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1. Introduction

1.1. Project Overview

The United Downs Deep Geothermal Power (UDDGP) project is the UK’s first geothermal
electricity development. It has been developed, owned and operated by Geothermal
Engineering Ltd (GEL) since the company was founded in 2009. The key objectives of the project
were:

1. Todemonstrate that Cornwall has the potential to generate electricity using the natural
heat from the extensive, radiogenic Cornubian granite batholith.

2. To develop a project with high community acceptance, bringing benefits to the local
community.

3. To understand the environmental impacts of the full project lifecycle, ensuring future
geothermal power projects maximise their environmental benefits.

4. To provide a “living lab” for international research projects to ensure maximum impact
on the development of future geothermal projects.

5. Tocomplete the project with an exemplar health and safety record.

Cornwall was chosen for this project as its geology is unique within the UK and for decades it
has been considered as a potential geothermal resource. The Cornubian granite batholith
stretches from Land’s End to Dartmoor and contains a high concentration of heat-producing
isotopes such as thorium (Th), uranium (U) and potassium (K). This natural heat production
means that the heat flow in southwest England is approximately double the UK average at
120mWm 2, and Cornwall has the highest geothermal gradient in the UK at 33-35°C/km, almost
10°C/km hotter than large parts of the country. Temperature measurements from boreholes
across Cornwall allow predictions that temperatures exceed 200°C at depths of 5km
throughout the batholith.

To make a geothermal electricity project function, both high temperature and high water flow
need to be found. Granite rock is not naturally permeable (water does not easily flow through
it), so to find a productive reservoir at depth requires targeting permeable structures (faults and
fractures) deep in the rock.

The UDDGTP site was chosen as it lies just outside the surface outcrop of the Carnmenellis
Granite, close to known hot springs in nearby mines and near enough to the Porthtowan Fault
Zone (PTF) to drill into the target fault at a right angle. The PTF is a crosscourse that is believed
to extend coast-to-coast from Porthtowan to Falmouth. Its significant length and linearity
suggest that it is a near-vertical structure that persists at depth. This made it a good target for a
geothermal project. The UDDGP concept was developed by GEL and involves drilling a deep
production well and a shallow injection well into the fault zone (Figure 1).



Figure 1. Schematic cross section of the directional wells drilled at United Downs.
Both the deep production and shallower injection wells intersect the Porthtowan
Fault Zone.

1.2. Project Timeline

An overview of the project timeline is provided in Figure 2.

The United Downs site was acquired by GEL in 2010 after a number of feasibility studies to find
an appropriate site. It was selected both for its geological setting and its surface attributes with
an existing grid connection, good proximity to access roads and a high likelihood of community
acceptance due to its position on an industrial estate. Once all the relevant permits were
secured, it then took five years to obtain the appropriate funding from a combination of sources,
including the European Regional Development Fund, Cornwall Council and private investors.
Final funding agreements were signed in 2017.

Procurement and drilling took place throughout 2018-2019. Contracts for drilling and site
equipment were tendered and awarded following European guidelines. Drilling then started on
08 November 2018. In 2019, GEL completed the drilling of two wells. The production well, UD-
1, reaches 5,275m MD and is the deepest onshore well in the UK, whilst the injection well, UD-
2, reaches 2,393m MD.

Throughout 2020 and 2021, the wells underwent a significant testing and hydraulic stimulation
programme whereby water was injected at varying volumes and flow rates into both wells to
assess and develop the hydraulic properties of the deep reservoir. The project reached an
important milestone at the beginning of July 2021, when an Electrical Submersible Pump (ESP)
was lowered into UD-1 and coupled to injection pumps on UD-2 to simulate power plant
operation and test the performance of the whole reservoir. The equipment was successfully
installed, and the UK’s first geothermal steam was produced.
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Figure 2. United Downs Deep Geothermal Power project timeline.

1.3. Project Partners

Project Lead
Geothermal Engineering Ltd (GEL)

GEL acts as both Developer and Operator of geothermal heat and power projects in Cornwall.
GEL was founded in 2008 with a vision to use the geothermal resources beneath our feet, no
matter where in the world, for zero carbon electricity, heating and cooling. It is a company built
by a group of like-minded people who believe in sustainability and that geothermal should fill
the gap for 24/7 renewable energy production, regardless of the weather.

GEL has been involved in several low-carbon projects across Cornwall, including:

e The United Downs Deep Geothermal Power (UDDGP) project. UDDGP is the first
geothermal power project in the country and as such is a landmark project both for
Cornwall and the UK.

e Jubilee Pool, Penzance, where GEL developed a low-carbon heat supply to a section of
the lido to maintain a water temperature of 350C year-round.

e Plansto trial a demonstration lithium extraction plant at the UDDGP site, where Direct
Lithium Extraction (DLE) technology will be developed to recover lithium from the
geothermal water.

As the developer and operator of the UK’s first geothermal power plant, GEL is uniquely placed
to ensure the success of future geothermal projects across the UK. The company is committed
to using the knowledge gained through previous landmark projects to bring geothermal energy
to new sites across the Duchy in the near future.



Delivery Partners
University of Plymouth

The University of Plymouth’s Sustainable Earth Institute (SEI) connects the university’s world
leading research and expertise with the wider world. Bringing together researchers from
natural and social sciences, engineering, arts, humanities, health and business, the SEI takes an
interdisciplinary, systems-thinking approach to help tackle sustainability challenges. For the
UDDGP project, SEIl provided independent research into the perceptions and attitudes of
stakeholders in the project. Their focuses included: (1) trying to understand how people picture
the geological subsurface, and what emotions people feel about a geothermal power project; (2)
investigating the impact of the media on communications about geothermal, and using state-of-
the art software to assess how people access and interpret any new media information; and (3)
looking at how to improve communications between companies interested in this new
technology and the residents that will live near potential geothermal sites.

British Geological Survey (BGS)

A world-leading independent research organisation providing objective, expert geoscientific
data, information and knowledge. Their research includes core geological survey and
monitoring work and other innovative projects addressing today's geoscientific challenges
driven by the changing needs of our stakeholders. The BGS also work between government,
industry and stakeholders to ensure that legislation is fit for purpose to allow the use of geo-
energy while simultaneously gaining societal support and ensuring safety and environmental
protection.

GeoScience Ltd

GeoScience Ltd provide subsurface engineering, technical support, geomechanics and reservoir
solutions for the oil, gas and geothermal industries. GeoScience staff have more than 40 years’
experiencein research, demonstration and commercial exploitation of geothermal resources of
all types and aim to promote geothermal energy as a viable and attractive option for meeting
low-carbon heat and power demand in the UK.

1.4. Project Monitoring

The five key objectives outlined in Section 1.1. have been adapted into the following research
guestions:

1. How can the geothermal resource within the Cornubian Batholith be optimised?

2. What methods of reservoir development are best suited to the fractured granite
environment?

3. How can social acceptance be successfully maximised within local communities at every
stage of a deep geothermal project?

4. Where do the major areas of environmental concern lie within a deep geothermal
project and how can these concerns be mitigated to maximise a project’s environmental
benefit?

5. How canindustry and academia successfully integrate to bring about positive change to
support a growing geothermal industry?

To monitor the progress and impact of the project, a number of project milestones and
deliverables can be mapped across the identified research questions:



Deliverables Milestones

How can the geothermal resource within the Cornubian Batholith be optimised?

D1: Drilling summary report M1: Preparation of the site for arrival of drilling

D2: Geological summary report, including equipment.

Formation Evaluation Log (FEL) for both wells. | M2: Spud first well.
M3: Completion of geothermal doublet.

M4: Design of geothermal power plant suitable
for resource.

What methods of reservoir development are best suited to the fractured granite environment?

D3: Injection Testing Reports. M5: Injection testing of geothermal doublet

D4: Reservoir Testing Report. complete.

Mé: Reservoir testing complete.

How can social acceptance be successfully maximised within local communities at every stage
of a deep geothermal project?

D5: Collation of Public Dissemination M7: Interact with 25 educational institutions.

Quarterly Reports. M8: Achieve over 100,000 social media
interactions.

M9: Host 50 visits for the local community at
UDDGP.

M10: Contribute £500,000 to the local
economy.

M11: Deliver £40,000 in funding to local
community projects.

Where do the major areas of environmental concern lie within a deep geothermal project and
how can these concerns be mitigated to maximise a project’s environmental benefit?

Dé6: Completion of Lifecycle Assessment M12: Selection of suitable consortium to
undertake lifecycle assessment of project.

How can industry and academia successfully integrate to bring about positive change to
support a growing geothermal industry?

D7: Completion of research project, including | M13: Successful creation of international
all internal reports and deliverables. research consortium.

M14: Attendance at five geothermal
conferences or workshops.

Table 1. The anticipated deliverables and milestones of the UDDGP project.




2. Project Context

2.1. Cornwall and the Isles of Scilly (CIOS)

Cornwall and the Isle of Scilly (CIOS) is a struggling regional economy with the lowest levels of
productivity of any LEP area in England, a reflection of the very low levels of research and
development undertaken in the region [CIOS LEP ESIF Strategy p. 24].

One key resource is its natural energy. However, despite extensive, native renewable energy
resources, CIOS still imports c. 25% of its energy requirements. In addition, of the c.560 MW of
renewable energy generation in the region, only c.1% is owned by the local community, with
most of the economic benefit of the generation leaving the region. The CIOS also produced
greater CO; emissions per capita than the Intergovernmental Panel on Climate Change state is
required to minimise the risks of dangerous climate change.

There is great potential for CIOS to (1) harness its natural energy resources to generate
renewable energy; (2) develop innovative specialist technologies to capture certain natural
energy flows (deep geothermal, wave); and (3) retain ownership of the generation to deliver
maximum benefit to the region. Enabling this would deliver economic benefits for the region
(business growth, job creation, retention of energy sector profits in the CIOS region, increase in
disposable income / GVA); as well as environmental benefits in terms of reduced carbon
emissions.

A number of barriers prevent transformation of the energy economy in CIOS. These include:

1) ‘Lack of information’ (information asymmetry) on how to cost effectively reduce
emissions and the high ‘transaction costs’ involved in acquiring that information

2) ‘Innovation deficit’: A lack of local innovative activity (this is particularly true of low
carbon product and service innovation as markets fail to offer sufficient incentives for
the development of low-carbon technologies due to the systematic mispricing of carbon
in the economy)

3) Alack of network infrastructure to support adoption of local carbon behaviours and low
carbon technologies (the ‘network effects’ market failure) such as smart grids and
electric vehicle charging points.

4) The leakage of energy value from the CIOS economy due to the lack of local
investors/capital able develop energy projects

2.2. Geothermal Demand

As the UK moves towards net zero emissions by 2050, it is imperative that new, renewable
sources of energy are identified and utilised across the country. Whilst solar and wind power
have been an increasing part of the UK energy mix (Figure 3), they are an intermittent
technology, reliant on weather and time of day.



Figure 3. Comparison of renewable energy growth in the UK between 2009 and 2019.

The benefit of geothermal energy is that it provides baseload power with a smaller surface
footprint than other renewable energy sources. It also produces renewable heat, which is a
valuable by-product that can be used for heating and cooling anything from commercial
greenhouses to industrial warehouses. Heating and hot water for UK buildings make up around
40% of energy consumption and nearly a third of greenhouse gas emissions. Delivery of
renewable heat is therefore a critical component of UK climate and energy policy, and the UK
needs a stable, reliable, resilient, and local source of baseload heat?.

Fortunately, the UK is well suited to deep geothermal heating projects, with the United Downs
site acting as a key demonstration of UK geothermal potential. Where the current hurdles
related to geothermal exploration can be overcome, it is believed that it would be possible to
deliver 3to 4 projects per year over the next 30 years. This would result in around 100+ projects
being delivered by 2050. At this rate of growth, the UK could be generating up to 2,800 GWh of
heat and 300 GWh of electricity annually, resulting in carbon savings of up to 550,000 tons per
year (Figure 4).
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Figure 4. Potential carbon savings with increasing project delivery through time.
Despite the immature market, the UK is well positioned to rapidly expand by harnessing the
skills and talent pool of established related industries. Skills and knowledge developed in the oil
and gasindustry are directly transferable to deep geothermal projects, in particular deep drilling
expertise. The growth of the UK geothermal industry would provide a significant boost to
employment, both directly (Figure 5) and indirectly, with estimates from mature geothermal
markets of geothermal heating projects producing up to 30 direct jobs, and power projects

1 Renewable Energy Association (2021) Deep Geothermal Energy. Economic Decarbonisation Opportunities for the United
Kingdom. Available here.


chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https:/www.r-e-a.net/wp-content/uploads/2021/05/Deep-Geothermal-Energy-Opportunities-for-the-UK.pdf

producing up to 100. Opportunities for the UK to manufacture essential drilling components
would also provide a welcome economic boost, particularly in northern steel-manufacturing
cities.

Figure 5. Example of direct job creation for a typical deep geothermal project®.

2.3. Previous Work

The UDDGP project sought to prove that geothermal power production was possible in
Cornwall by drilling, testing and developing two deep geothermal wells at the United Downs
Industrial Estate near Truro. The project is the natural progression of the original Cornish Hot
Dry Rocks (HDR) project undertaken in the 1980s at Rosemanowes quarry.

Rosemanowes was a pioneering research project associated with the Camborne School of
Mines, designed to test and prove the theory of inducing a fracture network within the heat-
producing granite to create a geothermal reservoir. It consisted of three phases:

1. Drilling 300m boreholes to demonstrate that water circulation could be established
between boreholes following hydraulic stimulation of natural fractures.

2. Investigation of reservoir development at ~2km depth. Targets for acommercial system
were set at 210°C, flow rate of ~100 I/s and maximum water loss of 10%.

3. Investigation of techniques for enhancing the deep reservoir to improve its
performance.

Temperatures were significant but water losses of about 70% were observed during circulation.
The analysis of microseismic event locations suggested that this high loss was associated with
the downward growth of the reservoir to depths of around 3 to 3.5 km.



It was clear that permeability and circulation at depth in the granite was achievable, but before
this could be tested at greater depth and taking into account the water loss data, funding was
pulled, and the project effectively shelved.

In 2009, GEL picked up where Rosemanowes left off, identifying a more promising site on a
significant permeability structure, and tweaking the well design to exploit this natural fracture
network in a new way.

2.4. Economic & Policy Context

At the time the project was designed, the policy context was geared towards producing
renewable baseload electricity. Renewable heat was not deemed to be as important. Since the
project was started, policy has been shifting towards renewable heat supply and deployment.
Further, the economic context has also changed after the war in Ukraine caused an increase in
energy prices. Securing long term contracts for heat and power has now become more
important for both the public and private sector.

The principal market failure was that no private investors would finance the drilling and testing
phases of adeep geothermal project in Cornwall due to the perceived risk of such a project. This
was because geothermal electricity production had never been proven in the UK and no entities
had drilled to the depths required for electricity production in the region. To de-risk a project in
aregion with no previous successful projects would usually require detailed exploration via test
drilling into the reservoir or geophysical surveys to image the reservoir. However, test drilling
into fractured granite to the depths required to prove a viable resource would be almost as
expensive as drilling full wells for power generation. Furthermore, geophysical exploration had
proven ineffective to build confidence in a deep target within the granite due to the lack of
contrast in the physical properties of the subsurface.

Figure 6 illustrates the problem. The generally accepted risk profile for a deep geothermal
power project shows it to be high risk until the resource is “proven” via test drilling or
exploration. For a project where these options are extremely expensive or unlikely to provide
confidence, the majority of the cost of the project would need to be financed prior to any
substantial risk reduction.

In order to reduce the risk of geothermal electricity production in the UK and leverage future
private investment, deep wells needed to be drilled and the Cornish geothermal resource
proven.
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Figure 6. Geothermal project risk and cumulative investment cost.

2.5. Adapting to a Changing Backdrop

The project was designed to drill and test two deep geothermal wells. One deep well for
production and one shallower one for injection. The testing and development of these wells was
critical to meet the objectives of the project (namely to demonstrate that geothermal power was
possible). The target of proving the geothermal resource was both realistic and achievable.

There were anumber of changes during the project which exerted severe pressures on delivery.
The four major changes were:

e Brexitimpacted procurement for UDDGP and funding for associated research projects,
adding uncertainty and significant administrative burden.

e Covid-19 affected the ability of the project to deliver on time, caused major delays in
procurement and altered the available methods of community engagement for the
project.

e Deepdrilling into unknown geology led to delays and increases in the budget.

e ThewarinUkraine led to supply chain problems and inflationary impacts on power plant
machinery.

The project is still expected to perform against the aim of proving that geothermal electricity
generation is possible in the UK. However, it has been difficult to deliver all anticipated
deliverables within the original timeframe.

10



3. Project Progress

3.1. Project Summary

The United Downs site was acquired by GEL in 2010 after a number of feasibility studies to find
an appropriate site. It was selected both for its geological setting and its surface attributes with
existing grid connection, close proximity to access roads and limited anticipated impact on the
local communities. Once all the relevant permits were secured, it then took five years to obtain
the appropriate funding from a combination of the European Regional Development Fund,
Cornwall Council and private investors, with the final funding agreements signed in 2017.

Contracts for drilling and site equipment were tendered and awarded in 2018 following
European guidelines. Drilling then started on 08 November 2018 with UD-1, the production
well, and drilling of the injection well started on 11 May 2019, reaching TD on 29th June 2019
(Figure 7).

Figure 7. Photos of the main drilling rig (Innovarig) on site from November 2018 to June 2019

A summary of each well is provided in Table 2.
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Item UD-1 UD-2

Well e Geothermal - Production Well Geothermal - Injection Well
Classification

Target Porthtowan Fault Zone

Completion 8%” openhole 8%” openhole

Reservoir Rock Fractured Granite

Type

Temperature 188°C at 5,275m MD N/A

Well Depth 5,275 m MD (5,057.6 m TVD bGL) 2,393mMD (2,214 m TVD bGL)
18%4" casing to 244.8 m 133%4” casing to 804 m

Casing Depths 13%” casing to 899 m 9%’ t0 1,820 m

(MD bGL)
9%” t0 3,985 m

Table 2. Key parameters for the wells at United Downes.

From August 2020 to July 2021, despite inevitable setbacks and delays caused by the Covid-19
pandemic, both wells have undergone a series of injection tests to analyse the hydraulic
environment of the reservoir and stimulate the near and far field to ultimately improve
productivity/ injectivity (Figure 8). The purpose of this period of testing was to:

¢ Define the injectivity of the fractures to gain a greater understanding of the character of
the granite reservoir and the target fault.

e Improve the injectivity/ productivity of the reservoir using hydraulic stimulation to
achieve sufficient flow rates to sustain the power plant.

e Monitor any injection-induced seismicity to map the growth of the reservoir during
stimulation.

e Understand safe flow rate levels (pressure and volume) to inform any future well
treatment

e ‘Destress’ the reservoir to prevent microseismic events occurring during long term
operation

In addition, in July 2021, full reservoir testing (simultaneous production and injection) was
undertaken for seven days (Figure 9). An Electrical Submersible Pump (ESP) was lowered to a
depth of approximately 1 km into UD-1 and coupled to injection pumps on UD-2 to simulate
power plant operation and test the performance of the whole reservoir. Successful testing
enabled GEL to move forward with the purchase of a power plant, with plant construction during
2023-2024.

To date, all operations on site have occurred with zero accidents or incidents, maintaining a
perfect health and safety record.
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Figure 8. Photos of the initial well testing phase with additional workover rig on site.
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Rig 50 on site and rigging up Hartmann master valve on UD-1 prior to testing

Steam separator arrives on site for
installation View from GEL office of site set-up before testing

During testing, steam was visible from both the steam separator and outflow into the lagoon

Figure 9. Photos taken during final reservoir testing at UDDGP during summer 2021.

14



3.2. Engagement with Local Stakeholders

As part of the ongoing extensive public engagement exercise for the project, a locally based
Community Engagement Manager (CEM) was recruited 5 months before drilling commenced.
Bringing local knowledge and experience of working with communities in areas close to the
drilling site reduced the amount of research needed to identify who the “community” were and
where to find them.

The CEM has followed two main avenues of community engagement: inviting the community to
the drilling site for talks and tours, and visiting existing community functions and events to
interact with attendees. Information dissemination used an array of visual and written
information available electronically and in paper format (Figure 10). The Covid-19 pandemic
changed the way information could be distributed when all face-to-face contact had to be
stopped. Social media became the medium for widespread information dissemination and
project updates. As communities began to meet again, the CEM returned to pre-covid-19
practices in a staged approach.

Furthermore, engaging with education establishments gave an opportunity for a pyramid-style
dissemination of information, where students take information home and share it with their
families. Careers education has been fundamental and is now approximately 50% of all
educational interaction, encouraging students to look at the diverse opportunities in
geothermal power and heat projects and not just the obvious ones. Giving back to the
community in the form of a grant programme has also brought cohesion to local groups that may
not have otherwise been possible.

15



As aresult of the community engagement programme, the United Downs project has been able
to progress without demonstrations or mass complaints. This has highlighted that community
engagementis anintegral part of geothermal projects and the CEM will continue to develop best
practice community engagement programmes for future GEL projects.

Figure 10. A selection of photographs from community engagement events hosted or attended by GEL staff.

For more information about community engagement throughout the project, the Public
Dissemination Quarterly Reports from the past two full years (2021-2022) have been included
at Appendix A.

3.3. Interactions with Academia

Throughout drilling and testing, a number of research projects have been associated with the
United Downs geothermal project to help further the understanding of the resource and apply
lessons learnt more generally to geothermal systems in fractured granite. These have included:

e Science for Clean Energy (S4CE) - EU Horizon 2020
e Multi-sites EGS Demonstration (MEET) - EU Horizon 2020
¢ Geothermal Power Generated from UK Granites (GWatt) - UK NERC

e Optimisation of Geothermal Drilling Operations with Machine Learning (OptiDrill) -
Horizon 2020
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More recently, interest has grown in the potential for critical raw material extraction from
geothermal fluids and the use of geothermal energy to decarbonise district heating systems and
facilitate underground thermal storage. In 2022-23, United Downs joined three new Horizon
Europe projects investigating these areas of interest:

e Raw materials from geothermal fluids: Occurrence, Enrichment, Extraction (CRM-
Geothermal) - Horizon Europe

e creation of a Single Access Point for information to increase uptake of geothermal
district Heating and cooling networks across Europe (SAPHEA) - Horizon Europe

e Piloting Underground Seasonal Heat Storage In geothermal reservoirs (PUSH-IT) -
Horizon Europe

3.4. Project Additionality

The UDDGTP project has successfully reached numerous milestones over the past three years,
with the drilling of the deepest onshore well in the UK, extended testing of the geothermal
doublet, successful production of the country’s first geothermal steam and the signing of the
UK’s first Power Purchase Agreement for the sale of geothermal electricity. It is truly a
pioneering project, demonstrating the incredible potential that this renewable energy source
offers and paving the way for the expansion of a new industry for Cornwall and the country.

Beyond it’s intended impacts, the project also created substantial additionality:

1. Proof and testing of Direct Lithium Extraction technology from the deep geothermal
water. Cornwall hosts one of only five large-scale, lithium-enriched granites in the world
(USGS), making it an exceptional source of lithium for the growing battery industry.
UDDGP has proven world-class lithium concentrations of more than 260ppm in the
deep geothermal reservoir. The water from the United Downs was tested during
2021/22 and sent around the world to different DLE providers. A £3m grant was
provided via the Getting Building Fund to trial technology on site (2022) and the results
showed that 90% of the lithium could be extracted. There are now plans for a privately
funded expansion of lithium extraction at the site, representing more than £30m of
investment.

2. The Government announced (mid-May 2023) £22m of investment into the UK’s first
deep geothermal district heating network which will be supplied from the United Downs
project. The heat main project is being led by Cornwall Council, and will provide heat to
thousands of homes at Langarth Garden Village, as well as to a hospital and schools in
the area. It therefore supports decarbonisation of a significant volume of heat demand
(circa 10MWth) in central Cornwall.

3. The UDDGP has been, and continues to be, involved with a large number of research
programmes. It has been associated with multiple Horizon 2020 research programmes
worth a total of £30m.

4. GELis going to expand its geothermal operations in Cornwall and has secured planning
permission for two more sites during 2022/23. These will produce more power than
United Downs, provide more heat and, potentially, extract more lithium. GEL is raising
£120m of private funding to do this.
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3.5. MediaProfile

The project has had and continues to maintain a high media profile (Figure 11). It has acted as a
strong advertisement for geothermal development in Cornwall and the ERDF.

Figure 11. A collection of the press coverage of UDDGP.

Part of this national engagement has also included a visit from HRH Princess Anne, who visited
the site in 2019 for over an hour and met the entire team, local councillors, the ERDF
management team, local MPs, UK Government Ministers, the Governor of Montserrat and
hundreds of schoolchildren.
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Figure 12. A collection of photos from HRH Princess Anne's visit to UDDGP.

3.6. Measures of Project Success

The project has delivered in terms of spend (Table 3) and has proven that geothermal electricity
generation is possible in Cornwall. The project will over deliver in terms of outputs as it will now
produce geothermal electricity, plus renewable heat and low-carbon lithium via Direct Lithium
Extraction (DLE) in 2024.

The key factors in consideration of this performance are:

e The deep drilling operations were spend intensive and the project overspent during
those stages.
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The production of deep geothermal steam at over 160°C at the site, coupled with
successful simultaneous production and injection of this geothermal water, proved that
electricity generation was possible. Electricity generation requires in the region of
125°C to function.

Cornwall Council has (February 2023) received a £22m grant from UK Central Gov't
(DESNZ) for a 6 km heat main to connect the United Downs site with the Langarth
Garden village and an existing hospital. This will deliver the heat network.

The deep geothermal water has been extensively tested and found to contain very high
concentrations of lithium. Work has been undertaken at site to extract the lithium using
Direct Lithium Extraction technology. Over 90% of the lithium was successfully
extracted and plans are now in place for a 1,000 tonnes per annum extraction facility.
This will leverage £30m of private investment.

The addition of the heat network and the Direct Lithium Extraction facility will mean that the
project will not draw to a close for another 2 years. It has, however, achieved much more than it
originally set out to do. The project is set to run for at least 25 years. Permanent lithium
production will start in late 2024. The heat network will deliver increasing amounts of heat from
2025/6 as more of the houses are built and connect to the network.

Performance at Time of Projected Performance at
Targets . .
; Evaluation Project Closure Overall
Indicator A
Original Adjusted (if No % of No % of ssessment

g relevant) ’ Target ’ Target
ICapital Expenditure
(Em) £17,982,390.00 £28,642,185.00 £28,843,604.4 101% £39,843,604.4 139%
Revenue
Expenditure (Em) £0.00 £3,482,815.00 £3,665,317.66 105% £3,665,317.66 105%
IC1: Number of
Enterprises
Receiving Support 3 3 3 100% 3 100%
IC2: Number of
lenterprising
receiving non-
financial support 1 1 1 100% 1 100%

Table 3. Spend and Output Performance
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4. Project Delivery & Management

The project was successfully delivered with no Health and Safety issues on site during the
entirety of operations. This included during drilling of the UK's deepest well and testing of water
on site at over 160°C at surface.

The project delivered to a high standard and excelled in community engagement and education.
Further, the management team also successfully ran and completed a number of international
research projects linked to the site during drilling operations with over 26 Universities from
across Europe.

The project delivery could have been improved by having a larger team during operations
(particularly on contract and grant management) but did not have sufficient Revenue budget to
do so.

The project was very well received by the local community, local schools and universities, all of
whom were fully engaged during the project. The local economy also benefitted as the project
spent over £1.5m within a 10km radius of the site.
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5. Project Outcomes & Impacts

A copy of the project logic model is provided at Appendix B - UDDGP Project Logic Model.

5.1.

The UDDGP project has successfully achieved its five major objectives:

Furthermore, D1-7 and M1-14 have almost all been achieved or exceeded, as shown in Table 4

Completion of Major Objectives

To demonstrate that Cornwall has the potential to generate electricity using the natural
heat from the extensive, radiogenic Cornubian granite batholith.

To develop a project with high community acceptance, bringing benefits to the local

community.

To understand the environmental impacts of the full project lifecycle, ensuring future
geothermal power projects maximise their environmental benefits.

To provide a “living lab” for international research projects to ensure maximum impact

on the development of future geothermal projects.

To complete the project with an exemplar health and safety record.

and Table 5.
Deliverables Status

D1: Drilling summary report Completed
D2: Geological summary report, including Formation Evaluation Completed
Log (FEL) for both wells.

D3: Injection Testing Reports. Completed
D4: Reservoir Testing Report. Completed
D5: Collation of Public Dissemination Quarterly Reports. Completed
Dé: Lifecycle Assessment Completed
D7: Completion of research project, including all internal reports 2 completed,

and deliverables.

5in progress

Table 4. Status of project deliverables.

Milestones Status
M1: Preparation of the site for arrival of drilling equipment. Completed
M2: Spud first well. Completed
M3: Completion of geothermal doublet. Completed
M4: Construction and commissioning of power plant. In progress
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M5: Injection testing of geothermal doublet complete. Completed
Mé: Reservoir testing complete. Completed
M7: Interact with 25 educational institutions. >60
interactions.
Exceeded
M8: Achieve over 100,000 social media interactions. >500,000
interactions.
Exceeded
M9: Host 50 visits for the local community at UDDGP. >100 visits.
Exceeded
M10: Contribute £500,000 to the local economy. >£1.5m
spent.
Exceeded
M11: Deliver £40,000 in funding to local community projects. Completed
M12: Selection of suitable consortium to undertake lifecycle Completed
assessment of project.
M13: Successful creation of international research consortium. Completed
M14: Attendance at five geothermal conferences or workshops. Completed

Table 5. Status of project milestones

The UDDGP project has had the following major outcomes:

The project will also produce renewable heat for Langarth Garden Village and zero
carbon lithium, neither of which were anticipated in the original model. This represents
circa 10MWth of zero carbon heat.

The success on social acceptance, education and community outreach was directly
attributable to project activities. The outreach programme was much greater than
originally planned and the public interest was much larger than expected with extensive
media coverage and a Royal visit from HRH Princess Anne.

The project spent over £1.5m within 10km of the project site. The outcomes (CO,
savings) arefar greater than originally set out due to the addition of alarge heat network
at the site.

The local spend was tracked and can be quantified. The additional CO; savings from the
heat network can also be quantified in a robust way.

The project will add to the CO; reductions associated with the ERDF programme

The main source of strategic added value has been the creation of two new industries in
Cornwall: the deep geothermal sector (the developer now has planning permission for two
additional power generation sites and is raising £120m from private funding to develop them)
and the zero-carbon lithium mining sector which is growing at pace in Cornwall.
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5.2. Project Lifecycle Assessment

A comprehensive and detailed Life Cycle Assessment (LCA) study was undertaken by Paulillo et
al. (2020) during the course of the S4CE research project. The study used site-specific data to
guantify the potential environmental impacts of the UDDGP and of geothermal energy in the
UK in general, in terms of a base case and nine alternative scenarios. The hot spot analysis
revealed that the greatest portion of environmental impacts originates in the construction
phase, from steel used for the wells casing and diesel consumed during drilling. Therefore,
strategies to improve the environmental efficiency of deep geothermal should at first focus on
extending the lifetime and reducing or replacing with more sustainable alternative diesel and
steel. The results are consistent with the few available LCA results for enhanced geothermal
plants across the world.

The scenarios developed to address uncertainties on geological conditions and final
configuration of the power plant highlight that:

i) Both an increase in the installed capacity from 1 to 3 MW and cogeneration of heat
and power can substantially increase the environmental performance;

i) Whilst chemical stimulation yields negligible contributions to the environmental
footprint, both hydraulic stimulation and construction of a two-legged well can each
increase the environmental impacts by ~10-20%; and

iii) Different configurations of wells pumps significantly affect the environmental
performance, suggesting that, when possible, pumps should be avoided.

The results allow a comparison of the environmental performance of the UDDGP project, and
by extension of the UK geothermal energy, against other energy sources. The comparison
highlighted clear trade-offs between environmental categories. Based on our results,
geothermal energy should be the third most environmentally benign option after nuclear
pressurised water reactors and offshore wind farms, if the ultimate objective is reducing carbon
emissions. Future work should focus on evaluating in detail the merits of the strategies
mentioned above to reduce the environmental impacts of geothermal energy.

5.3. Community Acceptance

Since its inception in 2017, GEL's community engagement programme has been extremely
important for the successful continuation of the United Downs geothermal project. From an
early stage it was established that time, effort and a personal approach were critical to finding
the extent of the community and reaching a diverse range of its members.

Dissemination of information has taken various forms (via public visits to the GEL site, external
presentations to interested groups, exhibitions at public events, and information en-masse via
printed flyers, online resources and the wider media), and was largely governed by the type of
audience or event. Meeting members of the local community at externally organised events has
been very importantin that it not only allowed up-to-date information to be distributed, but also
allowed GEL's Community Engagement Manager to become a trusted part of the community.
The launch of public drop-in sessions, with more informal visits tailored to a small group, also
proved to be one of the best forms of community engagement. Through giving community
members the opportunity to understand the project in a targeted and engaging manner, and
discuss any aspect of the project with the relevant members of the team, GEL has become
renowned for its friendly welcome and hospitality.
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The education programme has been a multifaceted success, helping education establishments
meet requirements to work with local businesses as well as enhancing the learning experience
of students, who have been given an insight into Cornwall’s new and growing geothermal power
and heat industry. Careers events have also been a successful addition to the education
programme, helping students to discover the plethora of job opportunities available in the
renewable energy sector.

In addition to information communication and education aspect of community engagement, GEL
has made sure to use services and resources as close to the project site as possible, and
established a significant community fund, to ensure that as many benefits as possible are
experienced within the local economy.

The Covid-19 pandemic has created new ways of engaging with the community, with increased
use of virtual information dissemination methods crucial to maintaining ongoing connections
with community members. As a result, GEL’s resources are now available to a wider audience
both within and beyond the local community. A blended approach of in-person and virtual
engagement will continue to be a key part of GEL's strategy in the development of future sites
in Cornwall.

6. Project Value for Money

The project has kick-started the deep geothermal and direct lithium extraction industry in
Cornwall. The project not only proved the deep geothermal resource and high lithium contents
but also had a very high media profile. It is seen across Europe as one of the leading deep
geothermal projects and hence selected for multiple geothermal research projects (over £30m
in linked Horizon 2020 projects).

More recently, it has helped to drive public and private investment into the sector in Cornwall
to include:

- Getting Building Fund (E£3m for lithium trials at the United Downs site)

- £15m private investment from Kerogen Capital and Thrive Renewables plc (February 2023)
- £120m private funding currently being raised for future geothermal project development

- £22m investment from DESNZ for a heat network (February 2023)

- £12m investment from the Automotive Transformation Fund for direct lithium expansion (in
progress)

Overall, the UDDGP will have leveraged over 10 times the ERDF intervention in additional
funding.
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7. Conclusions & Lessons Learnt

The United Downs geothermal power project has successfully reached a number of milestones
over the past three years, with the drilling of the deepest onshore well in the UK, extended
testing of both geothermal wells, successful production of the country’s first geothermal steam
and the signing of the UK’s first Power Purchase Agreement for the sale of geothermal
electricity. It is a pioneering project, demonstrating the incredible potential that this renewable
energy source offers and paving the way for the expansion of a new industry for Cornwall and
the country. Beyond its initial scope, it has also brought the UK’s lowest carbon heat network
along with kick starting a spin off industry of zero carbon lithium extraction.

The strengths of the project have been:

¢ Acontinual high media profile, growinginterest in the industry from the UK government,
private investors and the global and local communities.

e Extensive education and community engagement programme, engaging with over 60
education establishments, 4000 members of the public, and gaining over half a million
impressions on social media.

e Cooperating with seven international research projects (3 started in 2022-23),

e Higher CO;savings than originally planned due to the addition of the UK's lowest carbon
heat network and Direct Lithium Extraction projects.

It was difficult to deliver the deep drilling and testing on time and on budget due to a number of
factors, including:

e The nature of day rate deep drilling contracts (not fixed costs).
¢ Theimpact of external events such Brexit, Covid-19, and the war in Ukraine.
e Additional project strands which were not foreseen at the project outset.

Overall, although the project has been more successful than originally planned, it was very
difficult to deliver during the drilling phases due to the rapidly changing nature of expenditure.
This was challenging to fit into the structures of the ERDF and the associated time required to
review project change requests. In hindsight, the ERDF process is probably better suited to
more conventional projects that can be delivered under standardised EPC based contracts as
opposed to higher risk, sub-surface day rate contracts.
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Appendix A - Public Dissemination Quarterly Reports 2021-2022
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Appendix B - UDDGP Project Logic Model

Project

United Downs Deep G eothermal Project

Click on the arrows to navigate around the model. Tables can be edited directly in the model. To edit free text, click Edit under each title
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