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Filter cake (FC) from an agar extraction plant has potential as bioethanol production feedstock 
due to its abundance and not requiring pretreatment. Simulations were conducted using three 
modified saccharification/hydrolysis processes utilizing FC as feedstock to define the required 
material and energy. FC samples from two agar extraction plants were characterized. Then, 
the promising FC was used as feed in a laboratory-scale test in three modified saccharification 
scenarios. Conversion values from the laboratory test were used in simulations involving a 
500 L fermentation tank to calculate the required material and energy for commercial-scale 
application. FC with 16.4% dry weight of cellulose was used in the simulation. The highest 
ethanol concentration (2.5% by volume, v) was produced using hydrolysis with prior drying, 
but required 1291.9 kWh/L ethanol. The main electricity consumption for the other two 
scenarios was only for the agitation motor in the hydrolysis process. Unseparated filter aid 
material (FAM) scenario produced 2.2% v ethanol but only required 244.9 kWh/L ethanol, 
which was the least compared to the other treatments. The unseparated FAM scenario also 
required the least heat for distillation (134.51 MJ/L); however, this was only 4 MJ less than for 
the extractive hydrolysis scenario that required the most heat. The unseparated FAM scenario 
was the most promising scenario for bioethanol production. Purification of carrageenan and 
alginate could be used to obtain ethanol. Separating the FAM before fermentation made it 
possible to use the glucose solution for other potential financially viable applications, such 
as sweeteners. This study provided prospective insight for seaweed and agar industrialists 
regarding the intensification or expansion of this approach for other seaweed-based chemicals.
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Introduction 

 The utilization of biomass waste as bioethanol feedstock 
has been studied using cocoa pod shell (Shet et al., 2018), 
spent coffee grounds (Wongsiridetchai et al., 2018), coconut 
husk (Vaithanomsat et al., 2011), cassava stem (Niyomvong 
and Boondaeng, 2019), cassava peels (Kongkiattikajorn and 
Sornvoraweat, 2011) and sugarcane bagasse pith (Sritrakul et al., 
2017). Even though these forms of biomass waste have potential 
due to their abundance, the necessary pretreatment processes 
are still the main challenge to make them economically feasible 
and many studies have addressed this by minimizing the 
pretreatment. Initial approaches used tough enzymes and 
microbes in saccharification and fermentation to lower the 
required specification of pretreatment product via optimizing 
agitation in saccharification (Rodmui et al., 2008), using co-
culture yeast (Kongkiattikajorn and Sornvoraweat, 2011), using 
thermos-tolerant yeast and repeated batch fermentation in a 
nonsterile system, (Pimpakan et al., 2012) or using a halotolerant 
hybrid by intergeneric protoplast fusion of Saccharomyces 
cerevisiae (Limtong et al., 1998). More direct approaches were 
applied by developing less-demanding pretreatment using dilute 
acid (Sritrakul et al., 2017; Shet et al., 2018) or keep the original 
alkaline pretreatment but including the option to sell other 
products such as oligosaccharides (Wongsiridetchai et al., 2018).
 Seaweed waste as feedstock has similar advantages to the 
above biomass waste types of not competing with food sources 
and being freely available and abundant (Goh et al., 2010). In 
the extraction process, dried seaweed can be treated with hot 
alkali solution to reduce the sulphate content and to improve 
the gel strength to produce agar or carrageenan (Li et al., 2008; 
Meinita et al., 2017). This has the added advantage since the 
required pre-treatment can be conducted in the extraction plant. 
Furthermore, seaweed waste biomass is easy to hydrolyse due 
to its low lignin content (Uju et al., 2015) and this is more 
easily carried out than for terrestrial biomass, such as bagasse 
(Uju et al., 2016) due to the structure of seaweed cellulose 
having greater swelling and being more amorphous than 
bagasse (Roldán et al., 2017).
 According to report delivered by Indonesian government, 
seaweed culture in Indonesia covered 267,800 ha. FAO 
reported that Indonesia produced 11,050,301 t of fresh seaweed, 
which was equal to 38% of world production and since 2008, 
Indonesia has been one of the largest seaweed producers 
(Valderrama et al., 2013). However, not all coastlines are 
suitable for seaweed culture, as the gel strength from agar is 
significantly affected by nutrient and environmental factors of 

the seawater, including the temperature, dissolved inorganic 
nitrogen and alkalinity (Chirapart et al., 2006).
 Seaweed has a shorter life cycle than other terrestrial 
plants (Hal et al., 2014) and grows 3–4 times faster (Jung 
et al., 2013). For example, the productivity and growth rate 
of Kappaphycus alvarezii reached 50.9 g/m2/d and 6.3%, 
respectively (Roldán et al., 2017). In addition, seaweeds can be 
cultured without additional fertilizer (Lee and Lee, 2016) and 
can be harvested up to five times annually (Goh and Lee, 2010). 
Therefore, seaweeds have been of great interest as sustainable 
feedstocks for biochemical products; Indonesia has more than 
15 commercial agar processing plants producing annually 
approximately 8,000 t of agar product from about 70,000 t of 
red seaweed feedstocks (Meinita et al., 2017). The agar and 
carrageenan yields were 20–35% and 31–43%, respectively 
(Marinho-Soriano and Bourret, 2005).
 Carrageenan and agar are traditionally used as food 
feedstocks such gelling, thickening agents and stability (Campo 
et al., 2009; Álvarez-Viñas et al., 2019). A study using nine 
different consumable microalgae reported that one microalgal 
species contained 33.83% of protein, while another species 
had carbohydrate and edible fiber contents of up to 67.84% 
and 34.29%, respectively (Setthamongkol et al., 2015). Studies 
conducted on Caulerpa lentillifera and Ulva reticulate indicated 
that C. lentillifera was rich in phosphorus, calcium, magnesium 
and copper, while U. reticulata was rich in potassium, manganese 
and ferrous and both seaweeds showed potential as healthy foods 
for human diets or as source of ingredients with high nutritional 
value (Ratana-arporn and Chirapart, 2006).
 The use of seaweed and its wastes to produce ethanol still 
faces major technical and economic challenges. Research was 
conducted to determine the saccharification and fermentation 
efficiencies of seaweed solid waste hydrolysate by S. cerevisiae 
under anaerobic conditions (Martosuyono et al., 2016). 
Previous research on the optimization of pretreatment and 
saccharification produced a high reduced sugar content that 
was comparable with utilization of raw seaweed sugar as the 
substrate (Martosuyono et al., 2015). Cellulose conversion 
of seaweed waste biomass was in the range 77–100% (Uju 
et al., 2015) and the bioethanol produced was in the range 
10.83–13.80 g/L (Meinita et al., 2019). Aside from the 
economic feasibility constraint, seaweed utilization as 
bioethanol feedstock also supports community preparedness 
toward natural disasters, as bioethanol production from seaweed 
as a gasoline substitute could underpin a self-sufficient energy 
program for a region that is vulnerable to natural disasters, such 
as Nusa Ceningan Bali (Poeloengasih et al., 2014).
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 The current work investigated the potency of seaweed waste 
from agar industries for bioethanol feedstock on a commercial 
scale. The simulation objective was to produce a glucose 
solution to combine with filter cake (FC) from an agar extraction 
plant to produce bioethanol. Three simulation scenarios were 
used based on the modified saccharification process: extractive 
hydrolysis, hydrolysis with prior drying and unseparated filter 
aid material (FAM). Laboratory experiments were conducted 
to calculate cellulose conversion and ethanol yield from each 
scenario. The simulations then conducted based on operation 
condition, conversion and yield that similar to laboratory scale 
at the basis calculation 500 L of fermentation tank.

Materials and Methods

Filter cake characterization

 Two types of filter cake (FC) were obtained from two agar 
extraction plants. Plant No.1 was located in Banten province, 
Indonesia. Its agar powder production capacity was 150 t/mth 
(1,800 t/year). The agar powder was mostly produced from 
cultivated seaweed (Gracilaria) mixed with small amounts 

of wild-harvested Gelidium and Pterocladia. Plant No.2 was 
located in East Java, Indonesia and had a plant capacity of 20 t/
mth with plans to expand there with a third plant.
 The FC were composed of lignocellulosic biomass, agar 
and perlite. Perlite was added to process as filter aid material 
(FAM). All components were analyzed. Ash content analysis 
referred to the procedure of NREL/TP-510-42622, January 
2008. Determination of lignin, hemicellulose and cellulose 
referred to the procedure NREL/TP-510-42618, revised August 
2012. All required chemicals were analytical grade and all 
instruments used in the procedures were maintained using a 
laboratory that was ISO 17025 accredited.

Symbols and assumptions used in simulation scheme

 The defined variable values for simulation are listed in 
Table 1. Equipment specifications were taken from commercial 
brochures and are listed in Table 2. There was no prior selection 
of best equipment performance among available producers. 
However, more specific requirements were applied to the dryer 
as it needed to be low-temperature to avoid gel formation 
within the FC by residual agar.

Table 1 Variable values, units and symbols used in simulations
Variables Symbol Unit Notes
Initial water loading for extraction A g Assumed for calculation 
Initial filter cake loading for extraction mfc g
Extract from stage number (1,2,3,…n) En L
Residue from stage number (1,2,3,…n) Rn g
Number of extraction stage n -
Cellulase enzyme loading E FPU/gbiomass
Glucose concentration in extract ωEn

g g/L

Cellulose conversion to glucose X
Glucose conversion to ethanol Y
Heat capacity of sugar solution 5%w (35oC) Cpsugar kJ/kgK 4.07
Heat capacity of pure ethanol (67oC) Cpethanol kJ/kgK 3.06
Heat capacity of perlite (http://www.pullrhenen.nl) Cppearlite kJ/kgK 0.838

Table 2 List of equipment used in simulations
Equipment Description Power (kW) Ref.
Filter press Plate size 1,300×1,120 mm; number of plates 60; surface area 

21. 2 m2, cake max volume 284 L; inlet pump 2.46 L/min
1.1 Toro Equipment (2013)

Slurry pump Pump capacity 20 L; pump head 30 m; outlet diameter 40 
mm; 10 m3/hr

3 SBMC (2018)

Agitation vessel 4 blades; no baffle; operating volume 100 mL 0.12 Bardant et al. (2017) 
Low Temperature Filter 
Cake Drying Machine 
Heat Pump Dryer

Dehydration capacity 100 L; dimensions 4.75 m ×2.4 m 
×2.78 m; moisture inlet 60–75%; moisture of dried material 
10–50%; duration 1 hr; electric heater for air.

27.5 Kinkai (2008)
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 The transporting pump was considered the same for all 
three scenarios. Calculations for the energy required for ethanol 
purification were based on data from the existing ethanol 
production plant. The simulations used conventional ethanol 
distillation to the azeotrope point (95% v), which required 
5,000 kJ/L of ethanol as the energy source. Adjustment was 
required when the glucose concentration was lower than 12% 
by weight. For dehydration via adsorption to purify alcohol 
above the azeotrope point, an additional 800 kJ/L were required 
to produce fuel grade ethanol (Austin, 1984).
 Three simulation scenarios were studied. The process 
diagram for the enzymatic hydrolysis extraction scenario is 
shown in Fig. 1A. Basically, this process accumulated the 
glucose from biomass hydrolysis that was uniformly embedded 
with the FAM in the FC. The optimum number of extraction 
stages was obtained in this simulation. The second scenario 
applied a drying process prior to single stage hydrolysis, as 
shown in Fig. 1B. The third scenario carried the FAM all the 
way to distillation. This was the simplest approach compared 
to the previous two, as shown in Fig. 1C. The lignin and FAM 
in the filter cakes were assumed inert. The glucose solution was 
assumed to be homogenous. The initial water and FC loading 
were simulated based on calculations.

Calculation for simulation 

 The first enzyme that used in hydrolysis was cellulase. Two 
types of cellulase were used in the hydrolysis reaction. Cellulase 
I and cellulase II worked together to parse the 3D and fibrous 
cellulose structures and then to cut the cellulose polymers in 
half. Each extraction stage duration was customized for 8 hr. 
It was assumed that Cellulases I and II worked well for 8 hr 
and had completed the parsing of the attached cellulose. This 
structural change made the hydrolyzed cellulose more dilute 
and detached it from the particle surface of the FAM. The 8 hr 
assumption was reasonable based on qualitative observation 
on the mixture viscosity in the previous study in EFB pulp 
hydrolysis process (Bardant et al., 2017).
 The second enzyme was β glucosidase, which converted 
cellobiose into glucose. The agitation was prolonged during 
the last stage to ensure sufficient time for the β glucosidase to 
act. At this stage, Cellulases I and II were still hydrolyzing the 
diluted cellulose microfiber into cellobiose. Adopting similar 
environmental conditions to those for EFB pulp hydrolysis, all 
extractive hydrolysis processes were simulated at pH 4.5–5 and 
at room temperature. Thus, no energy was required to maintain 
the process temperature.

Fig. 1 Simulation diagram, related symbols and basic equation for mass and energy balance for: (A) enzymatic hydrolysis extraction of filter cake from 
agar extraction plant; (B) enzymatic hydrolysis with prior drying of filter cake from agar extraction plant; (C) unseparated filter aid material
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 Since the FAM and lignin were assumed inert and the 
saturated water fraction in the residue was the same for every 
stage of extraction, then:
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 The amount of extract by assuming the water density is 
equal to 1, the first stage of extraction can be calculated as:

E1 = A+ωW
fc ∙mfc-WR-0.1ωC

fc∙mfc ;

 [0.1ωC
fc∙mfc is water consumed by hydrolysis reaction] 
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 The glucose solution from hydrolysis was assumed 
homogenous; thus at the first stage:
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 Expanding the equation further, the glucose weight fraction 
in the extract of the nth stage can be defined as:
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 The iteration calculation was conducted by computing 
Equations 5 and 6 simultaneously using the Microsoft Excel 
software. 
 Overall, the mass balance for filter cake hydrolysis with 
prior drying can be calculated using:

En = A+mfc-Rn

En = A+mfc-
0,9mfc ωZ

fc+ωL
fc+ωc

fc 1-X

1-ωw
r (7)

 The moisture content in the dried filter cake was set at 10% 
based on information regarding the best dryer performance. 
The glucose concentration was calculated using:

ωg
En =

mfc∙X∙ωc
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 The amount of initial FC loading (mfc) and the initial water 
loading for extraction were calculated based on iteration, 
where the goal was to use a amount of extract to the previous 
scenario to simplify the comparison. Water was added ionically 
as the cellulase solution in the hydrolysis process to overcome 
the technical problem of mixing the feed with the cellulase 
solution. Dried FC was added gradually to the cellulase 
solution while mixing. At the end of hydrolysis, some of the 
glucose was trapped in residue; this amount was calculated 
using Equation 4. 
 Equations 9 and 10 were used in the unseparated filter aid 
material scenario to calculate the amount of fermentation feed 
and its glucose concentration. The difference was En in slurry 
form.

En = A+mfc (9)

ω
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fc
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c

fc
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Determination of conversion in laboratory-scale experiments

 The equations containing conversion variables X 
were determined from the laboratory experiments. Some 
general operational conditions were kept constant in all 
three experiments. Enzyme solution addition was set at 20 
FPU/g biomass and hydrolysis was conducted at pH 4.5–5.  
The mixture was stirred using a constant mixing power  
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at 12 W/100 g during the hydrolysis reaction. Fermentation 
was conducted by adding 1% by weight of powdered yeast 
produced (Le Satre, France), 0.3% urea and 0.1% NPK before 
storing in a dark room at 26–28°C for 72 hr. The urea and NPK 
were technical grade. Stirring was applied only during the first 
15 min when the fermentation started, to ensure that the yeast 
and urea were diluted. The other operational conditions are 
described in Table 3.
 In the first experiment to determine the cellulose conversion 
from enzymatic hydrolysis extraction, the FC sample was 
divided into five parts. For each part, the FC was added gradually 
into the enzyme solution and the hydrolysis reaction was allowed 
to occur for 8 hr. Then, the mixture was press-filtered and the 
filtrate used for the next hydrolysis extraction steps The FC 
was added in water to its saturation point to ensure the extract 
solution volume after press-filtering was similar with the initial 
volume of enzyme solution. Samples were taken from each 
extraction stage to determine the reducing sugar content.
 The second experiment determined the cellulose conversion 
by hydrolysis with prior drying of the FC in an oven at 55°C 
for 16 hr before it was fed into the hydrolysis experiment.  
The FC was added gradually into the enzyme solution and then 
hydrolyzed for 48 hr. Then, the mixture was press-filtered and 
the extract used in the fermentation process. The extract was 
sampled to determine its reducing sugar content.
 The third experiment determined the cellulose conversion 
using unseparated FAM with no special additional treatment. 
The FC was added gradually into the enzyme solution and the 
hydrolysis reaction was allowed to occur for 48 hr. Samples 
were taken to determine its reducing sugar content. Then, yeast, 
urea and NPK were added to the mixture, before storing for 
fermentation.
 Samples of the fermentation products from all experiments 
were diluted twice and then distilled until the volume of the 

distillate equaled the initial volume. The density of each 
distillate was measured at 15°C to determine the ethanol 
concentration in the distillate as a volume percentage.  
The ethanol yield was calculated using:

Ethanol yield = 

V

fermentation broth 

× C

ethanol in broth

m

cellulose in FC feed

(11)

Results and Discussion

Filter cake characterization

 The results of FC characterization are shown in Fig. 2.  
The parameters required for the simulation are summarized  
in Table 4. Both large-scale commercial agar extraction plants 
used FAM in the pressed filter. The ratio of FAM added to process 
seaweed prior the filtration was confidential and beyond the scope 
of this study. FC samples from plants 1 and 2 were used in the 
laboratory-scale experiment to determine the conversion - and that 
was applied in the simulation of large-scale ethanol production.

Table 3 Operational conditions for laboratory experiment to determine cellulose conversion for three scenarios of ethanol production from filter cake 
(FC) from agar extraction plant

Simulation 
Scenario

FC substrate 
load (g)

Substrate component Enzyme 
solution (mL)

Total working 
volume (mL)

Hydrolysis 
duration (hr)

Fermentation 
duration (hr)Cellulose (g) FAM (g) Water (g)

Enzymatic 
hydrolysis 
extraction

From extraction plant 1 150 200 40
5 stage 

extraction, 8 
hr each stage

72
258* 1.7 44.61 202

From extraction plant 2
250* 10.3 37.5 188

Hydrolysis with 
prior drying

50** 9.7 29.6 0.7 200 200 48 72

Unseparated FAM 50 6.56 20.1 13.5 87 100 48 72

* Filter cake substrate added with water to its saturation. Added at 50 g in each stage
** Filter cake substrate already dried to moisture content less than 10%
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Table 4 Summary of measured parameters used in simulations

Variable Symbol
Filter cake origin

Plant 1 Plant 2
Cellulose weight fraction in filter cake (% (g) dw) 3.01 16.4

Filter aid weight fraction in filter cake (% (g) dw) 78.75 59.18

Lignin weight fraction in filter cake (% (g) dw) 6.06 6.45

Saturated water fraction in filter cake (% (g)) 78.28 75.71

Saturated water fraction in residue (% (g)) 78.28 75.71

dw = dry weight

Table 5 Laboratory experiment results for observed ethanol production route from waste of agar extraction plant 2
Parameter Unit Ethanol production scenario

Enzymatic hydrolysis extraction Hydrolysis with prior drying Unseparated FAM
Quantitative measurement
Filter cake substrate load g 250* 50** 50
Substrate component load

Cellulose g 10.3 9.7 6.56
Filter aid mineral g 37.5 29.6 20.1
water g 188 0.7 13.5

Glucose concentration % (by weight) 4.25 4.56 3.22
Cellulose conversion % 77 89.14 77.07
Fermentation broth mL 150 85 96
Ethanol concentration in broth %v 2 2.5 2.29
Residue g (wet basis) 260 115 n.d.
Ethanol yield mL/g/cell 0.291 0.219 0.335
Qualitative observation***
Hydrolysis product Phase Solution Solution Slurry
Heated hydrolysis product Phase Solution Solution Solid 
Fermentation product Phase Solution Solution Slurry

FAM = filter aid material; n.d. = not determined
Volume of fermentation broth from each simulation = 100 mL
* = filter cake substrate added with water to saturation. Added at 50 g in each stage
**  = filter cake substrate already dried to moisture content less than 10%
*** = room temperature (26–28°C)

Determination of ethanol conversion in laboratory-scale 
experiments

 Ethanol conversion and other observation results from the 
laboratory experiment are shown in Table 5. The best conversion 
(89.14%) was obtained from the hydrolysis with prior drying 
scenario, with the conversion for the other two production 
scenarios being similar at 77%. The conversion calculations 
were based on the reducing sugar concentration measured after 
the hydrolysis process, compared to the amount of cellulose fed 
into the hydrolysis. FAM separation removed the unconverted 
cellulose from the production system before fermentation. 
On the other hand, the unseparated FAM scenario - kept the 

unconverted cellulose in the process during fermentation. 
Thus, hydrolysis still occurred during fermentation, so-called 
simultaneous saccharification fermentation (Olofsson et al., 
2008; Dahnum et al., 2015). This was the main reason for the 
similar level of ethanol from the unseparated FAM schenario 
being quite similar to the two other scenarios , even though 
the glucose concentration without FAM separation was at the 
lowest (3.22% dw).
 The results from the laboratory experiments were consistent 
with several other studies that are listed in Table 6. Specifically, 
the ethanol concentrations from the current study were similar 
to the results obtained by Sudhakar et al. (2016) that are the 
highest on the list.
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Fig. 3 Glucose concentration for each extraction stage in hydrolysis extraction process simulation compared to laboratory experimental results for filter 
cake from agar extraction plant 1 and agar extraction plant 2 

Table 6 Summary of other studies using seaweed as bioethanol feedstock
Seaweed type Biomass type Microorganism Country Ethanol yield Reference
Red seaweeds
Gracilaria verrucosa Residual agar pulp Saccharomyces 

cerevisiae HAU strain
India 14.89 g/L

(1.91 %v)
Adams et al. (2011)

E. cottonii Seaweed solid 
wastes

Sacc. cerevisiae 
(YSC2, type II)

Malaysia 0.27 g/g
(0.34 %v)

Tan and Lee (2014)

Gelidium latifolium Waste  from agar 
extraction

Saccharomyces 
cerevisiae

Indonesia 10.83±0.3 g/L
(1.38 %v)

 Meinita et (2017)

Brown seaweeds
Undaria pinnatifida Discarded as waste Pichia angophorae 

KCTC 17574
Korea 9.42 g/L

(1.207 %v)
Uju et al.  (2015)

Green seaweeds 
Floating residue Industrial spent Saccharomyces 

cerevisiae
China 0.143 L/kg 

(14.3 %v)
Goh et al.  (2010)

Gracilaria corticata Extracted spent Baker's yeast India 3.02 g/L
(0.38%v)

Sudhakar et al. (2016)

Alginate biomass Extracted spent Baker's yeast India 1.61 g/L
(2.06 %v)

Sudhakar et al. (2016)

%v = percentage by volume; g/g = gram per gram

 There was an interesting qualitative observation on the 
appearance of the product from hydrolysis. FAM separation 
before fermentation produced a glucose solution product that 
had high value because the agar impurities in the extracts 
were not sufficient for conversion of the solution into gel after 
heating. In contrast, the solution turned into gel in the slurry 
hydrolysis product from unseparated FAM scenario.

Simulation results 

 The glucose concentration in the extract after each stage 
of extraction is shown in Fig. 4. According to this simulation, 
seven extraction stages were required to obtain additional 
glucose concentration of less than 1%. The increases in 
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the glucose concentration at the seventh stage compared to 
the previous stage were 0.66% and 0.96% for the FC from 
extraction plants 1 and 2, respectively. The FC from agar 
extraction plant 1 with 3.01% cellulose content produced 
1.17% glucose concentration in the final extract. This result 
was very close to the assumption of 100% conversion.
 However, 4.25% glucose concentration was obtained in the 
final extract using hydrolysis with filter cake from extraction 
plant 2 with 16.40% cellulose content. This result was close to 
the simulation results with the assumption of 77% conversion. 
From the simulation, 5.76% glucose concentration would be 
obtained if enzymatic hydrolysis extraction of this FC could 
reach 100% conversion.
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 Inserting , ,  and  obtained from laboratory 
measurements as shown in Table 4 for the FC from extraction 
plant No.2, then the following constants of B, H and D in 
Equation 4, 5 and 6 can be defined as 

B = 0.7571–0.2602X; H = 0.219X; D = 0.0918X

Equation 5 can be written as:

En = A+0.2519X•n•mfc (12)

 The value of conversion (X) was 0.77 as obtained from 
the laboratory experiment. This was used as the first basis for 
calculating the mass and energy balance for the first simulation 
scenario. Filter press capacity was defined as the bottleneck in 
the overall process in this first scenario. To run the filter plate 
at its highest energy efficiency, residue from each extraction 
stage was set at 284 L or 326 kg. Thus, the overall mass balance 
was calculated on this basis and is summarized in Table 7  
for comparison with the other scenarios.
 Simulation of filter cake hydrolysis with prior drying 
started by inserting values for , ,  obtained from 
laboratory measurement for extraction plant 2, and  resulted 
in 78% by weight. Then, Equation 7 then can be written as:

En = A–(4.09 – 1.38X)mfc (13)

ω

g

En

=

0.3781∙X

A

m

fc

-4.09+1.38X (14)

Table 7 Comparison of simulation results for three simulation scenarios
Parameter Unit Simulation

Hydrolysis extraction process Hydrolysis with prior drying Unseparated FAM
Product
Volume extract L 500 500 524
Glucose concentration % (by weight) 4.25 4.56 3.22
 Obtained ethanol 95%v L 10 12.5 12.63
Requirement
Filter cake kg 2286.2 2861.8 475.4
Water L 185.5 2158.8 50
Cellulase L 12.05 53.28 4.06
Energy for hydrolysis kWh 5475.5 16148.4 3081.6
Duration for hydrolysis hr 72 48 48
Prior distillation MJ 550.45 646.06 646.3
Distillation to azeotrope MJ 833.33 1041.7 1052.3
Required heat MJ/L 138.37 135.02 134.51
Required electricity kWh/L 547.55 1291.87 244.872

 The value of conversion (X) was 0.89 as obtained from 
the laboratory experiment. This was used as the first basis for 
calculating the mass and energy balance for the hydrolysis 
with prior drying simulation scenario. The capacity of the 
dryer was 100 L or 115 kg FC/hr and at its best performance 
it could reduce the moisture content to 10% by weight. For the 
500 L extract volume as in the previous scenario, the glucose 
concentration obtained from the iteration was 2.40% by weight. 
 Simulation of the unseparated FAM started by inserting the 
conversion value (X) as 77.07% and using Equation 10. The 
values for mfc and A were simulated to obtain a value for En that 
was close to 500 L and with a similar glucose concentration to 
the laboratory results. It was found that the closest En value was 
524 L, with the main electricity consumption (3,081.6 kWh) 
being for the agitation motor in hydrolysis.

Comparison of three simulation results and their further 
requirements for ethanol production

 Comparison of the simulation results for the scenarios is 
shown in Table 7. In all cases, the main electricity consumption 
was for the agitation motor. The agitation was required to 
maintain good contact between the cellulase, biomass and 
water during the reactions (Rodmui et al., 2008). Thus, the 
requirements for maintaining the best enzymatic reaction rates, 
such as controlled agitation and temperature, were resource 
consuming. The simulations showed that the unseparated FAM 
scenario required the lowest electricity per liter of product.
 The simulation indicated that extra heat and electricity were 
required for separating the FAM before fermentation. However, 
this opened the possibility of using glucose solutions for other 
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purposes for financial gain. Such options could include high 
glucose syrup or as a sweetener for agar-derivative products, 
such as jelly and candy, where the glucose needed to be 
concentrated to suit the end product. Reverse osmosis filtration 
technology can be used for water removal from the glucose 
solution. Sterilization was required prior the filtration not only 
for food safety requirements but also to deactivate the cellulase, 
since most commercial reverse osmosis filters are made from 
cellulose acetate. The agar impurities need to be determined for 
this purpose to avoid unexpected gelation reaction.
 FC hydrolysis of the feed to produce ethanol for use as an 
industrial solvent or fuel would not require FAM separation, 
as the FAM did not affect the yeast performance in producing 
ethanol. The ethanol could be used in the purification of 
other seaweed-based chemicals, such as carrageenan and 
alginate. This study has provided prospective insight for agar 
industrialists to expanded application to other seaweed-based 
chemicals.
 Simulation the utilization of biomass from FC of agar 
extraction plant was conducted based on three scenarios: 
extractive hydrolysis, hydrolysis with prior drying and 
unseparated filter aid material. These simulations addressed 
the challenge of filter cake utilization as a substrate with 
a low biomass content. Only filter cake from extraction 
plant 2 with 16.4 % dw of cellulose was technically feasible 
based on the three simulation scenarios. The main electricity 
consumption for all three scenarios was by the agitation motor 
in the hydrolysis process. The unseparated filter aid scenario 
required the lowest amount of electricity per liter of product, 
since this scenario had the smallest agitation volume. The 
least heat requirement (134.51 MJ/L ethanol) was also for the 
unseparated filter aid scenario. However, this value was only 
4 MJ/L less than the scenario of extractive hydrolysis that 
required the most heat. Further study is required to confirm this 
simulation result in a pilot plant experiment.
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