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ABSTRACT 

 

Microalgal biotechnology is a novel developing area which is persistent in most of the 

technological divisions. With the spread in microalgal biotechnology, there has been a peak in 

the number of products and services which has led to a new understanding covering the 

Intellectual Property Rights (IPRs). IPRs are the legal rights of the developer to hold and 

protect the defined product or service. With the recent developments in microalgal 

biotechnology, a new understanding should be adopted in terms of covering the opportunities, 

threads, legal rights and ethical issues to benefit from more realistic, secure and sustainable 

production technologies and reliable products. Thus this study aims to display the relation of 

microalgal biotechnology with IPRs.  
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ÖZ 

 

Mikroalgal biyoteknoloji hızla gelişen özgün bir alandır ve teknolojinin pek çok alanında 

adından söz ettirmektedir. Mikroalgal biyoteknolojinin yaygınlaşmasıyla beraber pazarda 

yerini alan ürün ve hizmetlerin yanı sıra mikroalgal üretimlerde fikri mülkiyet haklarından da 

bahsedilmeye başlanmıştır. Mikroalgal biyoteknolojinin gelişmesi için yeni fırsatlar var olsa 

da; olası zorluklar ve etik konuları ile alakalı araştırmaların yaygınlaştırılması ve yasal 

düzenlemelere tabii tutulmasıyla daha güvenli ve sürdürülebilir üretim yöntemleri ile 

güvenilir ürünlerin ortaya çıkacağı düşünülmektedir. Bu nedenle hazırlanan bu çalışmada 

mikroalgal biyoteknolojinin fikri mülkiyet hakları ile ilişkisi incelenmiş ve değerlendirilmiştir. 
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1. INTRODUCTION 

 

Microalgal biotechnology is gaining advanced knowledge to build a microalgae based bio-

economy with the strong adaptability to human welfare [1]. The diversity of microalgal 

species and the essentials in microalgal metabolism as well as metabolites [2] which are open 

for innovations and creativity are the main driving forces on the road to innovative 

approaches of microalgal biotechnology [3–5]. One of the advantages of microalgae is its 

sustainable nature which is fundamental for cost-effective development and a microalgae-

based bio-economy. The marine and freshwater sources and aquatic richness of the 

microalgae holds great potential on the production of innovative substances and formulations 

as a gift of nature.  

The core science of microalgae is currently adaptable for biofuels, nutraceuticals, 

pharmaceuticals, cosmetics and cosmeceuticals, environmental studies and even architecture 

and also art works constructed with microalgae [6, 7]. There are still challenges in microalgal 

biotechnology but achievements also have been done to affect global markets [8, 9]. The 

entrepreneurs and academicians aim to be successful while developing a service or product 

from microalgae in which they should be aware of the risks of failure, role models, local and 

global competitors and the legal issues related to their products. However current challenge of 

microalgal products is the achievement of a sustainable commercial production with higher 

amounts of return on investment ratios. At this point the Intellectual Property Rights (IPRs) 

become a major source to imagine and visualize the roadmap of successful biotechnological 

approaches where biosafety, biosecurity and biodesign are emerging socio-economic issues 

[10, 11]. 

 In algal biotechnology patents and trade secrets are commonly used IP rights in biofuel 

and pharmaceutical industry. Providing the security of the developed technologies and 

products will benefit and return as a positive investment for SMEs and also encourages global 

corporates to set aside their R&D budgets and invest on microalgae based research and 

product development for marketing which is also a key movement that strengthens the 

collaboration of university and industry. Besides the green features of microalgae are also a 

positive impact on the advertisement of microalgal products which affects the public 

acceptance of the relevant product of a certain industry. 

Thus the aim of present study is to display the importance of microalgal bioproducts 

considering IPRs on technology and product based approaches. Another point is to stress the 

ethical considerations on product development.  

 

2. MICROALGAL BIOTECHNOLOGY FOR LIFE SCIENCES  

Microalgae are photosynthetic microorganisms living in freshwater or marine 

environments [12]. They are responsible from more than half of the global oxygen production 

and carbon fixation [13]. The eco-physiological importance of microalgae is not limited with 

only natural balancing but also microalgal bioproducts are gaining importance due to 

tremendous features beneficial for living systems as well. The development of microalgal 

biotechnology for community use is not a new concept, however the sophisticated production 

strategies are accepted at late 1950s when a global demand for food and feed supplements has 

peaked [14]. During the 1950s, the bulk production of microlgae for several industries has 

started in order to cope with hunger, energy consumption, to supplement healthy food chain 

and adopt new technologies for future developments. Even in space missions, algae are 

considered as a sustainable oxygen and food source for the crew [15].  
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The development of algal biotechnology has moved forward with bilateral understanding 

of the taxonomy and promising biological compounds. Today, there are more than 100.000 

species which are classified with the utilization of taxonomic tools [3], 16, 17]. Among them 

more than 200 species are important for biotechnology and some species are commercially 

available. Within this ocean more than 15.000 novel natural compounds are determined also 

and most of them are marketed or at their late development stages [16].  

 

3. MAJOR INDUSTRIES FOR MICROALGAL BIOTECHNOLOGY  

The continuous research on microalgae has concluded one final thing that microalgae have 

potential to support food sources, environmental balance and biofuel consumption. 

Considering the current status of the technology roadmap [18], microalgae have been 

evaluated as a fuel source rather than other novel applications [19]. However microalgae have 

potential more than being a fuel source but it holds a hidden know-how of the nature in its 

genome sequences [20]; actually microalgae provide alternative and natural compounds for 

pharmaceuticals [21], nutraceuticals [4], aquaculture [22] and cosmetics [23] as well.  

A comprehensive understanding of the microalgal biotechnology starts from the strain 

selection to final product formulation and marketing. In this aspect, each research has its 

unique importance to draw a whole frame for commercial applications [24, 25]. Actually the 

ultimate goal is to leap up commercial scale rather than only feeding the core science and 

fundamentals which is also emerging for further large scale productions. Large scale 

microalgae production market has a value more than $700 Million and grows steadily [26]. 

This market value display something important that microalgae have the capability to 

compete with existing technologies in economical point of view [27]. It is also estimated to 

develop further futuristic applications derived from microalgae which is a clue for the 

adoption of the technology for diversifying areas.    

The microagal biotechnology development is highly affected from the geographical 

regions where the industry is facilitated [28]. Today the major share of aquatic biotechnology 

where microalgae is dominated belongs to the Asian countries such as Philippines, Malaysia, 

China, Japan, India, Taiwan and Republic of Korea (South Korea). This has a couple of 

reasons; one is that algae is the major food supplement in Asian culture thus most of the 

algae/microalgae is processed within internal market or nearby countries. The other is that; 

these countries have wide off-shore areas suitable for microalgae cultivation [29]. The 

geographical region is suitable for outdoor cultivation where natural light is utilized [30]. 

More importantly algae cultivation is like a tradition. With the global recognition of 

microalgae as a novel substance for industries mentioned in Figure 1, the marketing of 

microalgae and microalgae derived fine chemicals are expanded to external markets where 

US is the leading one. The spread in the microalgal biotechnology with a global vision has 

some sort of disadvantages as well. One of the most important thing is that with the rapid 

distribution of microalgae based compounds there will be a new undefined area in 

biotechnology, which may require certain classifications. Another point is related with the 

increasing number in the facilities a new job area will be opened however in here employment 

ethics will be a subject to discuss. Furthermore, in order to gain profit from microalgae, the 

balance of the environment may be disturbed, thus societies will face a major environmental 

protection risks, leading to cover environmental ethics.  

In current market structure, microalgae is utilized as a source for dietary supplements such 

as single cell protein (SCP), omega-3 fatty acids; fine chemicals as astaxanthin, phycocyanin, 

β-carotene, lutein as colorful pigments for food, feed, pharmaceuticals and cosmetics [23], 
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[31–34]. One of the recent products from microalgae is bioactive peptides for human 

consumption which are considered to replace animal-derived protein supplements in 

formulations [35]. The market values of these products are 40 Million $ of dietary 

supplements; 300 Million $ of omega 3 (from fish); 1.2 billion $ of carotenoid market which 

microalgae derived products can penetrate easily.  

Figure 1 presents the current status of microalgal biotechnology in terms of major sub-

divisions of technology. With this knowledge and the know-how from literature studies, it is 

estimated that microalgae will be a “super-organisms” for any branch of biotechnology where 

human welfare and environmental health is of importance.  

 

Figure 1. The development stages of microalgal biotechnology 

 

3. INTELLECTUAL PROPERTY RIGHTS (IPRs)  

Biotechnology is an open area for new inventions, technologies and products which may 

require protection in the frame of determined laws (WIPO, 2016). The ideas and designs can 

be protected with intellectual property rights (IPRs). IPRs encourage the inventors to create an 

independent study environment with a special focus to the related technology. With IP rights 

the forecasting of future trends can be established in order to navigate existing production or it 

gives inspiration to develop a new model for related field.  

IP rights can be utilized in any area from core science to literature or artworks, however 

the IP rights related to algal biotechnology covers Patents or Trade Secrets. Both 

classifications are vital for algal biotechnology development. In order to have a claim to 

patent, there must be an invention step which give its value with an innovative approach 

according to the regulations of World Intellectual Property Organization, WIPO. Thus it 
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should solve a problem in its related technology or utilization area. A patent gives the rights 

for the inventor to develop the product at marketing stage and creates an area in the market as 

being the only permitted holder for the developed product. The patents are preferred by the 

research institutes of universities before publishing the scientific date. The coverage duration 

of a patent is 20 years, this means that the patent owner holds the right for only 20 years and 

after the termination of the duration, the patent can be utilized by any other researchers. Thus 

rather than patents, most of the biotechnology companies prefers trade secrets. Trade secrets 

are required when a cutting edge scientific development is established. Trade secrets cover the 

manufacturing, industrial or commercial secrets. Trade secrets may contain a method of sales, 

production, manufacturing, channels reaching to the market and end-users. Thus the decision 

to hold a patent or keeping it as a trade secret is related to the corporate policy.  

 

 
Figure 2. Patent Roadmap for microalgal product/technology development 

 

The microalgae related products are good examples of trade secrets and patents. However 

due to a limited number of the algal biotechnology facilities, most of the IP rights are deal 

with patents. The patentable sources will be either production technology, machine or a final 

product or a method to pbtain a product. Thus in technology part, It can be divided into two 

section; (i) bioprocess and (ii) bio-products. In bioprocess part the machines, production 

technology and industrial designs can be utilized. Microalgae production requires light 

derived from either natural sources like sunlight or artificial illumination systems in order to 

provide photo flux for photosynthesis. Thus illumination systems can be patented. Also closed 

cultivation systems named as “photobioreactors” are gaining importance in order to cultivate 

algae in a more controlled environment. Photobioreactors can be designed in various shapes, 

volumes, external units (sensors to detect temperature, pH, dissolved oxygen and 

carbondioxide) required for cultivation and can be equipped with additional mixer systems 

and illumination chambers. Thus parts of a photobioreactor or the whole system itself can be 

patented. Not only upstream tools but also downstream equipments for biomass harvesting, 

cell disruption, extraction and formulation. Another point for patent pending is recombinant 

expression systems, recombinant proteins and other genetic engineering approach-related 

products (European IPR Helpdesk, 2014).  

The main question in patenting a product or a design is that “What and Why to patent it?”. In 

the patent file, the description of a product/design is vital and the claims will be the identity of 

the patent requested product which covers the features that inventor wants to protect. The 
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invention is important for related-technology development; however it is crucial to be aware 

of what to write.  

4. CASE STUDY: MICROALGAL BIOFUELS  

Microalgal biofuels are considered as a promising fuel source for a sustainable future in 

terms of energy safety [2] and with some aspects; energy security [36]. The microalgal 

biofuels are considered as a sustainable source which do not compete with first and second 

generations of biofuels thus it has no relevancy with food vs. fuel debate [37, 38]. However at 

it is current state the economic analysis displays that microalgal biofuels may not be that 

efficient for biofuel development. Here we face with some sort of challenge around ethics, 

politics, technology, and economy [9, 39, 40]. A comprehensive review is required to 

highlight the opportunities and strength of microalgal biofuels. Recent studies advise on 

genetic modifications as a promising tool for the development of algal biofuels [41–43]. With 

genetic engineering the yield efficiency is considered to be increased and may elevate to a 

level to compete with fossil fuel sources [20]. But in any case, as it is with existing production 

technology, genetic engineering techniques give birth to several questions and concerns. The 

certain questioning about genetically altered microalgae for commercial use is the biosafety 

issues [44].This problems are related with facility design, environmental balance (risks for 

natural aqua-systems), invasion risks, human error  and regulatory leakages.  

Figure 3 displays that if genetically modified microalgae is created than the risks and 

challenges will be divided into 2 segments; one is defined in outer scout regarding 

technology, economy and public acceptance. The inner scout defines the ones related to 

biotechnology of the algae which is created with desired traits. With this regard another 

concern is raising with the increasing tendency to pharmaceuticals derived from microalgae. 

In this case there are couple of questions to address which are listed below;  

 Will microalgal biofuels provide sufficient energy? 

 What is the chain value of algal biofuels in food ecosystem? 

 What is required for industrial biofuel productions? 

 Who are my global competitors? 

 What am I serving with this investment? 

 Research or product? 

Currently among microalgal biofuels; biodiesel is the most promising one, at least 

commercial attempts are done. However microalgae have the potential to produce bioethanol, 

biohydrogen or biogas [45–47]. The most challenging part is keeping them in a sustainable 

production frame, which is not quite easy for biohydrogen case; oxygen sensitivity is still a 

major bottleneck even at lab scale applications [48]. Thus from state of the art to scale-up 

there seems to be quite a lot requirement on photobioreactor [49], scale-up strategy [25], 

strain improvement [50] and framing these issues with in an ethical boundary [51, 52]. Thus 

one can consider that producing biofuel or producing value added chemicals for 

pharmaceutical, cosmeceuical or nutraceutical industries with higher return of investment 

ratios. Considering the biofuel production case; one of the intelligent approach will be using 

biorefinery approach to benefit from microalgae [8, 53]. Thus R&D developments regarding 

algal biofuels should be done in the scope of;  

 Understanding the algal metabolism,  

 Improving the product quality, 
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 Exploring new strains as potential producers, 

 Genetic engineering for desired product,  

 Joint Research with existing companies, 

 Investment on algal biofuel education, to improve the dissemination of algal biofuel 

production. Within this scope a strategic partnership will be a life-saving attemp to re-

consider algal biofuel production.  

 

 
 

Figure 3. The challenges regarding genetically modified microalgae “Superalgae” 

 

Genetic modifications can be utilized to produce high value molecules for pharmaceutical 

importance, recombinant proteins, bioplastics and biofuels [20, 54, 55]; It can be also utilized 

to generate a super algae to produce any product that we desire to have, in theory. Genetic 

modification of algae have some advantages as increased productivity and decreased 

downstream process costs (in some cases products as fatty acids and pigments and 

recombinant proteins can be engineered to secreted out of the cell to extracellular 

environment). Because microalgae is eukaryotic, post-translational modifications of  protein-

based compounds are better than prokaryoric expression systems [56]. Another advantage is 

that, there are several species of microalgae; among them Chlamydomonas reinhardtii is 

considered as a model for eukaryotic systems [57] and Phaeodactylum tricornutum for 

diatoms [58]. The table 1 defines main challenges and opportunities regarding algal biofuels.  

One of the main concerns in ethical issues not only includes current status of the 

environment, population and country-politics but also affects the future, that’s why the 

decisions done according to the current situations should reflect the forecasting and best/worst 

case scenarios for future’s societies. There should be millions of questions in terms of 

developing algal biofuels to cover why it is so important and according to the answers a 

roadmap should be adopted.  
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Table 1. Fundamental challenges and opportunities on microalgal biofuel applications 

 

Fundamental Challenges  

Opportunities Technology Regulatory 

 Low productivity  

 Product quality 

and purity  

 Cost  

 Inadequate 

venture  

 Lost belief to 

algal biofuels  

 Public demand  

 Global 

competitors 

 Immature 

production  

 Scale up  

 Lack of 

commercial 

production  

 Well-defined 

traditional 

production 

strategies  

 

 Legal issues  

 IP protection  

 GMO protocols 

and policies  

 National and 

global 

regulations 

(EFSA, EPA, 

FDA etc.) 

 Publishing 

policy  

 Conflict of 

interests  

 Fluctuations in 

the fuel prices 

 

 Do not compete with food 

crops 

 Utilization of non-arable land  

 Bioremediation and 

wastewater treatment  

 Vertical scale up opportunity 

 Adaptable to conventional 

bioprocesses 

 Natural products with high 

bioactivities 

 Model for genome research  

 Ease in genetic modifications 

 Innovative 

 Sustainable and renewable  

 Open to exploring new 

potential species  

 Existence of available species 

for heterotrophic production 

 Adaptation to existing 

technology tools  

 

5. CONCLUSION  

Microalgae are considered to be a promising novel source for pharmaceutical, 

nutraceutical, cosmetics and biofuel industries. The nature of microalgae utilize sunlight and 

inorganic carbon sources as well as waste water streams, thus it is considered to be a 

sustainable source to protect environmental balance as well. However there are some ethical 

issues which are also important for the development of microalgal biotechnolgy to keep the 

production, development and demand imbalance. Considering production and distribution 

ethics, IPRs are vital for understanding the legal rights of the developer or producer. From a 

macroscopic point of view, in order to adopt microalgae for global market there must be a 

broader vision to cover both technical, ethical and regulatory challenges and discuss their 

relations with microalgal biotechnology.  

 

REFERENCES 

 

[1] Kosinkova J, Doshi A, Maire J, Ristovski Z, Brown R, Rainey T J. Measuring The 

Regional Availability of Biomass for Biofuels and the Potential for Microalgae, Renew. 

Sustain. Energy Rev., Vol. 49, 2015, pp.1271–1285. 

[2] Phukan MM, Chutia RS, Konwar BK, Kataki R. Microalgae Chlorella as a potential Bio-

Energy Feedstock, Appl. Energy, Vol. 88, No. 10, 2011, pp.3307–3312. 

[3] Apt KE, Behrens PW. Review Commercial Developments in Microalgal Biotechnology 1, 

Vol. 226, 1999, pp.215–226. 



Fen ve Mühendislik Dergisi Cilt:18  No:1   Sayı:52 Sayfa No: 124 

 

 

[4] Vidanarachchi JK, Kurukulasuriya MS, Samaraweera AM, Silva KFST. Applications of 

Marine Nutraceuticals in Dairy Products, Adv. Food Nutr. Res., Vol. 65, 2012, pp. 457–78. 

[5] Blanch HW. Bioprocessing for Biofuels, Curr. Opin. Biotechnol., Vol. 23, No. 3, 2012, 

pp.390–5. 

[6] Spök A, Twyman RM, Fischer R, Ma JKC, Sparrow PAC. Evolution of a Regulatory 

Framework for Pharmaceuticals Derived from Genetically Modified Plants, Trends 

Biotechnol., Vol. 26, No. 9, 2008, pp. 506–17. 

[7] Öncel SS, Microalgae for a Macroenergy World, Renew. Sustain. Energy Rev., Vol. 26, 

2013, pp.241–264,. 

[8] Liang Y, Wen Z. Advances in Biorefineries, Elsevier, 2014. 

[9] Scott SA, Davey MP, Dennis JS, Horst I, Howe CJ, Lea-Smith DJ, Smith AG. Biodiesel 

from Algae: Challenges and Prospects, Curr. Opin. Biotechnol., Vol. 21, No. 3, 2010, 

pp.277–86. 

[10] Cordell G.A. Biodiversity and Drug Discovery—A Symbiotic Relationship, 

Phytochemistry, Vol. 55, No. 6, 2000, pp.463–480. 

[11] Quiroz Arita CE, Peebles C, Bradley TH. Scalability of combining Microalgae-Based 

Biofuels with Wastewater Facilities: A Review, Algal Res., Vol. 9, 2015, pp. 160–169. 

[12] Ghirardi M. Microalgae: A Green Source of Renewable H2, Trends Biotechnol., Vol. 18, 

No. 12, 2000, pp.506–511. 

[13] Chi Z, O’Fallon JV, Chen S. Bicarbonate Produced from Carbon Capture for Algae 

Culture, Trends Biotechnol., Vol. 29, No. 11, 2011, pp.537–41. 

[14] Öncel SS, Köse A, Vardar F, Torzillo G. Handbook of Marine Microalgae, Elsevier, 

2015. 

[15] Bains W. Applications of Space Industry Technologies to the Life Sciences, Trends 

Biotechnol., Vol. 13, No. 1, 1995, pp.1–6. 

[16] Olaizola M. Commercial Development of Microalgal Biotechnology: from the Test Tube 

to the Marketplace, Biomol. Eng., Vol. 20, No. 4–6, 2003, pp.459–466. 

[17] Liu B, Benning C. Lipid Metabolism in Microalgae Distinguishes Itself, Curr. Opin. 

Biotechnol., vol. 24, No. 2, 2013, pp.300–9. 

[18] Jeong Y, Yoon B. Technovation Development of Patent Roadmap Based on Technology 

Roadmap by Analyzing Patterns of Patent Development, Vol. 40, 2015, pp.37–52. 

[19] Lehr F, Posten C. Closed Photo-Bioreactors as Tools for Biofuel Production, Curr. Opin. 

Biotechnol., Vol. 20, No. 3, 2009, pp.280–5. 

[20]. Reijnders MJMF, Van Heck RGA,. Lam CMC, Scaife MA,. Dos Santos VAPM, Smith 

AG, Schaap PJ. Green Genes: Bioinformatics and Systems-Biology Innovations Drive 

Algal Biotechnology, Trends Biotechnol., Vol. 32, No. 12, 2014, pp.617–26. 

[21] Munro MHG, Blunt JW, Dumdei EJ, Hickford SJH, Lill RE, Li S, Battershill CN, 

Duckworth AR. The Discovery and Development of Marine Compounds with 

Pharmaceutical Potential, J. Biotechnol., Vol. 70, No. 1–3, 1999, pp.15–25. 

[22] Day JG, Benson EE, Fleck RA. In Vitro Culture and Conservation of Microalgae : 

Applications for Aquaculture, Biotechnology and Environmental Research, 1999, pp.127–

136. 

[23] Arad SM, Yaron A. Natural Pigments from Red Microalgae for Use in Foods and 

Cosmetics, Trends Food Sci. Technol., Vol. 3, 1992, pp. 92–97. 

[24] Ursu AV, Marcati A, Sayd T, Sante LV, Djelveh G, Michaud P. Extraction, Fractionation 

and Functional Properties of Proteins from the Microalgae Chlorella Vulgaris, Bioresour. 

Technol., Vol. 157, 2014, pp.134–9. 

[25] Gupta PL, Choi SLH. A Mini Review : Photobioreactors for Large Scale Algal 

Cultivation, World J. Microbiol. Biotechnol., Vol. 31, No. 9, 2015, pp.1409–1417. 



Sayfa No: 125  A. KÖSE, S. S. ÖNCEL 

 

 

[26] Re A. A Technology Review and Roadmap for Microalgal Biotechnology in Wales, 

[https://www.swansea.ac.uk/media/microalgal-biotechnology T. -review-map.pdf] Access 

to Date: 22.03.2015. 

[27] Cardozo KHM, Guaratini T, Barros MP, Falcão VR, Tonon AP, Lopes NP, Campos S, 

Torres MA, Souza AO, Colepicolo P, Pinto E. Metabolites from Algae with Economical 

Impact, Comp. Biochem. Physiol. C. Toxicol. Pharmacol., vol. 146, No. 1–2, 2007, pp.60–

78. 

[28] Dufossé L. Encyclopedia of Microbiology, Elsevier, 2009. 

[29] Osinga R. Marine Bioprocess Engineering: From Ocean to Industry, Trends Biotechnol., 

Vol. 17, No. 8, 1999, pp.303–304. 

[30] Desai SH, Atsumi S. Photosynthetic Approaches to Chemical Biotechnology, Curr. 

Opin. Biotechnol., Vol. 24, No. 6, 2013, pp.1031–6. 

[31] Tavares T, Malcata FX. Encyclopedia of Food and Health, Elsevier, 2016. 

[32] Wen Z, Liu Z, Hou Y, Liu C, Gao F,. Zheng Y, Chen F. Ethanol Induced Astaxanthin 

Accumulation and Transcriptional Expression of Carotenogenic Genes in Haematococcus 

Pluvialis, Enzyme Microb. Technol., Vol. 78, 2015, pp.10–17. 

[33] Chang JJ, Thia C, Lin HY, Liu HL, Ho FJ,. Wu JT, Shih MC, Li WH, Huang CC. 

Integrating an Algal Β-Carotene Hydroxylase Gene into a Designed Carotenoid-

Biosynthesis Pathway Increases Carotenoid Production in Yeast, Bioresour. Technol., Vol. 

184, 2015, pp.2–8. 

[34] Wang HMD, Chen CC, Huynh P, Chang JS. Exploring the Potential of Using Algae in 

Cosmetics, Bioresour. Technol., Vol. 184, 2014, pp.355–362. 

[35] Aneiros A, Garateix A. Bioactive Peptides from Marine Sources: Pharmacological 

Properties and Isolation Procedures, J. Chromatogr. B, Vol. 803, No. 1, 2004, pp.41–53. 

[36] Rimmer M, Lloyd M, Mokdsi G, Spielthenner D, Driver E. Intellectual Property and 

Biofuels : The Energy Crisis, Food Security , and Climate Change, The Journal of World 

Intellectual Property, Vol. 18, No. 6, 2015, pp.271–297.  

[37] Jones CS, Mayfield SP. Algae Biofuels: Versatility for the Future of 2015 Bioenergy, 

Curr. Opin. Biotechnol., Vol. 23, No. 3, 2012, pp.346–51. 

[38] Zhu LD, Hiltunen E, Antila E, Zhong JJ, Yuan ZH, Wang ZM. Microalgal Biofuels: 

Flexible Bioenergies for Sustainable Development, Renew. Sustain. Energy Rev., Vol. 30, 

2014, pp.1035–1046. 

[39] Quinn JC, Davis R. The Potentials and Challenges of Algae Based Biofuels: A Review of 

the Techno-Economic, Life Cycle, and Resource Assessment Modeling, Bioresour. 

Technol., Vol. 184, 2014, pp.444–452. 

[40] Yue D, You F, Snyder SW. Biomass-to-Bioenergy and Biofuel Supply Chain 

Optimization: Overview, Key Issues and Challenges, Comput. Chem. Eng., Vol. 66, 2014, 

pp.36–56. 

[41] Qin S, Lin H, Jiang P. Advances in Genetic Engineering of Marine Algae, Biotechnol. 

Adv., Vol. 30, No. 6, 2012, pp.1602–13. 

[42] Gimpel JA, Specht EA, Georgianna DR, Mayfield SP. Advances in Microalgae 

Engineering and Synthetic Biology Applications for Biofuel Production, Curr. Opin. 

Chem. Biol., Vol. 17, No. 3, 2013, pp.489–95. 

[43] Scranton MA, Ostrand JT, Fields FJ, Mayfield SP, Chlamydomonas as a Model for 

Biofuels and Bio-Products Production, 2015, pp. 523–531. 

[44] Bock R, Khan MS. Taming Plastids for a Green Future, Trends Biotechnol., Vol. 22, No. 

6, 2004, pp.311–8. 

[45] Batista AP, Ambrosano L, Graça S, Sousa C, Marques PASS, Ribeiro B, Botrel EP, 

Castro Neto P, Gouveia L. Combining Urban Wastewater Treatment with Biohydrogen 

http://onlinelibrary.wiley.com/doi/10.1111/jwip.v18.6/issuetoc


Fen ve Mühendislik Dergisi Cilt:18  No:1   Sayı:52 Sayfa No: 126 

 

 

Production-An Integrated Microalgae-Based Approach, Bioresour. Technol., Vol. 184, 

2015, pp.230–5. 

[46] Ho SH, Huang SW, Chen CY, Hasunuma T, Kondo A, Chang JS. Bioethanol production 

Using Carbohydrate-Rich Microalgae Biomass as Feedstock, Bioresour. Technol., Vol. 

135, 2013, pp.191–8. 

[47] Dassey AJ, Hall SG, Theegala CS. An Analysis of Energy Consumption for Algal 

Biodiesel Production: Comparing the Literature with Current Estimates, Algal Res., Vol. 4, 

2014, pp.89–95. 

[48] Lee HS, Vermaas WFJ, Rittmann BE. Biological Hydrogen Production: Prospects and 

Challenges, Trends Biotechnol., Vol. 28, No. 5, 2010, pp.262–71. 

[49] Öncel S, Sabankay M. Microalgal Biohydrogen Production Considering Light Energy 

and Mixing Time as the Two Key Features for Scale-up,” Bioresour. Technol., Vol. 121, 

2012, pp.228–234. 

[50] Öncel SS, Köse A, Faraloni C, İmamoğlu E, Elibol M, Torzillo G, Sükan FV. 

Biohydrogen Production Using Mutant Strains of Chlamydomonas Reinhardtii: The 

Effects of Light Intensity and Illumination Patterns, Biochem. Eng. J., Vol. 92, 2014, 

pp.47–52. 

[51] Weisberg Z. Biotechnology as End Game : Ontological and Ethical Collapse in the 

Biotech Century, 2015, pp.39–54. 

[52] Biofuels A, Mcgraw L. The Ethics of Adoption and Development of Case Study 1 of the 

Adoption and Development of Energy Technologies (State of the Art Review), 2009. 

[53] Rahman QM, Wang L, Zhang B, Xiu S, Shahbazi A. Green Biorefinery of Fresh Cattail 

for Microalgal Culture and Ethanol Production, Bioresour. Technol., Vol. 185, 2015, 

pp.436–440. 

[54] Cadoret JP, Garnier M, Saint-Jean B. Genomic Insights into the Biology of Algae, 

Elsevier, 2012. 

[55] Matsushima D, Jenke-Kodama H, Sato Y, Fukunaga Y, Sumimoto K, Kuzuyama T, 

Matsunaga S, Okada S. The Single Cellular Green Microalga Botryococcus Braunii, Race 

B Possesses Three Distinct 1-Deoxy-D-Xylulose 5-Phosphate Synthases, Plant Sci., Vol. 

185–186, 2012, pp.309–20. 

[56] Huang TK, McDonald KA. Bioreactor Engineering for Recombinant Protein Production 

in Plant Cell Suspension Cultures, Biochem. Eng. J., Vol. 45, No. 3, 2009, pp.168–184. 

[57] Choi YE, Hwang H, Kim HS, Ahn JW, Jeong WJ, Yang JW. Comparative Proteomics 

Using Lipid Over-Producing Or Less-Producing Mutants Unravels Lipid Metabolisms in 

Chlamydomonas Reinhardtii, Bioresour. Technol., Vol. 145, 2013, pp.108–15.  

[58] Xue J, Niu YF, Huang T, Yang WD, Liu JS, and Li HY. Genetic Improvement of the 

Microalga Phaeodactylum Tricornutum for Boosting Neutral Lipid Accumulation, Metab. 

Eng., Vol. 27, 2015, pp.1–9.  

 

 

ÖZGEÇMİŞ/CV 

Suphi S. ÖNCEL; Assoc. Prof. (Doç. Dr) 

Suphi S. ÖNCEL is a chemical engineer with a MSc and a PhD in bioengineering. He is currently working in the 

Ege University Engineering Faculty Department of Bioengineering (Izmir, Turkey). His research areas include 

bioprocesses, bioreactor design, renewable energy, photobioreactors, microalgae cultivation, microalgal fuels, 

biohydrogen production and scale-up. 

 

Lisans derecesini Ege Üniversitesi Kimya Mühendisliği Bölümü’nden; yüksek lisans ve doktora derecelerini ise 

Ege Üniversitesi Biyomühendislik Bölümü’nden almıştır. Şu anda Ege Üniversitesi Biyomühendislik Bölümünde 

çalışmalarına devam etmektedir. Çalışma alanları biyoproses, biyoreaktör tasarımı, yenilenebilir enerji, 



Sayfa No: 127  A. KÖSE, S. S. ÖNCEL 

 

 

fotobiyoreaktörler, mikroalgal yakıtlar, biyohidrojen üretimi ve ölçek büyütmedir.   

 

 

Ayşe KÖSE; Research Assistant (MSc.) 
Ayşe KÖSE obtained her BS degree in 2011 from Ege University Engineering Faculty Department of 

Bioengineering (Izmir, Turkey) and continued MSc studies at the same department. She is currently working as a 

research assistant at Ege University Department of Bioengineering. The subjects she is interested in are 

bioprocess engineering, microalgae cultivation, biohydrogen and biodiesel production from microalgae, 

photobioreactor design and downstream processing in microalgal production systems. 

 

2011 Yılında Ege Üniversitesi biyomühendislik Bölümü’nden mezun olmuş ve yüksek lisansını aynı bölümde 

tamamlamıştır. Şu anda Ege Üniversitesi Biyomühendislik Bölümü’nde araştırma görevlisi olarak çalışmaktadır. 

İlgilendiği çalışma alanları biyoproses mühendisliği, mikroalg kültivasyonu, mikroalglerden biyohidrojen ve 

biyodizel üretimi, fotobiyoreaktör tasarımı ve alt akım işlemleridir. 

 

  

 
 

 


