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Background W§.um production

Lancaster University 1983 N fixation in higher plaQtS

Biochemist- Restriction enzyme characterisation of Carbon negative fertiliser

cyanobacterial plasmids and cyanophage DNA. production .H.a.be.r_P.Fgw 4

BBSRC 3 year project - Research assistant - Isolation wl ws

and cloning of Heterocyst specific gene sequences. 1983- No ecular toolkit!!



1986-1988 Sustainable Algae Production Process

CH

Chicken 10m3 AD
Manure (Farm Gas)

Electricity

Process Design: Steve Skill

Microalgae: Spirulina platensis : Belt filter Discharge
Anaerobic digestion seed: STW SElliel

digester (compost) _
Company: Blue-Green Biotech Spirulina A, Amoronie oacter
Location: Sherwood Forest Biomass Products Izl




1992-1994 Biocoil Photobioreactor, Algae/bacteria consortium
Tertiary Sewage Treatment Process
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Process Design: Steve Skill
Microbes: Autoflocculating consortia of Chlorella & Scenedesmus
Company: Biotechna Ltd

Location: Stoke Bardolph STW, Severn Trent PLC, Nottingham

Discharge from Mix Tank . |-°V\_’ Nutrient
Activated Sludge 2000 L Settling Discharge
Tank
Settled
Settled Algae Algae
Algae . . .
Biocoil Biomass

Photobioreactor
5000 L




1992- Autoflocculating algae consortium (Chlorella/Scenedesmus)
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1993 Algae Power Station ?




1993-1995 Biotechna Graesser Ltd, Greencycle Ltd, Bioxtract Ltd.

Escola Superior de Biotecnologia (ESB), Lisboa. (Vitor Verdhelo)

? :bot‘plbt 9!“ oylum‘(z x 500 L), with FEP tubing for UV

production. Sines, Portugal.

Steve Shill (1993)

Two stage Biocoil PBR system for the production of Beta Carotene from Dunalliella salina.
The unit was constructed in the UK and transported to site near Sines in Portugal.




1994-1995 High Strength Wastewater Treatment

Photosynthetic
Anaerobe
Biomass

Cationic
Flocculent

Tapoica / A b l
naerobi _
Potato Starch aeropic Settling
Effluent PBR i

Algae Settling

Process Design: Steve Skill .
Biomass

Microbes: Photosynthetic Anaerobe consortium
Autoflocculating Chlorella Scenedesmus
consortium

Company: Biotechna Ltd

Location: Dorking, UK.

Supernatant

Discharge
(Low N&P)

PBR- Photobioreactor



1994-1996 Digestate Enhancement _I
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Photosynthetic |
| | Anaerobe
CH,/CO Solids Biomass

Cationic
Flocculent

- Anaerobic i Anaerobic ] Aerobic
R : Settling
Manure Digester PBR

Process Design: Steve Skill
Microbes: Photosynthetic Anaerobe Consortium Algae
Autoflocculating Chlorella / Scenedesmus Biomass Settling
consortium Supernatant
Company: Biotechna Ltd
Location: Poultry farm, Cork, Ireland Discharge
PBR- Photobioreactor (LOW N&P)




1997-2000 Sustainable Aquaculture

Carbohydrate
Protein Feed

Biofilm
PBR 2
Filter Faecest m
Water Recycling spen
Circuit screen

food

Intensive fish
grow-out
tanks

Proprietor: Steve Skill

Microbes: photosynthetic biofilm Produce
Company: Sherwood Forest Tilapia
Location: Nottingham, UK.

Tilapia
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The Nottingham Microalgae Biorefinery



Microalgal biorefinery - Industry perspective

What commercially viable
biomolecules can we
characterise and extract from
the algae?

@\..

Can we grow the algae and conceps
extract the biomolecules y
economically?

Does the consumer want
whatever we find?

‘Whole supply chain Disposal
consideration -Can we develop
a carbon negative ingredient
supply chain?



Potential Microalgae Products and Applications

W'rs \

nti-inflammatory —

Anti fumour Biodiesel
Anti-microbial Bioethanol
Sunscreens & Cosmetics Hydrogen
Pharmaceuticals Methane
Nutraceuticals
Flavours and fragrance Biofuel

High value bigeCtives
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Adhesives

Bioremediation

Waste water treatment
Contamination remediation




CCIF Project £2.1m - Steve Skill Pl

Applications Ltd
Marine Matiers

Optimising Yield
Molecular Biology
Biomass production and

harvesting
( Carlton
| Power Station
PML | Bcion ™ Engineers and
Uatine Matien Consultants
_ Product Identification
Chemistry Product Extraction
Photophysiology

Downstream Processing
Stress Response Healthcare and Personalcare

Modelling Ingredient Production
Biosynthesis

Technology Strategy Board
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Which microalgal strain?

Screening programme lead to the
selection of a ROBUST cyanobacteria
(CX68)

e Auto-flocculation

eThermophilic

eRobust

eMonoalgal culture

eStorage

eFreshwater strain

*Wild type produces potentially valuable metabolites
eDi-azotrophe

eProkaryote



2008-2013 Microalgal Biorefinery with Carbon Capture

Low CO2 Flue gas

A .
Cosmetic

Bioactive Extract

Nutrients

N,P

Tangential
flow
filtration

Hot flue gases
from Boots’
Power Station

Harvesting

(Passive) ! Milling

Process Design: Steve Skill
Microbes: Autoflocculating Thermophilic Cyanobacteria Protein
Company: Boots, Cognis (BASF) (Hair care)
Location: Nottingham, UK.

PBR- Photobioreactor

bz Ccoren SEIB
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bioreactor (PBR)

16,000 litresph
Productivity:
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Product R&D Focus

e Antioxidants

UV Protection (Suntan lotions)
e Anti inflammatory

e Anti ageing

eProtein Hydrolysates (hair care)



Multi-stage-stage biorefinery fractionation process using
low energy ball mills.

Harvest
Growth
Media
Recycle
I
14% solids Extra-cellular

. 4 Extract

Sunscreen
Anti-inflammatory
Anti-oxidants
(Anti-ageing)

i
=

Further Fractionation
(Crossflow filtration)

v

Lysate

Anti-oxidants
Carotenoids
Natural colours

v

Protein

Hair
Care



Efficacy testing

* A suite of bioassays and analytical protocols
have been employed to validate the cosmetic
efficacy of extracts recovered from the biomass
including; Antioxidant, Lipid peroxidation, anti-
inflamatory, UVA & UVB protection and
antimicrobial potential.




Developing a platform for sustainable chemical production

CO, and sunlight
as feedstocks

Engineering CX68

microalgae for Prokaryote

sustainable Genome Sequenced
chemicals Transformation protocols




Pathways for manipulation?

/vOther polysaccharides/peptidoglycans

NDP Glc
\Glycogen

Glucose —}GGP/GlP

Phenylalanine
Shikimate pathway Phenolic compounds

Aromatic amino acids

45&7
C sugars
Glycerol-Pp —— G3P RuBP + CO,
MEP isoprenoid 3-PGA Lipids
path*way * f _% Fatty acids
Fatty acyl-ACPs Fatty alcohols
2-PGA
Isoprene * alkanes
Terﬁenoids I ¢ Malonyl-CoA— Polyketides Cyanophycin
Tocochromanols
: PEP —pPyruvate - |
Carotenoids Acetyl-CoA—>| PHA | ﬂ
mino
acids
C.H, €—"MN0 | e  0AA P Citrate/isocitrate Purines
acids | e
Pyrimidines
Malate Tetrapyrroles
RS2 2-0G —V* Glu/GIn

T Fumarate 4—> NH,*
SO~ *

N, and NO;



Towards the development of a platform for sustainable
chemical production

The Nottingham Microalgae Biorefinery

eRobust production and biorefinery system

eDownstream processing

eSynthetic pathways

eSustainable chemical production



Thank you..  Steve Skill scsk@pml.ac.uk
skill@btconnect.com
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Carole Llewellyn Gary Farnham Bangaru Balasundarm
microalgae molecular biology downstream processing
metabolites
bioactives Technology Strategy Board
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