production and supply
a.	Design of the hydrogen production complex to enable delivery of sufficient energy
to both selected industrial sites and a blend to the network without the need for
geological storage of hydrogen;
b.	Determination the maximum, permissible level of hydrogen which can be injected
into the gas network, informed by the results from the current HyDeploy test
programme;
c.	The subsequent need to perform a related demonstration test of this maximum
permissible level of hydrogen in the public gas distribution network;
d.	The design and demonstration of a suitable blending unit to safely deliver hydrogen/
natural gas blends to the distribution network; and
e.	Demonstration of the maximum level of hydrogen for safe operation of what will be
‘dual-fuelled’ (natural gas and hydrogen) furnaces, kilns, ovens, boilers, CHP plants at
industrial sites, without any impact on site performance.
2) Technical risks relating to CO2 transport and storage
a.	Design of a suitable system to transport CO2 from the SMR complex (and any
other CO2 capture locations included in the Project configuration; for example, at
CF Fertilisers’ ammonia production site) to the existing gas pipeline connection at
Connah’s Quay;
b.	Reuse of the existing pipelines, which currently transport natural gas from Liverpool
Bay fields to Point of Ayr and then Connah’s Quay, for reverse flow of CO2 must be
confirmed; and
c.	The need to perform the successful analyses necessary to secure a CO2 storage
licence from Government.
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3) Risks relating to the Low Carbon Hydrogen Market Framework
a.	In the absence of a market for low carbon hydrogen against which investment can
be justified, a support mechanism must be designed. Detailed consideration is
needed in respect of the complete system to potentially be funded within the rate
base of the GDNs, socialising these costs across all gas users within the GDN area or
possibly within the wider UK;
b.	There is a need to move quickly. The next Ofgem review (under the RIIO mechanism)
to define allowable spend by GDNs in the period 2021-2029, commences at the end
of 2018 and all related decisions will likely need to be made by 2020;
c.	In the absence of full funding within via the GDN rate base, a suitable alternative
mechanism must be defined and put in place by Government within a similar
timeframe; and
d.	For the Project, this timing is critical in respect of the potential to gain access to
critical CO2 transport and storage infrastructure prior to finalisation of alternative
plans for decommissioning.
4) Key Risks relating to the CCS Market and Regulatory Framework
a.	HMG must decide to how it is to support CCS, evaluate support options, select a
preferred option and, if required, pass any necessary legislation before making
support available to this and any other qualifying projects. Early engagement by
HMG is needed for completion of the process within the next Parliament;
b.	It can take many years to develop and receive approval from the OGA for offshore
Field Decommissioning Plans. Consequently, early engagement is required to
consider the decommissioning strategy and its relationship to use of the field for
CO2 storage, to meet a 2022 target for a FID for the Project; and
c.	Approval must be gained to store CO2 as required under the EU CCS Directive, or
any legislation subsequent to the UK leaving the EU.
An indicative timeline for the Project is set out in Figure 5.1. Alongside the high-level
phases of project development a number of crucial wider policy activities have been
included. The key considerations to note in respect of Figure 5.1 are detailed in the
Technical Report.
Whilst challenging, it appears that it might be possible to achieve FID within the term
of the next Parliament (assumed to be June 2022). To do so requires that:
n Early attention is given by Government to the development and enactment
of arrangements for CO2 transport and storage funding; and
n There is a successful outcome from the RIIO-GD2 price control review
to allow costs to be socialised within GDNs.
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Figure 5.1: Indicative Timeline for Project Development
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6.0 KEY MESSAGES
Emissions from gas combustion and use are the largest source of GHG emissions in the
UK. The use of hydrogen in place of natural gas, in principle, offers a potential long-term
route to widespread decarbonisation of gas distribution networks.
This study has developed a pathway towards the widespread substitution of gas by
hydrogen which, as an initial step, involves the delivery of a major project to convert the
L-M Cluster area to hydrogen.
Given the forthcoming publication of the Government’s Clean Growth Plan and Industrial
Strategy White Paper, the Project would represent a major opportunity for new industrial
growth. This might be through the longer term stability or potential expansion of existing
(newly decarbonised) energy intensive industry or through business opportunities and
growth created from new technologies developed to facilitate the transition to hydrogen
as the UK becomes a global leader and major exporter of equipment and skills. Job
creation and the resulting GVA to the economy could therefore be significant in delivery
of the goals of the ISCF.
The project concept formulated in the study:
n Stores over 1.5 million tonnes of CO2/annum produced in the manufacture of
hydrogen from natural gas;
n Reduces the carbon intensity of the gas distribution network for an area with a
population of around five million by blending hydrogen at 10-20%vol in the natural
gas supply. Importantly, no change to heating or other appliances is necessary
and customers are not disrupted;
n Has a CoA which is lower than for nuclear and offshore wind and significantly less
than would be the costs of abatement using ASHPs;
n Supplies hydrogen via new pipeline infrastructure to a tranche of 10-15 industrial sites,
enabling operation of boilers, furnaces and other equipment involving gas combustion
on high hydrogen/natural gas mixtures. As heat production is responsible for at least
50% of industrial emissions, this approach provides a new approach to secure deep
CO2 abatement in industry, which has no viable alternative approach to large-scale low
carbon heat generation;
n Represents an opportunity to facilitate the creation of a network of hydrogen vehicle
refuelling stations, which could help both decarbonise the transport sector and
alleviate air quality concerns within Liverpool and Manchester; and
n Includes the creation of very low cost CCS infrastructure, which is far more cost
effective than could be achieved at alternative locations for a project of this size.
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Extensive hydrogen and CO2 storage is accessible and so the Project also provides
a foundation which can be built upon. As mentioned above, not only might it facilitate
distribution infrastructure for transport, but it might also be extended to wider
geographies or provide the opportunity for deeper decarbonisation of the gas network
via complete gas substitution by hydrogen.
The Project is an exemplar for similar projects in other industrial clusters across the UK at
which CCS might be considered.
The Project will be lower cost and hold far lower development risk if funded as an
allowable expenditure within the RIIO price control mechanism, with Government input to
underwrite certain CCS risks and costs.
It appears possible to achieve a Final Investment Decision for the Project before the end
of the next Parliament in 2022, subject to inclusion of the Project within the RIIO – GD2
allowable spend and agreement by Government and OGA on the treatment of CCS.
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