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Abstract. The burning of natural gas and coal for electycand heat is a great source of greenhouse gassemis
(GHG). If we do not take action now, climate changh have severe and irreversible impacts acrdss world.
Among all of the technologies currently employetkthuce this impact, biological methods are getrtibn of several
researchers. One of these methods is the mitigatfoemissions such as ¢@nd NOx using microalgae. Flue-gas
emissions from fossil-fuel combustion in Power Baran be used for microalgae cultivation, whicloguces a
biomass with high added value and a source of ahie®l, pigments, antioxidants and biofuels. Howetere are
many challenges to make the process feasible, éayelopment microalgae production systems andraoof
conditions for growth of algae. Considering thehgical and financial difficulties to obtain accueainformation
about of microalgal growth during large-scale treadnt, this research proposed an automatic monigpgrocess in
real time, providing a more efficient process cohtA prototype system is actually in developiragetfor follow up
the growth of microalgae in photobioreactors basedquantitative data analysis, considering plannisgues and
good laboratory practices. In this way, this resgampresents the way to embed the experience ofabwosatory
procedure of the monitoring of microalgae to anaméated prototype applied in the field, with contitibns focused
on the gain of knowledge and intelligence to thecpss.
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1. INTRODUCTION

Climate change and the sustainable managementeopltinet's natural resources are major issues dietgo
Biological methods of environmental treatment hatteacted the attention of several researchershand the use of
microalgae as one of the most studied items. Migemaare a promising source of biofuels and biopctalas they
consumeCQO; to grow, multiply rapidly and can be grown in wasater and marginal lands (Dogaris et al., 2015).
Among the biological methods, the remediation & ¢#imission of greenhouse gases by biological érastands out,
since in addition to the environmental benefits ralation to the reduction of the emission of gasie®ugh
photosynthesis, it generates the production of bgsr(Kondili and Kaldellis, 2007). Recently, a Spharapplication,
developed by a consortium of companies, such aaExigrgy and Iberdrola, aimed at bio-fuel@@. from industrial
combustion gases and transforming them into comalebéoproducts. This process involved the congtomcand
operation of microalgae cultivation plant locatezkinto Spain's second largest combined cycle pglget (Witt and
Segura, 2016). According to Corréa (2015), theeotibn of the increasing attention directed to wadgae is the
emergence of a new technological niche that hasnasf the greatest potentialities to be explotled,possibility of
integration between culture systems for biomasduymrtion and the treatment of emissions.

Microalgae can be grown in different systems, sagtopen tanks and closed photobioreacteBRg. One of the
main problems of open systems is the high occuer@ficontamination. In this conteX@BRsoffer a relatively axenic
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culture environment where conditions are more atletl, guaranteeing the predominance of the desipeties and
the exploitation of the maximum potential of midgee as source of different compounds of high agmes value
(Brennan and Owende, 2010).

The monitoring of the growth of this microorganigmPBRsis necessary for the control of process paramétegs
biomass production, efficiency of gases mitigatimmperature and pH) in favor of maintain the duadif culture
systems, usually realized through daily collectifnasn laboratory analyzes. To measure the micr@asggrowth, it is
important to development a planning with the follogv questions: circulation’s flow, stability of theeasurement,
production process, sampling technique, consenmvadind transport of samples from fieldwork to theolatory. In
other words, good laboratory practice refers to dhganization and conditions which laboratory aiedfvork are
planned, performed, monitored, recorded and regoHewever, it's important to emphasize that mettmgly do not
guarantee the elimination of human faults and dsides and that the microalgae’s growth is disettfluenced by
several factors such as the presence of contarsirmantt effects caused by luminosity, temperatpkeand nutrient
availability.

Considering the technical and financial challenge®btaining reliable information regarding the rtoring of
algal growth, the aim of this work is to develop amtomated Photobioreactor monitoring process,etuce the
problems with conservation and transport of thearo the laboratory, besides avoiding failureg mrtorrect values
in laboratory procedures. The automation of thegss aims to develop a prototype to remotely mangahe growth
of microalgae in photobioreactors in real time ldas@ analysis of quantitative data, planning qoeestiand good
laboratory practices.

2. PROPOSED METHOD

This work proposes a method to transform the laboyaprocedure to monitoring the growth of micrasdgin a
photobioreactor in an automated prototype applethé field.In order to support the execution of the methodis it
intended to follow the concepts and stages of d@wveént disseminated in Product Engineering. Acogydd Back et
al. (2008), the product development procd23FK) consists of the application of the principlespledge, processes,
methods and tools, to develop actions to achiewdymt success and its development, from planninglidation.The
research methodology is divided into three pantdvitroalgae laboratory culture unit, 2) Definitiaf the conceptual
model and construction of the control and monitgpmnototype, 3) Industrial microalgae culture toit CO, mitigation
in power plantsFigure lillustrates the parts of the research development
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Figure 1. Macro flowchart of the research phases

In the laboratory cultivation unit, the steps talibwed the construction of the informational stuwe necessary for
the development of the knowledge base, softwatbefnonitoring and control system and the hardwétée project
are concentrated (Information Project). The infaioraobtained in the informational phase servedwgsport for the
creation of the conceptual model of the control erahitoring prototype of microalgae (Conceptual iDes With the
project information defined, the concepts detaihg# was started, when the engineering elementshantechnical
specifications are defined and executed and, \kighrésults of this phase, a prototype for testsbisined (Detailed
Project). In the industrial culture unit, the priyfme can be tested, adjusted and validated (Fiesd)T

2.1 Conventional microalgae monitoring and future proposal
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This proposal can bring significant financial cdmttions, as well as providing information in reiahe, that allow
to influence the decision making in the controtlad cultivation variables. The conventional metlodanonitoring the
growth of microalgae grown ifPBRsis strictly laboratory.Figure 2 below, illustrates the steps of this method
considering an application directed to remediatibthe emission of gases generated by a thermoieletant
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Figure 2 Conventional method of monitoring microalgae growth

In the proposed application, the photobioreactostrbe installed near to flue gas stack to havessctethe gases.
In this way, it is advisable that the monitoringdazultivation laboratory is also close to the ufionsidering that the
monitoring process is daily, the collection stagsges through the sample transport, where careasuttte collection
procedure, preservation and conditioning are ingrdrto maintain the reliability of the results,iakeeps the sample
away from contaminants and live for the analyzasthe laboratory, monitoring procedures are maamal require
significant time consumption. Samples are listedjgcies, prepared and segmented for the varisaysas

The laboratory tests are carried out on three fomisroalgae cell count, dry biomass weight andsitgl-chemical
analyses, such as pH, dissolved oxygen and cowitycBy monitoring the information obtained in thests, one can
compile the results and analyze the position ofgifeevth of the culture in relation to its phaséke delineation of the
phases mapped during the study of the laboratothade described in the item above, allowed thelida@on of the
new proposed metho#ligure 3presents the proposed method for monitoring.
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Figure 3 Representation of the proposed method
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In this method, the developed prototype must bealilesi closed to photobioreactor, replacing the lyesis
performed in the laboratory. Due to the easy acteshe sample, its transport will no longer be essary, thus
discarding the concerns related to the preservadimh conditioning of the sample. The informatiom &nemical
analysis will be obtained from sensors installedha photobioreactor; the variables for analyses jgif, dissolved
oxygen, conductivity and temperature. The prototyecollect daily samples to quantify the micrgak growth and
dry biomass. In this context, process automatich r@mote monitoring contribute to avoiding modifioas of the
collection data and accelerating the process taidd results by compiling the information. Frore tommunication
network, the monitoring information can be transfdrto a central to be analyzed. It is importanntde that the
application of the prototype is limited to monitogi only, so the equipment does not perform anyrobaictions to
influence the system.

3. RESULTS

The conceptual model of the monitoring prototypshiewn in Figure 4. In the illustration, region "Aéfers to the
area destined to the control and communicationesysif the prototype, responsible for the processagament and
sensors for the acquisition of analysis informatibchemical properties.

Figure 4 Concept of the prototype for the growth of micr@edg

3.1 Automation of the microalgae counting procedure

The microalgae count aims to identify the growthma€roalgae in relation to cell division and theeigrity of the
sample. The automation of this procedure allowdaheratory steps for sample integrity to be peried, however the
intelligence the counting process will follow a imedology aided by digital image processing. In ipmglary
microalgae tests this methodology presented a swtall error (approximately 5%) when compared te tasult of
manual counting (Francesconi et al., 2016).

The automation of this procedure results in twe&H: 1) Creation of a video of the counting operat2)
Definition of the mean number of cells obtainedha sample by counting in the Neubauer chamber.fif$teresult
will allow a qualitative monitoring of culture medaiming at the mapping of contaminations in thea. The second
result should aid the automation procedure to aeghie weight of dry biomass in relation to thewnétric quantity
for biomass production. Figure 5 below, illustratfes main components of this step.
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Figure 5 Proposed components for microalgae counting auiomat

The steps performed by the counting mechanismnilastrated in Figure 6.
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Figure 6 Steps implemented by the prototype for microalgasting

3.2 Automation of the dry_biomass weight acquisition procedure

The dry biomass is a physical analysis to iderttiy microalgae growth in a culture media. Thusidand reliable
methods to determine biomass concentration areiregfjuo facilitate the large-scale production ofcroalgae
(Exposito et al., 2016). This operation resultghia amount of mass (weight) obtained in a contdollelume. The
definition of the volume to be used to obtain digrhass is related to the result of microalgae colantexample, in a
simplified way, if the result found in the count"lsigh”, a low volume will already have mass reprdativeness. On
the other hand, if the count is "low", higher vokiwill be required to represent mass chafggure 7, illustrates the
main components of this process in the prototype.
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Figure 7 Proposed components for automation of dry biomasghw acquisition

The steps to be implemented by the dry biomass amésfm are observed in Figure 8.
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Figure 8 Steps implemented by the prototype to obtain doyraiss

4. CONCLUSIONS

The proposed conversion of the experience, tecknand laboratory procedure for the monitoring matgee
grown in photobioreactors for an automated protetypplied to the field implies in knowledge and qerss
intelligence. The first contribution is the elimtitm of preservation and transport of samples &wotatory analysis.
The removal of this step from the analysis proedissinates some recommendations for preservatidrnstorage of the
sample. The second contribution is related to latooy problems related to structure, which can comise the
reliability of information, influence results anchnsequently, decision making. According to Knialet(2004), in the
field of laboratory work, good practices recommaeniberving some basic requirements that essentaltyribute to
obtaining reliable results. The authors emphadied potential contamination of the environment loe themical
testing system, even at very low concentrationsy have effects that cannot be explained at firghtsiFinally, the
third contribution is financial, since normally tmeonitoring of the cultivation media is done thrbuganual and
"offline" analysis, the proposed system can avbat the sample needs to be collected and analgted kince that,
this factor requires the cost of the daily movemeina professional team to collect and analyzestmaple. Another
hypothesis is the financial and structural in ortteeliminate the need to build a new laboratorgritee construction
for each gas emitting plants.
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