
 
 

 
 

 
Eng 2022, 3, Firstpage–Lastpage. https://doi.org/10.3390/xxxxx www.mdpi.com/journal/eng 

Article 1 

TECHNO-ECONOMIC ASSESSMENT OF AN 2 

OLIVE MILL WASTEWATER (OMWW) BIORE- 3 

FINERY IN THE CONTEXT OF CIRCULAR BIO- 4 

ECONOMY     5 

Yannis Mouzakitis* and Emmanuel D. Adamides 6 

Department of Mechanical Engineering & Aeronautics, University of Patras 7 
adamides@upatras.gr 8 

* Correspondence: ymouzakitis@upatras.gr 9 

Abstract: The concept of biorefinery constitutes a significant contributing 10 

factor to the emerging transition towards a sustainable bioeconomy. In such 11 

a context, replacing oil and petrochemicals by biomass may involve several 12 

feedstocks, platforms, processes, technologies, as well as final products. 13 

This paper concentrates in the complex process of transferring the concept 14 

of biorefinery from laboratory to industry, and sheds light on the tech- 15 

no-economic, and complexity management dimensions involved in this 16 

endeavor. Towards this end, adopting a systems perspective, the paper 17 

presents a structured and comprehensive framework, comprising of the 18 

definition of the transformation process, business model development, 19 

technoeconomic assessment and strategic positioning and viability assess- 20 

ment, which may be employed to facilitate the engineering at-large and 21 

launch of a biorefining venture in a circular bioeconomy context. The 22 

framework is applied in the context of a biorefinery plant in a specific region 23 

in Southern Greece, which is based on the valorisation of olive mill 24 

wastewater (a ‘strong’ and quite common industrial waste in Mediterra- 25 

nean Basin), and produces biopolymers (PHAs) and bioenergy (H2).  26 

Keywords: circular bioeconomy; biorefinery; waste valorisation; olive mill 27 

wastewater (OMWW), bioplastics; PHAs; business canvas; business model, 28 

SWOT analysis; industrial symbiosis  29 

 30 

1. Introduction 31 

Circular bioeconomy (CBE) is emerging in academia, industry 32 

and policy-making as an important concept towards sustainability. 33 

It extends across two fields: circular economy, and bioeconomy. In 34 

particular, it focuses on bio-based products and services, seeking to 35 

substitute the current linear material and energy flows with circular 36 

loops [Carus & Dammer, 2018; Giampetro, 2019; Stegman et al., 37 

2020]. In this direction, CBE addresses several widely publicized 38 
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sustainable development goals, and it has entered the agenda of 39 

policy plans in all continents, resulting in a growing number of ini- 40 

tiatives implemented at different geographic levels (local, regional, 41 

national, and supranational) [Mouzakitis & Tsoulfas, 2019; Nizami 42 

et al., 2017; Salvador et al. 2022]. The concept of biorefinery (de Jong 43 

et al, 2012; Mohan et al. (2016), where biofuels, chemicals, and a 44 

wide spectrum of high value bioproducts are produced from bio- 45 

mass using several conversion technologies [Cherubini, 2010; Mo- 46 

han et al. (2019)] constitutes a major step towards CBE. Not sur- 47 

prisingly, in both CBE and biorefineries, the strategy of waste val- 48 

orisation, namely the biotechnological conversion of by-products 49 

and residues into valuable products, is highly valued [Liguori et al., 50 

2013; Maina et al, 2017]. 51 

So far, the literature on CBE has taken two different but com- 52 

plementary directions: on the one hand, there is a growing number 53 

of publications with a clear bioengineering orientation, which pro- 54 

vide evidence on the technical advances of the corresponding pro- 55 

cesses and technologies, while on the other, one may find scholars 56 

who adopt a techno-economic perspective, seeking to shed light on 57 

the processes of efficient implementation of the afore-mentioned 58 

technologies in real-world settings. This paper falls into the second 59 

category, as it takes a holistic engineering perspective and presents a 60 

methodological framework (and the corresponding results stem- 61 

ming from its application) which may be used to manage the com- 62 

plexity in the development of a biorefinery facility as a social- 63 

ly-conscious economic entity. The proposed framework extends in 64 

four dimensions: process engineering, development of business 65 

model for a venture to capitalize on the process, techno-economic 66 

assessment of the venture business model, assessment of venture 67 

viability in the specific implementation context, and is demonstrated 68 

through an exploratory case study in Greece, where the venture 69 

considered would process olive mill waste water (OMWW), a quite 70 

typical agricultural waste in the Mediterranean Region, and through 71 

a combination of bio-chemical and mechanical processes, would 72 

produce bioplastics (Polyhydroxyalkanoates or PHAs) and biogas. 73 

The remaining of the paper has the following structure: Section 74 

2 summarizes the related theoretical background on the four central 75 

elements and processes (biorefinery, OMWW, PHAs, biogas), and 76 

Section 3 outlines the Research Questions that the paper aims at 77 

answering, the proposed methodological framework, and the cor- 78 

responding research tools. Then, in Section 3, we present and dis- 79 

cuss our case study, covering four aspects of the planned venture: 80 

the production process, a related business model, the tech- 81 

no-economic assessment of the venture implementing the model, 82 

and an overall assessment of the intended implementation by means 83 

of a SWOT analysis. Finally, section 4 draws the conclusions, and 84 

outlines directions for future work.           85 

    86 
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2. Theoretical Background 87 

2.1. Biorefineries 88 

Similar to conventional oil refineries, which are industrial 89 

complexes where crude oil is being refined and transformed into 90 

consumer and industrial products (gasoline, asphalt base, lubri- 91 

cants, etc.), biorefineries are facilities which transform a variety of 92 

chemicals, after the fractionating of a raw material (biomass), into 93 

intermediates (carbohydrates, proteins, and triglycerides), which 94 

may then be further processed into value-added products [Cheru- 95 

bini, 2010].  96 

Biorefineries appear in various forms, and Cherubini at al. 97 

(2009) proposed a four-group classification scheme consisting of:  98 

1. platforms, which refer to the intermediates linking feedstocks 99 

and final products. 100 

2. products, distinguished as energetic and non-energetic main 101 

products. 102 

3. feedstocks, which may be either dedicated (such as grasses, sugar, 103 

starch, lignocellulosic or oil-based crops, etc.), or residual (or- 104 

ganic, lignocellulosic, oil-based, etc.). 105 

4. processes, which may be mechanical/physical (distillation, filtra- 106 

tion, etc.), chemical ( oxidation, hydrolysis, etc.), thermochemi- 107 

cal (where the feedstock withstands changes in high pressure 108 

and temperature, with potential use of catalysts), or biochemical 109 

(changes occur under low temperature and pressure, using mi- 110 

croorganism or enzymes) processes.  111 

Biorefineries contribute to environmental sustainability, mainly 112 

because they facilitate fossil fuel decoupling, and the mitigation of 113 

climate change [Mohan et al., 2016; Mohan et al. 2019]. Nonetheless, 114 

one may find critiques of biorefining, largely due to their environ- 115 

mental impacts, such as changes in land use, eutrophication of wa- 116 

ter, use of pesticides [Uihlein and Schebek, 2009]. The 117 

afore-mentioned impacts depend largely on the origin of the feed- 118 

stock, namely, whether the biomass is harvested from land (prima- 119 

ry), consists of forest industry residues (secondary), or comes from 120 

municipal/industry wastes (tertiary). The feedstock considered here 121 

(OMWW) falls in the last category, and it should be underlined that 122 

besides the zero impacts (in terms of biomass production), there is a 123 

significant benefit stemming from the effective treatment of large 124 

volumes of waste.           125 

2.2.  Olive Mill Waste Water (OMWW) 126 

Olive oil is a liquid fat which is produced by pressing olives, a 127 

typical fruit of Mediterranean Basin. In the last 60 years, the 128 

production of olive oil has increased by thrice, reaching 3,3 millions 129 

tonnes in the 2019–20 crop year (IOC, 2022). EU accounts for over 2 130 

million tonnes of this output, with Spain (66%), Italy (15%), Greece 131 

(13%) and Portugal (5%) being the major producers.    132 
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The liquid waste which is generated during the extraction of 133 

olive oil is known as olive oil mill wastewater (OMWW), and it is 134 

considered as a strong industrial waste (see table 1). OMWW is 135 

related with severe enviromental issues, such as [Tsagaraki et al. 136 

2007; Justino et al. 2012]: 137 

− impacts on water bodies: intoxication, discoulouration, 138 

eytrophication. 139 

− impacts on soil: changes in fertility, decrease in magnesium, soil 140 

porosity.  141 

− impacts on plants: fruit and leaf amscission, seeds germination, 142 

early growing stage.  143 

Clearly, the production of OMWW is not an uncontrollable process. 144 

There are several factors (extraction method, type of olive trees, type 145 

of soil and irrigation water, climatic conditions, use of 146 

pesticides/fertilizers, etc.) which have a significant impact on the 147 

quality (chemical synthesis and the corresponding polluting 148 

ingredients) and quantity of OMWW. 149 

Table 1. Quantity & Properties of OMWW (based on Azbar et al. 2004; 150 
Tsagaraki et al. 2007; International Olive Council, 2022 ) 151 

Quantity Properties  

- olive growing area: 10.8 he (worldwide) 

- olive trees: 750 million (worldwide) 

- olive oil: 3 million tones (annual world production) 

- OMWW: 6 - 30 million m3 (annual world production) 

- OMWW per 1 tn of processed olives: 1 - 1.6 m3 

- OMWW per 1 tn of olive oil: 4.7 – 7.6 m3  

- colour: dark brown to black 

- smell: strong and offensive 

- pH: acid (between 2 and 6) 

- solid matter and organic load: high 

- pollutants: polyphenols, flavonoids, 

phosphorus, potassium, tanins, re-

duced sugars, (acetic, formic and 

oleanolic) acids 

 152 

Not surprisingly, there exist a large number of physical, phys- 153 

ico-chemical, thermal, and biological methods, which can be used 154 

(stand alone or in combination) for the treatment and/or valorisation 155 

of OMWW [Niaounakis and Halvadakis, 2006; Jegirim et al. 2012; 156 

Ahmed et al. 2019). Selecting between different alternatives is a 157 

multi-parametric issue, and the corresponding decision depends on 158 

factors such as the technological know-how, the quantity and qual- 159 

ity of the OMWW in hand, the financial affordability, the scattering 160 

and size of the involved olive mills, the proximity to human settle- 161 

ments, etc. In the paper, the proposed process for the facility under 162 

consideration, which is described in detail in section 4.1, is based 163 

mainly on microbiological treatment, and leads to the production of 164 

two valuable products: bioplastic (PHAs), and biogas (H2).   165 

 166 

 167 
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2.3. Production of PHAs and biohydrogen 168 

Biobased materials, such as biopolymers, biofibers, biofilms 169 

and biocomposites, are intended to replace synthetic ones, in an at- 170 

tempt to reduce the severe environmental impacts caused by the 171 

latter [Vinod at al., 2020]. Contrary to conventional petro-based 172 

plastics which are produced from oil or natural gas, bioplastics (bi- 173 

obased polymers) are produced from renewable biomass (seed fats 174 

and oils, straw, wood waste, etc.). Although a major benefit of bi- 175 

obased polymers is the decoupling from fossil fuels, in fact, bioplas- 176 

tics are not necessarily environmentally superior to petro-based 177 

ones [Vert et al., 2012]. Bioplastics are gaining market share, as in the 178 

last five years, they participated by around 2% in the world’s total 179 

plastics production [Chinthapalli et al., 2019]. In a classification 180 

scheme presented by Gurunathan et al. (2015), biopolymers can be 181 

distinguished in three groups: 182 

1. biomass products (polysaccharides and proteins), which are 183 

biopolymers derived from agro-resources,  184 

2. biotechnology products (polylactides & polyglycolides), which 185 

are synthesized from bio-derived polymers, and 186 

3. micro-organisms products (polyhydroxyalkonates-PHAs), 187 

which are micro-organism-based products.  188 

PHAs are thermoplastic polymers, which may be processed 189 

with conventional machinery, and similarly to other biopolymers, 190 

they present different properties with respect to their specific 191 

chemical synthesis [Cataldi et al., 2020]. They are biodegradable and 192 

highly deformable, presenting high heat resistance and achieving a 193 

sufficient balance between toughness and stiffness [Poltronieri & 194 

Kumar, 2019]. Not surprisingly, they have a growing number of 195 

applications in coating, packaging, prosthetics, etc.[Poltronieri & 196 

Kumar, 2019; Wand and Chen, 2017]. Overall, despite their rela- 197 

tively high production cost with respect to other plastics, they con- 198 

stitute a promising area of biomaterials with a growing market and 199 

high value functionalities [Anjum et al., 2016].        200 

 The second product of the OMWW valorization, which can be 201 

derived from the planned biorefinery, is biohydrogen, a gas which is 202 

associated with both the biorefinery [Kaparaju et al, 2009], and 203 

PHAs [Sekoai et al., 2022]. Biohydrogen can be produced by several 204 

processes (biophotolysis, fermentation, hybrid bio-electrochemical), 205 

each one having benefits and disadvantages [Azwar et al., 2014]. 206 

Kotay and Das (2008) underline that biohydrogen is highly conven- 207 

ient for small-scale decentralized energy production systems, which 208 

are integrated within agricultural, industrial and waste-treatment 209 

facilities. They also argue that process engineering, associated with 210 

the design and operating conditions of bioreactors, is one of the key 211 

elements affecting the efficiency of hydrogen conversion. More spe- 212 

cifically, this efficiency might be increased by tweaking reactor de- 213 

sign and operational parameters including pH, hydraulic retention 214 

time, and temperature. In this vein, given the complexity of the 215 
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corresponding reactor, the use of artificial intelligence, which may 216 

take into account the non-linear interactions between the inputs of 217 

the process, is highly recommended (Asrul et al., 2022).   218 

3. Methodology 219 

A biorefinery can be conceptualised as an anchor tenant 220 

[Korhonen and Snakin, 2001; Topolski et al., 2019], of an industrial 221 

symbiosis system [Boons et al. 2011], where wastes or byproducts of 222 

one industrial process constitute the raw material for another. More 223 

specifically, and in the context of the presented study, we consider 224 

the biorefinery as the “heart” of symbiosis (see Figure 1). In such a 225 

position, it takes as inputs the OMWW from olive mills (mainly local 226 

ones), and provides its outputs (the PHAs) to plastic manufacturing 227 

facilities (not necessarily nearby ones).  228 

 229 

 

Figure 1. The biorefinery as an anchor tenant of an industrial symbiosis. 230 

In this paper, we focus on the anchor tenant (biorefinery level), 231 

aiming to provide answers to the following research questions (RQ): 232 

RQ1: How the potential of the actual implementation in a specific 233 

real-word context of a biorefinery based on novel biotechnolo- 234 

gies, which have been developed and tested in vitro, can be 235 

assessed in a systematic and comprehensive way? 236 

RQ2: How the derived assessment framework (the answer of RQ1) 237 

can be used in a specific case-study in a region in Greece, where 238 

the planned biorefinery has a feedstock of OMWW and pro- 239 

duces PHAs and biogas? 240 
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 In order to deal with the above research questions, we have de- 241 

veloped and applied a four step process (see Figure 2): 242 

1. Relying on the literature which focuses on the valorisation of 243 

OMWW in the direction of PHAs and biogas (e.g. Beccari et al. 244 

2009, Ntaikou et al. 2009, Ntaikou et al. 2014), we present the 245 

production process of the facility. The publications mentioned 246 

above adopt a bio-engineering perspective and provide evi- 247 

dence on the exploitation of OMWW for bio-polymers and 248 

bio-energy production through a combination of both anaero- 249 

bic and aerobic processes.       250 

2. Then, we use the Business Model Canvas [Osterwalder et al., 251 

2010] to develop the corresponding business model. Business 252 

Model Canvas is a tool that provides a detailed structured 253 

template for developing and communicating business models, 254 

by means of nine elements: value proposition, market/customer 255 

segments, (market) channels, customer relationships, key re- 256 

sources/assets, key activities, key partners/collaborators, cost 257 

structure, and revenue streams. The importance of novel busi- 258 

ness models has been underlined in the literature of circular 259 

bioeconomy [Salvador et al,2021], while Business Model Can- 260 

vas has been applied in similar cases of waste valorisation in 261 

the olive-oil sector [Donner & Radić, 2021; Donner et al., 2022].  262 

3. In the step following, the economic viability of planned venture 263 

is assessed by examining scenarios of different organizational 264 

configurations. Various approaches to techno-economic as- 265 

sessment of circular bioeconomic endeavours can be found in 266 

the literature (Anyaoha & Zhang, 2022; Gutiérrez et al. 2022; 267 

Nematian, et al. 2021]. Our method of analysis is novel, in that 268 

it is based on a non-equilibrium system dynamics model cali- 269 

brated using cost-price data specific to the region of the case 270 

study (see below). In addition, such an approach incorporates 271 

the endogenous investment dynamics and assesses outcomes in 272 

operational - rather than correlational - terms (Keen, 2022). 273 

4. Finally, using input from the previous stages, we carry out an 274 

analysis of the internal and external environment of the 275 

planned facility, based on the strategic management technique 276 

of SWOT analysis [Helms & Nixon, 2011], which is a method- 277 

ological tool already been applied in the context of circular bi- 278 

oeconomy [Gomes et al., 2020; Paes et al., 2019]. SWOT analysis 279 

can be employed to identify internal and external environ- 280 

mental elements, factors and characteristic, which may act as 281 

positive or negative catalysts in the development of a specific 282 

venture.      283 
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 284 

Figure 2. The 4-step framework of analysis. 285 

The above process was applied for the development of an 286 

OMWW biorefinery in Achaia, the largest prefecture in Western 287 

Greece which has a population of roughly 300,000 people, and an 288 

area of 3,271 km2 . In the area, the service sector accounts for 70% of 289 

the local economy's Gross Domestic Product, while the rest of the 290 

GDP is made up of manufacturing (about 20%), and agriculture 291 

(10%). Achaia was chosen as the subject of the case study because, 292 

apart from a significant production and demand for the planned 293 

venture (see Table 2), its capital (Patras) hosts a high-ranking engi- 294 

neering school with significant related research, which could make a 295 

positive contribution to the project (see Section 4.4). 296 

Table 2. Prefecture of Achaia: Data on OMWW supply and PHAs demand 297 

OMWW PHAs 

- olive trees: 3.5 million 

- olive pressing facilities: 59 (mainly SMEs) 

- production of olive oil: 21,000 tns / year  

- production of olive oil: 130,000 tns / year  

- major plastic producers: 3 facilities 

- the largest venture requires an in-

put of plastic of 4.4 tns/year 

 

 298 

4. Results & Discussion 299 

Table 3 depicts the basic features of the planned biorefinery 300 

(platforms, products, feedstocks, processes) with respect to the clas- 301 

sification scheme presented by Cherubini at al. (2009). Following, in 302 

accordance with the aforementioned framework, we discuss the 303 

results of its application, concerning the production process (section 304 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 21 October 2022                   doi:10.20944/preprints202210.0340.v1

https://doi.org/10.20944/preprints202210.0340.v1


Eng 2022, 3, FOR PEER REVIEW 9 
 

 

4.1), the business model (section 4.2), the techno-economic assess- 305 

ment (section 4.3), and the SWOT analysis (section 4.4). 306 

Table 3. Classification of the planned biorefinery [based on Cherubini at al. 307 
(2009)]   308 

feature classification  

platforms oil & biogas 

products 
material products: biopolymers (PHAs) 

energy products: biogas 

feedstocks oil-based residues: OMWW (tertiary biomass) 

processes  

thermochemical: combustion 

biochemical: anaerobic digestion, aerobic conversion, enzymatic 

mechanical/physical: extraction, separation (filtering) 

 309 

4.1. The production process  310 

Drawing on [Beccari et al. 2009, Ntaikou et al. 2009, Ntaikou et 311 

al. 2014), the PHAs production process of the OMWW treatment 312 

plant is given in Figure 3. The technical infrastructure required is 313 

depicted in Table 4. More specifically, the process is constituted by 314 

the following phases: 315 

 316 

Phase 1: Reception & Storage of OMWW 317 

After their collection and reception, OMWW are stored in 318 

stainless steel tanks, bearing an external cooling cloak, with the aim 319 

of keeping their storage temperature at a level below 4oC. This is 320 

considered necessary as it has been shown that close to this temper- 321 

ature, the concentration of carbohydrates is reduced (possibly due to 322 

microbial activity), thus affecting their performance during anaero- 323 

bic fermentation. In addition, monitoring the temperature of 324 

OMWW is crucial in order to control their flow to the anaerobic bi- 325 

oreactor with the appropriate rate [Koutrouli, 2008].  326 

 327 

Phase 2 : Dilution of OMWW  328 

Using a pump and stainless-steel ducts, OMWW is driven into 329 

a tank, where dilution with tap water takes place. This is a necessary 330 

as the anaerobic hydrogen production process is hampered when 331 

undiluted liquid oil mill waste is used as a substrate, whereas this is 332 

not the case when diluted waste is used as a substrate in the ratio of 333 

1:4 to 1:2. In addition, K2HPO4 is added to the dilution tank, in a ra- 334 

tio of 1 g/lt, as a phosphorus source. 335 

 336 

Phase 3 : Anaerobic treatment of OMWW  337 

The diluted OMWW are led into a stainless continuous 338 

stirred-tank reactor (CSTR). The reactor has double cylindrical walls 339 

(heating mantle) between which water flows at a temperature of 1-2 340 
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0 C higher than the desired temperature of 35 °C inside the reactor, 341 

so that there are no losses and ensures its operation in the mesophile 342 

conditions. The heating of the liquid is achieved by an external sys- 343 

tem. Inside the reactor there is a stirring system, while at its top 344 

there is a device for collecting the biogas produced. In addition, one 345 

may find two receptacles, one for taking a gaseous sample and one 346 

for taking a liquid sample. The feeding of the anaerobic reactor with 347 

diluted OMWW takes place through a peristaltic pump, which is 348 

appropriately adjusted to feed the reactor with a specific amount of 349 

diluted waste at regular intervals depending on the hydraulic resi- 350 

dence time (HRT). This is chosen to be 14,5 hours. 351 

 352 

Phases 4 & 5: Mechanical treatment of OMWW  353 

After the anaerobic treatment, the acidified OMWW undergoes 354 

centrifugation and filtration in order to remove the solids. The cen- 355 

trifugated and filtrated OMWW is led to an aerobic reactor.  356 

  357 

Phase 6: Aerobic treatment of OSH  358 

An enriched mixed culture is added to the aerobic reactor as a 359 

20% inoculant. The mixture is enriched with K2HPO4, at a ratio of 3 360 

g/L feed, as a source of phosphorus, but also in order to adjust the 361 

pH, and with (NH4)2SO4 as a source of nitrogen. The reactor operates 362 

at ambient temperature, it is equipped with aeration, agitation and 363 

exhaust systems, and operates periodically and automatically, com- 364 

pleting each treatment cycle in 2.5 days. The reactor is equipped 365 

with an automatic system which by receiving data on the quantity 366 

and quality of OMWW flowing into the plant, automatically adjusts 367 

the operation of the unit by adjusting the times and sequence of op- 368 

eration of all pumps, aerators, agitators and electrovalves. 369 

 370 

Phase 7: Recovery of PHAs 371 

With the aid of solvents the PHAs are recovered from the bio- 372 

mass, which has been produced by the aerobic reactor. 373 

 374 

Phase 8: Collection and combustion of biogas  375 

The biogas produced in the anaerobic reactor (Phase 3) is ex- 376 

tracted through a pipeline in a storage tank. The expected hydrogen 377 

production is 233 ml/lt of diluted OMWW, and the corresponding 378 

combustion is used for energy production.  379 

 380 

Phase 9: Removal of residuals  381 

The solid and fluid residuals produced in Phases 5 and 7 are 382 

collected and stored, before removed by a certified waste manage- 383 

ment organisation. 384 

 385 
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 386 

Figure 3. The 9 phases of the production process. 387 

Overall, and according to the aforementioned literature, the 388 

ramp-up period until the process reaches a level of satisfactory op- 389 

eration, where the biogas and biomass production rates stabilize, is 390 

expected to be a period in the range of 150-180 days. 391 

Table 4. The planned biorefinery: production process & technical infra- 392 
structure 393 

Phase  
Equipment 

(supplementary supplies) 

1. reception & storage storage tanks with cooling coats , pumps, ducts 

2. dilution 
dilution tank 

(water + K2HPO4) 

3. anaerobic treatment anaerobic reactor 

4. centrifugation centrifuge 

5. filtration filtration filters  

6. aerobic treatment 
aerobic reactor 

(microorganisms + K2HPO4 + (NH4)2SO4 

7. recovery chemical solvents 

8. combustion storage tank, peristaltic pump 

9. removal storage tank 

 394 
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4.2. The Business Model  395 

Clearly, the operation of the PHAs biorefinery can be consid- 396 

ered through the lens of industrial symbiosis [Boons et al, 2011; 397 

Chertow and Ehrenfeld, 2012], which, as it was already indicated, 398 

refers to the feeding of an industrial (or service) process with the 399 

waste or byproducts of another process. Feeding may concern the 400 

raw materials or the energy requirements of the process. In most 401 

cases, industrial symbiosis requires the transformation of waste and 402 

byproducts to a form that is usable by the receiving process. In sys- 403 

tems of industrial symbiosis (industrial ecosystems) different 404 

transformations (e.g. waste to raw material, waste to energy source, 405 

etc.) at different points in the processes network (e.g. at the end of a 406 

process or at the materials receiving point, etc.) may take place 407 

(Adamides and Mouzakitis, 2009).    408 

No matter whether materials are waste or byproducts, on 409 

purpose materials transformation is a value-adding activity whose 410 

productivity and effectiveness can benefit from innovative tech- 411 

nologies and/or engineering systems solutions. Hence, innovative 412 

entrepreneurial ventures are usually built around transformation 413 

technologies contributing to the wider acceptance and use of these 414 

technologies. These ventures are built on the basis of business mod- 415 

els contingent to the national and regional economies that they are 416 

associated with. Following we present a business model suitable for 417 

a venture implementing the OMWW treatment technology in a pe- 418 

ripheral European economy in the Mediterranean region (Greece).  419 

As we described in Section 3, a PHAs production from OMWW 420 

venture can be described by means of the Business Model Canvas 421 

template and its related logic. A technology-based firm’s business 422 

model is a description of how a venture built around a technology 423 

creates and appropriates value.  More specifically a business model 424 

describes where value lies, i.e. what is the value proposition (e.g. for 425 

industrial customers, cost-saving, design, burden-taking, etc.), who 426 

is the recipient of value (customer(s)), how the value proposition is 427 

created (value chain), and why the particular business model creates 428 

profits (Gassmann et al, 2014).    429 

Figure 4 below presents the Business Model Canvas for the 430 

aforementioned venture. The nine segments describe a venture that 431 

collects OMWW, thus shifting the burden of waste from olive mills, 432 

and produces biodegradable plastics ad biogas using the technology 433 

described in Sections XXX. The company operates as a multi-sided 434 

platform addressing the needs of olive mills by managing their 435 

waste, of plastics produces by supplying raw material with ecolog- 436 

ical properties, as well as those of local and regional authorities that 437 

are interested in providing a clean environment to their citizens. The 438 

implementation of the OMWW transformation technology and the 439 

necessary means of transportation are the venture’s key resources. 440 

The collection of OMWW will take place according to a predeter- 441 

mined schedule, so that the collection is fast and efficient, both in 442 
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economic and environmental terms (one vehicle round can serve 443 

many olive mills). The supply of PHAs will take place in accordance 444 

with signed agreements with the plastics manufacturers. The mar- 445 

keting of the services will be through industry trade shows as well 446 

as through service representatives. The revenue streams, in addition 447 

to the sales of plastics raw material, will include revenues from that 448 

management of the olive mills’ waste, as well as government subsi- 449 

dies for contributing to a cleaner environment and supporting local 450 

tourism. Finally, the venture’s costs structure will be constituted by 451 

the collection and distribution costs, in addition to operation and 452 

capital costs related to the development and installation of the waste 453 

transformation technology.    454 

   455 

 456 

Figure 4. The Business Model Canvas of the planned biorefinery. 457 

4.3. Techno-economic analysis 458 

4.3.1. Simulation-based techno-economic analysis 459 

For assessing the utility of the implementation of the biorefin- 460 

ery technology, and for ensuring the viability of the related venture 461 

for different collecting and processing capacities, a techno-economic 462 

analysis is necessary. As it was already mentioned in Section 3, the 463 

techno-economic analysis of the planned facility is based on a 464 

non-equilibrium system dynamics model calibrated using cost and 465 

price data specific to the region of the case study (Peloponnese, in 466 

Southern Greece). System dynamics models are constructed using 467 
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stock (accumulation), flow (rate) and constant/auxiliary variable 468 

elements. The model used for the analysis is shown in Fig. 5. It is 469 

comprised of two main sectors: the upper part models the value 470 

chain from waste collection through PHAs and gas production to 471 

selling, whereas the lower part denotes the dynamics of cost, reve- 472 

nue and profit accumulation. Table 5 lists the model variables ac- 473 

companied by short descriptions of their role in the model, while 474 

Table 6 presents the assumptions and default values for the corre- 475 

sponding simulations. The total purchasing cost of production re- 476 

sources was estimated in the region of 190,000 Euros (Ami- 477 

nalrgia-Giamini, 2016).  478 

 479 

 480 

Figure 5. The system dynamics model of the techno-economic analysis. 481 

 482 

Table 5. System dynamics model variables and their explanation 483 

Variable Type Description 

waste_available Auxiliary 

(graphical 

function)  

OMWW available for processing-work load/demand per 

month (increases from 250m3 to 1,250 m3 per month in the 60 

month period of the analysis) 

cap_col_res Constant Capacity of collecting resources (default value = 20m3) 

coll_trips Auxiliary Total number of trips for collecting OMWW per month 

[coll_trips =waste_available/cap_col_res] 

collecting_  

resources 

Constant Number of collecting resources 
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operating_cost Auxiliary Cost of process operation [operating_cost = 

in_process*3.3+(coll_trips*20)+collecting_resources*500] – cost 

per m3 processed (3.3 Euros) was initially calculated in annual 

basis and then allocated monthly 

capacity Constant Available process capacity (m3/month) 

collecting  Flow OMWW collected per month (m3)  

collected  Stock Intermediate storage of collected before being processed (in-

coming inventory) 

in_process Flow Volume of OMWW processed per month (m3) 

treated  Stock Intermediate storage of treated before being sold 

sold Flow Volume of treated (m3) sold per month 

costs Flow costs = operating cost + capacity depreciation cost over a spe-

cific period (no of months)+inventory cost (collected) - calcu-

lated monthly in Euros  

[costs = operating_cost+(if time <=48 then capacity*4 else 0]  

revenues Flow revenues  =  revenues from PHAs sold (quanti-

ty*price)+revenues from collection services (150 Euros per 

collection trip + revenues depending on the volume collected) 

+ revenues from selling hydrogen produced + government 

subsidy depending on the operational capacity and the related 

operational cost (all in Euros)  

[revenues=sold*price_PHAs+coll_trips*(150+capac_col_res* 

1.5)+ price_H2 +subsidy] 

subsidy  Auxiliary Total subsidy based on operational capacity, operational cost 

and subs_perc coefficient 

subs perc Constant Percentage of operational cost subsidized 

price_PHAs Constant Price of PHAs per m3 (in Euros) 

price_H2 Constant Price of H2 per m3 (in Euros) 

cash Stock cash=revenues – costs  

profit_rate Flow Profit rate per month [profit_rate= revenues – costs] 

profit Stock 
Total profit in 60 months (Σ[profit_rate]) 

 484 

Table 6. Assumptions and default values for model simulations 485 

Assumptions Default Values 

Cost per trip (fuel)/month = 20 Euros 

Cost of actual processing/m3/month = 4 Euros 

Cost of rent/lease of collecting resources/month = 500 Euros 

Inventory cost/m3/month= 3 Euros 

Conversion coeffieint of OMWW to PHAs (volums) =0,42 

Capacity = 1,000 

subs perc = 0.5 

collecting_ resources = 2 

 486 

 487 
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4.3.2. Simulations and analysis 488 

Exploratory simulations were executed with the default 489 

variable values indicated above, with the exception of those 490 

mentioned explicitly in the scenarios examined. Overall, eight 491 

scenarios were examined as depicted in table 7. Scenarios 492 

examined the effect of processing capacity, number of col- 493 

lecting resources and subsidy percentage on the size and 494 

timing of profitability. 495 

Table 7. The eight (8) scenarios examined  496 

No Processing capacity 

(m3) 

No of collecting resources 

(#) 

Percentage of subsidy 

(%) 

1 1,000 2 0.5 

2 800          2 0.5 

3 600 2 0.5 

4 1,250 2 0.5 

5 1,250 3 0.5 

6 1,000 3 0.5 

7 1,000 3 0.3 

8 1,000 3 ø 

 497 

Figure 6a below shows the evolution of profit over the 60-month 498 

period for the eight scenarios.  The most profitable scenarios are 499 

scenarios 1, 2, 3 and 4 (total profit around 350,000 Euros in 60 500 

months). In these, lower capacities (scenarios 2 and 3) show better 501 

profitability as the operating costs, which contribute a lot to the total 502 

cost and depend on capacity size, are lower. The tradeoff in per- 503 

formance of increased inventories is depicted in Figure 6b. Increas- 504 

ing the number of collecting resources results in lower profitability 505 

(comparison of scenarios 1 and 6) as the monthly cost of collecting 506 

resources is relatively high. As it was expected, subsidies play an 507 

important role in the overall viability of the venture, and the absence 508 

of subsidies produces the worst performance, requiring the injection 509 

of additional cash for some time as Figure 6c indicates.  510 

 511 

 512 

 513 

 514 

 515 

 516 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 21 October 2022                   doi:10.20944/preprints202210.0340.v1

https://doi.org/10.20944/preprints202210.0340.v1


Eng 2022, 3, FOR PEER REVIEW 17 
 

 

 

(a) 

 

(b) 

 

(c) 

Figure 6. Simulation results of the eight examined scenarios. (a) Evolution 517 
of profitability; (b) Evolution of currying inventories (collected); (c) Cash 518 
flow in the eight scenarios 519 
 520 
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It should be noted that the evolution of the OMWW collected 521 

inventories is indicative of the average real inventory as the collec- 522 

tion and processing of OMWW is a seasonal activity. In the model 523 

this activity was “spread” over the entire 12-month year.  524 

In summary, the economic analysis indicated that a venture 525 

implementing the OMWW processing technology in the business 526 

model described above needs to balance the investment and opera- 527 

tional costs of large capacity (collection and processing) with the 528 

potential of increased revenues from plastics volume sales. As the 529 

operation matures and costs and revenues increase, the differences 530 

in profitability and cash availability between scenarios become 531 

marginal. Of course, it must be noted that these observations are 532 

meaningful for the specific case and its assumptions.    533 

4.4. The SWOT analysis 534 

Launching and developing a new venture is a complex process, 535 

and one may find a significant number of (endogenous and exoge- 536 

nous) ‘catalysts’, which may enhance or act as a deterrents to the 537 

success and viability of the project. In this vein, the results of the 538 

SWOT analysis (Table 8) provide a structured and comprehensive 539 

mapping of both positive and negative influencing factors, origi- 540 

nating from both the internal and the external environment of the 541 

planned biorefinery and its operational business model.        542 

Table 8. The SWOT analysis of the planned facility 543 

Internal Environment External Environment 

Strengths 

Provision of a novel service 

(market creation) 

Easy access to raw materials 

Environmentally sound business 

 

 

Opportunities  

Local potential customers (plastic production ventures) 

Strategic collaboration with local (olive-oil) cooperatives 

Technology acquisition from local University 

Tightening up and monitoring existing regulations for OMWW 

Campaigns for the promotion of bioplastics through national policy, 

and/or business strategies 

Available funding schemes (EU grants & national subsidies)  

Consumer preference of bio-based products 

Geographical extension of symbiosis (olive mills, and/or other ventures 

from adjacent regions) 

Valorisation of similar (and locally-produced) wastes (e.g. dairy industry)    

Weaknesses 

Seasonality of feedstocks 

Feedstocks of varying quality 

Use of novel not sufficiently 

tested technology  

Strong dependence on local ol-

ive-mills 

Focus on a single product  

 

Threats 

Possible failure/shutdown of basic suppliers   

Changes in legislation (restrictions in waste transportation/treatment)  

Threat of new competitor(s) entering the market 

Economic instability & volatility in corresponding inputs and outputs 

prices 

Impact of climate change on olive tree agriculture 

Industry reservations towards bio-based products as raw materials 
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5. Conclusions 544 

Circular Bioeconomy is reaching a tipping point, and biorefin- 545 

eries may have a significant contribution to the transition towards a 546 

sustainable and circular economy. In this paper adopting a holistic 547 

perspective of technology as configuration that work (Rip and 548 

Kemp, 1998), we presented the development of an OMWW treat- 549 

ment refinery in the context of industrial ecology. The disposal of 550 

OMWW is a significant environmental challenge because of the 551 

quantity and unique chemical properties of the produced 552 

wastewater. Therefore, its treatment is extremely valuable, 553 

especially when it additionally results in tangible economic benefits, 554 

as in the case of the production of PHAs and biogas described in this 555 

paper.  556 

Towards this objective, applying a holistic bottom-up approach 557 

to manage the complexity of the implementaion of the associated 558 

biorefinery process as a venture in an industrial symbiosis setting, 559 

we first described the engineering of the process, then the 560 

development of a business model for a venture to capitalize on the 561 

process, followed by a techno-economic assessment of the venture’s 562 

business model, and an assessment of the competitive posistiion of 563 

the venture  in the specific implementation context in Southern 564 

Greece, through SWOT analysis. Clearly, the framework presented 565 

can be applied to diffent process technologies and diverse 566 

industries, supplemented by LCA analysis to explore the environ- 567 

mental impact of the entire production-consumption system. 568 
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