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1 INTRODUCTION

Peel NRE Developments Limited (Peel) and Bioenergy Infrastructure Group have received funding from BEIS under
the Greenhouse Gas Removal (GGR) Programme (the “Programme”) to develop a CO2 capture pilot plant (the “Pilot
Plant”) to be integrated within their existing waste wood gasification plant, the Ince Bio Power Plant (the “Existing
Facility”).

The primary objective of the Programme is to identify approaches to remove CO2 or other greenhouse gases from
the atmosphere and drive innovation in these through the development of pilot / demonstration scale plants. This
project is classified as a bioenergy with CCS (BECCS) solution and based on the proposed scale and TRL of the
technology, is eligible for funding under Lot 2 ‘Mid-stage’1 projects.  Although this Programme covers the design
(Phase 1) and implementation (Phase 2) of a pilot scale plant, it is acknowledged and understood that the ultimate
objective of the Programme is to use the learnings from the Pilot Plant to further develop the technology at MtCO2

removal scale and at a competitive price.

This report forms the deliverables required under the Phase 1 Programme. The process modelling and proprietary
design for the Pilot Plant has been produced by C-Capture. WSP have further developed the proprietary design into a
pre-front end engineering design (pre-FEED), undertaking work for interfacing with the Existing Facility, the supply
and return of utilities (process, electrical and control) to the Pilot Plant and the necessary civil works and structural
infrastructure.

The pre-FEED technical deliverables produced have been used to formulate a Phase 2 Project Implementation Plan
for the proposed Pilot Plant, which includes a Construction and Operations Programme and an AACE Class 3 Capital
and Operating Cost Estimate for delivery of the project. (Refer to Section 7).

When formulating the technical deliverables, a 20 tonnes/day CO2 capture Pilot Plant has been used as the basis of
design. This was originally estimated to be within range of the £5m SBRI grant funding, a compelling scale-up from
the previous 1 tonne/day prototype plants already demonstrated by C-Capture and meets the land and process
constraints set by the Existing Facility.

Development of the draft cost estimate for the Project Implementation Plan for Phase 2 indicated a cost range
significantly greater than the project team preliminarily estimated for a 20 tonnes/day Pilot Plant at project
inception and consequently more than the available SBRI grant funding for a Lot 2 Project. The fundamental reasons
for the underestimate at the Phase 1 application stage was due to not anticipating the increase in material / supply
chain costs seen in 2021, combined with not fully appreciating the extent of supporting plant (OSBL) required to
ensure Pilot Plant success with minimal disruption to the Existing Facility.  To ensure alignment with the SBRI grant
funding threshold, the project team have developed an alternate scaled down Pilot Plant option, sized to capture 10
tonnes/day of CO2. This capacity has been selected to enable key performance criteria of the C-Capture design to be
demonstrated and support risk mitigation of the C-Capture design at higher capacities.  Although the basis of this
report is centred around the 20 tonnes/day Pilot Plant, Section 6 discusses how the scaled down 10 tonnes/day Pilot
Plant can be deployed at the Existing Facility and demonstrates how at this scale, a productive testing regime of the
C-Capture technology can be undertaken. Section 7 presents the Project Implementation Plan for the Phase 2 part of
the Programme for both the 20 tonnes/day and 10 tonnes/day CO2 capture plant solutions.

1 Approaches eligible for Lot 2 will need to demonstrate that they have already reached TRL 6 and the proposed application will need to demonstrate a plan
to deliver innovation to take the approach to TRL 7 or higher by the end of Phase 2. Projects in Lot 2 must have a minimum capacity of 1000 tCO2e per annum.
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2 PROJECT GUIDING PRINCIPLES

At project inception, the project team agreed a set of guiding principles which was followed throughout the Phase 1
part of the Programme. When formulating these guiding principles, the importance of scalability and future
development of the technology was recognised and so this was a consideration alongside ensuring successful
implementation of the Pilot Plant during Phase 2:

1. Where technically and economically practical, the C-Capture Pilot Plant shall be standalone i.e., during
construction and operation of the C-Capture Pilot Plant. Interruption to operation of the Existing Facility shall
be minimised.

2. Where technically and economically practical, the plant equipment shall be modular and for non-innovative
aspects of the process, off-the-shelf equipment shall be used. This is to simplify construction / installation
and provide the opportunity to relocate the C-Capture Pilot Plant to alternate sites.

3. Consideration for future scaling of the technology when developing the process design and determining
testing regime for the Pilot Plant. Be able to demonstrate scalability as part of the “Programme and Business
Plan for Commercial Scale Plant” deliverable.

4. Minimise plant footprint whilst still maintaining good constructability and operability.
5. Consideration of the testing requirements for the C-Capture Pilot Plant I.e. What are the objectives that C-

Capture, BIG and Peel would like to achieve from the testing phase and how these de-risk future scale-up of
the technology.
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3.1 Technology Summary
C-Capture has patented a unique, solvent-based technology which offers a safe, low-cost way to remove carbon
dioxide from atmospheric emissions using a post-combustion capture approach and has been specifically developed
as an alternative to amine-based systems, which are the main commercial offerings at present. C-Capture’s solvent is
amine and nitrogen free, leading to distinct commercial and environmental benefits when compared with existing
technologies and particularly well-suited to low-cost carbon capture in power generation and hard-to-abate
industries. C-Capture technology is sufficiently differentiated that it will provide customers with multiple benefits,
including reduced CAPEX and OPEX, due to the fundamentally different nature of the technology.  When combined,
these represent a significant reduction in cost per tonne of CO2 abated when compared with alternative
commercially available solvents. Figure 3-1 represents C-Capture’s inhouse evaluation of these benefits and refers to
the core ISBL technology only (i.e. additional potential OSBL benefits are not included in this comparison).

Figure 3-1 – Cost of CO2 Capture – Normalised to MEA 30wt% Technology

C-Capture’s technology represents an attractive option due to lower energy requirements, reduced solvent
degradation without potential nitrosamine formation or emissions and reduced materials of construction costs due
to very low solvent corrosivity. The solvent components are not classed as hazardous and are based on inexpensive
commodity chemicals which are biodegradable and potentially also available from sustainable resources.

The fundamentally different chemical processes operating in the C-Capture process means it represents a true step
change in performance, requiring an energy requirement between 1.5 - 2 GJ/tonne CO2 captured, compared to >2.5
GJ/tonne CO2 for the best of the amine-based systems. (This range is general to C-Capture technology and is non-
project specific).

3.2 Process Overview

The C-Capture technology is a post-combustion carbon capture process tailored for use with a novel, amine and
nitrogen free solvent with inherently lower energy requirements than other commercially available solvents.
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Flue gas from the Existing Facility is cooled prior to entering an absorber column and then passes counter-currently
with the unique solvent, where the CO2 is removed from the flue gas.

The treated flue gas exits the absorber column and enters the absorber wash column where wash water is
recirculated to reduce the VOC content within the stream. The treated flue gas exits the absorber wash column and
then passes through a gas-gas heat exchanger where it is heated against the incoming cooler flue gas before
returning to the Existing Facility. The accumulated water/VOC from the bottom section is sent to the absorber VOC
recovery package for recovery of organic compounds. The concentrated waste stream is directed to the aqueous
management package where it is treated to recover a VOC rich stream which is recycled back to the solvent storage
system. The effluent from the Aqueous Management Package will be sent to the Existing Facility’s water recycle
system. Fresh solvent is added to the system to maintain the overall balance.

The loaded ‘rich’ solvent exits at the bottom of the absorber column and is pumped through the lean/rich heat
exchanger where it’s heated against the returning unloaded ‘lean’ solvent. The rich solvent is further heated through
the stripper steam boiler to create a multi-phase flow before entering the stripper column where CO2 readily
releases from the solvent following a marginal decrease in pressure within the stripper column. The lean solvent is
collected at the bottom ready for recirculation through the lean/rich heat exchanger.

The resulting CO2 stream enters the stripper wash column where the circulating wash water condenses the water
vapour and recovers the VOCs from the CO2 stream. The accumulated water/VOC from the bottom section of the
stripper wash column is sent to the Stripper VOC Recovery Package, which performs a similar process to the
Absorber VOC Recovery Package. The resulting CO2 stream exits the top of the stripper wash column where the
purification and composition are measured and then for the purpose of the Pilot Plant, is reduced in pressure and
remixed with the returning treated flue gas. Alternatively, for commercial design plants, this concentrated CO2

stream could then be compressed and dehydrated ready for distribution into a pipeline system or fed directly to a
utilisation process if required.

The above description makes up the C-Capture process which for the purpose of this project, is grouped as ISBL. The
supporting utilities to include supply of flue gas and return of flue gas / CO2 and supply of utilities (steam, cooling
water, demineralised water, electricity) has been grouped as OSBL. Further discussion on the OSBL services has been
included in Section 4. A block flow diagram of the C-Capture Process (ISBL) and supporting services (OSBL) specific to
the Pilot Plant is presented in Figure 3-2.
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Figure 3-2 – Block Flow Diagram - C-Capture Process (ISBL) and Supporting Systems (OSBL)

3.3 Technology Update and Knowledge Gained During Phase 1

At the start of the Phase 1 Programme, C-Capture developed their proprietary design for a 20 tonnes/day carbon
Pilot Plant based on their novel post-combustion carbon capture process. The proprietary design deliverables
included a Process Description, Process Flow Diagram and Heat and Mass and Sized Equipment List.

Since issue of the proprietary design deliverables, minor updates have been undertaken for the 20 tonnes/day plant
based on specific site requirements, but no changes have been made to the fundamental C-Capture process design
itself.

Phase 1 of the project has developed significant learnings in exploring the options for constructability of the plant
where the temporary nature of the Pilot Plant has supported the innovative development of semi-modular
approaches to construction strategy. This has resulted in a proposed methodology for the 20 tonnes/day design,
which will support further explorations towards a fully containerised / modular approach for future plant designs.

As part of the Phase 1 Programme, work was also undertaken to develop a scale down Pilot Plant, sized at 10
tonnes/day CO2 capture, to meet the SBRI grant funding requirements for capital, whilst maintaining a meaningful
scale up of the technology. The scaled down Pilot Plant uses the same fundamental C-Capture process with the only
changes being to equipment sizes. Acknowledging the reduced equipment sizes, a methodology adopting a modular
layout / construction was deemed the most suitable approach for a 10 tonnes/day CO2 capture Pilot Plant. Further
details on the 10 tonnes/day CO2 capture Pilot Plant, including definition and implementation of the proposed
solution within the SBRI grant funding requirements, is provided in Section 6 and Section 7.
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Further learnings have also occurred during engagement with equipment vendors which enabled the project team to
gain further insights into the suitability of equipment supply at a 20 tonnes/day scale. This has created a broader
relationship with external equipment suppliers and potential learnings which could be incorporated within future
designs. It also enabled the project team to gain clearer visibility of what a 10 tonnes/day CO2 capture plant design
would look like in terms of size and number of equipment items.

The cost build-up activity has given C-Capture a better definition of the overall plant cost (ISBL and OSBL) and
identified areas where efforts can be focussed to achieve significant future cost reduction. The detailed CAPEX and
OPEX estimation can be used to support future decisions on process optimisation opportunities particularly when
linked with varying OSBL requirements at their deployment sites.

Participation in the project HAZID (Refer to Section 4.4) deepened the understanding of the requirements for an
operating site of this type and enhanced areas of the process safety particularly with regard to safety zone ratings
and impact on equipment design and costs.

In parallel to the Ince BECCS Project, C-Capture have been undertaking a number of independent development
activities at their own facilities, which focused on further supporting the project.

Á C-Capture has undertaken significant independent testing and trials and have confirmed that the absorber
design, as proposed within the original design data, has met expectations of performance. As such, the initial
expectation to incorporate details for an updated absorber design as part of the project delivery is no longer
a requirement for the project. These tests included a number of inhouse operating trials on our proposed
absorber internals, supplied by our preferred supplier, which demonstrated and met our required
operational performance targets.

Á C-Capture is also currently working with the University of Leeds to carry out life cycle analysis studies, to
understand the impact and quantify the total greenhouse gas emissions associated with different solvents
used within a carbon capture plant. The solvents under study range from benchmark solvents, such as
30%wt. MEA and PZ, and novel C-Capture solvents. This work is still in progress but will be available to
further support the low carbon credentials of C-Capture’s technology before the end of this academic year.

Á With regards to monitoring, reporting and verification, the overall capture efficiency of the plant will be
continuously determined via FTIR measurements on the absorber output, flue gas mass balance calculations,
and flow rate of CO2 from the stripper. C-Capture are also in discussions with a number of industry
recognised benchmarking/validation companies. These are well known in the industry to provide
independent technology evaluations for amine-based solvents. We are exploring ways in which they can
support us through application of their expertise to our unique solvent process and provide similar external
validation to the Pilot Plant when operational.

Á C-Capture are also working with National Physics Laboratory to provide effective monitoring and evaluation
for any effluent emissions from the process. Work has been ongoing for the past 2 years and it involves
National Physics Laboratory evaluating C-Capture’s process by performing emissions measurements post-
absorber, post-VOC wash and post-stripper. This partnership will continue and include an exhaustive study
on the Pilot Plant when operational.
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4 DEVELOPMENT OF THE PRE-FEED

4.1 Basis of Design

Following completion of the propriety process design from C-Capture, WSP worked with all project stakeholders to
further develop the design to a pre-FEED level and have carried out the work for interfacing with the Existing Facility
including the supply and return of OSBL utilities (process, electrical and control) to the Pilot Plant and the civil works
and supporting infrastructure.

With consideration of the testing approach and the required tests and trials needed from the perspective of both the
development of C-Capture technology and demonstration of integration with the Existing Facility, a base case Pilot
Plant operation (‘Option 1’) has been assumed. Option 1 is based on continuous operation (24 hours a day, 7
days/week, assuming 90% availability from the Existing Facility) for a 6-month duration. A second operational case
has been looked at (‘Option 2’), which is based on operating 8 hours a day, Monday to Friday for 6 months. Option 2
is considered an alternative approach in which the required testing data can be obtained and has been modelled at
this stage for OPEX comparative purposes only. The OPEX costs for both Options have been presented in Section 7.3.

A site visit was undertaken early in the programme to understand the limitations and opportunities of the Existing
Facility and formed the basis for development of the Site Visit and Basis of Design Report.

At project commencement, an Assumptions Log was created which captured the key assumptions to be used
throughout the project. Following agreement of the Site Visit and Basis of Design Report, all decisions made as part
of this report were added to the Assumptions Log and the log was reviewed on a monthly basis with any new
assumptions added. Some key assumptions which were agreed at the start of the project, which underpinned the C-
Capture process modelling have been outlined below:

Á Flue gas composition to be used for modelling purposes should be based on lowest CO2 concentration,
resulting in the most conservative absorber sizing to enable 90% CO2 capture under normal operation.

Á The Pilot Plant will only operate when the Existing Facility is operating between 70% - 110% load. At this load
range, the CO2 concentration within the flue gas will remain at or above the level indicated in the agreed
nominal flue gas composition.

Á Pressure of flue gas at tie-in point is -10 mbar(g). Flue gas blower to be incorporated upstream and be
designed to overcome the required pressure difference through the C-Capture process.

Á Following analytical measurements, the CO2 will be let down in pressure and remixed with the flue gas prior
to passing through the gas-gas heat exchanger. This is to ensure sufficient buoyancy for effective dispersion.

4.2 Site and Plant Overview
The IBP waste wood gasification plant, located within the Protos Energy Park, near Ellesmere Port has been chosen
as the location for the Pilot Plant. The location provides an opportunity to demonstrate the C-Capture technology at
scale in a market which would enable carbon negative emissions. The site is also well placed within the HyNet
industrial cluster2 to allow any such future commercial scale plant to deliver carbon dioxide into the HyNet pipeline
network.

The Pilot Plant will be located to the south east within the Existing Facility boundary due to its available space,
proximity to Existing Facility tie-ins and its benefits around constructability.

2 Selected as Track 1 cluster project under Cluster Sequencing process with BEIS
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The Pilot Plant will have process tie-ins with the Existing Facility for supply and return of flue gas and supply of
demineralised water. Treated process waste-water will be sent to the Existing Facility’s recycle system, where it will
be reused and any effluents collected for off-site disposal under the Existing Facility’s normal operating procedure. A
tie-in is required to the Existing Facility’s 11kV switchboard for provision of an electrical cable supply to the Pilot
Plant and tie-in to the Existing Facility’s control system via a fibre optic cable communication link. To align with the
project’s guiding principles, the 20 tonnes/day Pilot Plant will obtain process steam supply from a standalone steam
generating boiler (Note: 10 tonnes/day Pilot Plant solution will receive steam directly from the Existing Facility. Refer
to Section 6 for further details) and cooling from standalone chillers to minimise interruption from the Existing
Facility. A parasitic load required to operate the ISBL and OSBL equipment has been calculated to be 665 kW.

4.3 Pre-FEED Technical Delivery

Following agreement of the Basis of Design, technical deliverables were developed to help inform the Phase 2
Project Implementation Plan. A key activity for this was to engage with vendors to obtain non-contractual quotes for
all ISBL and OSBL equipment items required for the plant. To support this, WSP developed an Interface Block Flow
Diagram and Interface (Tie-In) Schedule to help understand how the additional supporting equipment interfaces
with the C-Capture plant. From this, a detailed and complete Equipment List was produced. This enabled equipment
datasheets to be developed for all items, which were sent out to an agreed list of equipment vendors to allow them
to provide the non-contractual quotes. Upon receiving the multiple quotes from the equipment vendors, a
technoeconomic assessment was carried out to determine the most appropriate quote to use in the CAPEX build-up.

To formulate an accurate cost for the civil and structural works and plant installation, a detailed Scope of Services
document was prepared and issued to a selected number of construction contractors. Table 4-1 summarises the
engagement with the construction contractors. Input from Chilworth and Ledwood has been used to inform the
construction and installation costs in the CAPEX build-up.

Due to exclusion of a control system PLC from construction contractors, WSP have engaged with the supply chain to
obtain an independent quote for this item.

Table 4-1 – Construction Contractor Engagement - Summary

Construction Contractor Comment

Chilworth Contractor to supply civil and structural scope only
Scope Excludes

- Process equipment installation
- Piping and cabling procurement and installation (In process of being discussed)
- Control System PLC

Ledwood Contractor to supply civil and structural scope and installation scope.
Scope Excludes

- Control System PLC

TGE Gas Contractor could not provide a quote due to lack of resources.

Westbury Contractor could not provide a quote due to lack of resources.

Murphy Quote received at latter part of Programme and so not considered as part of Phase 1. Quote and engagement with
contractor to be revisited during Phase 2.

The technical information received from equipment vendors (parasitic load, weight, interface points) was used to
develop specific discipline deliverables to include the P&IDs (new and mark-ups), the Control System Design Criteria,
the Electrical Supply Criteria and Integration Philosophy and development of the 3D model which then enabled
production of the Project Interface and Site Layout Drawings.
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These deliverables were fundamental in developing the CAPEX build-up (Refer to Section 7.3) and to support the
construction contractors in developing their procurement, fabrication and installation quotes. In particular, the 3D
model and the associated drawings enabled costs to be developed for ground preparation (piling and foundation),
the structural steel frame, the piping / cable and other bulk items and equipment installation.

With respect to the development of the layout and construction approach for the Pilot Plant, workshops were held
with attendance from the different project stakeholders, and it was deemed a ‘semi-modularised’ layout and
construction would be the best approach for a 20 tonnes/day Pilot Plant. A semi-modularised approach consists of
multiple equipment items on pre-assembled skid mounted units and specific equipment packages in containerised
form to simplify transport to site, simplify installation and reduce on site testing (installation of multiple components
with piping, fittings and instruments allows a more cohesive factory acceptance testing regime. Full system
acceptance and functional testing would still be required on site). This approach also enables the equipment to be
easily transported in the scenario where the Pilot Plant is relocated to another site. A fully modularised /
containerised equipment approach was looked at, but it was concluded not to be the preferred option at 20
tonnes/day scale (The added risk and complications associated with vessels needing to be AILs and restrictions in
terms of layout meant at this scale, we were unable to optimise equipment configuration to maximise process
efficiency. A more modularised / containerised approach has been adopted for the 10 tonnes/day solution. Refer to
Section 6 for further details).

A multi-platform steel structural frame has been specified to provide structural support for the tall column vessels,
whilst housing the pre-assembled skid mounted units in strategically located positions to maximise process
efficiency. The footprint required to accommodate the 20 tonnes/day Pilot Plant and associated supporting packages
has been determined to be 680 m2. Figure 4-1 provides snapshots of the 3D model (Left Image: Looking at the Pilot
Plant from north east.  Right Image: Looking at the Pilot Plant from south west).
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Figure 4-1 – Pilot Plant 3d Model Snapshots. Left: Looking at the Pilot Plant from north east.  Right: Looking at the Pilot Plant
from south west.

Using the concepts agreed for the semi-modularised layout and construction approach, a Civil and Structural Works
– Preliminary Design was developed. The report outlined the preliminary design and associated drawings for the
substructure works (site preparation, piling and foundations), the superstructure works (main process structure and
pipe bridge) and required drainage and site finishing. The report’s associated calculations and drawings were shared
with the construction contractors and enabled them to produce an accurate cost and programme to cover the civil
and structural works.

4.4 Project HAZID
A HAZID Study, chaired by WSP and attended by representatives from WSP, C-Capture, BIG and IBPL was completed
on the 29th September 2021. The HAZID Study comprised a pre-agreed set of guidewords and concentrated around a
single node which included all equipment of the Pilot Plant, the Existing Facility, tie-in points and connecting
pipework. Hazards, risks and mitigation measures were identified for the design, construction, commissioning,
operation and decommissioning of the Pilot Plant.

During the HAZID Study, 11 actions were identified and recorded and following the workshop, a draft HAZID
Summary Report was distributed to all team members along with the actions log. Following completion of the
actions, a final version of the HAZID Summary Report, to include completed and signed HAZID Action Sheets was
generated.

It was acknowledged by the project team that some areas of the design were not developed enough to include a
specific action to be completed at this stage and as such, these were highlighted to be carried out during Phase 2.
Completion of these activities has been considered when developing the Phase 2 Implementation Plan:

Á Fire Risk Assessment

Á DSEAR Risk Assessment




























