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What are seaweeds?

*Seaweed (a kind of alga)
*Kelp (a kind of seaweed)

Algae

Seaweeds




Rhodophyta, Phaeophyta, Chlorophyta |

‘Red Seaweeds (Rhodophyta) ke
Pyropia, Chondrus, Mazzaella SESuaE
‘Brown Seaweeds (Phaeophyta)®™&=
Kelp a4
eSargassum
*Green Seaweeds (Chlorophyta) gz T
Ulva



Supergroups containing “Algae”

Slime molds and
some amoebae

pisco®®
Graham 2016, Fig 5.1



The Bounty of Washington

« Over 600 species of
seaweeds

* One of the most
diverse kelp floras in
the world- 22 species



Seaweed Uses =Ecosystem Functions

-Primary Producers

® Food Detritus Dissolved organic materials
-Structuring Elements (blogenlcr __

habitats)
* Kelp beds

-Biodiversity Function

* Seaweed species themselves
* Other species in, on and around seaweeds




Traditional Coast Salish Uses
Food, tools, culture SR

Fishing Line made from
Nereocystis stipes

(Coast Salish)

} & . “ X ¥l

‘erring roe on kelp (k'ae;w) that is wind drying, Haida Gwaii, BC. Photo: Nancy Turner, date unkn:on Gunthel' 1921; ElmendOl'f 1961;
) ) Rector & Karsen 2015; Samish elders;
11/21/19 Herring-roe-on-kelp (Macrocystis) m—



« Food - nori, kombu, wakame, others

 Fodder - feed supplements, forage ECOnOmIC
« Fiber - alginate fiber, kelp baskets SeaWGEd USGS

 Fertilizer and Soil Conditioners- seaweed meal
(kelp, rockweeds)

« Drugs - iodine, kainic and domoic acids

« Chemicals - “kelp”, potash, iodine, acetone
- Biochemicals - alginate, carrageenan, agar, agaros:
« Cosmetics - alginate, carrageenan

 Biomass - for fermentation to methane, alcohols

« Habitat - for invertebrates, vertebrates, microbes The Real “Kelp”
. Laminaria was burned
- Carbon sequestration in pits to produce
- .- am “kelp”, a solid brick of
* Nutrient remediation potash and soda, used

in glass and soap

 Restoration and compensatory mitigation making
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Food

Kelp species
« Saccharina latissima o)
« But Nereocystis and Alaria are more tasty
 What about the other 19 species of kelp?

*Nori (Pyropia spp.)
+Ogo (Gracilaria spp.)




Historical Uses of Seaweed

Lazy Beds in the British Isles

Sheep that live entirely on seaweed
North Ronaldsay, Orkney Islands.

11/21/19 Slide 12



FODDER

Benefits of feeding organic seaweed animal feed to your animals
17 October 2008

How to have Healthy and Contented Animals

100% natural & organic animal & plant seaweed feeds plus

A gy (!
s BoOd@ayre edible seaweeds from the pure & unspoilt Shetland Islands

PRODUCTS
&

¢ Can improve growth rates in lambs

« Increase wool production in sheep

¢ Increase milk yields in cows, sheep and goats
« Pigs put on less fat and more meat, and do not feel the cold so much!

Chickens breed better and grow fat and fast if have 5% seaweed in their diet, especially if yeast is added as well

Defence

« Can reduce intestinal parasites in pigs

¢ Can reduce incidence of mastitis in cows

¢ Can reduce baldness in Gouldian Finches

¢ Reduce loss of lambs to white muscle disease

e Seaweed fed to horses reduces the incidence of inflammation in tendons and nerve sheaths and prevents cracked
hooves

¢ Mineral and iodine deficiencies in animals can be remedied by feeding seaweed

Nutrition

¢ Gives higher icdine levels in eggs and milk
e Gives brighter coloured egg yolks

¢ Gives healthy hooves and coats in horses
¢ Increases fertility

¢ Gives overall health and well-being




“Adding Seaweed to Cattle Feed Could Reduce Methane Production

R by 70%”"

 Livestock responsible for 44 percent of all
human-caused methane

. Add dried seaweed to 2 percent of sheep and Ost popuiar £imd in Hawai

cattle feed o | . bromoform Br
* Halogenated metabolites in the seaweed disrupt the . dibromocholoromethane
enzymes that are responsible for the cattle and sheep bromochloroacetic acid )\
producing methane in the rumen (stomach). « dibromoacetic acid Br Br
« Cuts methane emissions by more than 70 » dichloromethane
percent

https://www.sciencealert.com/adding-seaweed-to-cattle-feed-could-reduce-methane-production-by-70



https://www.sciencealert.com/adding-seaweed-to-cattle-feed-could-reduce-methane-production-by-70

FOOD

Application Functions and Benefits Chemicals

Bakery Cream and Filling » Instant gelling and thickening; heat stability; range of different textures; °

good mouthfeel and flavor release Phyco COll O 1 d S
Beer » Improves and maintains foam levels
Dressing r * Thickening, stabilizing, emulsifying; good mouthfeel; acid stable Al gin at e S
Fruit Juice = Stabilizing, emulsifying
Fruit Filling and Preparation ® Gelling, thickening, stabilizing; prevents syneresis; excellent heat stability; cold

and hot process; wide range of textures; available for low to high brix systems

Dry Mix Dairy

Ice Cream and Sorbet » Stabilizing; controls viscosity; prevents crystal formation and shrinkage;
contributes to even and slow meltdown

Low Fat Spread » Stabilizing; good mouthfeel, texture and flavor release

Meat

Petfood » Gelling; produces heat-resistant and retortable, meat-like chunks

Restructured Food = Excellent gelling ability; heat stability; easy to form

Yogurt s Stabilizing; good mouthfeel, texture and flavor release

SPECIALTY

Application Functions and Benefits

Textile Printing = Gives the desired rheology to print pastes; is inert to dyes and fibers;
has excellent wash-out properties; is extremely pure

Paper * Enhance greaseproof properties, oil resistance, and solvent holdout;
improves rheology, water-retention, runability, ink holdout, and printability

Welding » Lubricant stabilizer and “green strength” agent in the extrusion of high
quality welding rods



Alginic Acid in Your Life

OH
OH o) OH
X HO "
0~ “OH]

-Gelling
-Stabilizing

Printing cell-laden dECM gels
with polymeric framework

Decellularization and
solubilization of ECM

Heart

g/ ﬁsamlage

Fabrication of
3D struture
layer by layer

@ B 6 Gelled

cell-printed structure
Tissue engineering \

Incubation of cell-
printed structure
at 37 °C for gelation

3D cell-printed structure

In vitro dlsease model

Wound Dressing

“New Gastrong_ion



Algal Bio-plastics

Making Seaweed Bio-Plastic

Our project made of seaweed and We are trying to decrease
the pollution by making bioplastic to protect the community
from plastic’s side effects and we should provide the
manufacturers use this idea to help them make bioplastic
products.

https://www.slideshare.net/Albairag/biodegradable-making-seaweed-bioplastic-idm12

https://www.washingtonpost.com/technology/2019/04/29/lon

don-marathons-method-reducing-plastic-bottles-edible-

seaweed-pouches/?utm term=.5balfefda83a



https://www.washingtonpost.com/technology/2019/04/29/london-marathons-method-reducing-plastic-bottles-edible-seaweed-pouches/%3Futm_term=.5ba1fefda83a

Desserts, carrageen, ice cream, cream, milkshakes, yogurts, salad dressings,
sweetened condensed milks Chemlcals

Sauces: to increase viscosity PhYCOCOllOidS

Beer: clarifier to remove haze-causing proteins

Patés and processed meats (e.g., ham): substitute for fat, increase water retention, Carrageenan

increase volume, or improve slicing
Toothpaste: stabilizer to prevent constituents separating =y -
Fruit Gushers: ingredient in the encapsulated gel

Fire fighting foam: thickener to cause foam to become sticky

Shampoo and cosmetic creams: thickener lota Carageenan
- H,OH H
Air freshener gels i 2

Marbling: the ancient art of paper and fabric marb_lin% uses a carrageenan mixture on
wl‘;ich to float paints or inks; the paper or fabric is then laid on it, absorbing the
colours

OH

Kappa Carrageenan

H,OH CH,080;

Shoe polish: to increase viscosity

O.

Biotechnology: to immobilize cells and enzymes ;a H

SO3 SO3

Lambda Carrageenan

Pharmaceuticals: used as an inactive excipient in pills a tablets 3 Aquafiesh
Soy milk and other plant milks: to thicken :
Diet sodas: to enhance texture and suspend fIavour%_
Pet food ‘i
Personal lubricants :

mimn.? ;
. nluQ.

Everywhere,
erywhere!”

Vegetarian hot dogs



FMC BioPolymer Brochure- Carrageenan

Applications

m Color Cosmetics

= Creams & Lotions
= Face & Body Masks
= Sprays

m Sticks

= Sun Care

— - ) -r‘." _‘f' —_— %
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Gracilaria/Gracilariopsis Chemicals

Gelidium

o i Phycocolloids

| - Agar/Agarose

D-Galactose 3,6-Anhydro-L-Galactose
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Pour les cremes, mousses, gelées, glaces...
Voor puddings, moussen, geleien, ijs...
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Bacteriological plates



Gels for
Electrophoresis




Alginate for tissue culture scaffolding

Agarose used to grow Blood *™* \

Vessels in Human Body.

. Implantation

\ \Surg ery

S\ Hydrogel Injection )
\{/’i ‘Mature
#" blood vessels
Growth and Maturation ¥&

Organised
endothelial cells

Recruitment of
own'’s patient cells

Formation of
new blood vessels

Forget, A., Roberto Gianni-Barrera Andrea Uccelli Melika Sarem Esther Kohler Barbara Fogli Manuele G. Muraro
https://theconversation.com/edible-seaweed-can-be-used-to-grow-blood-vessels- Sandrine Bichet Konrad Aumann Andrea Banfi V. Prasad Shastri. 2019. Mechanically Defined Microenvironment
* * Promotes Stabilization of Microvasculature, Which Correlates with the Enrichment of a Novel Piezo-1+ Population of

in-the-body-112618 Circulating CD11b+/CD115+ MonocytesAdvanced Materials
First published: 29 March 2019. https://doi.org/10.1002/adma.201808050



https://theconversation.com/edible-seaweed-can-be-used-to-grow-blood-vessels-in-the-body-112618
https://doi.org/10.1002/adma.201808050

Kelp as Source of Biomass for
Energy Production
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Notice: This Summary Slide Contains Confidential,

Proprietary Information — Do Not Release

Nautical Offshore Macroalgae Autonomous Device (NOMAD)
Michael Huesemann, Pacific Northwest National Laboratory

Technology Summary

NOMADs are free-floating, sensor equipped, carbon-fiber

(CF) seaweed longlines (30 km, 6 tethered 5 km CF lines).

. NOMADs are released offshore WA and float south for ~3
months along nutrient rich currents as determined by
hydrodynamic and biomass growth modeling.

. A complimentary binary culture of bull and sugar kelp is
used to optimize yields and resilience.

. NOMADSs pose no entanglement risks to marine life due to
the large designed bending radius of CF.

Technology Impact

Reduces cost of biomass from ~$250/DMT to $83/DMT
Enables disruptive biomass production in the US EEZ

Is scalable by deploying NOMAD:s in different ocean regions
potentially leading to significant liquid biofuel production

Proposed Targets

Seeding/Harvest  Slow, manual
Inoculum Slow manual
Production hatchery lifecycle
Cultivation Monoculture-Fixed

Biomass Cost $250/DMT

Fast, automated

Rapid, adhesive
clonal propagation

Polyculture-Floating
$83/DMT

HHL Ol .

| NOMAD Systems are Deployed off
WA coast

% (L_s01200ay

Transit

| After Open Ocean Transit

NOMADs are Harvested i iii )

NOMADs Produce Seaweed at 3 Times Lower Cost While
Minimizing Environmental and Operational Impacts

1726-1512

ARPA-E funds: $3.94M
Cost share: 11%

NOMAD Longline with Sensor Buoys

Hydrodynamic Modeling for Opti

NOMAD Design

TEA Scenarios

35153
54274

s1az

$9.27 5947
5795

son >R $1993
80 s

Conservative Baseline Target
($183.50/DMT)  ($104.89/DMT) ($83.08/DMT)

Notice: This Summary Slide Contains Confidential,
Proprietary Information — Do Not Release



Restoration/ Compensatory Mitigation

HOME /ABOUT- PROGRAMS v E\:ENTS CONTACTUS  SUPPORT

I r,‘b 4 {

PUGET SOUND

RESTORATION FUND

AV.

A A
Bull Kelp Restoration

Our goal is to reverse declines in canopy kelp forests in Puget Sound and develop viable solutions to recover the
essential habitat they provide.

https://restorationfund.org/programs/bullkelp/



Seaweeds Used

Brown Algae

e Food, Alginate, Fertilizer: Kelps: Laminaria, Macrocystis,
Nereocystis, Alaria, etc.

e Alginate, Fertilizer: Fucus,
Red Algae

e Nori: Porphyra, Pyropia
e Agar: Gelidium, Pterocladia, Gracilaria, Agarophyton

e Carrageenan: Mazzaella, Chondracanthus, Mastocarpus
Green Algae

e Food: Monostroma, Ulva, Dunaliella (phytoplankton)



What are you going to grow?

« Really your first question should be-

 what product do I want to produce.
-can I sell it? What's the market, competition?

* Then figure out economics of production
 Then chose species and cultivation

method
« Get Permits underway or secured



Aspects of Intensive Seaweed Cultivation

Light rThermal A8 Nutrients ) Seed Competitors
Energy Energy Stock Pathogens
Natural Sea Water Natural Filters
Energy & Sunlight Heat _ Populations Sterilizers
Materials Support Nutrients
Capital Lights Heating Water Distribution, Tanks :\Eﬂn?r:?yn N
Improvements  Shades Cooling Motion & Disposal Buildings al e, ance
Chemicals
Energy .
i ner
Consumables Energy Energy Malntgnance Main?eynance Research
Labor Maintenance | Maintenance Materials _
Materials Materials Fertilizer Materials
Applied \ : <«— Selection Ecolo
Biology Physiology > Genetics o
Growth L GROWILH
Monitoring Quality
Control Growth Conditions
Harvest Harvest
Processing Processing, New Products

Marketing & Sales

Marketing & Sales

Optimization

Evaluation, Feedback for Improvements

based on Neish 1976



Seaweed Aquaculture

Seed Stock Selection (species, cultivars)
Propagation (net seeding, cuttings)
Outplanting (long lines, nets, tanks, ponds)
Harvesting (depends on culture method)
Processing (depends on product)
Marketing (depends on product)



Cloning - Long Lines or Nets
Kappaphykus (Eucheuma) on long lines
or nets Carrageenan source
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(See John
Colt’s talk)
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Mazzaella
for the

production
of

carrageenan

Dept. Natural Resources
1978-81




”Porphyra
(Pyropia)

Cultivation for
Norl

In Washington
State
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Kelp Life History

\3\\ “Alternation of

Aﬁ% heteromorphic

ions”
| - generations
sperm
. FERTILIZA;I'% ctophytes
egg (haploid)

\ /
- -
‘ female
B Dy )

WY Re young
Sporophyte sporophyte
(diploid)




Kelp

zoospores
(haploid)

e R R TR B0

spert
FERTILIZATION
Gametophytes

egg (haploid)
9 /
female

Nt young
Sporophyte  sporophyte
(diploid)







Modern Kelp Cultivation

Examples ~
of rope v A

Iture culture
(vertical type)

cul
(long-line) (garland type)

culture
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Modern Seaweed Cultivation
US & CAN: independent

Canadlian Kelp-

PACIFIC
e EAWEEDS

The ocean is oui/orld d our job Is to bring the Acmogrocowoﬁswggos -
purest seq ve fab[eJ A teaweed produtts g
from nature Toor to.your famity's table,

OF IHEWEST COAST .=~

 #findyourkelp
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It's What’s For Dinner




Modern Seaweed Cultivation

Europe: industrial scale for
btefaet higher-value

— p—— o — = - S—————
e e e —— -
- = = — R —— T

The Seaweed Carrier: SES patented the first ever modern structure to enable mass seaweed cultivation on an industrial scale, called the

11/21/19 Seaweed Carrier. It is a sheet-like structure that basically copies a very large seaweed plant, moving freely back and forth through the sea from a
single mooring on the ocean floor, which allows seaweed cultivation in deeper and more exposed waters.

Slide 44



Aspects of Int

ensive Seaweed Cultivation

@ )

é Nutrients )

Light Thermal Seed Competitors
Energy Energy Stock Pathogens
Natural Sea Water Natural Filters
Energy & Sunlight Heat _ Populations Sterilizers
Materials Support Nutrients
Capital Lights Heating Water Distribution, Tanks I\E/In?r:?yn N
Improvements  Shades Cooling Motion & Disposal Buildings al e, ance
Chemicals
Energy .
i ner

Consumables Energy Energy Malntgnance Main?eynance Research

Labor Maintenance | Maintenance Materials _
Materials Materials Fertilizer Materials
e/

Applied \ : <«—| Selection Ecol

Biology Rhysiology >—<——=crcics cology
Growth L GROVW.ILH |

Monitoring Quality

Control Growth Conditions

Harvest Harvest

Processing Processing, New Products

Marketing & Sales

Marketing & Sales

Optimization

Evaluation, Feedback for Improvements

based on Neish 1976



The Future of Seaweed Aquaculture

Macroalgae that have been
sequenced

« Chondrus crispus

« Gracilariopsis chorda

« Porphyra umbilicalis

* Pyropia yezoensis

« Ectocarpus siliculosus
« Saccharina japonica

A
By
\((FR) /)

International Seaweed Symposium 2019
23rd International Seaweed Symposium

Date: 4/28/2019 - 5/3/2019

Venue: ICC Jeju, Jeju, South Korea

https://www.iss2019.org/
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Resources

*Tom Mumford
»tom@marineagronomics.Com g7 e
*WWW.MAarine€agronomics.COm gl
- www.allthingskelp.com "/ J
- @kaptnkelp

http://www.pugetsoundnearshore.org/technical_papers/kelp.pdf
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