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ABSTRACT

In this study, the feasibility of using Enteromorpha compressa macroalgae for developing a
biosorbent for the use in metal removal from industrial wastewater was discussed in the
light of economic models. The net present value and the internal rate of return were used
to evaluate the economics of the process. It was concluded that supply to the market as a
biosorbent of E. compressa creates an economic benefit to the producing institution.
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1. Introduction

Industries such as mining, metal plating, or pig-
ment and battery manufacturing release a high vol-
ume of heavy metal containing wastewater to the
environment and aquatic ecosystems. Heavy metals
are toxic pollutants and non-biodegradable [1]. They
accumulate and their amounts increase along the food
chain owing to non-biodegradability. Thus, their toxic
effects are more pronounced in the animals at higher
trophic levels [2]. Heavy metals accumulated in living
tissues cause various diseases and disorders. There-
fore, the elimination of toxic metals from wastewaters
is of great important in the field of environmental
context and health care [1].

Due to the toxic effects, the industries are
advised that the wastewaters have to be treated sys-
tematically to remove/minimize the metal contents
in their effluents. There are a number of methods
for heavy metal removal from wastewater [2]. How-
ever, removal of such contaminants from wastewater
at very low concentrations is much more difficult
and expensive. Processes suitable at high concentra-
tions are often either ineffective or expensive when
applied to wastewaters containing low heavy metal
concentrations [3].

Recently, biosorption using micro-organism bio-
mass as the biosorbent has appeared as a potential
low-cost and environmentally friendly alternative
technique to the existing methods for heavy metal
removal [1]. Due to their good performance, low cost
and large available quantities, a wide array of
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biological materials, especially bacteria, algae, yeasts
and fungi have received increasing attention for heavy
metal removal and recovery [4].

Up to now, algae were used as a biosorbent for
heavy metal removal by various researchers [5–12].
For example, the biosorption of Cd2+ from aqueous
solutions was studied in a batch system using dried
Enteromorpha compressa macroalgae (ECM). The maxi-
mum biosorption capacity of dried ECM was found as
9.50 mg/g [11]. Recently, Zn2+ removal using dried
ECM from aqueous solution was investigated. The
maximum biosorption capacity of dried ECM for Zn2+

ions was found as 625 mg/g [12]. However, the eco-
nomical evaluation of supply to the market as a
biosorbent (passive biosorbent) of dried ECM for use
in heavy metal removal from aqueous solutions has
not been discussed in any literature.

The present study attempts to discuss the eco-
nomic benefit of supply to the market as a biosorbent
by preparing dried ECM for use in metal removal
from wastewater. The cash flows of the process were
estimated and the economic outputs were examined
using net present value (NPV) and internal rate of
return (IRR) models.

In the methodology of evaluating investment pro-
jects, the NPV method and the IRR method are recog-
nized as the most reliable and widely used ones. In
practice, an investment project analysis assumes that
the reliability of these methods is equal and the result
of any of them can serve as a criterion for the accep-
tance or rejection of a project [13]. Consequently, NPV
and IRR are two very widely used models in project
analysis.

E. compressa belongs to phylum chlorophyta and
ulvaceae family. It is elongated, tubular (although the
tubes are often partially compressed), hollow fronds
and composed of single layer thick cells [14]. E. com-
pressa, which is a chlorophyte macroalgae, is found in
freshwater as well as marine environments. The
freshwater form is present only for a short time, from
late May to July. The marine form is present along the
coast throughout the year [15]. It is known that E. com-
pressa cause eutrophication and harmful effects to the
environment [14].

2. Methodology

2.1. Generating economic benefit from alga as a biosorbent:
the financial feasibility

The cash outflows, including initial investments of
equipment’s such as oven and sifters whereas wages,
packaging and other utility expenses should also be
computed for each step and included in the analysis.

Cash inflows are the sales revenues of algae powder
after sieving the dried organism. This process usually
requires manpower. Thus the main expense exposed
within the process is the wages. Number of employees
work in each step and days of operation differs due to
season. There are various factors affecting the forma-
tion of algae such as light, oxygen, heat, pH and salt.
Therefore, seasonal changes influence the quantity col-
lected. It is well known that green algae are formed
less in autumn and winter time. The peak season is
the end of summer months.

2.1.1. Steps of the process

A flow sheet of biosorbent preparation is shown in
Fig. 1. The steps of the process are explained in details
and summarized below:

(1) Collection step: the ECM is collected from the
banks of Kucukcekmece Lake, Istanbul, Turkey
by hands or algae net.

(2) Washing step: the collected ECM is first washed
with freshwater then with distilled water.

Original biomass
(ECM)

Collection

Washing

Drying

Grinding
&

Sieving

Dried biomass
powder

Fig. 1. Flow sheet of preparation of ECM as a biosorbent.
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(3) Drying step: the washed ECM is dried in the
sun and wind in open air (solar drying). If
needed, ECM is dried in an oven for 24 h at
60 ˚C. At this step, an initial investment for
oven is made for $4,250. The economic life of
the equipment is estimated as five years. The
oven is depreciated within its economic life at
a depreciation expense of $66.67 per month
and $200.01 quarterly.

(4) Grinding & Sieving step: this is the final step of
the process. The dried ECM is grinded with
mortar and pestle and then sieved to have the
diameter of 0.5–2 mm. After sieving, the bio-
mass is packed and is sold for $11.5 per pack.
The sales price is expected to increase by the
expected inflation of 8% per year in Turkey.
The number of packs ready for sale differs due
to collection season. Furthermore, each year a
$250 of additional investment for maintenance
of the equipment is projected and included in
cash flow estimations.

2.1.2. Assumptions used in the economic analysis

The assumptions used in the analysis are as
follows:

(1) ECM is collected at each quarter of the year.
February, May, August and November are
accepted as convenient time period for this
process.

(2) August is assumed to be the peak month of
ECM.

(3) Number of employees and days of operation
differs in each collection, washing, drying, and
grinding & sieving steps (Table 1).

(4) No chemical activation costs are involved in
the preparation of ECM.

(5) Amount of ECM collected is assumed to be
equal amount at the same time of every year
so will be the labour expense.

(6) For the first year, daily gross wage is $15 per
employee and it increases by 8% yearly accord-
ing to expected inflation in Turkey.

(7) The economic life of the project covers a period
of five years.

2.1.3. Cash flows

As the next step, the cash flows of the process are
projected NPV and IRR models are employed to figure
out the economic benefits.

Cash flows are estimated as follows:

3. Results and discussions

It can be said that after various processes, the pre-
pared algal-based biosorbent becomes ready to use in
wastewater treatments (Fig. 1). The process is com-
pleted over four steps. Firstly, ECM is collected. Then,
collected ECM is washed, dried, and grinded &
sieved. The prepared biosorbent is packed. Then it
becomes ready to use in wastewater treatment plants.

The economic evaluation of supply to the market
by processing (preparing) as a biosorbent of ECM was
performed by considering data relating to the previ-
ous studies of Sahmurova et al. [11,12]. As stated
above, the preparation of the original biomass as a
biosorbent includes collecting, washing, drying, and
grinding & sieving. Since ECM is abundantly available
in some freshwater and marine environments in Tur-
key, its own cost was neglected. As the ECM biosor-
bent were used without chemical activation in metal
removal from wastewater, the chemical activation
costs were neglected. The other assumptions used in
the economic analysis were described as detailed in
“Methodology”.

Total operational costs for each step were pre-
sented in Table 1. The gross profit is obtained by the
deduction of depreciation expense from sales profit.
Then a tax expense of 8% is decreased to get net
profit. Depreciation is a periodic charge against
income which reflects the estimated currency cost of
capital equipment used up in the production process.
It is a non-cash expense. It is added back to net
income to obtain net cash flows. Table 2 illustrates the
net cash flows for each process for a five-year period.
The initial investment of $4,250 for the oven, results in
a negative net cash flow for the first February of the
project. Although there are maintenance expenses of
$250 annually, the following periods report positive
cash flows which is mainly because sales revenue of
ECM to wastewater treatments exceed the total costs.

The cash flows should be analysed to figure out
the financial feasibility of the project. Once the net
cash flows are computed, NPV and IRR models can
be implemented to test if the project has economic

Sales revenues
-Costs of algae sold
=Sales profit
-Depreciation expense
=Gross profit
-Tax
=Net profit
+Depreciation
=Net cash flows
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benefits. The feasibility analysis should provide a posi-
tive NPV and an IRR greater than the respective cost
of capital. NPV is the present value of future net cash
flows discounted at the cost of capital of the project.

As known, NPV is the most important criteria in
benefit and cost analysis. NPV is an absolute index for
the net contribution of a program to its economy. It is
a sum of the net benefit in every year by the end of
the program in terms of the present value [16]. If
NPV > 0, the investment project is considered effective
from the economic point of view. If NPV < 0, the pro-
ject is considered ineffective from the economic point
of view and is rejected [13]. In other words, when
NPV < 0, the costs exceed the benefits and the project
is not economically feasible. The best economic
options offer the greatest NPV [17]. The NPV equation
can be written as follows [18]:

NPV ¼
Xn

t¼0

CFt

1þ rð Þt (1)

where CFt is the expected net cash flow at period t, r
is the project’s cost of capital and n is its life.

In the study, the feasibility includes dollar
amounts of all cash flows. Thus, “r” is accepted as the
interest rate for US dollars with an acceptable risk

premium added. The highest US dollar interest rate
employed in Turkey is 4.75%. A risk premium of
3.25% is added and r is computed as 8% per annum.
The cash flows are calculated quarterly, therefore “r”
is divided by 4 and the discount rate is used as 2%.

r ¼ iUS þ p (2)

r ¼ ð4:75%þ 3:25%Þ=4 (3)

r ¼ 2% (4)

Implementing the NPV model, the net cash flows
of the project should be estimated. All forecasted
expenses are subtracted from all forecasted revenues
to obtain the annual net income. The quarterly
analysis includes a period of five years. Therefore, a
series of 20 period cash flows are computed. Each cash
flow is discounted by 2%. NPV is computed as $4,510.
The rationale for the NPV method is very straightfor-
ward. A NPV of zero signifies that the project’s cash
flows are exactly sufficient to cover the opportunity
cost of the capital (r) invested. If a project has a posi-
tive NPV, then it generates more cash than the
opportunity cost of capital, leaving excess cash for the
investor.

Table 1
Total operational costs for each step

Wages/day ($)

Number of employee Days of operation

Total cost ($)C W D G & S C W D G & S

Year 1 February 15 4 2 1 1 3 2 1 2 285
May 15 4 3 1 1 3 3 1 2 360
August 15 8 5 2 3 6 3 2 3 1,095
November 15 4 2 1 1 7 3 2 3 570

Year 2 February 16.2 4 2 1 1 3 2 1 2 308
May 16.2 4 3 1 1 3 3 1 2 389
August 16.2 8 5 2 3 6 3 2 3 1,183
November 16.2 4 2 1 1 7 3 2 3 616

Year 3 February 17.5 4 2 1 1 3 2 1 2 332
May 17.5 4 3 1 1 3 3 1 2 420
August 17.5 8 5 2 3 6 3 2 3 1.277
November 17.5 4 2 1 1 7 3 2 3 665

Year 4 February 18.9 4 2 1 1 3 2 1 2 359
May 18.9 4 3 1 1 3 3 1 2 453
August 18.9 8 5 2 3 6 3 2 3 1,379
November 18.9 4 2 1 1 7 3 2 3 718

Year 5 February 20.41 4 2 1 1 3 2 1 2 388
May 20.41 4 3 1 1 3 3 1 2 490
August 20.41 8 5 2 3 6 3 2 3 1,490
November 20.41 4 2 1 1 7 3 2 3 775

Notes: C: collection step; W: washing step; D: drying step; G & S: grinding & sieving step.
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Investment appraisal is a central issue in the litera-
ture and real-life applications. While the NPV is wide-
spread as a measure of value created, it is most
common in real-life applications to require a rate of
return, for a relative measure is more intuitive than an
absolute measure. The IRR is the standard rate of return
used by decision-maker [19]. The IRR is defined as the
discount rate that forces the NPV to equal zero [18]:

NPV ¼
Xn

t¼0

CFt

ð1þIRRÞt ¼ 0 (5)

The goal of the IRR is to determine what discount rate
will result in net benefits equalling the net costs. The
IRR approach uses the NPV formulation to sum costs
and benefits. However, the NPV is set equal to zero
and the discount rate that equates benefits and costs is
determined. The resulting discount rate can then be
compared to the discount rates that could be applied.
If the computed discount rate is greater than the
selected discount rate the project is considered justi-
fied [20]. Normally, priority is given to the IRR
method which is more understandable and obvious to
investors as an indicator demonstrating the limit prof-
itability of the project [13]. If the IRR is lower than the
required return (discount rate) then the project should
be rejected [21].

The IRR on a project is its expected rate of return.
If the IRR exceeds the cost of funds used to finance
the project, a surplus remains and accumulates for the
firm’s stockholders. Therefore, projects with an IRR
higher than r should be accepted. The IRR of this pro-
ject is computed as 12% which is higher than cost of
capital of 2%. Table 3 summarizes the feasibility out-
puts of the project.

Consequently, it can be said that the ECM creates
an economic benefit to the producing institution.

3. Conclusions

This manuscript aims to present an economic
model that evaluates the feasibility of preparing
algal-based biosorbent to be used in the treatment of

industrial wastewater. When the cash flows were com-
puted for collecting, washing, drying, and grinding &
sieving steps which were repeated four times a year
for five years, it was seen that each of these steps
require various amount of investments. The major
expenditures include the purchase of oven and mainly
the labour expense. Furthermore, it is estimated that
additional investment of $250 is required for each year
for maintenance and utilities expenses.

After exposure of various cash outflows at each
steps of the process, sieved biomass is packed and
sold at a price of $11.50 per pack. The price is pro-
jected to increase by 8% according to the expected
inflation in Turkey. The cash flows computed and
analysed under NPV and IRR models indicated that it
is possible to generate economic value from supply to
the market as a biosorbent of ECM.

Acknowledgement

The authors wish to thank Dr Dilek Leblebici for
her support and valuable assistance.

References

[1] M. Akbari, A. Hallajisani, A.R. Keshtkar, H. Shahbeig,
S. Ali Ghorbanian, Equilibrium and kinetic study and
modeling of Cu(II) and Co(II) synergistic biosorption
from Cu(II)-Co(II) single and binary mixtures on
brown algae C. indica, J. Environ. Chem. Eng. 3 (2015)
140–149.

[2] U. Farooq, J.A. Kozinski, M.A. Khan, M. Athar,
Biosorption of heavy metal ions using wheat based
biosorbents—A review of the recent literature,
Bioresour. Technol. 101 (2010) 5043–5053.

[3] P. Lodeiro, B. Cordero, J.L. Barriada, R. Herrero, M.E.
Sastredevicente, Biosorption of cadmium by biomass
of brown marine macroalgae, Bioresour. Technol. 96
(2005) 1796–1803.

[4] J. Wang, C. Chen, Biosorbents for heavy metals
removal and their future, Biotechnol. Adv. 27 (2009)
195–226.

[5] K. Suresh Kumar, H.-U. Dahms, E.-J. Won, J.-S. Lee,
K.-H. Shin, Microalgae—A promising tool for heavy
metal remediation, Ecotoxicol. Environ. Saf. 113 (2015)
329–352.

[6] J.L. Zhou, P.L. Huang, R.G. Lin, Sorption and desorp-
tion of Cu and Cd by macroalgae and microalgae,
Environ. Pollut. 101 (1998) 67–75.

[7] Y. Liu, Q. Cao, F. Luo, J. Chen, Biosorption of Cd2+,
Cu2+, Ni2+ and Zn2+ ions from aqueous solutions by
pretreated biomass of brown algae, J. Hazard. Mater.
163 (2009) 931–938.
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J.A. Muñoz, Biosorption of heavy metals by Fucus
spiralis, Bioresour. Technol. 99 (2008) 4684–4693.

[9] U.A. Guler, M. Sarioglu, Single and binary biosorption
of Cu(II), Ni(II) and methylene blue by raw and

Table 3
Economic outputs of the project

Cost of capital (r) 2%
NPV $4,510
IRR 12%
NPV > 0 Acceptance zone
IRR > r Acceptance zone

2602 A. Sahmurova and N. Balkaya / Desalination and Water Treatment 57 (2016) 2597–2603



pretreated Spirogyra sp.: Equilibrium and kinetic
modeling, J. Environ. Chem. Eng. 1 (2013) 369–377.

[10] W.M. Ibrahim, Biosorption of heavy metal ions from
aqueous solution by red macroalgae, J. Hazard. Mater.
192 (2011) 1827–1835.

[11] A. Sahmurova, H. Türkmenler, E. Özbaş, Biosorption
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