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Hey, this stuff could help us save the planet!



How do we evolve from an Industrial World that is causing climate change…
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...to a World with sustainable industries that mitigate climate change?
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SUNLIGHTALGAE!!!

To reverse Global Warming we must 
rapidly adopt a "Low Carbon 
Economy" and develop technologies 
that consume CO2



Why Algae?

Algae are the most promising long-term sustainable source of biomass for 

fuel, food, feed, nutraceuticals, cosmetics, pharmaceuticals, petroleum 

replacement products. 

• Algae consume CO2

• Algae grow fast and can double their numbers every few hours with 

productivities many times greater than that of our most productive crops.

• Algae do not compete with agriculture

• Algae purify wastewaters

• The Algae Industry is a job creation engine

With Synthetic Biology we can engineer algae to produce 

commodities to order and also perhaps find new cures for 

cancer and other debilitating diseases.



Microalgae Products and Applications

MICROALGAE

Biofuel

Bioplastics
Materials science

Bioremediation & 
Resource recovery

Bulk chemicals
Building block chemicals

High value bioactives

Waste water treatment
Heavy metal recovery
Contamination remediation

Anti-oxidants
Anti-inflammatory
Anti tumour
Anti-microbial
Sunscreens  & Cosmetics
Pharmaceuticals
Nutraceuticals
Flavours and fragrance

CO2 capture

Ceramics
Adhesives

Biodiesel
Bioethanol
Hydrogen
Methane

Ethylene, alcohols, 
biosurfactants



Securing the 
molecular value 
from waste streams 
using algae

• Carbon capture

• Acid mine drainage



2008-2014 Microalgal Biorefinery with Carbon Capture

Hot flue gases 
from Boots’ 

Power Station

16 m3

PBR
Harvesting
(Passive)

Nutrients
N,P

PBR- Photobioreactor

Ball 
Milling

Tangential 
flow 

filtration

Protein
(Hair care)

Cosmetic 
Bioactive Extract

Microbes: Autoflocculating Thermophilic Cyanobacteria
Company: Boots, Cognis (BASF), PML, Carlton Power
Location: Nottingham, UK.
Project Designer & PI: S. Skill
Core funding: Technology Strategy Board £2.1m

14%
Solids

Low CO2 Flue gas



Product R&D Focus

•Antioxidants

•UV Protection (Suntan lotions)

•Anti inflammatory

•Anti ageing

•Protein Hydrolysates (hair care)



15MW Power Station

Flue gas duct

Direct carbon capture PBR

16,000 litre photobioreactor (PBR)
Productivity: 0.3-0.9g/l/day
Energy use: 20-70W/m3 









Scale-up????

•Containment - the most 

costly component 

• Light- productivity is proportional to light 
contacting surface area rather than volume, 
weather dependent.

• Mixing - reducing self shading, increase 
mass transfer & biofilm prevention.  Trade-offs 
– Energy & hydrodynamic shear

• Gas exchange - contact of CO2 & 
removal O2 from broth, hydraulic residence 
time, energy requirement

• Temperature – overheating (cooling?),
cold mornings



Algenol – Genetically modified cyanobacteria producing ethanol

State of the art photobioreactors





Light emitting diodes ?



Solar Capture 
Direct v Indirect?
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Schulze.et al., 2014  TIBS, Volume 32, Issue 8, 2014, 422 - 430

Benefits of LED illumination



Schulze.et al., 2014  TIBS, Volume 32, Issue 8, 2014, 422 - 430

Light requirements of 
microalgae, main 
pigments, and the 
evolutionary relationships. 



Schulze.et al., 2014  TIBS, Volume 32, Issue 8, 2014, 422 - 430



LED Photobreactors
Fully Addressable LEDs

• UV-PAR-NIR

• Self Cleaning

• Very Low Hydrodynamic Shear

• 0.5 - 25m3 capacity

1984

The Future?

2014



LE(a)D Free Zone?





Fri Nov 6, 2015 Samarco mine dam disaster - BHP Billiton
25 minutes to escape: Brazilian village destroyed in dam deluge

The Ecological impact  of mining waste
• Rated as second only to global warming. 
• Results in profound and irreversible destruction of 

the environment.

(US Environmental 
Protection Agency)



Photo Andrew Mattox, Ground Truth Trekking

http://www.groundtruthtrekking.org/Contributors/
http://www.groundtruthtrekking.org/About/


Cwmystwyth mine discharge





An illustration of the imbalance between money spent on 
developmental and operational costs, and environmental and 
social remediation costs (adapted from Adler et al., 2007).

ADLER, R. A., CLAASSEN, M., GODFREY, L., & TURTON, A. R. (2007). Water, mining and waste: an historical economic 
perspective on conflict management in South Africa. The Economics of peace and Security Journal, 2:2, 32-41.



Current state of the art- Mine water remediation

Force Crag Mine - Cumbria



Abandoned Lead Mine
Ceredigion

Discharge from a single adit
60 litres/sec
1.8 tonnes Lead /year
10.5 tonnes Zinc /year



Passive 
microalgae
treatment

Dose 
pump

Nutrient
Store

Mine water 
Zn, Pb
replete

Mine water 
Zn, Pb
deplete

Algae 
processing and 
metal recovery

(Off-site)

Nutrients

GREEN MINING – Passive Mine Water Remediation System

Site requirements
Slope 2-5%

No civils



Elemental analysis of algae biomass from AMD treatment 

Metal recovery ?
Typical economic thresholds for recovery

• Copper  >4,000 mg kg-1

• Zn and Pb >10,000 mg kg-1.

Below these values Zn, Pb & Cu laden materials 
are characterised as wastes.

Biomass

• Zn- 180 g/kg (~18 x economic threshold 
level)

• Pb- 14 g/kg (> economic threshold level)

• Cu- 4.5 g/kg (> economic threshold level)

Lixivant?

Hydrothermal liquefaction?
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Is it economical to recover rarer metals?



Green Mining - Benefits 
• Cost effective to remediate small and large metal mine 

sites. 

• Adaptable for tackling combinations of:
• point source or diffuse source mine water discharges

• spoil heap pollution (water)

• contaminated sediment issues

• Operates with minimal intervention at remote sites 
without services

• Sustainable and “light touch” in terms of operating costs.

• Applicable for upland areas with steep topography and 
limited land availability. 

• Low risk



Summary
LED photobioreactors coupled to CO2 emissions 
powered by photovoltaics and base load electricity.

• Selected species (incl. GM) for the production of 
high value metabolites.

• Autoflocculating consortia (incl. GM) for N & P 
removal from sewage (£0.5/m3) – Small footprint 
systems

Passive algae based remediation systems

• Algae for heavy metal recovery – Acid Mine 
Drainage

• Algae for N & P removal from sewage (medium 
footprint)
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