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Establishing a method of developing a model of melise aquaponic platform
solutions

1. Current policy, planning and management strategies

Establishing a way of creating a model of the viability and sustainability of different designs
of multi-use aquaponic platform is presented. Mulise aquaponic platform were created for
aguaculture and service3he created technique enables identifieat] valuation and assessment
of: the potential array of affects of several possible models of rusi aguaponic system
investments, and the likely answers of the impacted by the expense project. That technique offers
decisionmakers with an invaluable ofce platform to determine whether a multuse aquaponic
system project raises the entire social welfare and hence should certanly be performed, below
alternative requirements regarding their style, the discount rate and the supply of internet
advantages,f your costbenefit analysis is usually to be used or sensitivity analysis of picked
criteria in a multicriteria choice analysis framework.

The project doesn't envisage the particular making of new tools, but seeks at examining
various methods in stylesuch as for example as an example a combination of structures or
various uses on representative websites below various conditions combining, integrating and
improving today's technology in such a way to enhance financial feasibility, minimize
environmentalaffect and improve the suitable usage of available place at unique sites. In that
structure, a socieconomic analysis is done to recognize and evaluate the result on human
welfare with this activity. That not only focusses on financial feasibility, botains social and
ecological elements, including factor of the circulation on most affects across the many
stakeholders. In that way, that analysis can help offering factor to social/cultural values within
ecosystem companies frameworks and contains a avthorough ecological and soeezonomic
analysis.

Within the next pieces a establishing a technique of developing a item to measure the
viability and sustainability of muitise aquaponic system is presented. The financial, social and
environmental efécts of the planned structures are recognized, quantified and combined.

The relevance of the technique lies in the fact it works extremely well to help the
implementation of the EU water structure directive. In 2009, the Commission printed a interaction
to provide new impetus to the sustainable development of American aquaculture sector. That
strategy has three key elements: a) support the field be competitive through powerful support for
study and development and better spatial preparing in start oceanspand stream basins, b)
ensure it stays sustainable by sustaining environmentaliydly generation techniques and large
standards of animal wellness and welfare and consumer security and, ¢) improve governance and
ensure there's a busineggendly enwronment set up at all degreeslocal, national and Egand
therefore the field can accomplish their full potential.
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Any mission does not envisage a building up of new programs, and yet purposes in
examining varied creative concepts found in type, likeaety of buildings in the area or possibly
varied works by using regarding representative online websites below varied types of conditions
incorporating, making use of and also restoring current solutions in their normal method to
showcase economic fedlity, cut down environmentally friendly consequence and also expand
the perfect using of out there area in specified sites. To achieve success design, your socio
economic examination is conducted for and also assess the affect on man made upbeatifom th
kind of activity. This specific not alone focusses regarding economical feasibility, and yet comes
with social and also ecological components, for example deliberation over the submitting of their
has effects on over the varied stakeholders. In this whig unique examination may also help by
giving interest in order to social/cultural valuations inside ecosystem companies frameworks and
also comes with in the process an intensive ecological and alsceumimmic analysis.

In the immediately after a&as your implementing a procedure for building a type to assess
the viability and also sustainability from multse aquaponi@latform might be presented. The
economic, social and also environmentally friendly outcomes from the planned buildings in the
area are usually unearthed, quantified and also combined.

Any meaning in this plan is based on that countless uses for flash in order to ease the setup
from the EU fluids design directive. In 2009, the Monetary fee written your connecting which gives
innovaive inspiration into the maintainable continuing development of Eu aquaculture sector.
This tactic has got about three key elements: a) assist the area are more competing thru strong
services for researching and also growth and also more effective spaganhizing found in
opened ocean locations and also river basins, b) be certain them is maintainable from sustaining
environmentallyfriendly making procedures and also superior ideals from creature health and
upbeat and also customer cover and also, cjidngovernment and ensure there's a simple
businesdriendly environment ready in any way gradefiometown, countriesand also EW; in
order that the area will execute the nation's entire potential.
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actual targets and boundaries on the examination and aims at the actual socio economic influence
examination with critical impacts. In this circumstance, you will need to concentration on the
sizeable affects if you warwith top priority and determine most sizeable outcomes with most
affected groups. Therefore, it is necessary that every stakeholders tend to be effectively required
during the entire socio economic influence examination, and place together using research
additional data, reading examine and appointment using specialized experts.

In this perhaps the framework, possibilities critical affects with rugg aquaponic system
tend to be identified. Note that oigoing appointment is predicted in order to optire the main
element affects even though these are typically reliant on the character on the models (floating,
indoors, significant dimensions, merged routines, etc.). Since advised methodology extends
personal research to think about in addition sociedal environmentally friendly parameters it is
foreseen which affects are associated not just in personal providers, companies and folks yet and
then to the actual contemporary society overall and to the environment. The next possibilities

hazards linked tomulti-use aquaponic system are already recognized: outcomes within the
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seabed; homes with the river line; faunal make up and propagate with obtrusive types and/or
diseases. It is regarded as that the mulse aquaponic system get so@oonomic and
envionmental affects with, pastime reef fishing, yachting and water activies along with other
water-based activities. Additionally, they have effiect on landbased routines, regional vacation,
producing travel, regional employment (direct and indirect) amstruction opportunities (Social
Sciences Plan avec al., 2005).

The particular environment products and services approach might be employed as a way to
perform the socieeconomic research and integrate environmental impacts. Environment products
and servies tend to be thought of as products and services furnished by the actual natural
environment which advantage our welfare. Since described the actual environment products and
services approach starts by distinguishing the actual environment service oonctan place,
hyperlink them with our wellbeing and solicit the value. The particular environment products and
services approach establishes an eco normal, recognizes and offers a qualitative examination on
the possibilities affects with plan options on émnment products and services and quantifies the
actual affects with plan options on precise environment services. Finally, the actual environment
products and services approach assesses the end results with our wellbeing and beliefs the
modifications wih environment services. When finding the actual influence with environment
products and services with our wellbeing, it is important to target the rewards created by these
services, while this is just what has effects on our wellbeing directly. It's, goasdy, the
rewards instead of the products and services as such that are valued.

Due to the multidimensional personality of the affects ultimately causing welfare increases
and often deficits, a selection of various data will become necessary in order to determine them.
Ergo, market knowledge, extra knowledge for the performance ollsitions, survey centered
primary knowledge, knowledge provided from literature evaluation, consultation with authorities
and stakeholders and data via environmental affect assessments are deemed as very important in
the construction of incorporated envimmental and soci@conomic assessment. The
sustainability ofmulti-use aquaponiolatform is developed using a standard construction of
analysis and a method of analysis depending on if the knowledge is available or not. The method
of analysis under sufiient/insufficient knowledge supply or maximum/limited knowledge
approach is described. Below ample knowledge supply all measures may be fully applied. Below
confined knowledge supply a parsimonious, general method of dittensional affect
assessment malye employed.

The actions related to the next subsections are about getting info on standard problems of
the breeze power production, aquaculture and services. In order to determine oblique and
activated affects a regional profiling is necessary. The info an averagd@l@tted included in a
regional profile involves the population features, the political and cultural methods, an
explanation of traditional factors, recognition of the relationships with the biophysical
atmosphere, culture, attitudes and socjadychologtal problems, the current status of procedures
(aquaculture, services) and the recognition of the people who is going to be impacted by the
challenge (Social Sciences Plan et al. 2005). The firstl{besassessment must include economic

and cultural aalysis of the usage of those waters under current use and future autonomous
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developments. That badie assessment includes both market and woarket charges and
benefits. The scope could be the profiling of current employs and distinguishing companies,
families and persons that may be impacted by the long run installation of -tsétiaquaponic
platform. Moreover, broader cultural and environmental problems related to current and future
procedures should really be highlighted.

The following subsectionsecognize economic problems, environmental problems and
cultural problems concerning amount of employment, regional growth and overall perspective of
the population towards the systems and certain possibilities proposed. The production and need
analysis i®ased on economic knowledge, environmental valuation surveys (if deemed necessary)
and gain transfer techniques. The recommended techniques are shown in more detail in the
relevant sections. That analysis is based on proposed financial charges of ssuaiiomg with
cultural and environmental costs. The recognition of the individual charges of the recommended
structures regarding aquaculture, services could be the first step of the produsiienanalysis
and it is estimated to think about the capitalariges which would be the upfront charges to make,
mount the challenge equipment and major preservation work that requires to be moved out
throughout the time of theplatform beyond typical running expenses. Program growth charges
may possibly include: congx, legitimate and preparing consultant$iarges, and the developer's
possess time, in negotiations with legitimate and statutory bodies, financing and legitimate
charges, including the expense of arranging fund and others. Working and operation and
preservation charges annually that might include: energy charges, if applicable, direct charges,
team charges, insurance charges, transportation charges, annual charges for licenses and pollution
control actions, standard preservation and running charges eflsequipment, website, etc.
Ultimately, teaching charges are likely to cover the training of men and women who'll work the
tools regarding the protection, financial and environmental implications of the project.

Since the scope of the developed method ® combine individual and
social/environmental charges of the recommended muke aquaponiglatform it is equally
crucial to think about the latter in the recommended construction of analysis. Aquaculture is
connected with regional environmental consemces and possibleffectson random produces of
fish with a low genetic range (Turner et al., 2010).

The analysis here is centered on proposed financial and social/environment advantages of
aquaponic structures. Personal and financial advantages of reemtded multiuse aquaponic
platform can be a consequence of the purchase of aquaculture services and products and services.
Additional benefits could possibly be based on preserving of energy consumption and reduction of
environmental affect or by produchcome (or displaced costs), greater production (macro scale)
and larger real disposable revenue (macro scale). Primary and oblique employment is among the
cultural advantages of muitise aquaponic platform. Environmental benefits include: mitigated
global heating, prevented emissiormpared to current status, improved water quality less
usage of pharmaceuticals.

In order to check out the socieconomiceffect of multi-use aquaponiglatform it is
important to make a list of affect signs on the basishaf prior section. It's observed again that as

4
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the economic results may be easier identified, the cultural and environmental signs are usually
concealed affects and may possibly be looked at as positive or bad externalities.

Methods for quantification of costsand benefits

Consigring the compkx nature of impacts, socio-economic and envronmenal,
different appraaches are needed in order to quantify them. One theoretical approach of
capturing and desribing the benefits derived from the different ecosystem servicesis the total
economic valueframewaork. It provides a systematic tool for consideringthe full range of
impacts the marine environment has on human welfare. The way to derive total economic
value is from preferences of individuals. For ecosystem senices, preferences can be studied
by stated peference methods and revealed preference methods. Reveded preference
methods rely on data regardingindi®@ A R dpreferé@n@es for a marketable good and could be
divided in market-based and surrogate markets related. Surrogate market related includes
travel cost method and hedonic pricing. Sated preference methods use structured
questionnaies to elicit indid A R dprefe@n@es for a given change in a natural resouce or
environmental attribute. In this category, the corntingent valuation method and choice
experiment are included. The contingent valuation methods based on the development of a
hypothetical maket or scenario in which the respondents to a surwy are given the
opportunity. Diferent elidtation methodsare used because these values are contingent on the
hypothetical maket the method iscdled contingent valuation methodRespondentsare then
presentedwith a sequence of choice sets diferentiated by its attributes and levels.

The fact that gathering primary site-specific data is cosly has made benefit transfera
popular alternative forthe valuation of ecasystem goods and servces. Benefit transferis about
applying existing economic valueestimates from one location where data are collected to
another similar site in another lo@tion with little or no data (Rosemerger and Loomis, 2000,
p.1097).

Data approad for socio-economic impact assessment

An important goal of the socio economic impact assessmastto identify the socb-
economic impact of multi-use aquaponic platfornby adoptingan integrated approac. In the
framework of a maximum data approach important means to achieve that are economic tools
such as the costbenefit analysis costeffectiveness analysias well as multi-criteria decision
analysis.While costbenefit analysisevaluates programsQsodal profitability, costeffectiveness
analysisevaluates programs against specified objectives. multi-criteria decision analysis ta&
into acoount project impacts that are not easlly given monetay values.It involves a
structured approach to differentiating between a range of options, based on a set of objectives
or criteria, againstwhich each option is assesed. As argued in Tumer et al. (2010,p.33):4 ¢ K S
choicebetween costbenefit analysisand costeffectiveness analysis determined by the nature
of the polcy problem under scrutiny. If the problem is one of meeting some
environmental standrd, compying with a law or achievhg a target then finding the least

cost way of achieving this by completing a costeffectiveness analysiss the appropriate
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action. If the problem is one of choosingbetween a number of different possble policy or
project options which do not involve compliarce with standardsor targets then costbenefit
analysisis the most appropriate assessmet tool. If the situation is one where monetary
vauation is not possble then costeffectiveness analysiand costbenefit analysisshould be
replaced with a multi-criteria assesment procea a drbe following subsections psent the
different versions (costeffectiveness analysigostbenefit analysis and multi-criteria decision
analysis)of the full data approachwhich degnds on seafic data avadbility.

Costeffectiveness analysis

Costeffectiveness analysiss a type of economic evaluation that compares the cost
of the invesiment to its effectiveress. Hence,costeffectiveness analysis a form of economic
analysis that enables comparison between different kinds of interventionswith similar effects
(outcomes)on the basis of the cost per unit achieved. Costeffectiveness analysis distinct from
costbenefit analysis,which assgns a monetary value to the measure of effect. Hence, this
approachmay be deemed more pradical for sekcting between invesment options when the
budgets are fixed and/or benefits are hard to attribute monetary valuesto while it orly requires
marginal economic dita oncosts.

Costbenefit analysis

Costbenefit analysisis a technique that assesss the monetary social costs and
berefits of an investment project over a time period in compaison to a well-defined baseline
alternative. In this way, the costs and benefits of multi-use aquaponic platformare evaluated
and compared and the long-run economic eficiency of implemerting the project of multi-use
aguaponic platformis assesed. In a costbenefit analysis Aimework, the estimatedeconomic
values accrued by the involved stakeholder groups are aggregated over their relevant
populationsand addedto capture the total economic valugyenerated by the investmentproject.
A project is deemed to be profitable if total benefits exceed total costs. Due to the projecii Q &
expected long-run impads on the local econany and ecology, its sudainability is to be tested
usinga long-run costcostbenefit analysisandthe net presentvalue (NPV) of the project isto be
estimated.

Multi -criteria decision analysis

Multi-criteria decision analysisis a method for preparing structured and transparent
supportto decisions, whenthere is a lage amount ofcomplexinformation. Multi-criteria decision
analysiscan be usedfor different purposes,e.g.: to identify a most preferred alternative, to
rank alternatives aganst eadh other, to shortlist a set of alternatives or to distinguish the
acceptable alternative from the unacceptabk. A full multi-criteria decision analysigicludes,
apatt from identifying the decisionalternatives and the relevant criteria to be assessedscaing,
weighting and finally the combinationof theseinto an owrall valuefor each alternative. In order
to appy an multi-criteria decision analysis fa& sustainabilty evaluation of multi-use aquaponic

platform it is necessaryto define a set of economic, sodal and ecolagical criteria which focus
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on the nature of multi-use aquaponic platformHowever, it should be clear that as a method
for economic analysis, multi-criteria decision analysis isonsideed inadequate to deliver
information required.

2. Stake holder engagement and participation

Aquaponics combinethe culture of fish and plants in a recirculating aquaculture system,
representing best practices on achieving higher productiongitatively and qualitativelyIn
aguaponics systems, fish waste is used to fertilize pJamtd theplantsprovide back filtered and
conditioned water for the fisiiDiver 2006, Timothy Granget al 2013LauraGenello et al 2016

Lately, aquaponics gaining more and more attention, beingem@erging industry which
shows a huge potentialn manysituations, guaponics can be more productive and economically
feasible, especially where land and water are limitddcording to PELUM Uganda, aquaponics is
ten times more productive than conventional farming methpdsecoming away to supply
vegetablesand fish for human consumptiolRakocy JE 20@2say that about 11,000 pounds of
fish and 14000 pounds of produce can be harvested in one year on 1/8 of an acre of land using
aguaponiaechnology

However, the implementation of these systemexjuire subsantial initial investment, but
still are considered reliable because it also obtained plants and fish and water treatment costs are
greatly reduced.

In aquaponics units, water froriish rearing unitggo through filtersthe plantgrows beds
and then back to the fish. With the filters water is cleaned by wastes, first using a mechanical filter
which removes the solid veée and then through a biological filt¢hat processes the dissolved
wastes.Because the water (containing nitrate amdher nutrients) travels through plant grow
beds the plants uptake these nutrients, and finally the water returns to the fish tank purified. This
process allows the fish, plants, and bacteria to thrive symbiotically and to work together to create
a healthygrowing environment for each other, provided that the system is properly balanced
(FAO, Smalicale aquaponics food productiantegratedfish and plant farming, 2014).

In aquaponics the use of chemical herbicides and pesticides it is prohibited, bebayse
are toxic to fish, therefore the crops are free of pesticides, heavy metals, fungifiiesr,
2006)In 2004, Love et al. published an international survey among practitioners in the field and
showed that respondents were principally motivated to gatolved in aguaponics in order to
grow their own food for sustainability reasons and personal health.

In this context,there is a great interest of investors in implementing these technologies,
due to the fact thatsimulate natural systems, is water efficient, and has fewer environmental
impacts than others forms of aquaculture (Blidariu F. And Grozea A.),2(ddingseen as a
sustainable food production.

Although this technology is applied ithousands of systems kilt in almost all
countriesworld, in Romania &ill almost unknown But nevertheless, latelgquaponicsegan to
I AY G3INRdzy Ré I Y lbagynt@ acoesE@dpers Bndst antlivitdangd or small
projectsthe developing aquaponics farnfeegan However, here is a lack of quantitative research
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to support the development of economically feasible aquaponics systems. Although many studies
have addressed some scientific aspects, there has been Ilimiteds faou commercial
implementation (Godek et gl2015).

In this context, we develop a short survey to investigate the aquaculturists opinion from
Romania, regarding the integration of aquaponics systems in the production cycle of fish.

Survey regarding the implementing of aquaponics technology it figrms

Survey questions he studywas undertaken through aurveydesigned and developed to
investigate theaquaculturistsopinion regarding the integration cfiquaponicssystems in the
production cycle of fist\fter reviewing the literature we drafted a surveywhich was then
pretested for tenspecialists or practitioners of aquaponics.

After we receving all theuggestions and after the confirmation of clarity, thervey was
made using Google Docs and sendto several farms from different gdogaapegions from
Romania, between April September 2016The link to the survewassent directly by email or
with the help of social media (Facebook) and tiespondentswere encouraged to share the
survey with their contacts in thdomainln order toensure the anonymity of the farm, personal
identifiers such as organization name;mmil address, or other personal information are not
presented in any reports using these data.

First, thesurvey contained a cover page providing explanatioh thestudy, about the
benefit of aquaponics and the usadchnologiesFor thesurvey we used35 questions. Because in
our country the development of aquaponics system is stithabeginningand the information of
farmers are still scarce we avoidadkingechnicalinformation related to aguaponics technolegi
or other specific details.

Briefly, the survegontairs questions regarding the rpsentation of farm/commercial
enterprise general information regarding the used facilities, fish, production capaéti¢ type of
the applied technologiesRegarding the factors which influence the decision to integrate such
production systems and some barriers towaidsegrating them in fish farms, the respondents
indicated their degree of agreement or disagreement using a five point Likert scale, from strongly
disagree (1) to strongly agree (5).

Statistical AnalysysAfter receiving all the answers data from the Goegldocs were
imported to Microsoft Excel 2018nd graphs were generated.

Results and Discussion.
The majority (78.%) of the fh farm from Romania are private propertys.80% stated
own property andonly 5.30% mixed ownership (state/private) (Figure 1).
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What type of property do you work at/manage?

State owned
property
2.3%

Mixed
ownership
(state /
private)

15.8%

Private
property

Figure 1. What type of property do you work at/man&ge

Mainly this aspect is due to the fact that after the revolution from 1989, in Rorstatizs
of fish farms has undergone some changes, going through a process of land allotment. Before
1989, inRomania arround 100,000 ha used for aquaculture, and about 60,000 ha of water surface
were coordinated by Production and Fish Processing, Bucharest (CPIP) and 40,000 ha were
located in the Danube Delta and were in thecoordinationof SubsidiaryDanube Dealtga. In
both cases, aguaculture farms were organized by structurestate enterprises. After 1990, all these
state fisheres belonging to CPIP Bucharest were transformed into joint stock companiesand
established a number of 34 companies with an area ofraxmately 63,000 ha on which were
placed aquaculture farms and their associated field. Until 2060e to the uncertain
legalstatusof the landfarms that were located, no fisarmswere privatized. After 2003, when
was founded The National Fisheries Adistration Company (CNFPA), for approximately 70% of
the fish farms was leased the land on which they were placed through the direct allocation (The
Multiannual National Strategic plan for 2014 Aquaculture)

In present, all the fish farms are in the evidenof National Agency for Fisheries and
Aquaculture (ANPA), but due to the privatization and to the legal status of the &Ehdhe
investmenst were reduced. However, lately more fish farms from many areas have been privatized
or leased for a period ofitne and isexpected an improvement of this situation soon.
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Regarding the income of the fish farm, 42.1% are between 562800000 lei, 26.3%vere
between 250.006500.000 lei,21.1% under 50.000 l@ind 10.5% between 500.060500.000 lei
(Figure 2).

Regarding the production capacities of the fish farms, 52.6% have a capacity of production
lower than 10 tons, 31.6 % lower than 25 tons, 15.8 % lower than 50 tones (Figure 3).

What is the income of the enterprise / commercial company?

® <50.000 [ei

@ Between 50.000 - 250.000 lei

@ Between 250.000 - 500.000 lei
@ Between 500.000 - 2.500.000 lei

Figure 2. What is the income of the enterprise/commercial company?

What is your company's production capacity?

=350
tonnes

15.8%

=10
fonnnes

=25
tonnes

Figure3. What is your company's production capacity?
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Although in recent years, in Romania, many fish farms were upgraded, our country is still
facingalack of resources and investments, poor infrastructure and Jeffgient technologies, all
leading to low productivity. The main factors on which we can work towards increasing production
levels are based on the use of valuable fish species and acclimatiabtienv species with higher
biological potential. On the future is aspectedncrease competitiveness and the sustainability of
this sector, by accesing of projects financed with European funds and granting of subsidies by the
Romanian Government in ordeto encourage the increasing production of fishery and
investments.

Other question from the survey make reference to tiype of production sytemsvhich
are used by the respondents. Our result showed timatre than half of the production system
(55.6 %) ar reprezented by ponds, 33.3 % by the recirculating aquaculture systems and only 11.10
% by the receways (Figug.

What type of production system do you use?

@ Recirculating
aquaculture system

@ Ponds aguaculture
Raceways

Figured. What type of production system do you use?

This aspect imainlydue to the fact that before 90 the aquacultuwas mainhdeveloped
in pondsin Romania, mst fish facilities have arelatively long history and were placed very well in
the landscape, playing an important role in strengthening the ecological balance in removing
excess water, ensuring and maintaining large arefswvetlands that have improvedocally
environment.

Raising fish in ponds is based on natural productivity and/or enriched by fertilization, and
administration of additional food. Actually, these technologies achieve a biomass fishery with low
production cets due to the use of inexpensive inpudthough in ponds are achieved
considerable fish productions, according to Petiea2014 an extensive aquaculture, based on
growth in pond, raiseghe number of issues related to work undertaken earthmoving (subdivision
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ponds, dsign and construction of damgjesign and implementation of supply channels / drain
and channel drainer, necessary maintenance work to be performed under regular.

Therefore, mcreasing customer demand for aquaculture products, together with increasing
environmental constraints and also the costs associated with land and water, have determined
producers to develop their technological facilities or to implement new engineerihgi®os to
assure the practice of high stocking densities. Thus, in recent years, the intensive and super
intensive aquaculture has developed particularly among recirculating systems, where
environmental conditions are permanently monitored and controligdtough mechanic and
biologic water filtration processes. Moreover, the practice of the last decades indicates that
recirculating aquaculture systems production is a feasible alternative to traditional pond
aquaculture. Although these technologies are exgige, the possibilities of obtaining a
continuous cycle biomass production throughout the year and also close positioned to market, are
important considerations for using recirculating aquaculture systems (Cristea V. et al., 2002).

Regarding the racewayystems these are recommended mostly for the growing of
salmonids Mainly, they are based on the existence of a strong current of water, during which
severalbasinsare lined for growing fishAlthough these systemisave the advantage of low costs
comparedother farming systems and achieving high yproductions, due to the strong water current
favoring high growth density, are stilirely met in our country.

The majority of the fish farmers produce fish fixelocal and national market (57.90 %),
31.60% for local national market and export, and only 10.50 % for export (B)gure

How do you capitalize the obtained product?

57,90%
60% -
50% -
0% 31,60%
-
30% -

20% A iﬂ iﬂoi‘

10% -

0%

Internaly Mixed (local/national Externaly (export)
(local/national market and export)
market)

Figure5. How do you capitalize the obtained product?

After 1989, fish production from our country has recorded a contirderdine, so from the
situation when 96% of fish consumption was provided by own production, Romania faced in 2005
only 14.4 % form the human consumption were covered by own production, the difference being
covered by importlthough in the past five yearss was observed a slight recovery, local fish
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of the total demand.

Also, in this context,per capita consumption fell in 2011 as low as 3.11 kg/capita dawn fro
4.44 kg in 2008, due to deteriorating consumer purchasing power, but the recovering process
started in 2012 when consumption reached 3.46 kg and 4.09 kg in 2014 (GAIN Report
Number:RO1505, Fish and seafood Market Briebmania) and is aspected that peapita
consumption to grow at 6 kg/capita. Unfortunatelly, the limited range of local valuable species and
poor processing opportunities stimulate imports, which became the major fish source. According
to data from the Ministry of Agriculture and Rural \épment, imports increased by 22.19%
from65 604 tonnes in 2004 to 80,160.60 tonnes in 2005, while exports increasdyAlyp0%
from 779.80 tonnes in 2004 to 815.70 tonnes in 20052014 fish and seafood imports increased
in value and quantity by 15 %espectively 18 %t as compared to 2013 (Ministry of Agriculture and
Rural Development).

Also, at the same timésh exports products of Romania decreasedcontinuously since 1989
and every year suffers from negative trade balance. Between 2001 and 2@0ay¢hage volume
of exports was only 693.37 toes/year, while each yeawas imported 60336.40 ton3he
statistics prove that the imbalance between imports and exports wassignificantly improved: if in
2006 the quantitative ratio export / import ratio wa®9.7 in 2013 fell to 11.9 level.This spect is
due primarily to the increase of inrenaly production of fish inespecially aquaculture, following of
grants awarded to Romania through POP 2Q013 (Romanian Goverment, Departament of
Water, Forest and Fish, Nenal Strategy for Fishery 20:2020).

The result of our survey outlines thatost commonly raised aquat&nimals by percent
were carp and bighead carp (15%), followed by grass carp (12.5 %), silver carp, caras,
silurus/european catfish and strugeonsthwilO %. Trout culture registered 7.50 %, pearch 5 %,
while pike and tilapia only 2.50 igure 6).

Which are the fish species reared in your farm ?

16% - 15,00% 15,00%
0, .
% 12,50%
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Figure 6. Which are the fish species reairegour farm ?
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So, it can be seen that theiggestpercentage is associated with the growing of asian
cyprinids ( 37.5 %). The results obtained from our survey are quite similar with those for 2011,
published in Sockconomic Analysis for Fisheries Sector for asian cyprinids 32 %, carp 31.8 % and
caras 2.56%.We observed an increased interest of farmers for sturgeon (10 %3$pantthat is
due to their high economic value or maintjoes the restocking programs forthéanube
developed in the last years.

Regarding the applied technology for the fish ragr63.2 % is based on tipeliculure and
36.8 % of monoculturé=igure 7).

In fact, according toMinistry of Agriculture and Rural Development, aquaculture in
Romania isperformed at this time, mainly in freshwaters and is characterized in terms of
technology in two directions:increase of extensive and seinsive polyculture of ciprinids and
carp in ponds anthe intensive growing of salmonids.

Which is the applied technology for fish rearing?

= Monoculture

Polyculture

63,20%

Figure 7Which is tle applied technology for fish rearing?

Although respondents surveydad ushave not implementedset in their farmaquaponics
systems, mosibof them have information (63.2 %) and only 36.8h&ven't heard about this
concept(Figure 8). The majority (33.3 %) heard about aquaponics from media sources, while an
equal procent from scientific conferences and worhshops, or didn't heared about aquaponics
(22.2 %)Figure 9).
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Have you heard about the concept of agauponics before the presentation
made at the beginning of the questionnaire?

® yes
®no

FHgure 8. Have you heard about the concept of aguaponics
before the presentation made at the begining of the questionnaire ?

As we know alreadythe media play a significant role in forming and influencing farmers
attitudes regarding aquaponics systemsit lalso should be encouraged the participation of farms
at workshops and scientific conferences in order to contribute to the developing of this
technology.Moreover, it is recommended not be neglected strengthening relationships of the fish
farms with theacademic world and technological transferimformation obtained at the farmers.

From what source have you heard about the concept of
aquaponics?

® Media

@ Scientific conferences
@ Workshops

@ It's not necessary

Figure 9. From what sources have you heard about the concept of aquaponics?
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Also,in the future, would be necessary to promote some studies regarding the consumer
attitudes regarding aquaponics products and to see if they may be willing to pay a premium for
aguaponics products based on the sustainability and lack of use of artificidizésd, parallel to
GKS FTRRAGAZ2Y I f LINTa@fd goducts|@chBskayigh cOrisumer Nanfiieéhée in
aquaponics products will increase also the demands for such ecological products, thus
encouraging farmers to invest more in such schemessmdesshould be encouraged to
implement and to invest in such plants production systems.

When the respondents werasked if theywant to obtain a secondary production derived
from the use of aquaculture effluent from aquaculture activity, most of them responded positively
(84.2 %), while 15.8 % were still reticent to this activity (Figure 10.).

Do you want to obtain a secondary production (plants) derived
from the use of effluent from aquaculture activity?

no

yes

Figure 10Do you want to obtain a secdary production (plants) derived from the use of effluent
from aquaculture activity?

The majority of the respondents want tnplementan aquaponics system in their fish
farmsby accessing European fun@d2.60 %),while 31.60 % frontheir own funds, 5.30 %rom
other types of funds, and only 10.50 % remain still reticent on the implementation of technology
in their farms(Figure 11).

The fact that most of the farmers want to access European funds, in order to implement an
aguaponics system, it is due to thaultitude of programs developed in recent years which
encouraging the sustainable development of fisheries and aquaculture.
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Other type

It’s not necessary

European funds

Own funds

What kind of funds are you willing to use to implement an aqauponic system?

5,30%

31,60%

0% 10% 20% 30% 40% 50% 60%

Figure 11 What kind of funds are you willing to use to implement an aquaponic system?

When the respondentsvere asked which are their expectatiaiter the integration of
aguaponics system in their farms, majority (57.9 %) hope to maximize their profits by selling
aguaponics production and to minimize their cost of treating effluent, and only 26.3 % hope that
their profits will increase by selling aquaponics products nfgla while 15. 8 % have no
expectation et all.

Which are your expectations after the integration of aquaponic system in your farm?

Maximize profits by
selling aguaponics
production

26.3%

Maximize profits by
selling aguaponics
production,
Minimizing the cost
of treating effluent
from aguaculture
activities

57.9%

It's not necessary

15.8%

Figure 12Which are your expectations after the integration
of theaquaponicsystem in your farm?
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Regarding thdactors which underline the decision to integrate an aquaponic system
their fish farm the results of our survey wer@igure 13)

- Reducing cost effluent treatment: most of the respondents (47.37 %) are agree, 36.84 %
are absolutely agree, while 15.79&¥e indifferent;

- Obtaining additional income from selling aquaponic produd®&l11 % are agree, 36.84
% are absolutely agree, while 21.05 % are indifferent;

- Decrease the negative impact of aguaculture on the environment: 52.63 #gaseing
31.58 % are absolutebgreed and only 15.7%are indifferent.

- Improving the image of the farm compangnost of the respondents (57.89 %) are
agreeing, 26.32 % are absolutely agreed, and only 15.79 %are indifferent.

- The differentiation of products to ecopeting products52.63 % are agreeing, 31.58 %
are absolutely agreed, and only 15.79% are indifferent.

- Promoting agretourism potential of the farm 47.37 % are agreeing, 31.58 % are
absolutely agreed, and only 21.05 % are indifferent.

- Increased market qopetitiveness57.89 % are agreeing, 26.32 % are absolutely agreed,
and only 15.79% are indifferent.

- The need for implementing a quality management system and production s&f&i§9
% are agreeing, 31.58 % are absolutely agreed, and only 10.53 % #ezandi

- Increase the chances of absorption of European fub@s63 % are agreeing, 36.84 %
are absolutely agreed, and only 10. 53 % are indifferent.

Reduce costs involving effluent treatment ‘

Obtaining additional income from selling aquaponic products ‘
Decrease the negative impact of aquaculture on the environment ‘
Improving the image of the farm company ‘

The differentiation of products to competing products ‘
Promoting agro-tourism potential of the farm ‘

Increased market competitiveness ‘

The need for implementing a quality management system and
production safety

Increase the chances of absorption of European funds ‘

ol absolutely agree ol agree ol'm indiferent ol don't agree ml absolutely don't agree

Figurel3.The factors which underline the decision to integrate an aquaponic system within
your fishfarm

Fom the answers received by umost of the respondents have a positive attitude
regarding the decision to integrate an aquaponic system within their farm
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Most of them believe that their cost with treating effluent will decreased also will
decrease the negative impact on the environmeAtl fish farmers have the responsibilities to
protect the environmentnd the authorities who regulate aquaculture will insist that fish farmers
conform to strict standards of effluent qualityso, in this case all the fish farmers must find
economical methods to dealing with the 4pyoducts of their processe this context, aguponics
can be a good alternative forater treatment in aquacultureue to its environmentally friendly
gualities and fish farmers must develop solutions to the specific challenges posed by their site and
business activity.

Also, the majority of the respondents believe that with the integrationagiaponics
systems their income will increase and the image of their company will be imp@vedthe past
decade, the market for organic products has been growing raidty nost of the respondents
believe that consumers are willing to pay more for ecologicatipets Also, they consider that
will be appropriate to encouragagrotourism thus contributingo improving farm image

Regarding the barriers towards integrating an aquaponic system within your fish
farm/enterprise, the results of our survey wefeigure 14)

- The cost of investment necessary to achieve aquaponic systest:.of the respondents
are indifferent or are not agree (31.58 %), 26.32 % are agree, while 10.53 % are absolutely
agree;

- The land required for the achievement of a aquaponic systeost of the respondents are
indifferent (52.8 %) or are not agree (26.32 %) and 1% 3are agreeand absolutely
agree;

- Disinterest of managemost of the respondents are indifferent (47.37 %), 31.58 % are not
agree and 10.53 % are agree and absojusgiree;

- The lack of qualified personnel7.37 % are not agree with this affirmation, while 26.32 %
are or agree or indifferent;

- The uncertainty of future benefit§2.63 % are not agree with this affirmation, while 26.32
% are aagree and 21.05 % ardifferent;

- Difficulties in supply chain management and samegst of the respondents (47.37 %) don't
agree the fact that they may confrunting some difficulties in supply chain management and
sales, 31.58 % are indifferent and an equal procent (10.5ar&pgree and absolutely
agree with the affirmation;

- Difficulties in change some parts of the technological process in order to meet the
requirements of managemen#t2.11 % are not agree, 31.58 % are indifferent and 26.32 %
are agree;

- Difficulties in chang some parts of the technological process in order to meet the
requirements of managementnost of the respondents (36.84 %) are agree, 31.58 are not
agree 26.32 % arandifferent and only 5.26 % are agree with the afirmation.
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The cost of investment necessary to achieve aquaponic system _ 31,58
The land required for the achievement of a aquaponic system _ 26,32
The uncertainty of future benefits _ 52,63
Difficulties in supply chain management and sales _ 47,37
Difficulties in change some parts of the technological process in _ 21

order to meet the requirements of management i

Lack of policies to encourage companies to integrate a system _ 3158

aquaponic in fish farms >
ol absolutely agree ol agree ol'm indiferent ol don't agree ml absolutely don't agree
R —

Figurel4. Barriers tovards integrating an aquaponic system within your fish farm/enterprise
3. Developing platform solutions

One of the most important, if not the most important, aspects of agquaponics is the system
design. The technical implementation of the right typehgtiroponic system will determine the
success or failure of entire operation. With that in mind, the aquaponic system design phase is the
first step towards a proper implementation process.

When designing an aguaponic system or integrating a hydroponiemsyisito an already
existing recirculating aquaculture system (RAS), a series of biological and environmental factors
will have to be taken into consideration, because these will impact the entire aquaponic
6S02aeaidsSyéo

There might be a multitude of faate to consider when implementing anaguaponic system,
but in the end, and as a generalization of the design process, it will always come down to the
choice between the three types of aquaponic methods: deep water culture (DWC), nutrient film
technique (NFTand media bed.

1. Site location

The right choice for the aquaponic system site location is a very important decision. The
type of chosen location, the exposure to the climate elements and to sunlight, temperature,
access and other such factors that depeamdthe site location have to be very carefully considered
in the design phaséSomerville et al., 2014).
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1.1. Location type

This generally refers to where will the aquaponic system be built: indoors or outdoors.
When building indoors, this including buildidgy 8 A RS | 3INBSyK2dzaSs AdGQ
environmental aspects, but it also involves higher implementation costs.

Building outdoors is cheaper, but more risky due to unpredictable environmental issues
that may arise, making it viable only on a vemyall number of location types.

The building sites is best to be on a surface that is stable and leveled, in an area that is
protected from severe weather but exposed to enough sunlight(Somerville et al., 2014).

1.2. Stability

As previously mentioned the bdihg site should be stable and leveled, and depending if
the system is built indoors or outdoors, the surface being built on should be either concrete
(making it suitable for such a build but also preventing system components such as pipes and
cables to beburied, making is a tripping hazard) or graded soil covered with some sort of material
to prevent mud from forming and to mitigate weeds.

It is important to place the fish rearing units on some sort of base (to provide stability,
allow easier plumbing dégn and installation, to thermally isolate it from the ground and to
provide it with extra protection from eventual accidents).

1.3. Exposure to wind, rain and snow

LT GKS OK2aSy 20F0A2y Aa AYyR22NRI (GKSy
then extreme environmental factors can stress, stunt or even destroy the crops; also, structural
system elements can also be affected or destroyed.

Strong winds can negatively impact plant growth and even damage the plants. Heavy rain
and snow can dilutethe nutrientNA OK gl 6 SNE Ff22R (0KS aeadasSy
mechanism) and damage unprotected electrical components.

The system should be built in a wipdotectedzone, and protected with some sort of cover
from potential rainfall.

1.4. Exposure toight and shade

Adequate access to a light source is critical for the crops to properly grow. The plants need
an optimum amount of light each day, and this needs to be provided either naturally or
artificially(Somerville et al., 2014).

For an indoor buildf there is insufficient or inexistent sunlight access, the aquaponic
system must be fitted with special lamps in order to provide plants with an adequate light source.
Usually this can be achieved with relatively cheap misgdide bulb lamps that use atlof power
and also heat up the surrounding area, or with more expensive LED lamps that use very little
power and produce almost no heat.

C2NJ Iy 2dziR22NJ 6dzAf R (KS fA3IKG akKz2dzZ RyQi
average low sunlight exysure during the day or during certain periods of the year. In this case

additional lighting is required just as in the case of the indoor build.
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Also outdoor builds may be overexposed to sunlight, in which case some sort of shading
must be provided. Th# A aK R2y Qi ySSR fA3IKAIZ YR AGQa NBO:
shade at all times, or just cover them with a dark opaque surface ma(Saaherville et al., 2014).

1.5. Utilities, access and fences

Electric outletsare needed for water and airrpps, and these outlets should be shielded
from water andequipped with a residualrrent device (RCD) to reduce the risk of electrical
shock.

There should be easy access to the water source (whether it is municipal water, water from
a phreatic aquifer, orain collection units). Also a proper disposal of the effluent from the system
is important(Somerville et al., 2014).

The system needs to be located somewhere where it is easy for dailyaccess (frequent
monitoring and daily feeding are required). The entsige should be fenced in; fences are
required to preventtheft and vandalism, animal pests and for some food safety
regulations(Somerville et al., 2014).

2. Aquaponic system components

Though most aquaponic systems differ from one each other, they all stmree key
components, such as: the fish rearing units (fish tanks), the mechanical filter, the biofilter and the
hydroponic modules.

Every aquaponic systems uses electricity to circulate water (by means of water pumps) and
to aerate the water (with air pungor diffusers).

2.1. Fish rearing units

This is a crucial component of every aquaponic system, and must provide certain
conditions for the fish to thrive and survive, therefore choosing a proper rearing unit is very
important. These can account for up to 2@¥the costs. There are several aspects to look for
when choosing a rearing unit, most important being the shape, material and color.

Even though theoretically any shape will work, round rearing units with flat bottoms are
recommended. This shape allowstemto circulate uniformly and forces solid wastes towards the
center where they exit the unit through a siphon. Depending on the fish species being reared, the
shape of the rearing unit must also provide adequate space for movement(Somerville et aJ., 2014

The best material is strong inert plastic or fiberglass, recommended because of their
durability andlong life span. If using plastic units, they must berddistant because direct
sunlight can destroy plastic; ledensity polyethylene (LDPE) rearingtsrare preferable because
of their high resistanceand foegrade characteristics. Cement units or waterproof lined units are
also some of the options, the waterproof liner such as polyethylene plastic making for an
inexpensive solution.

White or other lidnt colors are best suited for rearing units, as they allow easier viewing of
the fish in order toeasily check behavior and the amount of wastesettled at the bottom of the

tank. White tanks will also reflect sunlight andkeep the water cool.
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2.2.  Mechanical filer

For recirculating aquaculture systems, mechanical filtration is the most important aspect of
the system design. Mechanicalfiltration is the separation and removal of solidand suspended fish
waste from fish tanks. It isessential to remove these wasteshfe healthof the system, because
harmful gases are releasedby anaerobic bacteria if solid waste is left todecompose inside the fish
tanks. Also,the wastes can clog systems and disrupt waterflow, causing anoxic conditions to the
plantroots.

Smallscale aquaponics typically haslower stocking densities than the intensive
RASmethods for which these mechanical filters were originally designed, but some level
ofmechanical filtration is essential for healthy aquaponic tanks, regardless of the type
ofhydroponicmethod used.

There are many types of mechanical filters, including sedimentationtanks, -femial
clarifiers, sand or bead filters and baffle filters; each of them can beused according to the amount
of solid wastes that needs to be removed.

Adequate preéminary mechanical filtration isespecially important for NFT and DWC
unitsused to trap and remove solid waste. Withoutthis preliminary process, solid and
suspendedwaste will build up in the grow pipes and canalsand will clog the root surfaces. Solid
wasteaccumulation causes blockages in pumps andplumbing compoK8atserville et al., 2014).

2.3. Biofilter

Biofiltration is the conversion of ammonia andnitrite into nitrate by living bacteria. Most
fishwaste is not filterable using a mechanical filterbecause wWaste is dissolved directly in
thewater, and the size of these particles is too smallto be mechanically removed. Therefore, in
orderto process this microscopic waste an agquaponicsystem uses microscopic bacteria.

Biofiltrationis essential in aquaponics laese ammonia andnitrite are toxic even at low
concentrations,while plants need the nitrates to grow. In anaquaponic unit, the biofilter is a
deliberatelyinstalled component to house a majority ofthe living bacteria. Furthermore, the
dynamicmovement of watewithin a biofilter will break down very fine solids not captured bythe
clarifier, which further prevents waste build up on plant roots in NFT and DWC.

The biofilter is designed to have a largesurface area supplied with oxygenated water. It is
installed ketween the mechanicalfilter and the hydroponic containers. Theminimum volume of
this biofilter containershould be onsixth that of the fish tank.

Commonly used as biofilter medium are Bioballs or Bactoballs, proprietary product
available fromaquacultureupply stores, although similar generic brands exist. These aredesigned
to be an ideal biofilter material,because they are small, specially shaped plasticitems that have a
very large surface area for theirvolume (5700m%/m?3).

The media used can also beolcanic gravel, plastic bottlecaps, nylon shower poufs,
netting, polyvinylchloride (PVC) shavings and nylon scrub pads.

Any biofilter needs to have a high ratio of surfacearea to volume, be inert and be easy to
rinse(Somerville et al., 2014).
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2.4. Water pump

The flowingwater moves from the fish tanks, through the mechanical separator and the
biofilter andfinally to the plants in their media beds, pipes or canals, removing the dissolved
nutrients.If water movement stops, the most immediate effect will be dueion in dissolved
oxygen andaccumulation of wastes in the fish tank; without the mechanical filter and biofilter fish
cansuffer and die within a few hours. Without water flow, the water in media beds or DWCunits
will stagnate and become anoxic, and Nly$tems will dry out.

A commonly cited guideline for densedyocked aquaponic systems is to cycle thewater
two times per hour. For example, if an aquaponic unit has a total water volun@dittes, the
water flow rate should be @Qitres/h, so thatevery hour the water iscycled two times. However,
at low stocking densities this turnover rate is unnecessary,and the water only needs to be cycled
one time per hour.

Impellertype submersible water pumpsare the most commonly used and represent the
heart of anaquaponics unit. External pumps can also be used, but they require further
plumbingand are more appropriate for larger designs.

High-quality water pumps should preferablybe used in order to guarantee a long life
spanand energy efficiency. Tgpality pumps willmaintain their pumping capacity and
efficiencyfor least 42 years, with an overall life span @3 years, whereas inferior products will
losetheir pumping power in a shorter time leadingto significantly reduced water flows.

Regardingflow ratethe smallscale units described in thispublication need a flow rate of
2000litres/h ata head height of 1rGeters; a submersible pumpof this capacity would consume
25¢50 W/h.A helpful approximation to calculate energyefficiency for submersible puntpatis
pump can move 4res of water per hourfor every watt per hour consumed, although some
models claim twice this efficiency.

When designing the plumbing for the pump, it is important to realize that pumpingpower is
reduced at every pipe fitting; upo 5Spercent of the total flow rate can be lostat each pipe
connection when water is forced through. Thus, use the minimal numberof connections between
the pump and the fish tanks. It is also important to note thatthe smaller the diameter of the pipes,
the larger the water flow loss. A &im pipehas twice the flow of a 20m pipe even if served from
pumps with same capacity.In addition, a larger pipe does not require any maintenance to remove
the buildupof solids accumulating inside.

2.5.  Air pumps

Air pumps mject air into the water throughair pipes and air stones that lie inside thewater
tanks, thereby increasing the dissolved oxygen (DO) levels in the water. Additional DO isa vital
component of NFT and DWC units.

Air stones are located at the end of the md, and serve to diffuse the air into smaller
bubbles. Small bubbles have moresurface area, and therefore release oxygen intowater better
than large bubbles; this makes theaeration system more efficient and contributesto saving on
costs. It is recommendetthatquality air stones be used in order to obtdire smallest air bubbles.
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Biofouling will occur,and air stones should be cleaned regularly firstwith a chlorine solution
to kill bacterial depositsand then, if necessary, with a very mild acidto remoneratization, or
replaced, whenthe flow of bubbles is inconsistent.

Qualityair pumps are an irreplaceable component ofaquaponic systems, and many systems
have beensaved from catastrophic collapse because of anabundance of DO. If possible, it is
preferable touse a combination AC/DC air pump in case ofelectricity shortages, because when
disconnectedfrom AC power during an outage, the chargedDC batteries can continue
working(Somerville et al., 2014).

3. Media bed technique

Mediafilled bed units are the most glar design for smalicale aquaponics. Thismethod
is strongly recommended for most developing regions. These designs areefficient with space, have
a relatively low initial cost and are suitable for beginnersbecause of their simplicity.

In media bedunits, the medium is used to support theroots of the plants and also the same
medium functions as a filter, both mechanicaland biological. This double function is the main
reason why media bed units are thesimplest; the NFT and DWC methods bothrequatedsaotd
more complicated components for filtration. However, the mediabed technique can become
unwieldy and relatively expensive at a largeale. Mediacan become clogged if fish stocking
RSyaAriASa SEOSSR (KS o0SRaQ Gdpaatkbfiratich, aBo sdmed A ( &
media types are very heavy. Water evaporation is higher in media beds withmore surface area
exposed to the sun(Somerville et al., 2014).

3.1. Media bed construction

Media beds can be made from plastic, fiberglass or a woodemdravith watertight
rubber orpolyethylene sheeting on the base and insidethe walls.

It is possible to use all of the aboveas beds and other kinds of tanks so long as theymeet
these following requirements:

- strong enough to hold water and growingmedia withduweaking;

- able to withstand difficult weatherconditions;

- made of foodgrade material that is safe forthe fish, plants and bacteria;

- can be easily connected to other unit components through simple plumbing parts;
- can be placed in close proximity to theéhet unit components.

The standard shape for media beds is a rectangle, with a width of abouardd alength of
1¢3m. Larger beds can be used, but they require additionalsupport in order to hold their weight.
In addition, longer bedsmay have unequal disitions of solids that tend to accumulate at the
water inlet,raising the risk of anaerobic spots. The beds should not be so wide that it makes it
unable to reach across(Somerville et al., 2014).

Media bed depth is important because it controls the amoahtoot space volume inthe
unit which determines the types of vegetables that can be grown. If growing largefruiting
vegetables such as tomatoes, okra or cabbage, the media bed should have a depttof 30
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without which the larger vegetables would not\esufficient root space,would experience root
matting and nutrient deficiencies, and would probably topple over. Small leafy green
vegetablesonly require 20cm of media depth, makingthem a good choice if the media bed size
islimited.

3.2.  The medium
All applicable growing media will have severalcommon and essential criteria. The
mediumneeds to have adequate surface area whileremaining permeable for water and air,
thusallowing the bacteria to grow, the water to flowand the plants roots to breathe. The
mediunmust be inert, not dusty, and netoxic, and it must have a neutral pH so as not toaffect
the water quality. It is important to wash the medium thoroughly before placingit into the beds,
particularly volcanic gravel which contains dust and tiny particles.
¢tKSasS LI NIAOESa OlFy Of23 (GKS &aeaidSy FyR
important to work with material that is comfortable for the farmer. These essentialcriteria are
listed below:
- large surface area for bacterial growth;
- neutral pH andinert (meaning the medium will not leach out any potentially
toxicsubstances);
- good drainage properties;
- easy to work with;
- sufficient space for air and water to flow within the medium;
- available and cosgtffective;
- light-weight, if possible.
Several commo media include: volcanic gravel (tuff), limestone, light expanded clay
aggregate (L.E.C.A.), gravel, pumice, perlite, zeolite, Growstone.

3.3.  Filtration

The media beds serve as very efficient filters, both mechanical and biological. Unlikethe
NFT and DWC st¢gms (discussed below), the media bed technique utilizes acombination filter and
plant growing area. In addition, the media bed provides a placefor mineralization to occur, which
is absent in the NFT and DWC systems. However, at high stocking dendifekg(m3), the
mechanical filtration can be overwhelmed andcan face the risk of having the media clogged and
producing dangerous anaerobic spots(Somerville et al., 2014).

The mediurdfilled bed functions as a large physical filter, capturing and contathiegplid
and suspended fish waste and other floating organic debris. The effectiveness ofthis filter will
depend on the particle size of the medium because smaller particles aremore densely packed and
capture more solids. Moreover, a high water flow ranforce particles through the media bed
and escape the filter. Over time, the capturedsolid wastes will break down and be mineralized. A
properly balanced system willprocess all of the incoming solid wastes.
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All of the growing media herein outlined havéaage surface area where nitrifyingbacteria
can colonize. Of all of the aquaponic designs, media beds have the mostbiological filtration
because of the huge area of media on which the bacteria can grow.Biofiltration capacity can be
limited or lost if the nedia beds become anoxic, if thetemperatures drop or if the water quality is
poor, but generally media beds have morethan adequate biological filtration.

3.4. Water dynamics

Water flows into each grow bed at a constant flow rate. As the water fills the gralit be
reaches the top of the standpipe, and begins to drip through the standpipe back to thesump tank.
Without the bell portion of the bell siphon, this would create a conditionof constant water height.
Instead, as the water continues to fall through the redpipe,the bell, which sits over the
standpipe something like a hat, acts as an air tight lock andproduces a siphon effect. This suction
within the bell starts the siphon. Once started,all the water from the bed starts to rapidly flush
down the standpipe sthe bell keepsits air tight seal. The draining through the standpipe is faster
than the constant inflowfrom the fish tank. When the water in the grow bed drains all the way
down to bottom,air enters the bottom of the bell and immediately stops the siphbme water
thenslowly fills back up and repeats the whole cycle again continuously(Somerville et al., 2014).

4. Nutrient film technique (NFT)

The NFT is a hydroponic method using horizontal pipes each with a shallow stream
ofnutrient-rich aquaponic wateflowing through it. Plants are placed withinholes in the top of the
pipes, and are able to use this thin film of nutrierth water.

Both the NFT and DWC are popular methodsfor commercial operations as both are
financiallymore viable than media bed unitwhen scaled up. This technique has very
lowevaporation because the water is completelyshielded from the sun. This technique is far
morecomplicated and expensive than media beds,and may not be appropriate in locations
withinadequate access to suppliers. i§htechniqueis most useful in urban applications,
especiallywhen using vertical space or weilymitationsare considerations(Somerville et al.,
2014).

Although all methods have a differentapproach to actually growing plants, the
mostimportant difference btween them is the methodof filtration that both the NFT and DWC
units utilize compared with the media bedmethod. The following text describes this method of
filtration for NFT and DWCunits in detail. Afterwards, the NFT and DWC methods are discussed
individually.

The general layout of this section begins with water flow dynamics, or how the
watermoves through the system. Then filtration methods are discussed, followed by
specificplanting guidelines for NFT systems.

4.1. NFT construction
The NFT then empys theuse of plastic pipes laid out horizdhtadogrow vegetables using

the aquaponic water. Where possible, use pipes ofrectangular section with width larger
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thanheight, which is standard among hydroponicgrowers. The reason lies in a larger film of
waterthat hits the roots with the scope of increasingthe nutrient uptake and plant growth. Oneof
the benefits of the NFT is that the pipescan be arranged in many patterns, beyond thescope of this
publication, and can make use ofvertical space, walls and feaoelsoverhanging balconies.

The water is pumped from the biofilterinto each hydroponic pipe with a small equalflow
creating a shallow stream of nutriemichaquaponic water flowing along the bottom. Thegrow
pipes contain a number of holes along thetoptloé pipe into which the plants are placed.As the
plants start to consume the nutrientchwater from the stream, they begin to developroot
systems inside the grow pipes. At thesame time, their stems and leaves grow out andaround the
pipes. The shallow filmf water atthe bottom of each pipe ensures that the rootsreceive large
amounts of oxygen at the root zonealong with moisture and nutrition. Keeping ashallow stream
allows the roots to have a larger air exchange surface. The water flowfor each grow pipeé sa
no greater than gZ2liters/min. The flow rate is controlledfrom the-walve, with all excess water
flow returned to the fish tank(Somerville et al., 2014).

It is wise to choose a pipe with the optimum diameter for the types of plants grown.Pipes
with a square crossection are best, but round pipes are more common andtotally acceptable. For
larger fruiting vegetables, Tin diameter grow pipes are neededwhile fagbwing leafy green
and small vegetables with small root masses onlyrequire pipes avithiameter of 7.6m. For
smallscale polyculture (growing manytypes of vegetablesgmildiameter pipes should be used.
This avoidsplant selection limitations because the small plants can always be grown in the
largerpipes, although there would be a sfice in planting density. Plants with extensive
rootsystems, including mature older plants, can clogsmaller pipes and cause overflows and losses
ofwater. Be especially mindful of tomatoes andmint, as their massive root systems can easilyclog
even large pes.

The grow pipe length can be anywherebetweeand 12n. In pipes longer than 12
m,nutrient deficiencies can occur in plants towardsthe end of the pipes because the first plants
havealready stripped the nutrients. A slope of abogth/m of pipe lengh is needed to make
surethe water flows through the whole pipe withease. The slope is controlled by using
shims(wedges) on the side away from the fish tank.

PVC pipes are recommended because theyare usually the most commonly available and
areinexpensive. WA 4GS LIALISa aK2dzZ R 0SS dzaSR |a GKSO2f 2N
theinside of the pipes cool. Alternatively, square orrectangular hydroponic pipes with
dimensions1®Y ¢ A Rein KeigRt are recommended.

Professional hydroponic pipes fooramercial growers are typically this shape, andsome
growers use vinyl fence posts(Somerville et al., 2014).

4.2. Filtration

Dedicated filtration is of critical importance in both NFT and DWC units. Whereasthe
medium in the media bed technique serves asdilter and a mechanical filter, theNFT and DWC
techniques do not have this luxury. Therefore, both types of filtersneed to be deliberately

constructed: first, a physical trap to catch the solid wastes, andthen a biological filter for
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nitrification. Thee are manytypes of mechanical filters, and NFT and DWC units require those at
the high end ofthe spectrum outlined therein. The designs uses a mechanicalswirl filter to trap
particulate wastes, with periodic venting of the captured solids. Onexiting wid §lter, the

water passes through an additional mesh screen to trap anyremaining solids and then reaches the
biofilter. The biofilter is well oxygenated withair stones and contains a biofiltration media, usually
.A2o0ltfats yet 2y whdd theh nirlying dddtedaztranstor®d Ghe ldidsalved
wastes. With insufficientfiltration, both NFT and DWC units would clog, become anoxic and exhibit
poorgrowing conditions for plants and fish alike(Somerville et al., 2014).

4.3. Water dynamics

Thewater flows by gravity from the fish tank, through the mechanical filter and intothe
O2YO0AYlIGA2Y O0A2FAf GSNXkadzyYLlJ CNRY (GKS adzyLl oK
connector and valves. Some water is pumped directly back to the fishtankefrteening water is
pumped into a manifold that distributes the water equallythrough the NFT pipes. The water flows,
again by gravity, down through the growpipes where the plants are located. On exiting the grow
pipes, the water is returned tothe biofiltssump, where again it is pumped either into the fish
tank or grow pipes.The water that enters the fish tank causes the fish tank to overflow through the
exitpipe and back into mechanical filter, thus completing the cycle.

This design, as described inthixizo t A OF G A2y~ A& OFftfSR F GaCA3
of the water. This design ensures that filtered water enters both the fishtank and the grow pipes,
while only using one pump. There is no need to place thesump lower than the rest of the unit,
making this design possible to use on existingconcrete floors or on rooftops. All components are at
a comfortable working levelfor the farmer without stooping or using ladders. One drawback isthat
the combination sump/biofilter works to dilute the nutrieroncentration of thewater reaching
the grow pipes, and at the same time, returns water to the fish beforethe water has been fully
stripped of nutrients. However, the slight dilution is managedby controlling the bidirectional flow
leaving the sump/biofilterand, overall, it has littleeffect on the efficacy of this system in light of
the benefits provided. Generally, thepump returns 80% of the water to the fish tanks and the
remaining 206 tothe grow beds or canals, and this can be controlled with the vaine{ille et
al., 2014).

5. Deep water culture technique (DWC)

The DWC method involves suspending plants in polystyrene sheets, with their roots
hanging down into the water. This method is the most commonfor large commercial aquaponics
growing one specificrop (typically lettuce, salad leaves or basil), and is more suitable for
mechanization. On a smadtale,this technique is more complicated than media beds, and may not
be suitable for somelocations, especially where access to materials is limited.

5.1. DWC construction
Canals can be of variable lengths, from one totens of meters. In general, theirlength is not

an issue, as seen in the NFT, becausethe large volume of water enables adequatenutrient supply.
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Optimal plant nutrition in verylong canals showtivays allow for adequatewater inflow
and reoxygenation to ensurethat nutrients are not depleted and that rootscan breathe. As far as
the width is concerned,it is generally recommended to be the standardwidth of a sheet of
polystyrene, but it canbe mutiles of this. However, narrower andlonger canals enable a higher
water speed thatcan beneficially hit the roots with larger flowsof nutrients. The choice of width
should alsoconsider accessibility by the operator. The recommended depthcia 89 allow
foradequate plant root space. Similar to fish tanks, canals can be made out of any stronginert
material that can hold water. For smalitale units, popular materials includefabricated plastic
containers or fiberglass. Much larger canals can be constructeglwgood lengths or concrete
blocks lined with fooejrade waterproof sheeting.If using concrete, make sure it is sealed with
non-toxic, waterproof sealer to avoidpotential toxic minerals leaching from the concrete into the
system water.

As mentioned abovehe retention time for each canal in a unit ig4lhours,regardless of
the actual canal size. This allows for adequate replenishment of nutrientsin each canal, although
the volume of water and the amount of nutrients in thedeep canals is sufficient tesistotihe
plants over longer periods. Plant growth willdefinitely benefit from faster flow rates and turbulent
water because roots will be hitby many more ions; whereas slower flows and almost stagnant
water would have anegative impact on plant growth.

Aeraion for DWC units is vital. In a densely planted canal, the oxygen demand forplants
can cause DO levels to plummet below the minimum. Any decomposing solidwaste present in the
canal would exacerbate this problem, further diminishing DO.Thus, aeratioaqisred. The
simplest method is to place several small air stones in the canals. The air stones shouldrelease
about 4liters of air per minute, and bearranged everg4ih? of canal area.

Another advantage of this methodis the avoidance of direct comédthe plantstems with
water, which reduces the risks ofplant diseases at the collar zone. Moreover, theincreased
ventilation as a result of the increasedair space favors heat dissipation from water,which is ideal in
hot climates.

Do not add any fish intthe canals that couldeat the plant roots, e.g. herbivorous fishsuch
astilapia and carp. However, some small carnivorousfish species, such as guppies, mollies, or
mosquitofish, can be used successfully to manage mosquitolarvae, which can become a huge
nuisance toworkers and neighbors in some areas.

The polystyrene sheets should have a certainnumber of holes drilled to fit the net cups(or
sponge cubes) used for supporting each plant. The amount and locationof the holes is dictated by
the vegetable typeand thalistance desired between the plants,where smaller plants can be
spaced more closely.

5.2. Filtration

Mechanical and biological filtration in DWC units is the same as in NFT units i&hich
described above (4.2).
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5.3. Water dynamics

The water flow dynames in DWC are almostidentical to those through an NFT. The
waterflows by gravity from the fish tank, throughthe mechanical filter, and into the
combinationbiofilter/sump. From the sump, the wateris pumped in two directions through a
G, ¢ 02 yy S O (is2Suind watkr is@uinfpedd@rectly back to the fish tank. The remainingwater
is pumped into the manifold, whichdistributes the water equivalently through thecanals. The
water flows, again by gravity, throughthe grow canals where the plants are located aoexit
the far side. On exiting the canals thewater is returned to the biofilter/sump, where again it is
pumped either into the fishtank or canals. The water that enters the fish tank causes the fish tank
to overflowthrough the exit pipe and back into mecheat filter, thus completing the cycle.

This Figure configuration describes the path of the water seen in the DWCsystem. As in the
NFT, the water flows through the mechanical filter and the biofilterbefore being pumped back to
the fish tank and the plantanals. One drawback inthis configuration is that the combination
sump/biofilter returns part of the effluentwater from the plant canals back to the plants.
However, unlike in the NFT where thenutrients in the small film of water flowing at root level
quicky become depleted, thelarge volume of water contained in the DWC canals allows for
considerable amountsof nutrients to be used by plants. Such nutrient availability would also
suggest differentsystem designs. A serial distribution of water along the DAN&lsccan be
O2yaidiNHzZOGSRoe aAyYLXe dzaAy3d | aOFaldl RS¢g O2y¥F
farthesttank. In this case, the outlet of one tank would be the inlet of the successive one, andthe
increased water flow would help the roots to accedsgher flow of nutrients.

In the DWC system, water is pumped from the biofiltercontainer into canals that have
polystyrene sheets floating on top supporting the plant.The flow rate of the water entering each
canal is relatively low. Generally, every céwaal 4hours of retention time. Retention time is a
similar concept to turnover rate, andrefers to the amount of time it takes to replace all the water
in a container. For example,if the water volume of one canal isl&& and the flow rate of
water entering thecontainer is 30iders/h, the retention time would be Rours (60@ters -
300liters/h) (Somerville et al., 2014).
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{ OKSYIF GAO 27F a5 dzy £ DERaArtmeRt®f AlAculture, Epviko@nieNtdl Scielces
and Cadaster NFT aquaposicstem (Isometric view)

{ OKSYIFGAO 27F a5 dzy £ DERartmeRt®f AlRadculture, EgvikodrteNtdl Sciedces
and Cadaster NFT aquaponic system (NFT tubes cross section, with net pots)
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{ OKSYI 0AO 27F a5 dzy k DERdrtmeRt&f Advacdltare, Enyidordn® ik Scianées
and Cadaster NFT aquaponic system (side view)
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{ OKSYI GAO 27F a5 dzy k DERdrtmeRtSf AlRGulture, Exviko@rieNtsl Scierdces
and Cadaster NFT aquaponic system (frontal view)
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{ OKSYI A O $7F W& 3 dzy k DERadrteRtBiAguaculture, Environmental Sciences
and Cadaster DWC/media bed aquaponic system (above view)

|

{ OKSYIF GAO 27F a5 dzy £ DERaArtmeRt®f AlAculture, Exviko@nieNtdl Scielces
and Cadaster DWC/media bed aquamosystem (detailed above view)
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{ OKSYIF GAO 27F a5 dzy £ DERaArtmeRt®f AlAculture, Epviko@nieNtdl Scielces
and Cadaster DWC/media bed aquaponic system (frontal view)

/
{ OKSYI GAO 27F a5 dzy k DERdrtmeRtSf AlRGuUEe, Enyiran@éhtdESaidnces
and Cadaster DWC/media bed aquaponic system (detailed frontal view)
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{ OKSYIFGAO 27F a5 dzy k DERaArtmeRt®f Alaculture, Exviko@neNt® Scielces
and Cadaster DWC/media bed aquaponic system (lateral view)

{ OKSYI GAO 27F a5 dzy k DERdrtmeRtSf Aladculture, Exvikodrientsl Sciemdces
and Cadaster DWC/media bed aquaponic system (detailed lateral view)
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{ OKSYIF GAO 27F a5 dzy £ DERaArtmeRt®f Alaculture, Epviko@neNtdl Sciesic
and Cadaster DWC hydroponic module (detailed above and lateral view)

{ OKSYIFGAO 27F a5 dzy £ DERartmeRt®f AlRadculture, EgvikodnteNtdl Sciedces
and Cadaster media bed hydroponic module (detailed above and lateral view)
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