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Algae aquaculture

Can protein from ocean save land, freshwater and

sarbon emissions?

———— PerMarlanne Thomsen (mth@envs.au.dk)
~——————withiinput from PhD student Xueqian Zhang (xqzh@envs.au.dk)

Y . N

17=21 JUNE 2019

SHAPING EUROPE'S ENERGY FUTURE
#EUSEW1S



SUSTAINABLE

al»” ENERGY WEEK

A mtatee - Tiropean l
of e Cortwrestion

Global macroalgae production 2016
Wet weight

® World total 31.2 Mt
® 30.1 Mt from aquaculture

® 3.59% is wild harvest

® EU total 0.5 Mt
® 3-6% (1.5-3 kt) from aquaculture
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/ “Global and European production

Dry weight (dw) seaweed

kt dw seaweed biomass
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el Total Global Seaweed === Global farmed seaweed

Total EU Seaweed

e ) Farmed Seaweed

® 2016
® EU total 50 kt
® Global 3 Mt

® 2050
® EU production 3500 kt,
® Global production 300 Mt

® GHG capture at time of
harvest

® -1.9to -1.9 kg CO,e / kg dw
® Net GHG capture

® E.g.-0.2to-1.3 kg CO,e / kg dw
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/ “Global and European production

Dry weight (dw) seaweed ® 2016
® EU total 50 kt
o ® Global 3 Mt
3000
2 ® 2050
£ 2500
% 2000 ® EU production 3500 kt
E 100 ® Global production 300 Mt
g n
. ® GHG capture at time of
500 harvest
GEEEEEEEEEEEEEEEEE%EEE ® -1.9to-1.9 kg CO,e / kg dw
Total EU Seaweed  ==@=El) Farmed Seaweed O Net GHG Ca ptu re

® E.g.-0.2to-1.3 kg CO,e / kg dw
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Ecosystem Services

® Benefit that human obtain from an
ecosystem (MEA, 2005)

® Seaweed cultivation +

® Fcoindustrial system =

® Engineered ecosystem
services mimicking the natural

system 17-21 JUNE 2019
SHAPING EUROPE’S ENERGY FUTURE
#EUSEW 19




SUSTAINABLE

0/ ENERGY WEEK

M ntative - Furopean |
of e Corrwrestion

Ecosystem health restoration

® \Water quality restoration
® Assimilate 20-30 g N/kg dw & 2-3 g P/kg dw

® Climate change mitigation
® Assimilate 1.3-1.9 kg CO,e/kg dw
® Mitigates ocean acidification

® Habitat
® Attract fish fry during the growth phase
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Provisional ecosystem servic

® Harvested biomass is
converted into high value
bioactive compounds

® Seaweed derived
products substitutes
emission-intensive
products

(5/kg fre
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Triple-helix
~~ Partnership -

Provisioning Ecosystem Service

17 PARTNERSHIPS

Ecosystem Health Restoration

- Circular Seaweed Bioeconomy 4 \

INDUSTRY, INNOVATION
ANDINFRASTRUGTLURE

FOR THE GOALS

DEGENT WORK AND

1 REDUCED 1 RESPONSIBLE
EGONOMIC GROWTH

INEQUALITIES CONSUMPTION
P AND PRODUCTION

15 LIFE 1 CLIMATE 1 LIFE CLEAN WATER
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Carbon Fair Green
Neutral Trade Chemistry

Provisioning, Regulating, Cultural,

Bottom-up Influence and Supporting Ecosystem Services

Top-down Influence
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1. Seaweed cultivation

Seed line production

Deployment of lines

Maintenance

Harvest

\ J

5. Biorefinery

Feedstock handling

Hydrolysis & fermentation

2. Transp.
by boat
3. Drying

4. Road

Solid / liquid separation
Bioethanol distillation
Spray drying

transport

)

|

I Fish feed ingredient \

|
A
I Liquid fertilizer | Liquid fertilizer l Mineral fertilizer

Bioethanol

I Bioethanol I

|

Emission Capture

|

Process Emissions

—

Avolided Emissions
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1. Emission Capture 2 Process Emissions 3. Avoided Emissions 1 7-21 JUNE 2016
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Macroalgal biorefinery system I

Climate neutral ethanol, proteins and fertilizer production

Head line (HL)

P

\4-1 m>‘||

|
EEmCTERT

——220 m—

____—— v

& Seeded line (SL) 1 km
; 5

Kuralon rope

- -
S o

t:f*i‘

8mm rope A ——

. ——tStone Rope

Kuralon rope
Seeded Line
Scenarios

Key

haracteristics BC Al A2 A3 A4 A5 A6

Base case Low prod High Prod Species Conversion Season Cult. Design
Productivity Average Low High Average Average Average Average
Species L. digitata L. digitata L. digitata S. latissima L. digitata L. digitata L. digitata
Biorefinery SHF SHF SHF SHF SSF SHF SHF
Cultivation design| 8 mm rope 8 mm rope 8 mm rope 8 mm rope 8 mm rope 8 mm rope Stone rope
Season Summer Summer Summer Spring Summer Spring Summer
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Ethanol, proteins and fertilizers

Life Cycle Assessment results

® Net Climate Change
emissions ®

® Net Climate Change
mitigation services ©

® -14 to -285 kg CO,e per ha

2000
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-14 -286 -186
-2000
Spﬁt‘TDtal Spﬁt‘TDtal Spﬁt‘TDtal Spﬁt‘TDtal Spﬁt‘TDtal Spﬁt‘TDtal Spﬁt‘TDtal
BC Al A2 A3 A4 A5 Ab
Total Bioextraction m Carbon stock
W Substituted mineral fertilizer (production and use)  ® Substituted protein (production) W Substituted gasoline (production and use)
B Transport and use of liquid fertilizer M Protein distribution m Ethanol distribution
M Biorefinery B Transport - Road M Drying l 7 = 2 l J U N E 2 O l 9
W Transport - Water W Cultivation SHAPING EUROPE'S ENERGY FUTURE
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EU scenario - climate neutral production of biofuel and feed

® 2050 < 0.002% of the EU EEZ
2500
1500 ® 840 kt ethanol
. <3< _ ® 26% of the energy consumed by light
€ 02 2 2 | and heavy duty trucks and busses

. ® 340 kt protein
3500 ® 2-6% of imported crude soy protein
-4500

—@®— Total dw Seaweed —@— Farmed dw seaweed ‘ _640 kt COZe Capture

—i— Protein Ethanol

—p— Net CO2 mitigation —&— (02 seqestration at harvest ® 15 0/0 Of the GHG Capture at tlme Of

harvest
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Global level biorefinery system I

Global scenario - climate neutral production of biofuel and feed

® 2050 < 0.03% of the planets
ocean surface area

® /0 Mt ethanol

_ ® 8 % of EU transport sector energy
consumption

® 35 Mt protein

260 ® A factor 2,5 above the EU imported
SOy

240
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Mt
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-160

-360

—@&— Total dw Seaweed —@— Farmed dw seaweed . —43 Mt COZe Ca ptu re

Protein —@— Substitute soy protein

—@— Ethanol —@— Substituted gasolin ® 15 O/O Of the GHG Capture at t|me Of

—@— Net CO2 mitation —@— (02 seqestration at harvest harVESt 1 7=21 JUNE 2019
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Algae-based production systems I1
Energy or feed conversion pathways

r )
Energy production pathway Substituted products
T - - Electricity
B0t (cogeneration) ]'_ =l
Seaweed cultivation ¢ production
Digestate Digestate Digestate { T ]
: : — - : |
Seed line production {Pa rtial drying] storage transport application
Deployment of lines ,/ i
. r R Protein production pathway
Maintenance | Ensilage |
e J 3
Harvest ¢ | Microalaae :
Chopping h»{ Hydrolysis s I;:nwt% Dewatering f»{ Frotein g | -[ Proteins
Transport dIEtl‘lbutIDﬁ]
truck
O L J
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Algae-based production systems I1
Life Cycle Assessment of conversion pathways

-
|
. EER
H
H
H
H

Scenarios:

BioS1= Biogas from S. /latissima dried
BioS2 = Biogas from S. latissima ensilage
BiolL1= Biogas from L. digitata dried

ProS1 = Protein production from S. latissima dried
ProL1l = Protein production from L. digitata dried

17221 JUNE 2019
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Algae-based production systems I1
Life Cycle Assessment results

i (1 H
| carbon Fair Green Blue } i |
| Neutral Trade istry Gre v = i
---5ustainableDevelnpmentélely&u--------------------------‘----~---
15w n 16 e 3Zan, 5
[t w, e

3000
2000
1000
L4
i
..'..: D | 1 | | | | 1 1 1
. o
® Net Climate Change ; I I
-1000
= = = = ()
mitigation services for all @
. -2000
scenarios © | | | | |
-3000 | | | | |
-260 -400 -1870 -300 -1230
-4000
Split ‘ Total | Split ‘ Total | Split ‘ Total | Split ‘ Total | Split ‘ Total
BioS1 BioS2 BiolL1 ProS1 ProlL1
Total Proteins distribution Substituted Proteins
Dewatering Hydrolysis & microalgae growth = Chopping
® Carbon sequestration M Bioextraction W Substituted Fertiliz. (prod. &use)
M Digestate application M Digestate storage and transp. W Substituted electr. and heat
M Biogas (prod. and use) M Ensilage M Transport - road | 2
W Partial Dry M Cultivation 17221 JUNE 2013
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Algae-based production systems I1

EU scenario - fuel, fertilizer & climate change mitigation

KT

3500

- ® 620 kt Biogas

500

500 g = S . _ 2 z ® 35 % of the energy consumed by light
1500 and heavy duty trucks and busses
-2500 . g
- ® Nutrient cycling
-4500 ® 50 kt N and 8 kt P removal
—&— Total dw Seaweed —@&— Farmed dw seaweed
—@— Biogas Phosphorous . —2400 kt COZe Ca ptu re
—@— Nitrogen —@— Net CO2 mitigation
O (07 seqesttion at harvest ® 55 % of the GHG capture at time of

harvest
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Algae-based production systems I1

Global scenario - fuel, fertilizer & climate change mitigation

Mt

260 ® 2050 < 0.03% of ocean surface
area

® 50 Mt Biogas

160

60

0E B ® Nutrient cycling
a0 [ [ | ® 4 MtN and 0.7 Mt P removal
® 7% of N emission to surface waters
N ® 40% of P emission to surface waters
-340
R S ® -200 Mt CO,e capture
:ziif;;n +:4:ip$::gaﬁm ® 55 9% of the GHG capture at time of

harvest

—@— CO2 seqgestration at harvest
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Seaweed biorefinery products

Process emissions
from seaweed
biorefinery systems

Carbon removal &
Avoided emission-
intensive products

NatureMedic ™

.
Fucoidan | "M & .
powered with AHCC® Fucoidan
Dietary Supplement ;’;@“Hc c‘
;?g :‘C'B:::" Capsules S

~ ™ 1 ' A N1 O
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The agricultural sector

® 10% of the total EU CO,e ® Algae based climate feed
emissions (439 Mt CO.e) additive for methane reduction
in dairy cows
® 45% of the emission from the
agricultural sector originate ® 2% feed supplement by dw
from enteric fermentation Mass
195 Mt CO,e (7.8 Mt CH,)

® 30% emission reduction

17=21 JUNE 2019
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A climate resilient feed
EU scenario -Reducing enteric fermentation

20000

® FU raw milk production (2017)
170 Mt

® 2700 kt dw seaweed needed (by 2048)

0
-20000
-40000

L -60000

® 1.2 Mt avoided CH, emissions (30
Mt CO,e)

-80000

-100000

-120000

® 10-50% reduction of the total
o emission from the agricultural

el Total dw Seaweed  ==@==Net CO2 mitigation

30% Red Enteric ferm ==@==90% Red Enteric ferm SeCtO r
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A climate change mitigating fish feed
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Global scenario - Soy protein substitution

Mt

240

140

40

-60

-160

-260

-360

SREtla

S10¢
0¢o¢
5¢0
0€0

—&— Total dw Seaweed
—@— Farmed dw seaweed
Protein
—@— Avoided CO2e from Fish feed soy protein replacement
—&— Net CO2 mitation

—@— CO02 segestration at harvest

® Substituting imported soy
protein to EU with algae protein
(14 MT)

® Avoided emissions from soybean
production

'-—z

0

® at 100% elimination of soyA:)roteln in
EU feed -2.4 Mt CO,e (avoi

® System level approach

® 100% soy protein substitution with
algae-based protein result in a net
negative emission of -17,5 Mt CO,e

1 ¥=21
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EU scenario - emission reductions from substitution of gasoline

B ® EU 22 TJ in 2050
. ® 25% of the 2017 gasoline
consumption by light and
5 heavy duty trucks and
h busses
Sl m@’%@%ﬁmﬁﬁﬁﬂm@%@%ﬁmﬁﬁmﬁpﬁq}hﬂp@z@%’ﬁﬁm&mﬁpﬁhﬂp&{ﬂm@%@@

Total Ethanol EU  ==@e=Farmed Ethanol EU
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Conclusion 1/3

® Production of farmed seaweed
as a GHG removal
technology

® Market entry of climate neutral
seaweed biorefinery products

® Substitution of emission intensive
production systems

® Agricultural Sectors

® 10-50% reduction of emission intensity of the
agricultural sector

® Energy Sector

® <1% reduction of emission intensity of the
transport sector

® Blue Economy Sector

Jnexp

DIOMO

ored potential for GHG capture, storage

and use for production of high value

ecules
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Conclusions - not to forget 2/3

Yes! protein from ocean can save land, freshwater in addition to carbon emissions

30000 ® 49% of the EU total agricultural area
70000 (1.8 mill km2) could be saved in an
60000 EU seaweed self-supply scenario
;‘zz ® 30-64% of the EU total irrigated

agricultural area (0.1 mill km?)
could be saved in an EU seaweed
self-supply scenario

20000

10000

0¢0¢
[
9¢0¢
8¢0¢
0€0<l
ce0d
9¢0<l
8€0¢
[ 1)
t10c
90¢
8¥0<¢
050¢

=== |and savings [km2] === caved water resources [mill m3] ® In a Seaweed ImpOrt ScenarlO Iand
saving may be significantly higher
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® Valorization of regulating and supporting engineered ecosystem
services that is provided to the marine environment is important!

® Climate change mitigation (CO,e assimilation)
® Water quality restoration (carbon and nutrient capture and use)

® Service revenue to support the income of seaweed farmers

® Appropriate regulations to allow the sector to grow
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For questions — contact Marianne Thomsen mth@envs.au.dk
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