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Abstract : Fast pyrolysis of third generation biomass, including micro- and macroalgae for biofuel production has recently been
studied and compared experimentally to first- and second-generation biomass. Compared to microalgae, however, process design
and simulation study of macroalgae for scale-up has been rare in literature. In this study, we designed and simulated an industrial
scale process for producing diesel range biofuel from brown algae based on bench scale experimental data of fast pyrolysis using
a commercial process simulator. During process design, special attention was paid to the process design to accommodate the
differences in composition of brown algae compared to terrestrial biomass. The entire process of converting 380,000 tonnes of
dry brown algae per year into diesel range biofuel was economically evaluated and the minimum (diesel) selling price was also
estimated through techno-economic analysis.
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Table 1. Ultimate and proximate analyses of as received and
treated Saccharina japonica

Asreceived | Acid washed and dried
(Wt%) (Wt%)
Proximate analysis
Moisture (M) 85.0 0.01
Fixed carbon (FC) 3.65 4.20
Volatile matter (VM) 76.07 93.30
Ash (A) 20.28 2.50
Ultimate analysis
C 30.63 30.63
H 12.09 12.09
N 0.84 0.84
S 0.42 0.42
o 56.02 56.02




Table 2. Phase distribution of fast pyrolysis products (wt%)

Gas 19
Solids (bio-char) 40

Liquid (bio-oil) 41
(organic phase) ©6)
(aeuqous phase) @)
(water) (28)
100

Table 3. Chemical group distribution in the liquid bio crude

Organic (wt%) | Aqueous (Wt%)

Acids 20.1 7.9
Phenolics 5.4 1.0
Polycyclic aromatic hydrocarbon 1.0 0.0
Heterocyclics 7.4 5.3
Furans 20.0 2.2
Esters 5.7 0.0
Cyclics 9.6 4.2
Carbohydrates 0.0 72.7
Benzens 4.5 0.0
Aromatics 0.6 0.0
Aliphatics 9.3 0.0
Aliphatic ketones 16.4 6.6
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Figure 1.
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Block process diagram of the industrial seaweed pyrolysis process.
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Table 4. Comparison of key parameters from experimental and
reduced mixtures

Bio crude Hydrotreated
experimental | simulated | experimental [simulated
Total number +200 2 164 23
of compounds
Density 1.03 1.36 0.93 0.87
(kgm™)
C 71.57 60.46 75.23 77.60
H 9.03 7.97 10.45 9.63
N 2.52 1.90 2.6 2.03
S 0.2 0.05 0.02 0.00
(0] 15.9 29.62 6.76 10.74
HHV
MJ k') 33.96 27.41 37.84 37.30




Table 5. Major material balance
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Table 8. Capital investment costs and annual costs

INPUT STREAMS ton h™' CAPITAL INVESTMENT USD
Algae (85% H,0) 304 Total module $36,600,000
Algae (after pretreatment) 45.5 Land cost $1,250,000
Acid (0.025% H,SO4) 450 Taxation rate 42%
Natural gas (for heating) 1.5 Annual interest rate 8%
Natural gas (for Hy) 0.5 Working capital $8,530,000
OUTPUT STREAMS ton b Total module factor 1.18
biofuel (diesel) 2.7 Grass roots factor 0.50
Hydrogen 0.025 Grass roots $47,800,000
Filtrate 46.5 ANNUAL COSTS USD/yr
Flue gas 16.5 Feedstock $47,800,000 | 9.69 $/wet ton
Ash 14.4 Other raw material $8,836,009
RECIRCULATED STREAMS ton h™' Natural gas $3,687,283 0.23%/kg
Cooling water 208 Annual power cost $515,180 | power produced
Refrigerant (NH3) 0.25 Waste and carbon tax $4,143,294 27.5 $/ton
Rankine cycle water 7
100.0%
Table 6. Power requirement breakdown by process area
90.0% 20.8%
Process area %
H, Production 45 80.0%
Product upgrading 12
Phase separation 10 70.0%
Net power 33 Pretreatment
100 60.0% m Pyrolysis+Combustion
B Power geration
50.0% Phase separation
Table 7. Heat requirement breakdown by process area 12.1% Upgrading
Process area % 400% o " PsA )
. B H2 Production
Pretreatment 46 300%
Pyrolysis 21
Power production 22 20.0%
H> Production 11
100 10.0%
0.0%
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