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Establishing a method of developing a model of multi-use 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. Multi-use aquaponic platform were created for
aquaculture and services. The created technique enables identification, valuation and assessment
of: the potential array of affects of several possible models of multi-use aquaponic system
investments, and the likely answers of the impacted by the expense project. That technique offers
decision-makers with an invaluable choice platform to determine whether a multi-use 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, if your cost-benefit analysis is usually to be used or sensitivity analysis of picked
criteria in a multi-criteria choice analysis framework.
The project doesn't envisage the particular making of new tools, but seeks at examining
various methods in style, such 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
environmental affect and improve the suitable usage of available place at unique sites. In that
structure, a socio-economic analysis is done to recognize and evaluate the result on human
welfare with this activity. That not only focusses on financial feasibility, but contains 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 as well a thorough ecological and socio-economic
analysis.
Within the next pieces a establishing a technique of developing a item to measure the
viability and sustainability of multi-use aquaponic system is presented. The financial, social and
environmental effects 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 ocean parts and stream basins, b)
ensure it stays sustainable by sustaining environmentally-friendly generation techniques and large
standards of animal wellness and welfare and consumer security and, c) improve governance and
ensure there's a business-friendly environment set up at all degrees – local, national and EU – and
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, like a variety 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 feasibility, cut down environmentally friendly consequence and also expand
the perfect using of out there area in specified sites. To achieve success design, your socioeconomic examination is conducted for and also assess the affect on man made upbeat from this
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 way, this 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 also socio-economic analysis.
In the immediately after areas your implementing a procedure for building a type to assess
the viability and also sustainability from multi-use aquaponic platform 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
innovative 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 spacial organizing found in
opened ocean locations and also river basins, b) be certain them is maintainable from sustaining
environmentally-friendly making procedures and also superior ideals from creature health and
upbeat and also customer cover and also, c) enrich government and ensure there's a simple
business-friendly environment ready in any way grades – hometown, countries and also EU – in
order that the area will execute the nation's entire potential.
The particular ‘scoping' point on the socio economic influence examination establishes the
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 want with 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 multi-use aquaponic system
tend to be identified. Note that on-going appointment is predicted in order to optimize 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 societal and 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 to multi-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 multi-use aquaponic system get socio-economic and
environmental affects with, pastime reef fishing, yachting and water activies along with other
water-based activities. Additionally, they have an effect on land-based routines, regional vacation,
producing travel, regional employment (direct and indirect) and instruction opportunities (Social
Sciences Plan avec al., 2005).
The particular environment products and services approach might be employed as a way to
perform the socio-economic research and integrate environmental impacts. Environment products
and services 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 on the ocean 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 environment 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 with 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, consequently, 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 of simulations, 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 environmental and socio-economic assessment. The
sustainability of multi-use aquaponic platform 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 sufficient/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 multi-dimensional affect
assessment may be 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 average of collected 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 social-psychological 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 first (base-line) assessment must include economic
and cultural analysis of the usage of those waters under current use and future autonomous
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developments. That base-line assessment includes both market and non-market 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 multi-use aquaponic
platform. Moreover, broader cultural and environmental problems related to current and future
procedures should really be highlighted.
The following subsections recognize 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 is based 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 structures along 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 production-side analysis
and it is estimated to think about the capital charges 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 the platform beyond typical running expenses. Program growth charges
may possibly include: complex, legitimate and preparing consultants' charges, 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 of seed, equipment, 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 is to combine individual and
social/environmental charges of the recommended multi-use aquaponic platform it is equally
crucial to think about the latter in the recommended construction of analysis. Aquaculture is
connected with regional environmental consequences and possible effects on 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 recommended multi-use 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 product income (or displaced costs), greater production (macro scale)
and larger real disposable revenue (macro scale). Primary and oblique employment is among the
cultural advantages of multi-use aquaponic platform. Environmental benefits include: mitigated
global heating, prevented emissions-compared to current status, improved water quality less
usage of pharmaceuticals.
In order to check out the socio-economic effect of multi-use aquaponic platform it is
important to make a list of affect signs on the basis of the prior section. It's observed again that as
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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 costs and benefits
Considering the complex nature of impacts, socio-economic and environmental,
different approaches are needed in order to quantify them. One theoretical approach of
capturing and describing the benefits derived from the different ecosystem services is the total
economic value framework. It provides a systematic tool for considering the 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 services, preferences can be studied
by stated preference methods and revealed preference methods. Revealed preference
methods rely on data regarding individuals’ preferences 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. Stated preference methods use structured
questionnaires to elicit individuals’ preferences for a given change in a natural resource or
environmental attribute. In this category, the contingent valuation method and choice
experiment are included. The contingent valuation method is based on the development of a
hypothetical market or scenario in which the respondents to a survey are given the
opportunity. Different elicitation methods are used because these values are contingent on the
hypothetical market the method is called contingent valuation method. Respondents are then
presented with a sequence of choice sets differentiated by its attributes and levels.
The fact that gathering primary site-specific data is costly has made benefit transfer a
popular alternative for the valuation of ecosystem goods and services. Benefit transfer is about
applying existing economic value estimates from one location where data are collected to
another similar site in another location with little or no data (Rosenberger and Loomis, 2000,
p.1097).
Data approach for socio-economic impact assessment
An important goal of the socio economic impact assessment is to identify the socioeconomic impact of multi-use aquaponic platform by adopting an integrated approach. In the
framework of a maximum data approach important means to achieve that are economic tools
such as the cost-benefit analysis, cost-effectiveness analysis as well as multi-criteria decision
analysis. While cost-benefit analysis evaluates programs’ social profitability, cost-effectiveness
analysis evaluates programs against specified objectives. multi-criteria decision analysis takes
into account project impacts that are not easily given monetary values. It involves a
structured approach to differentiating between a range of options, based on a set of objectives
or criteria, against which each option is assessed. As argued in Turner et al. (2010, p.33): “The
choice between cost-benefit analysis and cost-effectiveness analysis is determined by the nature
of the policy problem under scrutiny. If the problem is one of meeting some
environmental standard, complying with a law or achieving a target then finding the least
cost way of achieving this by completing a cost-effectiveness analysis is the appropriate
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action. If the problem is one of choosing between a number of different possible policy or
project options which do not involve compliance with standards or targets then cost-benefit
analysis is the most appropriate assessment tool. If the situation is one where monetary
valuation is not possible then cost-effectiveness analysis and cost-benefit analysis should be
replaced with a multi-criteria assessment process.” The following subsections present the
different versions (cost-effectiveness analysis, cost-benefit analysis , and multi-criteria decision
analysis) of the full data approach which depends on specific data availability.
Cost-effectiveness analysis
Cost-effectiveness analysis is a type of economic evaluation that compares the cost
of the investment to its effectiveness. Hence, cost-effectiveness analysis is a form of economic
analysis that enables comparison between different kinds of interventions with similar effects
(outcomes) on the basis of the cost per unit achieved. Cost-effectiveness analysis is distinct from
cost-benefit analysis, which assigns a monetary value to the measure of effect. Hence, this
approach may be deemed more practical for selecting between investment options when the
budgets are fixed and/or benefits are hard to attribute monetary values to while it only requires
marginal economic data on costs.
Cost-benefit analysis
Cost-benefit analysis is a technique that assesses the monetary social costs and
benefits of an investment project over a time period in comparison to a well-defined baseline
alternative. In this way, the costs and benefits of multi-use aquaponic platform are evaluated
and compared and the long-run economic efficiency of implementing the project of multi-use
aquaponic platform is assessed. In a cost-benefit analysis framework, the estimated economic
values accrued by the involved stakeholder groups are aggregated over their relevant
populations and added to capture the total economic value generated by the investment project.
A project is deemed to be profitable if total benefits exceed total costs. Due to the project’s
expected long-run impacts on the local economy and ecology, its sustainability is to be tested
using a long-run cost cost-benefit analysis, and the net present value (NPV) of the project is to be
estimated.
Multi-criteria decision analysis
Multi-criteria decision analysis is a method for preparing structured and transparent
support to decisions, when there is a large amount of complex information. Multi-criteria decision
analysis can be used for different purposes, e.g.: to identify a most preferred alternative, to
rank alternatives against each other, to short-list a set of alternatives or to distinguish the
acceptable alternative from the unacceptable. A full multi-criteria decision analysis includes,
apart from identifying the decision alternatives and the relevant criteria to be assessed, scoring,
weighting and finally the combination of these into an overall value for each alternative. In order
to apply an multi-criteria decision analysis for a sustainability evaluation of multi-use aquaponic
platform it is necessary to define a set of economic, social and ecological criteria which focus
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on the nature of multi-use aquaponic platform. However, it should be clear that as a method
for economic analysis, multi-criteria decision analysis is considered inadequate to deliver
information required.

2. Stake holder engagement and participation
Aquaponics combines the culture of fish and plants in a recirculating aquaculture system,
representing best practices on achieving higher production quantitatively and qualitatively. In
aquaponics systems, fish waste is used to fertilize plants, and the plants provide back filtered and
conditioned water for the fish (Diver 2006, Timothy Granger et al 2013; Laura Genello et al 2015).
Lately, aquaponics gaining more and more attention, being an emerging industry which
shows a huge potential. In many situations, aquaponics can be more productive and economically
feasible, especially where land and water are limited. According to PELUM Uganda, aquaponics is
ten times more productive than conventional farming methods, becoming a way to supply
vegetables and fish for human consumption. Rakocy JE 20120, say that about 11,000 pounds of
fish and 14,000 pounds of produce can be harvested in one year on 1/8 of an acre of land using
aquaponic technology.
However, the implementation of these systems require substantial 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 from fish rearing units go through filters, the 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 waste and then through a biological filter that processes the dissolved
wastes. Because the water (containing nitrate and other 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 healthy growing environment for each other, provided that the system is properly balanced
(FAO, Small-scale aquaponics food production/integrated fish and plant farming, 2014).
In aquaponics the use of chemical herbicides and pesticides it is prohibited, because they
are toxic to fish, therefore the crops are free of pesticides, heavy metals, fungicides (Diver,
2006).In 2004, Love et al. published an international survey among practitioners in the field and
showed that respondents were principally motivated to get involved in aquaponics 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 that simulate natural systems, is water efficient, and has fewer environmental
impacts than others forms of aquaculture (Blidariu F. And Grozea A. 2011), beingseen as a
sustainable food production.
Although this technology is applied in thousands of systems built in almost all
countriesworld, in Romania is still almost unknown. But nevertheless, lately aquaponics began to
gain “ground”, mainly because farmers began to access European funds, and with large or small
projects the developing aquaponics farms began. However, there is a lack of quantitative research
7
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to support the development of economically feasible aquaponics systems. Although many studies
have addressed some scientific aspects, there has been limited focus on commercial
implementation (Godek et al., 2015).
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 in fish farms
Survey questions.The study was undertaken through a survey designed and developed to
investigate the aquaculturists opinion regarding the integration of aquaponics systems in the
production cycle of fish.After reviewing the literature, we drafted a surveywhich was then
pretested for ten specialists or practitioners of aquaponics.
After we receving all the suggestions and after the confirmation of clarity, the survey was
made using Google Docs and sendto several farms from different geographical regions from
Romania, between April - September 2016. The link to the survey wassent directly by e-mail or
with the help of social media (Facebook) and the respondents were encouraged to share the
survey with their contacts in the domain.In order to ensure the anonymity of the farm, personal
identifiers such as organization name, e-mail address, or other personal information are not
presented in any reports using these data.
First, thesurvey contained a cover page providing explanations of thestudy, about the
benefit of aquaponics and the used technologies. For the survey, we used 35 questions. Because in
our country the development of aquaponics system is still at thebeginning and the information of
farmers are still scarce we avoided askingtechnical information related to aquaponics technologies
or other specific details.
Briefly, the surveycontains questions regarding the presentation of farm/commercial
enterprise, general information regarding the used facilities, fish, production capacity, the type of
the applied technologies. Regarding the factors which influence the decision to integrate such
production systems and some barriers towards integrating 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 Analysys.After receiving all the answers data from the Google docs were
imported to Microsoft Excel 2010 and graphs were generated.
Results and Discussion.
The majority (78.9%) of the fish farm from Romania are private property, 15.80% stated
own property and only 5.30% mixed ownership (state/private) (Figure 1).
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Figure 1. What type of property do you work at/manage?
Mainly this aspect is due to the fact that after the revolution from 1989, in Romaniastatus
of fish farms has undergone some changes, going through a process of land allotment. Before
1989, in Romania 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 Delta, Tulcea. In
both cases, aquaculture 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 of approximately 63,000 ha on which were
placed aquaculture farms and their associated field. Until 2000, due to the uncertain
legal status of the landfarms that were located, no fish farmswere privatized. After 2003, when
was founded The National Fisheries Administration 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 evidence of National Agency for Fisheries and
Aquaculture (ANPA), but due to the privatization and to the legal status of the land, all the
investmenst were reduced. However, lately more fish farms from many areas have been privatized
or leased for a period of time and is expected an improvement of this situation soon.
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Regarding the income of the fish farm, 42.1% are between 50.000-250.000 lei, 26.3% were
between 250.000-500.000 lei, 21.1% under 50.000 lei and 10.5% between 500.000-2.500.000 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).

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

Figure 3. 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
facing alack of resources and investments, poor infrastructure and less-efficient 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 acclimatization of new species with higher
biological potential. On the future is aspectedto increase competitiveness and the sustainability of
this sector, by accesing of projects financed with European funds and granting of subsidies by the
Romanian Government in order to encourage the increasing production of fishery and
investments.
Other question from the survey make reference to the type of production sytems which
are used by the respondents. Our result showed that more than half of the production system
(55.6 %) are reprezented by ponds, 33.3 % by the recirculating aquaculture systems and only 11.10
% by the receways (Figure 4).

Figure 4. What type of production system do you use?
This aspect is mainly due to the fact that before `90 the aquaculture was mainly developed
in ponds.In Romania, most 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 areas of wetlands that have improved locally
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 costs due to the use of inexpensive inputs.Although in ponds are achieved
considerable fish productions, according to Petrea Ș., 2014 an extensive aquaculture, based on
growth in ponds, raises the number of issues related to work undertaken earthmoving (subdivision
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ponds, design and construction of dams), design and implementation of supply channels / drain
and channel drainer, necessary maintenance work to be performed under regular.
Therefore, increasing 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 engineering solutions to
assure the practice of high stocking densities. Thus, in recent years, the intensive and superintensive aquaculture has developed particularly among recirculating systems, where
environmental conditions are permanently monitored and controlled through 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 expensive, 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 raceway systems, these are recommended mostly for the growing of
salmonids. Mainly, they are based on the existence of a strong current of water, during which
several basins are lined for growing fish. Although these systems have the advantage of low costs
compared other farming systems and achieving high yproductions, due to the strong water current
favoring high growth density, are still rarely met in our country.
The majority of the fish farmers produce fish for thelocal and national market (57.90 %),
31.60% for local national market and export, and only 10.50 % for export (Figure 5).

Figure 5. How do you capitalize the obtained product?
After 1989, fish production from our country has recorded a continous decline, 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 import.Although in the past five years, is was observed a slight recovery, local fish
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production still cannot meet the consumers’ needs and preferences, covering less than 20 percent
of the total demand.
Also, in this context,per capita consumption fell in 2011 as low as 3.11 kg/capita down from
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 Brief- Romania) and is aspected that per capita
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 Development, imports increased by 22.19%
from65 604 tonnes in 2004 to 80,160.60 tonnes in 2005, while exports increase only by 4.60%
from 779.80 tonnes in 2004 to 815.70 tonnes in 2005. In 2014 fish and seafood imports increased
in value and quantity by 15 %, respectively 18 %t as compared to 2013 (Ministry of Agriculture and
Rural Development).
Also, at the same time,fish exports products of Romania decreasedcontinuously since 1989
and every year suffers from negative trade balance. Between 2001 and 2005, the average volume
of exports was only 693.37 tonnes/year, while each year was imported 60336.40 tons.The
statistics prove that the imbalance between imports and exports wassignificantly improved: if in
2006 the quantitative ratio export / import ratio was 89.7 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 2007-2013 (Romanian Goverment, Departament of
Water, Forest and Fish, National Strategy for Fishery 2014-2020).
The result of our survey outlines that most commonly raised aquatic animals by percent
were carp and bighead carp (15%), followed by grass carp (12.5 %), silver carp, caras,
silurus/european catfish and strugeons with 10 %. Trout culture registered 7.50 %, pearch 5 %,
while pike and tilapia only 2.50 % (Figure 6).

Figure 6. Which are the fish species reared in your farm ?
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So, it can be seen that the biggest percentage 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 Socio-Economic Analysis for Fisheries Sector for asian cyprinids 32 %, carp 31.8 % and
caras 12.56%.We observed an increased interest of farmers for sturgeon (10 %), an aspect that is
due to their high economic value or mainly does the restocking programs forthe Danube
developed in the last years.
Regarding the applied technology for the fish rearing 63.2 % is based on the policulure and
36.8 % of monoculture (Figure 7).
In fact, according to Ministry of Agriculture and Rural Development, aquaculture in
Romania is performed at this time, mainly in freshwaters and is characterized in terms of
technology in two directions:increase of extensive and semi-intensive polyculture of ciprinids and
carp in ponds and the intensive growing of salmonids.

Figure 7. Which is the applied technology for fish rearing?
Although respondents surveyed by us,have not implemented yet in their farm aquaponics
systems, most of them have information (63.2 %) and only 36.8 % haven`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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Figure 8. Have you heard about the concept of aquaponics
before the presentation made at the begining of the questionnaire ?
As we know already, the media play a significant role in forming and influencing farmers
attitudes regarding aquaponics systems, but also 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 the academic world and technological transfer of information obtained at the farmers.

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
aquaponics products based on the sustainability and lack of use of artificial fertilizers, parallel to
the additional price on “organic” or eco-labelled products.Increaseang consumer confidence in
aquaponics products will increase also the demands for such ecological products, thus
encouraging farmers to invest more in such schemesso farmersshould be encouraged to
implement and to invest in such plants production systems.
When the respondents were asked if they want 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.).

Figure 10. Do you want to obtain a secondary production (plants) derived from the use of effluent
from aquaculture activity?
The majority of the respondents want to implementan aquaponics system in their fish
farmsby accessing European funds (52.60 %), while 31.60 % from their own funds, 5.30 % from
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
aquaponics system, it is due to the multitude of programs developed in recent years which
encouraging the sustainable development of fisheries and aquaculture.
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Figure 11. What kind of funds are you willing to use to implement an aquaponic system?
When the respondents were asked which are their expectation after the integration of
aquaponics system in their farms, majority (57.9 %) hope to maximize their profits by selling
aquaponics production and to minimize their cost of treating effluent, and only 26.3 % hope that
their profits will increase by selling aquaponics products (plants), while 15. 8 % have no
expectation et all.

Figure 12. Which are your expectations after the integration
of theaquaponic system in your farm?
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Regarding the factors which underline the decision to integrate an aquaponic system in
their fish farm, the results of our survey were (Figure 13):
- Reducing cost effluent treatment: most of the respondents (47.37 %) are agree, 36.84 %
are absolutely agree, while 15.79 % are indifferent;
- Obtaining additional income from selling aquaponic products: 42.11 % are agree, 36.84
% are absolutely agree, while 21.05 % are indifferent;
- Decrease the negative impact of aquaculture on the environment: 52.63 % are agreeing,
31.58 % are absolutely agreed, and only 15.79% are indifferent.
- Improving the image of the farm company: most of the respondents (57.89 %) are
agreeing, 26.32 % are absolutely agreed, and only 15.79 %are indifferent.
- The differentiation of products to competing products: 52.63 % are agreeing, 31.58 %
are absolutely agreed, and only 15.79% are indifferent.
- Promoting agro-tourism potential of the farm: 47.37 % are agreeing, 31.58 % are
absolutely agreed, and only 21.05 % are indifferent.
- Increased market competitiveness: 57.89 % are agreeing, 26.32 % are absolutely agreed,
and only 15.79% are indifferent.
- The need for implementing a quality management system and production safety: 57.89
% are agreeing, 31.58 % are absolutely agreed, and only 10.53 % are indifferent.
- Increase the chances of absorption of European funds: 52.63 % are agreeing, 36.84 %
are absolutely agreed, and only 10. 53 % are indifferent.

Figure 13.The factors which underline the decision to integrate an aquaponic system within
your fish farm
From the answers received by us, most 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 decrease and also will
decrease the negative impact on the environment. All fish farmers have the responsibilities to
protect the environment and the authorities who regulate aquaculture will insist that fish farmers
conform to strict standards of effluent quality. So, in this case all the fish farmers must find
economical methods to dealing with the by-products of their processes. In this context, aquponics
can be a good alternative for water treatment in aquaculture due to its environmentally friendly
qualities 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 integration of aquaponics
systems their income will increase and the image of their company will be improved.Over the past
decade, the market for organic products has been growing rapidly and most of the respondents
believe that consumers are willing to pay more for ecological products. Also, they consider that
will be appropriate to encourage agrotourism, thus contributingto improving farm image.
Regarding the barriers towards integrating an aquaponic system within your fish
farm/enterprise, the results of our survey were (Figure 14):
- The cost of investment necessary to achieve aquaponic system:most 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 system:most of the respondents are
indifferent (52.63 %) or are not agree (26.32 %) and 10.53 % are agree and absolutely
agree;
- Disinterest of managers:most of the respondents are indifferent (47.37 %), 31.58 % are not
agree and 10.53 % are agree and absolutely agree;
- The lack of qualified personnel: 47.37 % are not agree with this affirmation, while 26.32 %
are or agree or indifferent;
- The uncertainty of future benefits:52.63 % are not agree with this affirmation, while 26.32
% are aagree and 21.05 % are indifferent;
- Difficulties in supply chain management and sales: most 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 (10.53 %) are agree and absolutely
agree with the affirmation;
- Difficulties in change some parts of the technological process in order to meet the
requirements of management: 42.11 % are not agree, 31.58 % are indifferent and 26.32 %
are agree;
- Difficulties in change some parts of the technological process in order to meet the
requirements of management: most of the respondents (36.84 %) are agree, 31.58 are not
agree, 26.32 % are indifferent and only 5.26 % are agree with the afirmation.
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Figure 14. Barriers towards 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 aquaponics is the system
design. The technical implementation of the right type of hydroponic 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 aquaponic system or integrating a hydroponic system into 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
“ecosystem”.
There might be a multitude of factors to consider when implementing anaquaponic 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 (NFT) and 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 depend on the site location have to be very carefully considered
in the design phase (Somerville 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 building inside a greenhouse, it’s easier to control the
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 very small 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 building 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 be buried, 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 design 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
If the chosen location is indoors, then this isn’t an issue. But if the location is outdoors,
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 dilute the nutrient-rich water, flood the system (when there’s no overflow
mechanism) and damage unprotected electrical components.
The system should be built in a wind-protectedzone, and protected with some sort of cover
from potential rainfall.
1.4.
Exposure to light 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 build if 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 metal-halide bulb lamps that use a lot of power
and also heat up the surrounding area, or with more expensive LED lamps that use very little
power and produce almost no heat.
For an outdoor build, the light shouldn’t be an issue unless the location is in an area with
average low sunlight exposure 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. The fish don’t need light, and it’s recommended that the rearing units be in the
shade at all times, or just cover them with a dark opaque surface material (Somerville et al., 2014).
1.5. Utilities, access and fences
Electric outletsare needed for water and air pumps, and these outlets should be shielded
from water andequipped with a residual-current 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, or rain 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 entire site 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 share some 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 pumps or 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 20% of 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 allows water to 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 al., 2014).
The best material is strong inert plastic or fiberglass, recommended because of their
durability andlong life span. If using plastic units, they must be UV-resistant because direct
sunlight can destroy plastic; low-density polyethylene (LDPE) rearing units are preferable because
of their high resistanceand food-grade 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 light 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 filter
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 wastes for the 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.
Small-scale 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
ofhydroponic method used.
There are many types of mechanical filters, including sedimentationtanks, radial-flow
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 preliminary 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 components (Somerville 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 the waste 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 aquaponicsystem uses microscopic bacteria.
Biofiltrationis essential in aquaponics because 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 water within 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 between the mechanicalfilter and the hydroponic containers. Theminimum volume of
this biofilter containershould be one-sixth that of the fish tank.
Commonly used as biofilter medium are Bioballs or Bactoballs, proprietary product
available fromaquaculture supply 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 (500–700m2/m3).
The media used can also be: volcanic 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 pumps
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 a reduction 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 NFT systems will dry out.
A commonly cited guideline for densely-stocked aquaponic systems is to cycle thewater
two times per hour. For example, if an aquaponic unit has a total water volume of1000litres, the
water flow rate should be 2000litres/h, so that every 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.
Impeller-type 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. Top-quality pumps willmaintain their pumping capacity and
efficiencyfor least 1–2 years, with an overall life span of3–5 years, whereas inferior products will
losetheir pumping power in a shorter time leadingto significantly reduced water flows.
Regardingflow rate, the small-scale units described in thispublication need a flow rate of
2000 litres/h ata head height of 1.5meters; a submersible pumpof this capacity would consume
25–50 W/h.A helpful approximation to calculate energyefficiency for submersible pumps is that a
pump can move 40litres 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; up to 5percent 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 30mm pipehas twice the flow of a 20mm 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 inject 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 airline, 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 recommended thatquality air stones be used in order to obtain the 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 remove mineralization, 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
Media-filled bed units are the most popular design for small-scale 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 bed units, 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 bothrequire isolated and
more complicated components for filtration. However, the mediabed technique can become
unwieldy and relatively expensive at a larger-scale. Mediacan become clogged if fish stocking
densities exceed the beds’ carrying capacity, andthis can require separate filtration, also some
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 wooden frame with water-tight
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 without breaking;
 able to withstand difficult weatherconditions;
 made of food-grade 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 the other unit components.
The standard shape for media beds is a rectangle, with a width of about 1 m and 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 distributions 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 amount of root 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 depthof 30 cm,
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without which the larger vegetables would not have sufficient root space,would experience root
matting and nutrient deficiencies, and would probably topple over. Small leafy green
vegetablesonly require 15–20cm 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
mediummust be inert, not dusty, and non-toxic, 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.
These particles can clog the system and potentially harm the fishes’ gills. Finally, itis
important to work with material that is comfortable for the farmer. These essentialcriteria are
listed below:
 large surface area for bacterial growth;
 neutral pH and inert (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 cost-effective;
 light-weight, if possible.
Several common 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 systems (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 densities (>15 kg/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 medium-filled bed functions as a large physical filter, capturing and containing thesolid
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 rate canforce 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 have a large 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 media 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 grow bedit
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 standpipe,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 as the 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 siphon. The 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 water flowing through it. Plants are placed withinholes in the top of the
pipes, and are able to use this thin film of nutrient-rich water.
Both the NFT and DWC are popular methodsfor commercial operations as both are
financiallymore viable than media bed units when 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. This techniqueis most useful in urban applications,
especiallywhen using vertical space or weight-limitationsare considerations(Somerville et al.,
2014).
Although all methods have a differentapproach to actually growing plants, the
mostimportant difference between 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 employs theuse of plastic pipes laid out horizontally togrow 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 fences, and overhanging balconies.
The water is pumped from the biofilterinto each hydroponic pipe with a small equalflow
creating a shallow stream of nutrient-richaquaponic water flowing along the bottom. Thegrow
pipes contain a number of holes along thetop of the pipe into which the plants are placed.As the
plants start to consume the nutrient-richwater 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 film of 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 pipe should be
no greater than 1–2liters/min. The flow rate is controlledfrom the Y-valve, 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 cross-section are best, but round pipes are more common andtotally acceptable. For
larger fruiting vegetables, 11cm diameter grow pipes are neededwhile fast-growing leafy green
and small vegetables with small root masses onlyrequire pipes with a diameter of 7.5cm. For
small-scale polyculture (growing manytypes of vegetables) 11 cm diameter pipes should be used.
This avoidsplant selection limitations because the small plants can always be grown in the
largerpipes, although there would be a sacrifice 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 pipes.
The grow pipe length can be anywherebetween 1and 12m. In pipes longer than 12m,nutrient deficiencies can occur in plants towardsthe end of the pipes because the first plants
havealready stripped the nutrients. A slope of about1 cm/m of pipe length 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. White pipes should be used as thecolor reflects the sun’s rays, thereby keeping
theinside of the pipes cool. Alternatively, square orrectangular hydroponic pipes with
dimensions10 cm width × 7 cm height are recommended.
Professional hydroponic pipes for commercial 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 as a biofilter 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. There 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 the swirl filter, 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
Bioballs®, nylon netting or bottlecaps, where the nitrifying bacteria transform the dissolved
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
The water flows by gravity from the fish tank, through the mechanical filter and intothe
combination biofilter/sump. From the sump, the water is pumped in two directionsthrough a “Y”
connector and valves. Some water is pumped directly back to the fishtank. The remaining 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 biofilter/sump, 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 in this publication, is called a “Figure 8” design becauseof the path
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 nutrient concentration 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/biofilter and, 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 20% tothe grow beds or canals, and this can be controlled with the valve(Somerville 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 specific crop (typically lettuce, salad leaves or basil), and is more suitable for
mechanization. On a small-scale,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 should always allow for adequatewater inflow
and re-oxygenation 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 multiples 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 depth is 30cm to allow
foradequate plant root space. Similar to fish tanks, canals can be made out of any stronginert
material that can hold water. For small-scale units, popular materials includefabricated plastic
containers or fiberglass. Much larger canals can be constructedusing wood lengths or concrete
blocks lined with food-grade 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 above, the retention time for each canal in a unit is 1–4 hours,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 to nourish the
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.
Aeration 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, aeration is required. The
simplest method is to place several small air stones in the canals. The air stones shouldrelease
about 4 liters of air per minute, and bearranged every 2–4m2 of canal area.
Another advantage of this methodis the avoidance of direct contact of the 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 into the 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 the distance 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 which is
described above (4.2).
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5.3. Water dynamics
The water flow dynamics 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
“Y”connector and valves. Some water is pumpeddirectly 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 andexits on
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 mechanical 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 plant canals. 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
quickly 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 DWC canals can be
constructedby simply using a “cascade” configuration with only a single inlet serving the
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 access a higher 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 canalhas 1–4hours 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 is 600 liters and the flow rate of
water entering thecontainer is 300liters/h, the retention time would be 2hours (600liters 300liters/h) (Somerville et al., 2014).
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Schematic of “Dunarea de Jos” University – Department of Aquaculture, Environmental Sciences
and Cadaster NFT aquaponic system (Isometric view)

Schematic of “Dunarea de Jos” University – Department of Aquaculture, Environmental Sciences
and Cadaster NFT aquaponic system (NFT tubes cross section, with net pots)
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Schematic of “Dunarea de Jos” University – Department of Aquaculture, Environmental Sciences
and Cadaster NFT aquaponic system (side view)

Schematic of “Dunarea de Jos” University – Department of Aquaculture, Environmental Sciences
and Cadaster NFT aquaponic system (frontal view)
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Schematic of “Dunarea de Jos” University – Department of Aquaculture, Environmental Sciences
and Cadaster DWC/media bed aquaponic system (above view)

Schematic of “Dunarea de Jos” University – Department of Aquaculture, Environmental Sciences
and Cadaster DWC/media bed aquaponic system (detailed above view)
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Schematic of “Dunarea de Jos” University – Department of Aquaculture, Environmental Sciences
and Cadaster DWC/media bed aquaponic system (frontal view)

Schematic of “Dunarea de Jos” University – Department of Aquaculture, Environmental Sciences
and Cadaster DWC/media bed aquaponic system (detailed frontal view)
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Schematic of “Dunarea de Jos” University – Department of Aquaculture, Environmental Sciences
and Cadaster DWC/media bed aquaponic system (lateral view)

Schematic of “Dunarea de Jos” University – Department of Aquaculture, Environmental Sciences
and Cadaster DWC/media bed aquaponic system (detailed lateral view)
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Schematic of “Dunarea de Jos” University – Department of Aquaculture, Environmental Sciences
and Cadaster DWC hydroponic module (detailed above and lateral view)

Schematic of “Dunarea de Jos” University – Department of Aquaculture, Environmental Sciences
and Cadaster media bed hydroponic module (detailed above and lateral view)
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4. Lessons learned: Risks and guidelines for successful development of the model of
multi-use aquaponics production platforms
In the recent years the use of aquaponics systems has been subject to increasing interest
due to a general preocupation for sustainable production methods.
These systems have the big advantage of utilizing nutrients from the fish production as fertilizers
in the plant production, being a profitable source, from the economically point of view, for the
production of plants for human consumption. However, the fish waste from fish tank will damage
the environment if they are discharged directly into the river.
Although in Romania such systems are experimental implemented or small scale, it can be
observed a concern of fish farmers in order to implement these production systems. Mostly of
them are receptive and think that the implementing of such systems lead to maximize of their
production and to lower cost with treating water effluent.
Basic research in aquaponics is still warranted, to optimize the production of high
quality yields of fruits, vegetables, and fish crops.Market research is needed, to evaluate
the economic feasibility of this sustainable farming technology. The results from these
studies will not only help create opportunites for farmers to diversify their market in the
plant and fish sector, but the food that they will produce may in fact be healthier for the
consumers.
Auto explanations will need to identify plus are the cause of a prices on the
environmental/mined providers on the extractive industrial sectors harvest approximated to your
legitimate price of these elements multi-use aquaponic platform. They will need to add influences
with pure as well as other ecolabelings, value of biomitigating providers pertaining to increased
strength ecosystem, a benefits as a result of multi-trophic change with give food to plus energy
that would certainly often be missing, as well as the reduction of hazards by means of bounty
diversification plus enhanced excavated acceptability. This would develop the economical
incentives for you to promote aquaculturists to help expand is located plus put into practice
marine eco friendly agronomy routines for instance multi-use aquaponic platform.
One's destiny growth of built in multi-trophic aquaculture (multi-use aquaponic platform)
is determined by the two financially the best way rewarding the idea is made for farm owners plus
what it is regulated. Through the viewpoint with farm owners, multi-use aquaponic program
provides quite a few monetary possibilities positive aspects as compared to non-multi-use
aquaponic program, like enhanced actual manufacturing coming from a provided site, higher
variety with manufacturing, and much more extensive utilization of conveniences, toil plus sites.
All these need to be nicely balanced from the possibilities drawbacks immediate and ongoing
expenses, for instance higher complication, far more hazards, plus higher problems inside the site
assortment window. Originating from a general public views, multi-use aquaponic program
provides when' significant general public possibilities rewards as compared to non-multi-use
aquaponic program, like lessened adverse environmental influences plus positive ecosystem
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services. Nevertheless, there usually are methodologies for you to calculate the economical price
of these rewards, they can be high priced plus inaccurate.
Risk analysis approach
It should be apparent that all outcomes need to be suffering from your extensive
uncertainty/sensitivity study since doubt exists in the least development on the evaluation
process. Ways to take a look at doubt is by level of responsiveness analysis. This method can often
recognize this factors on the procedure which might be specifically subject to doubt you are able
to substantial impact on this outcome of this assessment. Some sort of level of responsiveness
study can be included within a cost-benefit study, to help measure the impact on the power value
relative amount and/or internet existing valuation of alterations while in the prices of
fundamental factors (Turner avec al., 2010). Inside of a cost-benefit study platform it may be
tightly related to carry out an doubt study as opposed to just level of responsiveness study, e.g. by
way of delegating parameter doubt while in the cost-benefit analysis. Danger study or even risk
evaluation seeks to handle doubt linked to the long term dollars moves of a project. With regard
to the unique job of which studies this viability/sustainability of multi-use aquaponic platform,
costs in addition to potential benefits to aquaculture need to help include appreciable
uncertainties. Pitfalls linked to the job may very well be considered economical, healthy –
environmental, in addition to technological. These types of threats have an effect on the amount
of money moves on the job and thus the internet existing price (NPV), this IRR, in addition to the
power value relative amount (B/C) on the project. A NPV, IRR or even B/C tend to be the leading
things around performing risk analysis.
The intention of risk study pertaining to the unique job has been level of responsiveness
study – in addition to potentially, depending on the option disaggregated data that will enable this
substantial approximation of probability distributions pertaining to crucial issues, Monte Carlo
simulations – to be able to measure the standalone probability of this project. A technique is used
to supply a risk evaluation of auto viability/sustainability of Multi-use aquaponic platform around
the unique areas. To complete a respectable risk study the amount of money flow on the job need
to be supplied in the very well disaggregated sort to ensure that vital issues along with their doubt
with regards to probability distributions can be determined.
A job need to be carried out beneath choice technical specs in connection with price
reduction charge, and also the steady stream of advantages in case your cost-benefit study might
be observed or even level of responsiveness study of selected key elements within an multicriteria conclusion study framework. That effect can give a explanation to help coverage
manufacturers for any job value determination and may supply data upon no matter whether
multi-use aquaponic platform contribute to a growth of the sociable welfare. On top of that, this
socio economical impact evaluation supplies understanding around the determinants of public
attitudes towards multi-use aquaponic platform of which country's in addition to Euro coverage
manufacturers must take into account when picking coverage answers pertaining to efficient
management. Another significant share of the technique takes coming from the rise in this
openness of conclusions of which comes forth coming from an apparent study of advantages
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attained by way of a number of brokers; costs paid for by way of some others and also the
confines upon transactions called for by way of the projects.
Over-all outcomes can measure the appropriateness on the fresh constructions of which
optimize place portion a variety of ocean actions and offer data of their possible to deliver people
together with environmentally–welcoming in addition to cost–efficient electricity, food in addition
to services.
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