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Feedstock
cultivation

Processing
Technology 4

Prices of
Substitu-
tes

Contracting
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Cultivation: Production per ha varies

e neither in terms of production per unit of cultivation line
e nor in terms of production per unit of farming area

e farm locations
e Growing cycles
e Type of seaweed Range of 6 -108 tonne/ha per year

Ruslana Rachel Palatnik ) NRERC
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Growth Rate Variation

growth rate of Kappaphycus

Same location, different farming systems
Same farming system, different locations
from 0.2 to 10.86 percent per day

* Hayashietal. (2010)
* FAOetal. (2013)

Ruslana Rachel Palatnik



Conversion factor (yield) varies (Ulva)

Biomass DW derived | Conversion Factor Reference
product

Ethanol [g m™?] 0.03-0.23 Nikolaisen, et al. 2008, van
der Wal, et al ., 2013
Buthanol 0.03-0.06 van der Wal, et al 2013
0.01-0.02 Potts, T. et al. 2012; van der
Wal, et al., 2013
Methane [m3/ tonpow] 10-96 Bruhn, et al., 2011
Protein [g m2] 0.18 Abudabos et al. 2013, van
der Wal, et al 2013
Energy [K) m2] 19 Yantovski, 2008
Kg CO, per KWh of 0.54 EPA

natural gas

(Source: Lehahn et al. 2016)



ENAlgae2015 |FAO 2013 Konda et al Korzen et al [Seghetta et al 2016
2015 2015

macroalgae Brewr: Brown: ﬁrE'E'n'U'rva—B:uwn. BrowTT: ™\

(seaweed) Ldminaria And Eucheuma | Saccharina Rigidcu Iti_)viéiiionSﬁharinr
Digita - - Latissima i L [

Ir Ian;,M,ItIVhﬁp;usg,n fmuiation ~l‘srael Den

country / r fnarﬁ r
: o
France, Holland I_ndone.s,la, Y refl ne ! erine y )
Tanzania, India,
Mexico, Solomor
Islands \_ ry )
Seaweed Carrageenan, co- production DDGs fish co-production: ethanol, liquid
Gracilaria (primary ethanol and feed and fertilizer, fish feed
raw materials for alginate ethanol
agar) and nori
growth rate 10 kg WW/m 8-57 WW 15% daily average average
average longline ton/year/ha average productivity of productivity of
growthrate 10 Mg WW/ha 1.5 Mg WW/ha
WW

twice a year, 4 to 8 cycles a year NA April-October Summer
winter
DW/WW ratio 1/9 1/3 1/6

m Average 0.25 0.15 ethanol  0.12 ethanol 0.005 0.13
0.6 DDGs

rsimulated actual NREL - NREL - NREL - simulated
simulated simulated



ENAIgae2015

Korzen et al [Seghetta et al 2016
2015

Conversion not assessed not assessed

technology

price to farmer [SlSLY 500-1000
S/ton DW

no pre- no pre- bioethanol
treatment, treatment, production
hedrolysis and single step  using separate
fermentation for the hydrolysis and
release of  fermentation
glucose, (SHF);
simultaneous
fermentation

to ethanol
100 (21-120) 630

-r - 5.5%, irr 10% 5%
insurance 0.5%
reported Cost per kg profit - positive inMESP $6.5— NPV LCA ,externalities, no
seiiiel A WW to selling  all cases 10.5/gal profitable at profitability reported; potential
indicator price ethanol; MSP Slarge scale  for carbon sink, but also for
3.1 alginate (?) increase in human toxicity
(cancer)
price of ~$10,000/ton  $2500/ton MESP $8.5/gal 500-5000$
output DW average ethanol, DDGS,
$3.1/kg S79/ton
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Profitability of carrageenan seaweed farming

11. Mexico [raft, 1 ha (50-g seed), 27 thy, USD1000/] 589 B
9. Mexico [off-bottom, 1 ha (50-g seed), 27 thy, USD1000/] 539 14
22. Solomon Islands [off-bottom, 4 km, 21.7 tfy USD391/] 22 i

1. India [raft, 1 ha, 54 km, 4 cyclesfyear, 72 tfy, USD331/]
19.United Republic of Tanzania [off-bottom,0.3 km, 0.662 tf, USD207/] Operating expense
2. India [raft, 1 ha, 54 km, 6 cyclesfyear, 108 ty, USD331/t] IR a3 SN B Fofit
20.United Republic of Tanzania [line, 0.324 km, 0.806 tfy, USD207/]
23. Solomon Islands [off-bottomn, 2.4 km, 9.2 th, USD391/t] Sl aSNESINN
12. Mexico [raft, 1 ha (100-g seed), 54 tfy, USD1000/4]
21. Solomon Islands [off-bottom, 4 km, 17.4 tfy, USD3914]
10. Mexico [off-bottom, 1 ha {100-g seed), 54 t, USD1000/t]
17. Philippines, Zamboanga [MRLL, 0.05 ha, 2.85 thy, USD1074/t]
18. Philippines, Zamboanga [SW, 0.27 ha, 8.5 tly USD10744#]
8. Indonesia [raft, 30 km, 33 tfy, USDB50/]
13. Philippines, Zamboanga [FOB, 1.8 km, 2.143 t4, USD10934]
7. Indonesia [raft, & km, 6.6 ty, USDB50/]
14. Philippines, Tawi-Tawi [FOB, 1.62 km, 0.9 tfy, USD10724] 274 [
16. Philippines, Tawi-Tawi [HLL, 1.8 km , 2.75 thy, USD10754] 203 R
15. Philippines, Palawan [HLL, 2.7 km , 8 57 ty, USD947/t] IEESNN SRR | |

Source FAO, 2013 0 200 400 600 800 10001200

Open markets, but the price varies '
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Analytical needs

Fﬂ‘@ Multidisciplinary effort: how
Scientific challenge 7~ can we reduce the costs and
increase yield?

Economic research on generic
supply chain of cultivation
AND refinery

More research on big scale
cultivation (take into account
market prices for seaweed)

o

#®  Transparency and replicability
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Outline of the Study in Progress

* Develop an Analytical model
e Run Simulations for Parameters

* Apply real data (collected these days)
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Conceptual Framework

2 stages of production:
15t stage: Marine farming of seaweed

2"d stage: biorefinery utilizes seaweed input to
produce outputs (sugars, proteins...)

Cost functions with learning by doing at each
stage

The producer goal is to maximize profit by
determining the volume of seaweed and shares
of final outputs subject to volatile prices

Ruslana Rachel Palatnik 5L _— —— - —



Learning by doing cost functions

¢
Ax
C, = d C, =

Bxg
Xa,cumlp

— ;C :] m
Xb,cum( (Xa,cum + Xb,cum)

forsome¢p > 1, >1andu < 1.

* X, cum is the cumulative production of proteins,

* x, is the production of proteins at this particular moment.
Similarly for b

Y, { u are the elasticities of learning by-doing that define the
effectiveness with which the learning process takes place

A, BandJare costs of the first unit produced

Ruslana Rachel Palatnik m® NRERC



Dynamic Profit maximization

max it
Xa,Xb

[ S
= a Xa b Xp — —

T Xa,cumw Xb,cumZ

* P,(t) and P, (t) the prices of outputs a and b
respectively.

e 1 -discount factor

Ruslana Rachel Palatnik m® NRERC



First order conditions

[0) P-2.. [0) p-1
X —1)x X, X —UYx X Dr .
1/;,4#—@4@ )¥q “5’3’" lp“—rqu a4 i T+l +TP, =0
Xa,cum Xa,cum Xa,cuma (Xa,cum + Xb,cum)
£ £-2., £ £-1
X — 1Dx; "% X —(x X Dr .
Xb,cum Xb,cum Xb,cumb (Xa,cum + Xb,cum)

X, — growth ratio of production — first derivative of x,
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Simulation parameters

learning rates of 4% on average for mature
technologies such as coal, oil and lignite

new renewable energy technologies such as solar
photovoltaic energy exhibit high rates, around 20%
on average. (Kahouli-Brahmi, 2008)

E=12,y=7=05u= 04.

For simplicity A = B = 1.

the change in prices is uniform, random with zero
expected value.

Ruslana Rachel Palatnik 5L _— —— - —



Simulation Results Preview
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What is Next?

* apply this concept model to assess the
profitability of producing biofuels and

proteins from macroalgae under various
conditions.

* |dentify what should be:

— the learning rate, yield, relative prices, shares
of co-products

for profitable production in the near future

Natural
Economics sciences

Ruslana Rachel Palatnik & NRERC
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When nothing is going right,
go left

Rachelpa@yvc.ac.il
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