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Edible Meat 
(per 100 kg Feed)

56 kg 39 kg 19 kg 7 kg

Carbon Footprint 
(kg CO2/kg Edible Meat)

5.1 kg 8.4 kg 12.2 kg 39.0 kg

Water Consumption 
(Litre/kg Edible Meat)

2,000 4,300 6,000 15,400

Aquatic Animal Protein – Healthier AND More Efficient than Terrestrial

AND Land Use Efficiency…



Popular, healthy seafood in UK:

High in protein, vitamins, minerals & antioxidants

Low fat & calories

Promoting brain and heart health

UK Sustainable King Prawn Project

£319M p.a UK imports



Traditional 
Prawn Ponds

Removing Mangrove = Removing Benefits:

- Best CO2 removal ecosystem (per hectare)
- Nursery habitat for 10,000’s of marine species

- Coastal Protection (storms & farmland salination)

Coastal Mangrove Forest

BBC Radio 4 “Costing the Earth”  (Episode “Prawn Free” – 7th March 2023)

Rod Wilson & Rob Ellis visiting 
prawn farms in Thailand



Another Way … Indoor Recirculating Aquaculture Systems (RAS)

?



£ Healthy Seafood

£ Chitosan 
(Pharma)

Other Renewable Heat/Energy: 
Data Centres, Geothermal, 
Solar, Wind, Hydro etc.

30 m
10 m

King Prawn Demonstrator RAS Farm
(Near St. Andrews)

Prawns growing happily 
at 30 °C inside!

Recirculating Aquaculture Systems (RAS)

Farm Wastes

Biogas

Anaerobic
Digester

Waste Heat

Prawn shell 
(exoskeleton)

- Optimise RAS water chemistry & nutrition

Prawn waste → AD biogas ?

Fertilizer for crops?

Prawn Wastes (N & P)

Nutrients



Farm Wastes

Biogas

Anaerobic
Digester

Waste Heat

“Public Money for Public Goods”
(Nature Positive Food Systems)

New Agriculture 
Act (25YEP)

Biodiversity

Net-Zero Emissions

Flood Risk

Recirculating Aquaculture Systems (RAS)

“RAS-RES” 
Recirculating Aquaculture Systems 

powered by 
Renewable Energy Systems

= land-efficient, low-carbon 
alternative to seafood imports



Water

Moulted (shed) 
old exoskeleton

Trystan 
Sanders

Kat 
Clayton

Moulting – the “ bottleneck” in a crustacean’s life cycle (>50 x !)



Calcium

Bicarbonate

Fully calcified 
(hardened) 
new shell

Trystan 
Sanders

Kat 
Clayton

Moulting – the “ bottleneck” in a crustacean’s life cycle (>50 x !)



0

20

40

60

80

100

0 1 2 3 4 5 6Water Calcium Concentration

C
al

ci
um

 U
pt

ak
e 

R
at

e

Too Much Calcium :
 Costs (but no benefits)
Toxicity to animals
Limescale accumulation
 on pumps/pipes

Too Little Calcium :
Slow Hardening 
 = Soft Shells
 Cannibalism;  
   Disease
   Tolerance to Change

Calcium Sweet Spot:
Rapid shell hardening
 Moulting success, Growth and Yield
  Disease Risk

Optimising Water Chemistry for Moulting & Growth
       (AND… Resilience & Profit)

Also - water salinity, CO2, nitrate
 - dietary vitamins



Prawn shell 
(exoskeleton)

££

Maintaining chitin yield for extra income

Prawn growth & chitin yield good down to 4 % 
of seawater (1.4 ppt – almost freshwater) 

Salinity – how low can we go?

i.e. Can build prawn RAS anywhere inland
 (BUT only if calcium well managed)

Sanders et al. (2025). J. Exp. Biol. 228, jeb249906.
Sanders et al. (2025) Aquaculture (Accepted)



Managing Calcium is Key 
 Real-time Ca2+ sensor needed

Commercial Device Solution: 
 Polymer-bound, re-usable colorimetric sensor

Alexis 
Perry

Owaen 
GuppyLight (Reverses Ca2+-Binding)



UK Sustainable 
King Prawn 

Project
(BBSRC, £2.5M)

Business 
Engagement & 

Innovation Award
(UoE, £11.9k)

Impact 
Accelerator 

Award
(EPSRC £68k)

Follow-on Fund
(BBSRC £600k)

Academic research chemistry + industrial expertise = innovative solution to real-world problem

Turning calcium sensor molecule into commercial device

Matt Stevenson 
(CEO at Seneye Sensors Ltd., Norwich)

Alexis 
Perry

Owaen 
Guppy

UK Patent Filed 03/02/26: “Calcium Sensor” Application No. 2602434.9



Prawn waste successfully used as soil enhancer for growing rye grass

Robert 
Dunn

Martin 
Blackwell

Circularity of Prawn 
RAS Wastes

Angus 
Buckling

Pawel 
Sierocinski

Compatibility of prawn waste with anaerobic digester biogas production.



Farm Wastes

Biogas

Anaerobic
Digester

Waste Heat

“Public Money for Public Goods”
(Nature Positive Food Systems)

New Agriculture Act
(25YEP)

Flood Risk

Biodiversity

CO2 removal

Recirculating Aquaculture Systems (RAS)

“RAS-RES” 
Recirculating Aquaculture Systems 

powered by 
Renewable Energy Systems

= land-efficient, low-carbon 
alternative to seafood imports



Environmental Economic Modelling 
RAS efficiency spares land for environmental improvements

Huge potential for ‘sparing’ farmland for 
woodland (net-zero), conservation & 
other environmental improvements

…without reducing UK food production

Ian Bateman
OBE

Thiago 
Morello

King prawn            RAS farms are 
>50 x more efficient land use for 

animal protein than beef

Prawn Recirculating Aquaculture System (RAS)

Morello et al. (2025). Sequestering carbon without reducing food production: the role of RAS. Ecological Economics 
https://doi.org/10.1016/j.ecolecon.2025.108692 
Morello et al. (In prep.) RAS can reconcile food supply and afforestation in Great Britain. J. Cleaner Production

(>5x calories/ha than crops)

https://doi.org/10.1016/j.ecolecon.2025.108692


Environmental Economic Modelling 
RAS most viable in areas of low agricultural opportunity, 

low employment costs, or lack of alternative options

Brown-field & urban sites with renewable energy options 
will expand viable areas even further.



Visitors:

Rajesh Manchi 
(PDRA)

Andrew Whiston 
(CTO RAStech)

King Prawn Demonstrator RAS Farm
(Near St. Andrews)

Politicians
NGO's
Environmental NGOs (eNGOs) 
Conservation Bodies
Business people & investors
Aquaculture industry
Landowners
Academics
Students
Seafood buyers
Interested members of the local community

Watch 4-min 
Demonstrator 
video here



The Regenerative Agriculture Festival

Lannock Farm, Hertfordshire (1-2 July 2025)

Stakeholder engagement – Farming community

Overcoming barriers to UK expansion of RAS Seafood Production

Caroline Voaden (South Devon MP & 
Chair of APPG for Shellfish Aquaculture)



Wider outcomes for land-
based seafood generally: 

Policy Paper 
& 

Investment Prospectus

Launch and publication event – 

Venue & Date TBC

Diana 
Tingley

Rob Ellis Ian Bateman 
OBE

Daphne 
White



A proposed solution

Visitor centre –
engage UK public, provide education and 

awareness of sustainable seafood

Innovation hub – 
space to bring 
industry and 

academia together to 
innovate

Hatcheries – 
provide sustainable, 

reliable biosecure 
source of larvae

Training centre(s) – 
provide courses to the emerging 
aquaculture workforce in the UK

Regulatory Support – 
provide training and advice for 
regulators and new operators 

National Centre for 
Land-Based Aquaculture



UKSKPP Interpretation materials

Jonny Glover 
(Illustrator)



Natalie Bridges, Abbie Bramwell - Bristol MSc 
Science Communication for a Better Planet

Infographic posters Video tour

RASTech

UKSKPP Interpretation materials



UKSKPP Outreach materials

(Martha Clarke - Bristol MSc Science 
Communication for a Better Planet)



Wild-capture

Aquaculture 
production 

must double
by 2050

World Capture Fisheries v. Aquaculture Production (FAO 2024)

FAO. 2024. The State of World Fisheries and Aquaculture 2024. 
Blue Transformation in action. Rome. https://doi.org/10.4060/cd0683en

Global seafood production – 222 Mt in 2022 ($472 billion)

Aquaculture provides 59 % of seafood for human consumption

Global seafood production

https://doi.org/10.4060/cd0683en


Thank You

UK Sustainable King Prawn Project

UKSKPP 
Project Website

King Prawn Demonstrator 
RAS Farm Video

Land-Based Seafood
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