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Executive Summary  

The scope provided by our funding body BEIS is to present an innovative design and project plan that 

addresses the current barriers to algae feedstock production. This is to aid the UK’s scale-up of its 

biomass supply while also mitigating its greenhouse gas emissions to meet the government’s net-

zero goals by 2050. 

Project MiDAS completed a feasibility study to assess the potential of integrating flooded mines in 

East Ayrshire, Scotland, with bioreactors. Our Phase 2 plan will build a 5 ton/yr plant to validate the 

process designed in Phase 2 and provide a launchpad to scale this novel approach to the industrial 

cultivation of microalgae across the UK. The proposed design is highly scalable, avoids the use of 

valuable land and could convert brownfield sites in often socially deprived and rural communities 

into new centres for the industry. 

Work carried out in Phase 1 has shown that a mine with water at 22 °C can support the cultivation of 

microalgae to temperatures of up to 35 C year-round. A new method for appraising mines has been 

developed, which considers drilling risk and optimal locations within a mine. It was found that 

geothermal energy can contribute to 40% of the demonstrator energy demand at the chosen site, 

the Barony. The geothermal integration poses no critical technical barriers to this proposal  

MiDAS aims to produce a turn-key solution allowing the UK to tap in 1503 flooded mines in the UK to 

generate biomass. This presents a considerable opportunity to scale micro-algae production to an 

industrial scale, decoupling it from other industries that may limit the technology’s scale, allowing 

larger-scale plants to be built (>1000 tonnes). This would bring the production cost down to as low 

as £1/kg. This advance will have a significant benefit on the UK biomass economy. It will make the 

growth of microalgae commercially feasible for a wide range of products instead of the niche 

supplement market it currently supplies. 
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Other important growth and composition factors are nutrient availability, light CO2 supply and 

reactor choice.  

Common methods utilised in industry to reduce production costs are limited to using wastewater as 

the growing medium and using CO2 alternatives (e.g., flue gas and air capture system). However, 

impact solutions have identified a new integration technique of heat energy from flooded mines to 

meet the energy demand of microalgae cultivation. There are around 1506 closed collieries in the UK 

with a potential of 13 million MWh/yr of untapped energy. This project is the first to investigate the 

technical and economic feasibility of using geothermal energy from flood coal mines and presents an 

opportunity for the UK to be at the forefront of this technology.  

Heat transfer to the energy system works by the hot water being upgraded through a heat 

exchanger coupled to an array of electrically powered heat pumps. The mine water can also be used 

within a cooling system with no downgrading required.  

The project’s benefits will go far beyond the integration of mine water with biomass production, 

with the creation of a model that would allow the coupling of any waste heat source with microalgae 

production and utilisation of the mine water’s thermal resources for alternative uses.  

This report presents the key findings of Phase 1 and the plan for Phase 2, including the 

commercialisation and route to market strategy.  

 

2. Project Scope  
The scope provided by our funding body BEIS is to present an innovative design and project plan that 

addresses the current barriers to algae feedstock production. This is to aid the UK’s scale-up of its 

biomass supply while also mitigating its greenhouse gas emissions to meet the net-zero government 

goals by 2050.  

The partners involved in this project are the University of Strathclyde, assessing the geothermal 

potential of the possible locations; National pride own the potential two project sites; Coal Authority 

and East Ayrshire council.  

3. Project Objectives  
1. Assess the feasibility of using water from disused mines as the primary heat source for algae 

bioreactors.   
2. To design a bioreactor that maximises biomass productivity to similar/above current 

industrial levels of the microalgae Spirulina. 
3. Assess the different process integration opportunities (e.g., air capture system & wastewater 

treatment) to reduce the production cost  
4. To create a project plan for building a demonstrator plant based on the data gathered and 

process developed in Phase 1.  

4. Key stakeholders  
The main two stakeholders in this project are BEIS (funding body) and the landowners, National 

pride. National Pride is a community interest company that repurpose and develop redundant land. 

Other key stakeholders identified during Phase 1 included Easy Ayrshire Council and the Coal 

Authority. The coal authority is responsible for decommissioning, repurposing, and maintaining 

abandoned coal mines.  
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Additionally, a UK based contractor removes the risk of delivery delays due to Brexit/COVID and 

mitigate the economic risk of unforeseen export taxes.  

6.3.2 Harvesting and Drying stage  
These two stages aim to obtain a final spirulina product of moisture content of 5wt%. Firstly, output 
from the reactor needs to be harvested. Harvesting will occur semi-continuously for the tubular 
design. Harvesting will occur once a day for a cycle lasting 6 hours. Due to the large size of the 
spirulina filaments, a vibrating mesh will be used for this section. From this stage, the Spirulina will 
be dried using a spray dryer. The role of the dryer in the process is to reduce the moisture content of 
the spirulina slurry to form a powder ready to be packaged. This ensures that the product can be 
stored for extended periods and makes it more efficient to transport as less of the packed volume is 
water. 
 

6.4 Energy Modelling  
The energy systems team developed a high-resolution integrated thermal and solar model at the 

University of Strathclyde. Their aim was to provide process information for demand and provide a 

decarbonisation assessment and strategy/assessments.   

 Detailed hourly time step thermal demand models incorporating material specifications, were 

developed for two potential reactor enclosure concepts; A transparent polytunnel to allow an 

ambient lighting contribution and a passive house insulated system to limit heat loss. The advantage 

of the insulated building is that there is no heat demand as it is satisfied via lighting gains and limited 

cooling demand as the minewater is used directly. This thermal model was integrated with a solar 

illuminance model to determine the required process lighting power and associated heat gains.   

 

 

 

 

  

The model formed the basis to investigate the different methods to decarbonise the process and the 

costs associated with this task. The key findings of this model were:   

• Energy demand for cooling and heating is feasible to be met by mine water, with geothermal 
energy contributing to  of the required energy demand of the demonstrator  

• Full decarbonisation of the process is achievable by integrating renewable energy such as wind, 
solar and battery storage.   

• The passive house enclosure requires higher lighting power  

• Passive house enclosure had a lower peak demand  and had more stable demand as 
compared to polytunnel whose peak lighting period is dictated by daytime, coinciding with 
peak grid demand periods   

• Running the reactors on opposing lighting schedules reduces thermal demand by  
reduces peak loads and infrastructure capacities.  
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Figure 11: Spirulina Market 
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16. Phase 2 Plan   

 

 

 

 

 

 

 

  

A milestone/stage¬gate approach will be taken with a go/no¬go assessment made at the end of key 

WP to determine if the project can proceed, with progress monitored via a steering group (SG) made 

of the key contractors and stakeholder partners. The SG has responsibility for strategic and technical 

direction, including 2nd level plans; project monitoring of progress against costs and KPIs, 

management of risk register; commercial exploitation plans. Day to day managing will lie with the 

WP leaders. Reporting lines with BEIS will be kept open with regular monthly update meetings on 

project progress. Impact utilise PRINCE2 project management practices and have experienced 

project managers on the team to ensure successful delivery. 

16.1 KPI 
KPIs will be used and progress against them will be monitored on a regular basis. 
The KPIs can be split into 5 categories: 

• KPI 1 – Land Preparation and Site Permits 

• KPI 2 – Demonstrator Operation and Production of Biomass 

• KPI 3 – Biomass Output Check 

• KPI 4 – Market Viability and Process Economics 

• KPI 5 – Model Viability 
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KPI 1 measures the progress made with regards to preparing the land, ensuring utilities are fitted 
and that the relevant permits have been obtained for the operation of the demonstrator. 
KPI 2 looks at the production of biomass and will assess the operation based off the models derived 
in Phase 1. 
KPI 3 will assess the daily output from the demonstrator and analyse the samples to ensure they 
meet standards relevant to their application. Biomass characteristics such as protein and final water 
content and amino acid composition will be carried out in-house. 
KPI 4 aims to track the OPEX for the demonstrator to refine estimates for a commercial plant 
producing 50 tonnes. It will use data gathered from sensors around the greenhouse to assess where 
the process can be optimised 

KPI 5 will validate the models developed during Phase 1 using data from the demonstrator to ensure 
that it is reproducible to a commercial scale. Data from other mines will be gathered during this 
stage to identify other potential sites 

 

16.2   
Phase 2 will contribute to the biotechnology sector and the bioeconomy by opening up 
opportunities to use microalgae in sectors previously not considered economically viable.  
 
A key innovation area  

 
 
 

 
 

 
During Phase 2, one WP is dedicated to developing  

 
 

 
 

 
An additional WP will  

 
 

 

16.3 Stakeholder Engagement  
Engagement with all the relevant stakeholders is imperative to the project’s success throughout the 

next phase. Impact solutions have already received letters of support from multiple stakeholders 

close to the project; Coal Mine Authority, National Pride, East Ayrshire Council and  

Fostering relationships with key stakeholders in phase 2 will provide the basis of the necessary 

support required for commercialisation post Phase 2.    

In Phase 2, engagement with other stakeholders will support the business development of this 

technology. Contact with farmers will occur to assess the feasibility of wastewater integration at 

both the Barony and  Relent bodies will be contacted to investigate the potential of AD plant 

integration not just within Scotland but also in the UK. Additionally, through Impacts’ extensive 

petrochemical and plastic network, engagement with the relevant industries will occur to formalise a 

successful route to market for spirulina biomass.  
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16.4 Permits and Consents  
Work was undertaken to identify the relevant consents and permits required to build and operate 

the demonstrator. The planning permission required concerns the project’s mining aspect, i.e., 

geothermal energy. Planning permission is required if drilling is below 200m. In addition, a 

subsurface permit and site permit will need to be obtained from the Coal Authority, which generally 

takes approx. 2-3 months. Engagement with the coal authority and East Ayrshire council throughout 

Phase 1 has ensured all necessary permits have been identified and factored into Phase 2.  

Regarding wastewater disposal, it is assumed that the growing medium is below the heavy metal 

content that requires a SEPA permit. Additionally, as we are disposing of less the 1m3 a day, no 

special SEPA permit is required. This will be reviewed in Phase 2. 

16.5 Risks and Risk Management  
Impact recognises the need for an on-going, comprehensive risk mitigation and management 

process which forms part of the project management WP An FMEA (Failure Mode-and-Effect-

Analysis) table will be used to monitor progress against the project milestones and identify areas of 

risk to sub-contractors in order that action can be taken.  

Some of the key risks and mitigations are described below:   

Technical Risks  
 

 
 

 
 

     
 
Commercial Risks  

 

 

 

 

   

 

 

 

  

 

16.6 Dissemination 
Dissemination of results to the broader audience is fundamental to our Phase 2 objectives and the 

overall plan of increasing biomass supply and reducing GHG emissions. Key activities include 

presentations at algae and geothermal conferences, publication of research papers, promotion of 

the project and technology on Impact Solution website and all social media platforms. The 

fundamental aim of Phase 2 is to create a modelling system/ scale-up procedure. This will form the 

blueprint to rolling out this technology to the rest of the UK Engagement with the coal mine 

authority will help disseminate the critical learnings from Phase 2 across their network, ensuring the 

relevant people/projects are reached. 
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17.  Appendix  
 

Gantt Chart 




