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Abstract: Olive mill wastes are some of the most important waste streams in Mediterranean countries,
such as Greece, and their uncontrolled disposal without treatment imposes serious environmental
impacts. In the last few decades, the European Union has defined the framework for a sustainable
circular economy, aiming for viable waste treatment solutions. Under this scope, anaerobic digestion
could be a remarkable solution for efficiently reducing waste organic matter and producing green
energy, at the same time. In this study, the economic sustainability of an anaerobic digestion unit for
olive mill effluents was assessed. It was found that a centralized treatment plant that can process
liquid olive mill effluents during the olive harvesting season and other agro-industrial by-products
(such as fruit and vegetable waste) for the rest of the year could be a viable solution, with waste
capacities of 780 m3opw d-1 and 245 kgrvw d~1. The internal rate of return was estimated at 6%,
the net present value was estimated to be EUR 2 million, while the payback period was calculated to
be 12 years. Furthermore, through the sensitivity analysis, the selling price of the electricity produced
and the productivity of the waste processed in the plant alongside the olive mill wastewater were
identified as the main factors affecting the viability of the process. The findings of this study can be
applied in the development of a biomass-processing facility, taking into consideration the economic
feasibility and the processing of challenging-to-treat wastes to generate green energy.

Keywords: olive mill effluents; anaerobic digestion; technoeconomic assessment; sustainability;
plant design

1. Introduction

Historically, biogas is mainly considered a by-product in sanitary landfills. In recent
decades, the renewable energy market has grown to encompass this product, based on the
two main advantages of anaerobic digestion: reducing waste streams and simultaneously
producing energy and organic fertilizers [1].

Several industries and investors consider biogas production through anaerobic di-
gestion as a high-risk investment, as there are large variations in supply and feedstock
characteristics and operational problems due to the low moisture content of certain waste
streams [2]. For this reason, many countries have enacted laws to encourage individuals to
invest in this sector.

Although widely studied, anaerobic digestion has not been adopted by many countries
as a technology of treating waste and producing energy [3]. Europe is a leader in the use of
anaerobic digestion, with the introduction of strict environmental regulations for waste
management [4]. Asia has the largest number of installed anaerobic digesters (about
0.5 million domestic digesters in 2012 [5]), with most of them being small-scale and capable
of providing energy for cooking and lighting to small communities [6]. The United States
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of America has fewer anaerobic digestion plants installed, with the total number steadily
increasing. Only a percentage of 1% (about 240 units) of confined animal feeding operations
have installed anaerobic digesters in the USA [7]. All these variations in the implementation
of anaerobic digestion are mainly related to socio-economic indicators, pre-existing installed
structures, and the availability of new reliable waste treatment technologies [8].

In comparison, the installation of biogas production units is considered necessary for
Greece to achieve the targets set by the Renewable Energy Roadmap [9]. The EU criteria,
explicitly described in Directive 2009/28/EC, require that the contribution of renewable
energy sources to the country’s total energy consumption should be 18% by 2025 [10]. The
Greek electricity generation sector is largely based on fossil fuels, the majority of which are
imported [11]. Around 54% of the country’s energy needs are covered by petroleum-based
products, which is quite high compared with the EU average of 33.4% [12]. Apart from the
fact that a large part of these fossil fuels is used as transportation fuel, significant quantities
are converted into electricity. In particular, the Greek islands, which are not connected to
the grid, produce their electricity from diesel power stations. Several challenges can occur
with the installation of anaerobic digestion units in Greece, mainly due to poor design or
maintenance (leakage) and N,O formation from nitrogen removal [13]. For this reason, only
a few projects for biomass energy production have been carried out in the country, mainly
for the management of municipal solid waste or excess sludge in wastewater treatment
plants. The installed biomass-derived electricity capacity is estimated to be 57 MW for
12 individual projects, while the target for biomass in Greece for 2025 is 350 MW [14].

Olive oil industry effluents are produced during olive oil production in two-phase
and three-phase separation systems. They are significantly organically loaded industrial
effluents having chemical oxygen demand (COD) values between 45 and 170 g L=}, bio-
chemical oxygen demand (BODs) values between 35 and 110 g L}, and suspended solids
concentrations in the range of 1 to 9 g L™! [15,16]. Moreover, significant quantities of
phenolic compounds and long-chain fatty acids, which, in high concentrations, are toxic
to micro-organisms and plants, are present in this type of waste [17]. To this end, it is esti-
mated that 1 m3 of olive oil by-product effluent pollutes the environment as much as 100 to
200 m? of domestic wastewater [18]. For this reason, the treatment of this type of waste can
provide a substantial reduction of environmental burdens alongside energy production.

The first criterion for a waste treatment unit’s installation is its economic viability.
There are different methodologies for the economic evaluation of a process/investment,
with most of them based on the idea of the return of the investment cost within its lifetime,
the profit margin, and whether it is attractive enough for an investor [19]. For waste treat-
ment processes, the investment needs to be more efficient (or less costly) than alternatives,
as the management of such streams is mandatory [20]. For example, the direct disposal of
a waste stream into the environment may have minimal costs, but may not be acceptable
if it incurs a fine or the revocation of a company’s license. It is therefore obvious that
an appropriate institutional framework is necessary to promote more environmentally
acceptable solutions. The economic assessment of a process reflects its interaction with the
economic environment through an economic balance [21,22].

In the present work, a techno-economic assessment of an anaerobic digestion plant
treating olive mill effluents in a high-rate UASB-type bioreactor was carried out. For this
analysis, experimental data from the literature were used in order to predict the reactor’s
performance. Several studies have been carried out regarding the installation of anaerobic
digestion plants for olive mill by-products. In the study by Tasionas and Dounavis [23], the
analysis of the investment plan for the construction of an olive oil industry by-products
treatment plant in the region of Corfu was evaluated for its economic feasibility. In the
same work, a payback period of 7 years was estimated for a plant with a total investment of
19.6 million euros and a total capacity of 5 MW. Furthermore, the paper by Orive et al. [24]
presents the anaerobic digestion of olive mill wastes mixed with piggery wastes. The
proposed plant exhibited an IRR equal to 13.7% and a payback period of 7 years. Even
if anaerobic digestion, as an industrial waste treatment method, has been studied in the
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aforementioned works, there is no clear reference to an economically sustainable solution
for olive mill effluent treatment and the factors that affect the process’s viability. In fact,
olive mill wastewater is a difficult-to-biodegrade waste via anaerobic digestion without
pretreatment because of its high phenolic content [25]. For this reason, the present work
may provide a positive assay for a viable alternative to olive effluent treatment. The results
of the present work can be used for designing a biomass processing plant based on its
economic viability and processing of difficult-to-treat wastes to produce useful products
and electricity that can be supplied directly to the existing network.

2. Materials and Methods

The process design of the industrial-scale anaerobic digestion system was carried out
using the lab-scale and pilot-scale results from previous work by the authors [26] for a
UASB reactor, as an example. More specifically, only the reactor’s conditions (temperature,
recirculation velocity, etc.), as well as the reactor’s performance (productivity and concen-
tration of digestate in several compounds), were standardized from the citation in order to
design a full-scale industrial anaerobic digestion system. UASB reactors present several
advantages, such as a low sludge concentration in the effluent and low hydraulic retention
times [27]. The equipment parts used for the process were a feed tank, an anaerobic diges-
tion reactor, a digestate collection tank, desulphurization, and an electricity and thermal
energy production unit. Different equipment parts were used for the reactor’s operations
(feeding, temperature control, etc.), biogas purification (desulphurization column), and
energy production (CHP unit). The capacity of the feed tank was set to be capable of
holding two days of reactor feed. The storage capacity of the anaerobic digestate storage
tank was set at 15 days of reactor digestate production, assuming that, after this period,
the digestate would be collected for use as liquid fertilizer without any post-treatment [28].
An empirical formula for large tanks was used to estimate the feed and effluent tank cost
(Cptank) in euros according to Kookos et al. [29] (Equation (1)), where V indicates the tank’s
volume. It is worth noting that the cost equations presented herein are dependent on crucial
design parameters in order to estimate the total cost for different waste capacities.

1 2
Cp rankl€] = (109> exp [9.37 —0.10InV + 0.05 (InV) } )

Reinforced concrete was chosen for the construction of the reactor (digester). First, the
digester frame needs to be constructed and then all the other parts must be added to create
the whole digester unit. During the construction of the frame, anti-corrosion shielding was
assumed with materials such as bentonite that should be placed at the point of contact
between the base of the digester and its walls and epoxy paint that should be applied
to the entire internal surface. Then, thermal insulation was modeled using polyurethane
materials, 10 cm wide, placed on the outer surface of the frame, with the whole structure
being coated externally with a 1 mm thick aluminum sheet for protection. Finally, in order
to achieve the operation of a fully equipped digester, the heat exchanger, which provides
the necessary thermal energy to maintain the substrate temperature at the appropriate
level for the unit operation, the agitators, which mix the reactor broth, and the lid, which
will be installed on the top of the digester to collect the biogas, were taken into account.
Based on the above, the cost of the reactor (Cp,reactor) Was calculated from the empirical
Equation (2) [30], where V, represents the reactor’s volume (in m3).

Cp reactor[€] = 0.00062 V? + 114 V, + 58,893 )

To purify the biogas produced, a system that includes a desulphurization tower
and a combined heat and power (CHP) unit for energy productivity up to 65 kW was
designed. Activated carbon as an adsorbent was assumed in the desulphurization column
in order to remove most of the H,S contained in the produced biogas. For the design of the
desulphurization column, it was assumed that the adsorption capacity of activated carbon
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was 1.41 gs kgcarbon’1 [31] and the average adsorption bed pore diameter was 1.1 cm.
The cost of the column (Cp coumn) Was estimated from the empirical Equation (3), where V.

indicates the column volume in m3 [29].
Cp,column [€] = exp[8.48 + 0.51In(V()] 3)

A CHP unit mainly includes a boiler for thermal energy production, a turbine, and
a generator of electricity [32]. For the design of the CHP unit, an estimation of the cost
(Cp,chp) as a function of the capacity was performed using market prices. Equation (4) was
considered as the final costing equation:

Cp,cup [€] = 1257 x Capacity kW] (4)

Pump costs (Cp pump) were estimated using Equations (5) and (6) [29].

S =QVah )
Cp,pump [€] = (11)9> exp [7.22 +0.35[1(S) 4 0.051n( 5)2} ©

where Q indicates the volumetric flow required [m3 s~!] and Ak represents the manometric
height difference multiplied by the gravitational acceleration (9.81 m s~2).

All the equations were normalized using the CEPCI of 2022 equal to 816.

The fixed capital investment (FCI) was calculated through the equipment cost, as
presented in detail in Table 1, and then using Equation (7).

FCI=DC+IC = Cy 7)
- ~ 058

Table 1. Methodology for FCI calculation [33].

Equipment cost C

p
Installation cost 0.06 FCI
Onsite Instrumentation and controls 0.02 FCI
Piping 0.04 FCI
Direct Costs, DC [EUR] Electrical equipment and materials 0.02 FCI
Buildings 0.02 FCI
Offsi Yard improvements 0.02 FCI
site Service facilities 0.08 FCI
Land 0.01 FCI
Engineering and supervision 0.04 FCI
. Construction expenses 0.04 FCI
Indirect Costs, IC [EUR] Contactor’s fee 0.02 FCI
Contingency 0.05 FCI

The annual total treatment cost (TTC) was calculated using Table 2 and then Equation (8) [33],
assuming that the building’s lifetime was 30 years.

TTC = DPC + GE = 1.124 Gy, +1.351 Cy; +0.129 FCI +-0.075 Cp +0.037 C,  (8)

where C,,, represents the cost of all raw materials (}_ C,,, ;), C, represents the direct labor
costs, and Cj, represents the building construction costs. The transport costs from the olive
mill to the waste treatment plant were included in raw materials costs. The total number of
olive mills per square kilometer was estimated for the region of Western Greece in order
to determine the transport cost’s function. The total transport kilometers were calculated
by determining the necessary number of olive mills needed to support the plant’s waste
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capacity. For that reason, the transport cost was considered to increase for a large plant
capacity, since more waste needs to be treated in the unit. The exponential increase may be
attributed to the large number of olive mills for the needs of a large-capacity unit that leads
to a longer distance from the olive mill to the waste treatment plant. The function used to
calculate ton-kilometers as a function of plant capacity is shown in Figure 1. The cost per
one ton-kilometer was set at 0.1 EUR tkm !, while the cost of NaHCO; was set at 0.29 EUR

m 3 feed, using current market prices.

Table 2. Methodology for TTC calculation [33].

Transportation Crm1
NaHCO3 Cim,2
Labor cost Cor
Electricity Crm,3
Operating supzrvision 0.1Cy
. . Maintenance and repairs 0.02 FCI
Direct production costs, DPC (EUR/y) Operating supplies 0.005 FCI
Laboratory charges 0.1Cy
Royalties and patents 0.01 FCI
Depreciation 0.07C, +0.03 Gy
Taxes 0.03 FCI
General expenses 0.05 FCI
Administrative expenses 0.02TTC
General expenses, GE (EUR/y) Distribution and marketing expenses 0.02TTC
Research and development 0.05 TTC
= 2 | Perfecture | Region
5 P O | !
4 : ! : ’
1 /7
! | ! ’
:I..OX:].O5 = E Model I ﬂewl):unction( I ,’
ser, /7
- : Equation axm
: gﬁq;ced 94137.5787 , 7
4| . i-Sqr
8.0x10 1| Adj. R-Square 0.99997 , /
i : Value Standard Erro ’
- 1B a 552875E-4  1.46436E-4
© 6 0X104 i : B n 2.47106 0.03255
£ : : :
=] 1. . |
1 | ! ’
1 | ! s
4.0x10* ! ' | e
' X ' .
4 ! ! 7
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Figure 1. Waste transportation cost function.

Regarding the labor cost estimation, the number of employees for plant operation was

estimated using Equation (9) [29].

lOgl()Y =0.24 lOgl()X +1
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where Y indicates the working hours for plant capacity X inm? d 1.

The total annual revenue (TAR) of the company was calculated from electricity sale
and the liquid fertilizer sale (process effluent) (Equation (10)). The selling price of electricity
from biomass according to Greek legislation was set at 204 EUR per MW,;. The selling
price of the fertilizer (fert) was estimated from the effluent quantities in nitrogen, phospho-
rus, and potassium and the prices of the corresponding fertilizers (0.95 EUR kg~! for N,
1.0 EUR kg~ ! for P, and 0.72 EUR kg ! for K). This price was estimated at 0.77 EUR kg~ .

TAR = W, - price,; + fert - pricefm (10)

The first scenario studied (S1) was the design of an olive mill waste treatment plant
that operates for only 4 months per year (during the olive oil production period), since only
during this period is there a need for waste treatment. In order to ensure the sustainability
of the plant, a second alternative scenario (52) was proposed to exploit the installed
equipment for a longer period. For this reason, a secondary waste was used for treatment in
the designed unit. More specifically, in this study, the waste used to operate the plant during
the rest of the year was a mixture of fruit and vegetable waste (FVW), according to the work
of Tsigkou et al. [34]. Several design parameters were used from the aforementioned study,
such as the system’s OLR and digester’s performance, as presented in Table 3. It should be
noted that, in an actual application, FVW can be replaced by other agro-industrial wastes
generated in the area in the vicinity of the installed plant. The system characteristics and
performance for the treatment of the two wastes are presented in Table 3.

Table 3. Waste characteristics used in the alternative scenarios for the techno-economic analysis [26,34].

Parameter Units OMW FVW
COD kgm™3 127 125
OLR kg CODm3d~! 5 1.54
HRT d-! 10 15
Methane productivity m3 e m 3 g 11 9

Finally, according to Greek legislation (Law 3299/2004) for investment projects in
Greece in the field of electricity production from renewable energy sources (geothermal
energy, wind farms, parallel electricity, and heat production projects), a subsidy can be
granted to reduce the risk of the investment. This subsidy can contribute to the plant’s
sustainability by reducing the amount of the initial loan. For this analysis, it was assumed
that the proposed plant would be constructed in the Peloponnese region and that it would
fall under the category of medium-sized enterprises. The subsidy provided for this zone
amounted to 40% of the initial investment. A percentage of 25% of FCI was covered by
private funds, since this parameter is crucial in order to receive the subsidy from the Greek
government. The remaining percentage (35% of the FCI), as well as the working capital
(15% of the FCI), was covered by a loan at a fixed interest rate of 8%. Finally, income tax
was set at 20% of the profits. The internal rate of return (IRR) for each investment plan was
estimated using Equation (11).

n

2 =0 (11)

— 1+1RR)

where k indicates the current operation year of the plant and n represents the total operation
period of the plant (years).

The net present value of the investment was estimated using Equation (12) setting the
minimum acceptable rate of return (MARR) to 4%.

CE
NPV =) — =k 12
Z%) (1+MARR)* (12
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The payback period was estimated as the timespan needed for the achievement of a
positive cash flow [29].

3. Results & Discussion
3.1. Investment Plan Analysis

The analysis of FCI and the FCI normalized by the feed volume per month of operation
per year for different OMW treatment capacities is presented in Figure 2. The capacity of
one olive mill plant was set at 30 m3 d~! of olive mill waste, while the tenfold amount
was set for the capacity of a city, since 10 olive mills could operate in an average-sized
city. The minimum FCI for one olive mill was estimated at 800,000 EUR and about 20% of
this cost was derived from the purchase and installation of the anaerobic digestion reactor.
It is worth noting that the FCI per cubic meter of waste to be treated decreases sharply
when the capacity increases, while it stabilizes at 34 EUR per cubic meter of feed for S1 and
20 EUR per cubic meter of feed for S2 for the capacity of a prefecture (500-760 m® d—1).
The increased FCI-normalized values in small nominal capacities may be attributed to the
significance of the cost of equipment parts, such as pumps and tanks, compared with the
reactor cost. In large nominal capacities, the FCI value exhibited a linear correlation with
the volume of the treated OMW. For this reason, the normalized FCI value stabilizes. The
significant decrease in S2 FCI compared with S1 may be attributed to the longer operation
period of the plant, even with the use of waste with lower productivity than that of olive
mill waste. The sharp decrease exhibited in Figure 2b (normalized diagram) was attributed
to the high equipment cost in relation to the small feed capacity of the system. This is in the
same direction as the fact that larger-capacity units tend to have a smaller equipment cost
per amount of feed material. It is worth noting that the cost for several equipment parts,
like tanks and pumps, represents a higher percentage of the FCI for small capacities due to
the economy of scale.

90

&
&

FCI[M €]

city

Perfecture

(b) E’
80 4 z

City
Perfecture
Region

7] Total equipment cost

7] Reactor

Effluent tank

FCllem®,_, y1]

104,

T T T T u
T T T
1000 1500 2000 2500 0 500 1000 1500 2000 2500

Figure 2. FCI value (a) and normalized FCI value (b) as a function of OMW treatment capacity
(m3yaste d 1) for the studied scenarios.

Similar trends were exhibited for the waste treatment costs in the two alternative
scenarios (Figure 3). A minimum was achieved for both scenarios at a capacity of one
prefecture with numerical values of 8 EUR per cubic meter of waste for S1 and 4.3 EUR
per cubic meter of waste for S2. It was shown that about 15% of the total treatment
cost was attributed to the equipment’s depreciation, while about 5% was caused by the
purchase of NaHCOj; to adjust the alkalinity for S1, while for the second scenario, this
percentage dropped to 0.5%, since the addition of this chemical was not required for the
stable operation of the reactor fed with FVW.
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Figure 3. Total treatment cost as a function of unit capacity (m3wa5te d~1) for the studied scenarios S1
(a) and S2 (b). The term “Others” contains the unreferred costs that are presented in Table 2.

The waste transportation costs to the treatment plant are estimated to be negligible
for a plant that operates with the waste of one olive mill, while a sharp increase was
exhibited as the treatment plant became more centralized, eventually covering 25% of the
total treatment costs. For this reason, a continuous upward trend in total processing costs
was identified with increasing capacity above the level of a prefecture.

Based on the above, four different investment plans were developed for each studied
scenario (Figures 4 and 5). Each investment plant was tested in different capacities at the
level of one olive mill (30 m® d~!) and centralized processing solutions at the level of a city
(300m3d=1),a prefecture (780 m3d~1),and a region (2300 m®d~1). The plant construction
was set to 1 year, since no profit was considered for this period.

0
{1 K8 E8 ER ER Ef fF 0 Cf Bf (0] M g g d gy |
-10 -

204
304
404
504
-60 _
-70 _

-80

Cumulative Cash Flows [M €]

-90

I unit B City
77 Prefecture [ Region

Figure 4. Annual cumulative cash flows as a function of the operation year for studied scenario S1.
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Figure 5. Annual cumulative cash flows as a function of the operation year for studied scenario S2.

Regarding S1, negative cumulative cash flows were observed for each different ca-
pacity, making the investment unsustainable. The main reason for this fact was the very
short plant operating period through the year, due to the seasonality of the waste used as
feedstock. Similar results were observed in other studies where the treatment of three-phase
olive mill wastewater in a plant with a capacity of 17,500 tons per day resulted in an annual
deficit of 14,000 EUR [35]. It is worth noting that this capacity is reflected in Figure 4 at the
level of a region.

Regarding the S2 scenario (Figure 5), an increase in cumulative cash flows was ex-
hibited, which became positive after the 12th year of operation for capacities at the city,
prefecture, and region levels. This investment plan does not include revenues from the
thermal energy produced as there is no installed district heating network in the region of
Peloponnese. The addition of this extra revenue may increase the viability of the unit. The
economic parameters for S2 investment plans are presented in Table 4. The optimal plant
capacity (IRR maximization) was exhibited at the prefecture level for a capacity of 780 m?
OMW per day, with an IRR of 6% and a payback period of 12 years. This plant could
produce 3.4 MW of electricity during OMW treatment and 1.9 MW during FVW treatment,
while the FCI, TPC, and TAR of the unit were estimated to be 13.6 M EUR, 4.5 M EUR, and
6.1 M EUR respectively. In a study by Li et al. [36], a higher IRR (about 20%) was estimated
compared to the present study. However, in the same study, revenues from thermal energy
were considered, and there was no calculation of the costs for the installation of a district
heating network. The addition of this revenue would potentially increase this ratio in the
present study as well. Moreover, in a study by Aui et al. [37], regarding the treatment
of agri-food effluents (mainly manure) in small-scale anaerobic digestion plants, an IRR
between 3% and 5% for 1 MW of electricity production was observed, a result similar to
the results of the present study.
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Table 4. Economic parameters for the investment plans of studied scenario S2.

Parameter Capacity Value
IRR 0%
NPV Unit 30 m3 d—1) —-21ME€
Payback Period -
IRR 3%
NPV City (300 m3 d—1) —09M€
Payback Period 14.2 years
IRR 6%
NPV Prefecture (780 m3 d—1) 11M€
Payback Period 12 years
IRR 4%
NPV Region (2300 m> d 1) ~51M€
Payback Period 13.9 years

3.2. Sensitivity Analysis

The S2 investment plant with the optimal capacity (780 m®> OMW d ') was tested
for its sensitivity to specific system input parameters. The scope of this strategy was to
highlight the input parameters to which the system exhibited the maximum variations in
the output response. The output control parameter was the net present value after the end
of the equipment life for the optimal capacity. The different input parameters (sell price of
electricity, productivity of secondary substrate, sell price of fertilizer, etc.) were modified
by £20% of their proposed value. Different NPV values were estimated for different values
of the input parameters, as presented in Figure 6. The NPV of the system was observed
as highly sensitive to the selling price of the electricity produced, with a 700% response
increase with a 20% increase in selling price, as presented in Figure 6. This fact is indicative
of the increased viability of these units if there is support from the government regarding
the electricity purchase price.

[ -20%

Sell price of electricity
[ 1+20%

Transportation cost

NaHCO3 quantity

Sell price of fertilizer

Productivity of secondary substrate

Sell price of electric energy produced

-15 -10 -5 0 5 10 15
NPV [Mé€]

Figure 6. Sensitivity analysis of the system as a function of different input variables.
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Moreover, the system was proven sensitive to the productivity of the substrate used
for the plant operation during the non-olive-harvesting period (secondary substrate).
According to this observation, the direct process dependence on different wastes is evident.
In rural areas, various types of manure could potentially be used as a secondary substrate,
but also plants that have exhibited high yields regarding energy production, such as
artichoke and prickly pear [38,39].

Finally, the NPV of the system exhibited a small variation with the change in raw
material prices. Particularly, there were small changes in the investment NPV when the
costs of both transportation (fuel) and electricity change. This is an optimistic result
considering the stability of the system with the fluctuations in commodity prices, which
are nowadays highly variable.

4. Conclusions

To this day, the treatment of olive mill effluents poses a serious risk to the stability of
Mediterranean ecosystems. Greece is a major olive oil producing country, with significant
production of olive mill effluents, and, at the same time, lags behind the EU regulations
regarding the percentage of renewable energy in the energy mixture of EU countries. The
production of biomass energy from these effluents seems to solve both problems. The
viability of an olive mill waste treatment plant is a crucial stage, both for the treatment of
these wastes and for sustainable energy production from biomass. In this study, a techno-
economic analysis of two different scenarios for the treatment of olive mill wastewater,
either as a single substrate or using a second substrate during the months when the waste
is not produced, was carried out. This study shows that a centralized treatment plant at
the prefecture level (780 m3 d ') could be the optimal sustainable solution, with an IRR
equal to 6%, as for higher capacities, the transportation cost increased significantly. Finally,
the sensitivity analysis showed that the selling price of the produced energy was a crucial
factor for the unit’s sustainability. From the analysis presented above, anaerobic digestion
appears to be economically viable, a fact that may be further enhanced by increased support
by regulatory bodies, or by the increasing prices of fossil-derived energy.
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Abbreviations

CHP Combined heat and power unit
COD Chemical oxygen demand

FCI Fixed capital investment

FVW Fruit and vegetable waste

HRT Hydraulic retention time

IRR Internal rate of return

MARR  Minimum acceptable rate of return
NPV Net present value

OLR Organic loading rate

OMW  Olive mill wastewater

TTC Total treatment cost
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