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Deliverables 8.1
The feasibility of the multi-use concepts compared to the single use approach
of aquaculture farm space
Task 8.2. Development of Methodology for Integrated Socio-Economic Assessment
The literature on the economics of aquaponics is sparse, with a whole lot of the
early literature primarily based principally on hypothetical situations. Without realistic farm
data, such projections frequently are overly constructive because they lack important points
on expenses beyond the obvious charges of fingerlings, feed, and utilities. However,
unexpected fees are incurred daily, from monitors that clog, pumps that fail, or storms that
purpose damage. The design for an aquaponics business have to additionally consider the
percentage of the produce that will no longer be sold, whether this is due to insect or
different damage or to times of inadequate income that end result in wasted produce. Such
charges frequently are unnoticed from hypothetical fee analyses. The estimates of
production fees suggested from literature that has begun to emerge on aquaponics
production. Some of these take the important step of estimating the relative contribution to
profitability of each crop and evaluating these to prevailing market prices. The expenses
mentioned for aquaponically grown lettuce, tomatoes, and basil support the often heard
anecdotes that vegetable production in aquaponics can be profitable. The manufacturing
charges of these three crops have been 30 percentages to 83 percent lower than the market
expenditures reported. Basil was once an specifically worthwhile crop, given the excessive
expenditures that tend to be charged for sparkling herbs. However, the fish portion of the
aquaponics system used to be no longer profitable, with the production prices of tilapia less
than market charge in solely one study, and either higher or surely the identical in the
others. This additionally is consistent with anecdotal reviews that the fish component of
aquaponic systems tends to be a internet loss, with income in particular from the vegetable
portion.
Aquaponics in several respects isn't a brand new technology, however the interest
in growing fish associate degreed plants in an integrated, indoor system has adult apace in
recent years. In 2012, there have been twenty one states that reported a minimum of one
aquaponics farm (USDA-NASS 2013), with a complete of seventy one aquaponics farms
reported across the us. Aquaponics farms delineate a pair of p.c of all cultivation farms. Of
these, seventy-five p.c had sales but $25,000, as compared to forty-eight p.c of pond-based
operations that had sales but $25,000. Another fourteen p.c had sales of $25,000 to
$49,000, and eleven p.c had sales of $50,000 or additional. By comparison, sixty p.c of pondbased operations had sales of $50,000 or additional. Thus, whereas there's growing interest
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in aquaponics, most of those operations ar quite little. In 2012, Florida had the foremost
aquaponics farms (20 percent), followed by Wisconsin (10 percent), Arizona (8 percent), ny
(8 percent), and Hawaii (7 percent). the common size of associate degree aquaponics farm
was largest in Hawaii (4,741 gallons), followed by Arizona (3,208 gallons), and so Wisconsin
(2,004 gallons). The aquaponics farms in Florida were abundant smaller, with a mean size of
537 gallons. The terribly little size of aquaponics farms would appear to point that the
majority ar operated as a kind of manner alternative or hobby, returning maybe some
supplemental revenue, instead of as full-time cultivation businesses. This distinction is vital
in an exceedingly discussion of the political economy of aquaponics. people United Nations
agency have interaction in aquaponics as a kind of home husbandry activity won't ought to
pay as shut attention to prices and revenue as people who plans to support their families
from aquaponics. Aquaponics includes a good type of systems, plants, and fish that are
combined in an exceedingly type of ways in which.
Each system has distinct sorts and levels of fees and returns. In spite of the
variability, there are three well-known sorts of systems: raft or deep water tradition
systems, nutrient film systems, and structures based on media-filled beds. Raft subculture
normally is desired for industrial operations, whilst the nutrient movie technique (NFT) used
for hydroponics is limited to positive sorts of plants (like leafy inexperienced vegetables)
that do not have large, heavy root systems. Both raft and NFT systems require that solids be
removed. Media-filled beds are more commonly used for home-based aquaponics
gardening and require decrease stocking fees than these used in raft systems.
Key economic considerations for any kind of business include: 1) the basic funding
required to assemble services and to purchase necessary equipment; 2) the annual prices to
function the system; and 3) practical estimates of market prices, the diploma of opposition
in the markets to be targeted, and practical estimates of income to be received. Estimating
the amount of investment required is likely the easiest step when starting an aquaponics
unit. Cost estimates for a greenhouse are without problems reachable and costs for the
various kinds of tanks, PVC, pumps, and filters are easily handy from provide stores. Careful
thinking have to go into planning for all essential aspects of the business. Annual expenses
to function the device end up a bit more difficult to estimate, given that many of these
systems are pretty new with few comprehensive analyses of their expenses and returns
over time. Very conservative estimates have to be used, especially for the kilos of fish that
can be raised, the volume of vegetables that can be produced, and the dangers involved.
Power outages in the wintry weather can end result in complete loss of a tilapia crop, for
example. Infestations of illnesses or parasites can be challenging due to the fact solely
organic controls can be used in aquaponics units, as chemicals may additionally kill the
different vegetation integrated into the system. It is important to underestimate truly the
boom and yield of fish and flowers and to barely overestimate the costs. Such a
conservative approach is more probable to end result in a successful enterprise plan. The
most difficult element of managing an aquaponics operation is to strengthen a realistic,
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accurate, and practicable advertising and marketing plan. Raising fish indoors is two to three
times more high priced than elevating fish in open ponds. Thus, a profitable aquaponics
operation will need to seek out and advance a market that will pay a higherthan-average fee
for the crop. An in-depth understanding of the stage and kind of opposition in the market
location is essential. For example, an character who raises lettuce in aquaponics will want to
compete with lettuce sold in Wal-Mart, in different grocery stores, and at farmers’ markets.
Why would an individual buy aquaponically grown lettuce, especially if it is extra pricey than
different types? The vendor has to have a clear answer to that question to be competitive. A
2d advertising and marketing consideration is that the kind of high-end market that will pay
a top rate price will additionally entail larger advertising costs. For example, if the freshness
of the produce is a fundamental reason for a top chef to pay a top rate fee for aquaponically
raised herbs, that chef may additionally choose frequent deliveries to make sure that
freshness. Frequent deliveries will require additional personnel, vehicles, and related
mileage expenses. Labor requirements need to additionally be considered. An aquaponics
system requires customary attention. Even on a small scale, aquaponics structures are
complex because of their more than one aspects and requirements. Disease prevention,
water level control, and preventing rodents and different troubles require inspection and
care of the gadget for the duration of the day, 7 days a week. Harvesting and packing
veggies are also pretty labor intensive. Tokunaga et al. (2015) estimated that labor expenses
were 46 percentage of total operating expenses and 40 percentage of total annual costs.
This is pretty excessive compared to different varieties of aquaculture and potential
aquaponics managers ought to be sure to have an adequate supply of labor to cover these
needs.
Fixed fees as a share of whole expenses in aquaponics were much decrease than for
many different sorts of aquaculture. The comparatively low share of constant costs suggests
that economies of scale might also not be as robust as they are in other varieties of
aquaculture because there are particularly fewer constant charges to spread throughout
higher volumes of production. Before increasing an aquaponics business, the size of the
market need to be cautiously considered. Expansion might also require investment in
specialized packing and chilling facilities that would proportionately expand fixed costs.
However, high-value markets required for top class pricing tend to be smaller in volume.
Care must be taken no longer to amplify production past the extent that can be offered at
top class prices.
Given the common sparseness of monetary information and the inconsistency of
the economic feasibility metrics used in present literature, no clear conclusions can yet be
reached as to the ordinary monetary feasibility of aquaponics. The total investment
required, annual net returns (annual profit), and inside rate of return (IRR)/modified inside
charge of return (MIRR) (long-term profitability of the investment). Total funding costs
ranged from $58,760 to $1,020,536, relying on the scale of the operation. Annual net
returns (a measure of estimated annual profit) ranged from annual losses of extra than
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$11,000 to a earnings of $278,038 (for a hypothetical large-scale system). The smaller scale
systems had annual net returns that ranged from $4,222 to $30,761. Rates of return on the
investment (IRR and MIRR) ranged from 0 percentage to 27 percent. Of the studies
reported, Tokunaga et al. (2015) is the only one primarily based absolutely on a targeted
value evaluation of industrial operations. Their evaluation showed an MIRR of 7.36 percent,
as compared to a fee of capital of 6 percent, demonstrating economic feasibility. The
Tokunaga et al. (2015) income are lower than these of a wide variety of different studies,
however it is not distinguished for analyses with data from commercial farms to exhibit
lower tiers of profitability than analyses based totally on hypothetical or experimental data.
Several studies (Bailey et al. 1997; Holliman et al. 2008) show that the fish portion of an
aquaponics system two was once not profitable, but vegetation like lettuce and basil grown
in aquaponics can be very profitable. Thus, it is vital to cautiously determine the owner’s
goals with an aquaponics system. Considering only profitability, the hydroponic production
of veggies and different plant life may additionally be greater worthwhile than the
aquaponics production of fish. However, if the proprietor has other motives for investing in
aquaponics, the relative fees and returns from both the fish and the vegetable parts of the
system be considered when planning. For an aquaponics farm to be profitable, it is
necessary that a market inclined to pay a top class price be found. The aquaponics
enterprise will want to compete with different locally grown and natural produce already
provided to these same markets, and an positive advertising and marketing approach to
compete correctly with these present products have to be developed. Love et al. (2015), in
an international survey of aquaponics growers, located a substantial relationship between
income of non-food merchandise from aquaponics farms and the farms’ profitability. Startup aquaponics growers may additionally choose to discover income sources other than just
the greens and fish produced from aquaponics to enhance financial feasibility.
The Love et al. (2015) survey additionally showed that aquaponics locations in USDA
Zones 7‒13 in the U.S. have been greater profitable. This is thought to be associated to the
decreased risk of losses associated with bloodless weather, electricity outages, and utility
costs. Savidov (2004) recognized quite a few sources of manufacturing danger in aquaponics
systems, especially in the first yr of operation. Prospective growers sketch for a steep
studying curve as they examine to manage the complexities of various crop systems that are
linked to every different and that affect one another. Among the said sources of loss in the
first yr of operation have been excessive fish mortality, nutrient deficiencies during startup,
decision of cultivars now not nicely proper to aquaponics conditions, root rot, and flooding
of the facility due to troubles controlling water levels. Savidov (2004) additionally
mentioned food safety worries expressed through consumers over aquaponics produce. In
that customer survey, respondents expressed issues about bacterial counts in the water,
whether or not there used to be ample checking out and monitoring of bacterial counts, and
whether or not bacteria from the fish production unit would get into the vegetables.
Aquaponics growers have to be conscious of these concerns and ensure that the veggies
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and fish furnished are free of unsafe substances. These issues are extra frequent amongst
the kinds of high-end consumers who will be greater willing to pay the premium prices
required. Such shoppers have a tendency to be more conscious of fitness troubles
associated to the produce they buy. Summary and Conclusions The developing popularity of
aquaponics has triggered some analyses of the economics of these systems. The few
research developed to date show right workable for aquaponically produced greens to be
profitable, with the fish component perhaps breaking even or incurring a net loss. Premium
prices in high-end markets will be essential for aquaponically produced veggies and fish to
be profitable. Additional fees and risks related with these complex systems must be
analyzed carefully before investing in aquaponics. Fisheries and aquaponics can supply a
key contribution to food safety and poverty alleviation. However, productiveness positive
aspects in fisheries do no longer constantly suggest long-term increases in supply. In fact, in
wild seize fisheries such gains can eventually lead to the dying of shares and reduced
production.
Agricultural and livestock activities are considered the biggest consumers of fresh
water. Estimations reveal that 85% of the global fresh water consumption is for agriculture
and nearly one-third of the total water footprint of agriculture in the world is used for
livestock products in Hoekstra (2007) and Mekonnen & Hoekstra (2012). Aquaponics has
ancient roots. Aztec cultivated agricultural islands known as chinampas in a system
considered by some to be the first form of aquaponics for agricultural use (Diver, 2006),
where plants were raised on stationary islands in lake shallows and waste materials dredged
from the chinampa canals and surrounding cities were used to manually irrigate the plants
in Boutwelluc (2007) and Rogosa (2013). Also, South China, Thailand, and Indonesia who
cultivated and farmed rice in paddy fields in combination with fish are cited as examples of
early aquaponics systems. Aquaculture development as a whole in the country in
combination with production technology, favorable socioeconomic condition and culture
environment has already proven successful in terms of increasing productivity, improving
profitability and maintaining sustainability by Toufique (2014).
This informational system has been specifically designed for recirculation
aquaponics technology. The bio-economic model used can be classified as a non-optimizing
budget simulation which uses the growth and FCR (feed conversion rate) and mortality
characteristics of a particular species and cash and accrual accounting principles to arrive at
performance and profitability measures. Various scenarios (including farm size, species
characteristics, harvesting and sales strategies) using different bio-economic inputs
(including risk) can be compared and contrasted.
Informational model is a financial planning, harvesting and sales management tool,
which enables you to plan your investment and determine the size of your commitment
before you begin, taking the risk out of your investment. It allows developing and evaluating
sustainable aquaponics systems and management practices at both an operational and
strategic level.
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The system can determine potential profitability of the farm as investment levels
and other key performance indicators vary. You can see how critical movements in the key
elements of aquaponics can affect the performance of your farm, enabling you to determine
the amount of production required in relation to cost. Relevant data such as fish growth and
mortality statistics are used to calculate key performance and profitability indicators. Other
key data information includes:
 Sale price of fish and vegetables;
 Type of product (live or processed);
 Number of tanks or ponds;
 Stock density;
 Cost of feed;
 Cost of fingerlings;
 Loan size and costs;
 Risk aversion (production assumptions incorporating learning curves);
 Harvesting planning charts;
 Water cost and use.
Green leafy vegetables with low to medium nutrient requirements are well adapted
to aquaponic systems, including lettuce, basil, spinach, chinese cabbage, chives, herbs, and
watercress (www.backyardaquaponics.com).
The selection of plant species in aquaponics system is important. Lettuce, herbs,
okra and especially leafy greens have low to medium nutritional requirements and are well
suitable to aquaponics system. Plants yielding fruits like tomato, bell pepper and cucumber
have higher nutritional requirement and perform better in a heavily stocked and well
established aquaponics system (Adler, 2000).
A few fish species are adapted to recirculating aquaculture which includes tilapia,
trout, perch, arctic char and bass. Most commercial aquaponics system in North America is
based on tilapia. Furthermore, tilapia is tolerant of Floridauctuating water conditions such
as pH, temperature, oxygen and dissolved solids by Rakocy (1999). Tilapia is the fish species
which is very hardy, can tolerate wide range of environmental parameters, can live with
versatile of feed and are fast grow thing fish species by Salam (2012).
The farm model is a ten-year account of the farm enterprise calculated from the
various bio-economic inputs and the species characteristics. The software assumes that
capital is purchased in Year 0 and that the revenue streams begin in year 1, depending on
the time taken for final grow-out.
The aquaponics account assumes that once costs (except those costs associated
with biomass such as feed, electricity, and product insurance) have been set in year 1, they
remain the same throughout the ten year cycle. The aquaponics account therefore presents
what is expected from the parameters.
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The farm is set up using a particular set of data relating to a particular species. This
data includes:
 Cohort growth to final grow-out;
 Mortality;
 FCR;
 Recovery rates from fish.
Task 8.3. Socio-economic analysis on selected Aquaculture Farm Site
Experimental Trial - Design
The following results were obtained during an experiment that was conducted
within the RAS pilot station (System 1 – Q: Q1 and Q2) and the MoRAS pilot station (System
2 – M: M1 and M2), at the Department of Food Science, Food Engineering, Biotechnologies
and Aquaculture, Food Science Faculty, “Dunărea de Jos” University of Galati.

Figure 1: Experimental pilot stations (Q and M)
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The experiment had only one fish-plant species combination (tilapia and lemon
scented basil) and one crop density (36 plants/m2) was tested, performing by applying
Media Grow Bed (MGB) hydroponic technique within the custom built multi-use aquaponics
production platform (Q1, Q2, M1 and M2), described in the experimental design section of
WP6 and presented schematically in figure 1.
Lighting equipment (LED grow lamps) was also installed to ensure proper plant
growth during the experimental periods, also described in the experimental design section
of WP6 and as presented in figure 1. Two types of media were used: lava rock (Q1, and M1)
and L.E.C.A. (Q2, and M2), as presented in figure 1. Also, the experiment was conducted in
two separate pilot stations (the first system in the Q building RAS pilot station – Q1 and Q2,
and the second system in the MoRAS pilot station – M1 and M2), where different climatic
and environmental conditions were monitored. The experiment ran for 45days under the
staggered growing model.
I.
Fish production
A number of 84 tilapia fish (Oreochromisniloticus) were randomly distributed in the
twelve rearing units of the aquaponic system (figure 2). Fish were fed with a commercial
feed (crude protein 37%, fat 12%, ashes 7%, fibre 4 %, Gross energy Kcal/MJ, 4660/19.5)
which was supplied at a rate of 1% in relation to body weight (BW) and was divided in two
meals during the day (9:00 h and 17:00 h).

Figure 2: Biometric measurements at tilapia
At the beginning and at the end of the experiment, biometric measurements were
made individually for each fish apart, for determining total length L t - total length and
individual weight (g) and their growth performance was calculated: Weight Gain (W) = Final
Weight (Wt1) – Initial Weight (Wt0) (g), Food Conversion Ratio (FCR) = Total feed (F)/Total
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weight gain (W) (g g-1), Specific Growth Rate (SGR (%Body weight day-1)) = [(Ln Wt1–Ln
Wt0)/t] × 100.
The growth performances of fish in terms of weight gain, daily growth rate, food
conversion ratio, survival rate and production of fish are presented in Table 1.
Table1. Growth performances of tilapia fish after 45 experimental days (data are
presented as the mean of the three replications ± sdev)
System 1 (Q)
System 2 (M)
Growth performance
H+L (Q1)
H (Q2)
H+L (M1)
H (M2)
Duration of production cycle
45
45
45
45
(days)
Initial stocking density
4.55±0.02
4.55±0.05
4.62±0.12
4.67±0.07
(kg m-3)
Final stocking density
6.25±0.05
6.01±0.14
6.29±0.04
5.93±0.24
-3
(kg m )
Mean initial weight (g)
163.73±0.76 163.67±1.70 166.47±4.45 168.27±5.93
Mean final weight (g)
225.07±1.68 215.60±3.83 226.40±1.51 220.20±4.26
Weight gain (g)
306.67±10.26 259.67±13.01 299.67±24.44 259.67±19.55
Daily growth rate (g)
1.36±0.05
1.15±0.06
1.33±0.11
1.15±0.09
Specific growth rate (SGR)
0.71±0.02
0.61±0.02
0.68±0.06
0.60±0.04
-1
(% day )
Feed Conversion Ratio (FCR)
1.20±0.04
1.42±0.06
1.26±0.14
1.46±0.12
Protein efficiency ratio
2.25±0.08
1.91±0.09
2.17±0.23
1.85±0.15
(PER)
Survival rate
100
100
100
100
(%)
No significant differenceswere observed for the initial weight and length of fish
between the experimental groups (p≥0.05) (118.16 g wet ± 11.60 g wet weight; initial length
18.8±1.12 cm). During the trial, no fish mortality occurred. After 45 experimental days fish
weight from the experimental variants, H+L from the system 1 and 2, were higher than fish
weight from the variants H, but the differences were not statistically significant (p≥0.05).
The initial stocking density of fish was around 4.55 kgm-3 in all rearing units. After 45
days, stocking density was also higher in the variant were substrate H+L was used
(6.29±0.04 kg m-3; 6.25±0.05 kg m-3) (Figure 3). The result reported by us are almost similar
with those of Ulrich Knaus et al., 2017 which grow tilapia in an aquaponic system with basil
obtaining a final stocking density of 4.76 kg m-3, starting from 3.76 kg m-3.
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Figure 3: The initial and final stocking density of tilapia fish
in the aquaponic system
Weight gain (WG) was statistically significant higher (p≤0.05) in the substrate H+L, in
both system, (306.67± 10.26 g; 299.67±24.44 g) in comparison to substrate H, where WG
was 259.67±13.01 g; 249.67±22.85 respectively.
Regarding the Specific growth rate (SGR), this was significantly higher (p≤0.05) in the
substrate H+L (SGR%/day, 0.71± 0.02; 0.68±0.06), while no significant differences were
(p≥0.05) found between the variants were the substrates H was used (SGR%/day, 0.61±0.02;
0.60±0.04)
Also, the best food conversion ratio (FCR) and protein efficiency ratio was in groups
were the substrate H+L was used (1.20±0.04 g/g; 1.26±0.14 g/g), with significant differences
in comparison with the group were the substrate H was applied (1.42±0.06 g/g; 1.46±0.12
g/g).
Overall, growth rates for Nile tilapia in the present research were comparable to
those of previous reports (Madalla et al., 2013; Ferdous et al., 2014; Kaya and Bilgüven,
2015; Day et al., 2016).
I.
Plant production
1.1. Initial
No significant differences are recorded between the experimental variants average
biomass, at the beginning of the experimental period. Therefore, an individual average
biomass of 0.4g is recorded in case of Q1, respectively 0.4g at Q2, while 0.38g at M1,
respectively 0.39g at M2 (figure 4).
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Figure 4: Lemon Basil initial average individual biomass for all experimental variants

Figure 5: Lemon Basil initial average individual root length for all experimental variants
No significant differences are recorded between the experimental variants average
root length, at the beginning of the experimental period. Therefore, an individual average
root length of 6.15cm is recorded in case of Q1, respectively 6.27cm at Q2, while 5.99cm at
M1, respectively 5.71cm at M2 (figure 5).
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Figure 6: Lemon Basil initial average individual shoot length for all experimental variants
No significant differences are recorded between the experimental variants
averageshoot length, at the beginning of the experimental period. Therefore, an individual
average shoot length of 9.21cm is recorded in case of Q1, respectively 9.19cm at Q2, while
9.25cm at M1, respectively 9.58cm at M2 (figure 6).

Figure 7: Lemon Basil initial average individual leaves area for all experimental variants
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No significant differences are recorded between the experimental variants average
leaves area, at the beginning of the experimental period. Therefore, an individual leaves
area value of 23cm2is recorded in case of Q1, respectively 23.2cm2 at Q2, while 21.24cm2at
M1, respectively 22.14cm2 at M2 (figure 7).
1.2.

Intermediary (after 14 days of experiment)

Figure 8: Lemon Basil intermediary (after 14 experimental days) average individual shoot
length for all experimental variants
No significant differences are recorded between the experimental variants average
shoot length, after 14 experimental days. Therefore, an individual average shoot length of
10.02cm is recorded in case of Q1, respectively 10.18cm at Q2, while 11.86cm at M1,
respectively 12.7cm at M2 (figure 8).
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Figure 9: Lemon Basil intermediary (after 14 experimental days) average individual leaves
area for all experimental variants
No significant differences are recorded between the experimental variants
averageleaves area, after 14 experimental days. Therefore, an individual average leaves area
of 55cm2is recorded in case of Q1, respectively 61cm2 at Q2, while 71cm2at M1, respectively
59cm2 at M2 (figure 9).
1.3. Final
Significant differences are recorded between the experimental variants average
biomass, at the end of the experimental period. Therefore, an individual average biomass of
21.1g is recorded in case of Q1, respectively 30.08g at Q2, while 23.62g at M1, respectively
25.76 at M2 (figure 10).
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Figure 10: Harvested Lemon Basil average individual biomass for all experimental variant
Significant differences are recorded between the experimental variants average root
length, at the end of the experimental period. Therefore, an individual average root length
of 23.77cm is recorded in case of Q1, respectively 29.02cm at Q2, while 26.1cm at M1,
respectively 30.98cm at M2 (figure 11).

Figure 11: Harvested Lemon Basil average individual root length for
all experimental variants
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Significant differences are recorded between the experimental variants average
shoot length, at the end of the experimental period. Therefore, an individual average shoot
length of 47.45cm is recorded in case of Q1, respectively 49.21cm at Q2, while 35.13cm at
M1, respectively 39.18cm at M2(figure 12).

Figure 12: Harvested Lemon Basil average individual shoot length for
all experimental variants
Significant differences are recorded between the experimental variants average
leaves area, at the end of the experimental period. Therefore, an individual average leaves
area of 5651.27cm2is recorded in case of Q1, respectively 6888.32cm2 at Q2, while
3739.67cm2at M1, respectively 5368.98cm2 at M2 (figure 13).
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Figure 13: Harvested Lemon Basil average individual leaves area for
all experimental variants
1.4. Plant productivity indicators
Significant differences are recorded between the experimental variants root/shoot
raport, at the end of the experimental period. Therefore, an average root/shoot rapport of
0.23 is recorded in case of Q1, respectively 0.24 at Q2, while 0.36 at M1, respectively 0.25 at
M2. The higher values recorded in case of M system symbolize that plants growth in this
system present a better welfare status (figure 14).

Figure 14: Harvested Lemon Basil root/shoot values for all experimental variants
17 | P a g e

645691 - ECOFISH Project
MSCA-RISE-2014: Marie Sklodowska-Curie

The average LAI registered better value in case of Q system (Q =7.68; M=5.62) and
also, in case of using LECA (Q2= 8.45; M2= 6.6), comparing with lava rock (Q1= 6.94;
M1=4.64)(figure 15).

Figure 15: Lemon Basil average leaves area index for all experimental variants
The CGR registered better value in case of using LECA (Q2= 0.00205g/cm2/day;
M2=0.0024g/cm2/day),
comparing
with
lava
rock
(Q1=
0.0016g/cm2/day;
M1=0.00205g/cm2/day)(figure 16).

Figure 16: Lemon Basil average crop growth rate and net assimilation efficiencyfor all
experimental variants
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The RGR registered better value in case of using LECA (Q2= 0.0433g/g/day;
M2=0.0431g/g/day), comparing with lava rock (Q1= 0.0428g/g/day; M1=0.0430g/g/day)
(figure 17). Also, in term of lemon basil average biomass gain, better value were registered
in case of using LECA (Q2= 29.69g; M2=25.38g), comparing with lava rock (Q1=20.7g;
M1=23.24g) (figure 17).

Figure 17: Lemon Basil average relative growth rate and average biomass gain
for all experimental variants
The average LAR registered better value in case of Q system, comparing with M
system (Q =153.11cm2/g; M=119.89cm2/g)(figure 18).

Figure 18: Lemon Basil average leaf area ratio for all experimental variants
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II.
Atmospheric conditions
The two experimental integrated RAS were atmospheric monitored, so that in case
of system Q, the average relative humidity (RH) recorded a value of 41%, while in case of M,
the RH recorded 34.7% (table 2, table 3, figure 18 and figure 19). Therefore, the
atmospheric conditions differ significantly, from Q to M experimental systems.
Table 2:
Statistics for Started readings
Average reading
Battery status
Degree Minutes above upper
alert
Degree Minutes below lower
alert
Description
Elapsed Time
First reading
Last reading
LogTag ID
Mean Kinetic Temperature
Non alert range
Number of readings
Number of started readings
Number of starts
Reading interval
Readings range
Standard Deviation (S)
Time above/equal upper alert
Time below/equal lower alert
Time not in alert
Time zone

System I (Q)
24.1 °C
Low

41 %RH

0.0 °C-Minutes

0.0 %RH-Minutes

0.0 °C-Minutes

0.0 %RH-Minutes

System I
45 Days 10 Hours
22 Minutes
23/10/2018 10:07
07/12/2018 11:28
1010101379
25.4 °C
20.0 to 27.0 °C
8100
8100
2
8 Minute
21.2 to 25.9 °C
1 °C
None
None
45 days, 1 hour, 13
minutes
UTC +02:00 DayLight

15.0 to 85.0 %RH

29.2 to 47.0 %RH
3.4 %RH
None
None
45 days, 1 hour, 13
minutes
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Figure 18: Atmospheric temperature and humidity values recorded in case of system I (Q)
during the entire experimental period
Table 3:
Statistics for Started readings
Average reading
Battery status
Degree Minutes above upper
alert
Degree Minutes below lower
alert
Description
Elapsed Time
First reading
Last reading
LogTag ID
Mean Kinetic Temperature
Non alert range
Number of readings
Number of started readings
Number of starts
Reading interval
Readings range
Standard Deviation (S)
Time above/equal upper alert
Time below/equal lower alert
Time not in alert
Time zone

System II (M)
24.3 °C
Low

34.7 %RH

0.0 °C-Minutes

0.0 %RH-Minutes

0.0 °C-Minutes

0.0 %RH-Minutes

System II
45 Days 10 Hours
22 Minutes
23/10/2018 10:07
07/12/2018 11:28
1010101378
24.3 °C
20.0 to 27.0 °C
8100
8100
2
8 Minute
22.7 to 25.1 °C
0.4 °C
None
None
45 days, 1 hour, 13
minutes
UTC +02:00 DayLight

15.0 to 85.0 %RH

25.4 to 43.1 %RH
3.4 %RH
None
None
45 days, 1 hour, 13
minutes
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Figure 19: Atmospheric temperature and humidity values recorded in case of system II (M)
during the entire experimental period
III.
Water chemistry - nutrients dynamics
3.1. BACTO-BALLS AND GROWTH MEDIA ACTIVATION
Before starting the experiment, the bacto-ball media that are meant to compose the
trickling biofilters of both Q and M experimental systems were activated by respecting the
same procedure. Also, the culture media (LECA - light expanded clay aggregate and lava
rock) is activated at the same time, respected the procedure which consist in addition of
NH4Cl, as presented in figure 20 and figure 21. The water temperature and pH were
monitored during the entire activation period (figure 22, 23).

Fig. 20. NH4Cl addition in M system during the entire activation period
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Fig.21. NH4Cl addition in Q system during the entire activation period

Fig.22. Technological water temperature dynamics during the entire activation period
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Fig. 23. Technological water pH dynamics during the entire activation period
The evolution of ammonia, nitrates and nitrites revealed that the bactoball
registered the best activation performances, while lava rock encountered some difficulties if
maintained in the activation regime for more than 30 days (figure 24, 25, 26).

Fig. 24. Technological water ammonia nitrogen dynamics
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Fig. 25. Technological water nitrate dynamics

Fig. 26. Technological water nitrite dynamics
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3.2.

WATER QUALITY AND NUTRIENTS DYNAMICS

Fig. 27. Technological water temperature dynamics in bothaquaponic systems (Q&M)
The dynamics of water temperature suffered fluctuations during the experimental
period, with a slow upward tendency, manifested especially at the end of the experiment.
Temperature values between 21.4 °C - 25 °Cwere registered in case of M system and
between 22.5 °C in case of Q system. The mean values of the technological water
temperature were within the optimum range for both fish and vegetable biomass as it
follows: 23.25 °C Q system and 22.46 °C for M system.

Fig. 28. Technological water dissolved oxygen dynamics in bothaquaponic systems(Q&M)
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The dynamics of dissolved oxygen in the aquaponic units manifested a decreasing
trend, due to the progressive growth of organic matter within the systems. Q system had
superior dissolved oxygen values compared with M system. The mean values of dissolved
oxygen in the technological water were 6.53 mg/L in Q system and 6.39 mg/L for M system.

Fig. 29. Technological water pH dynamics in bothaquaponicsystems(Q&M)
pH dynamics in the aquaponic technological water had a constant evolution in the
first half of the experimental period and suffered a decline starting with day 24. Elevated pH
levels in the first half of the experimental period are a normal consequence due to the
consumption of CO2 by the vegetable biomass. The low pH values registered in the second
half of the experiment can be attributed to low intensity of oxidation processes, occurring at
the level of the growing media bed, due to accumulation with organic matter. Therefore,
low intensity of oxidation process can determine low pH values. The mean pH values were
7.36 mg/L in Q system and 7.22 mg/L in M system.
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Fig. 30. Technological water conductivity dynamics in different aquaponic systems (Q&M)
The evolution of water conductivity in all aquaponic units manifested an upward
tendency, especially in the second half of the experimental period, fact most probably due
to increased micro- and macro-element concentration in the technological water, as a result
of applied feeding regime. The mean values were 1272.5 µS/cm in Q system and 1286
µS/cm in M system. The differences between the systems were not significant (p>0.05) in
case of technological water conductivity.

Fig. 31. Technological water ammonia nitrogen dynamics in bothaquaponic systems(Q&M)
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The evolution of nitrogen ammonia in the aquaponic units had an increasing
tendency in the first quarter of the experimental period and suffered a decline beginning
with the 16th day of experiment. This fact is due to initial adaptation and calibration of the
biological filter to fish and vegetable biomass. The mean NH4 values were 0.39 mg/L in Q
system and 0.42 mg/L in M system.

Fig. 32. Technological water nitrite dynamics in different aquaponic systems(Q&M)

Fig. 33. Technological water nitrate dynamics in bothaquaponicsystems(Q&M)
Technological water nitrite concentrations manifested a fluctuant evolution, with
increased tendency at the beginning of the experimental period and decline in the 8th day of
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the experiment. The significant values in nitrite concentrations in the first half of the
experimental period may be due to increased pH values, which favors NO 2 accumulation.
The mean values of nitrite concentration in the aquaponic technological water were 0.075
mg/L in Q system and 0.07 mg/L in M system.
Water nitrate concentration evolution manifested a constant upward tendency, with
a strong increase tendency at the end of the experiment, most probably due to the
improved efficiency of NO2NO3.oxidation process, which takes place at the level the
biological filter. The mean values 34.90 mg/L in Q system and 36.56 mg/L in M system.

Fig. 34. Technological water phosphates dynamics in different aquaponic systems (Q&M)

Fig. 35. Technological water calcium dynamics in bothaquaponic systems (Q&M)
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Technological water phosphates dynamics registered a constant increased trend
until day 36th of the experiment, after it suffered a decline. This fact may be explained by
the different phosphates need of plant biomass during the experiment. The mean
phosphates values were 4.96 mg/L in Q system and 4.91 mg/L in M system.
The evolution of calcium concentrations in the technological water registered a
constant decreased tendency. This fact is most probably explained by high calcium demand
of plant biomass in the growing process. The mean Ca concentration was 72.33 mg/L in Q
system and 73.75 mg/L in M system.

Fig. 36. Technological water magnesium dynamics in bothaquaponic systems(Q&M)
The evolution of magnesium concentration in the aquaponic units manifested a
constant decreased tendency, except for the last week of the experimental period, in which
the concentration manifested an upward trend. This fact can be explained probably by the
high magnesium demand of plant biomass in the growing process. The mean values for
magnesium concentrations in the studied aquaponic units are 37.42 mg/L in Q system and
36.39 mg/L in M system.
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Fig. 37 Media grow bed activation analysis
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IV.
Cost-effectiveness analysis
From a technological point of view, the best crop growth performance was noticed in
the case of the basil grown in L.E.C.A. media, under the climate conditions of the Q building
RAS pilot station (table 4).
Table 4. Technical and technological data
Q1

Q2
M1
M2
Aquaponic technique
MGB (media growth bed)
Media
lava rock
L.E.C.A.
lava rock
L.E.C.A.
Lighting luminous flux (lm)
2850
Lighting wave length (nm)
400-760
Artificial lighting* (hours/day)
12
12
12
12
Fish species
Nile Tilapia (Oreochromisniloticus)
Crop
Lemon scented Basil (Ocimumbasilicum citron)
Duration of production cycle (days)
45
Crop growing technique
Staggered production
2
Crop density (plants/m )
36
Crops individual average yield (g/plant)
9.2
10.4
8.1
8.9
* The luminous flux was measured with a lux meter and the values were averaged.
For the cost-effectiveness analysis these formulas were used:
𝑻𝑰 = 𝑷 ∗ 𝑸

(1)

whereTI = total income (production value), P = selling price for 1 kg of biomass
(€/m2/production cycle) and Q = production quantity (g/m2/production cycle).
The selling price (P) was obtained by analyzing the market prices for the basil and tilapia.
𝑻𝑷𝑪 = 𝑻𝑭𝑪 + 𝑻𝑽𝑪

(2)

(€/m2/production

where TPC = total production costs
cycle), TFC = total fixed costs
2
2
(€/m /production cycle) and TVC = total variable costs (€/m /production cycle).
The fixed costs were considered those costs that do not change their value depending on
the production volume.
𝑷𝒓 = 𝑻𝑰 − 𝑻𝑷𝑪

(3)

(€/m2/production

wherePr = profit
cycle),
𝑷𝒓
𝑹𝒆 =
𝑻𝑷𝑪
whereRe = rate of return,
𝑷𝒓
𝑹𝑷𝒓 =
∗ 𝟏𝟎𝟎
𝑻𝑰
whereRPr = rate of profit (profitability ratio) (%).

(4)

(5)
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Economic analysis
The implementation costs for each of the four multi-use aquaponics production
platform (Q1, Q2, M1 and M2) were calculated (Tables 5, 6, 7 and 8), the only differences
being the media used (lava rock in case of Q1 and M1, and L.E.C.A. in case of Q2 and M2)
and the extra ventilation that needed to be installed (in the case of M1 and M2). Each of the
four modules consisted of three aquaponic systems that ran the experiment in triplicate.
Table 5. Implementation cost for a multi-use aquaponics production platform (Q1).
Cost
Nr.
Components
(€/aquaponic
Cost (€/1m2)
crt.
module)
1 Metal frame
38.50
23.33
2 Metal supports
10.50
6.36
3 Screws, washers, nuts
2.60
1.58
4 Rust resistant paint
8.60
5.21
5 Plastic caps
3.25
1.97
6 Lumber joist
3.45
2.09
7 Polycarbonate cover
10.20
6.18
8 Reflective foil
5.60
3.39
9 Fish rearing tank (3 pcs.)
105.80
64.12
10 Hydroponic tanks (6 pcs.)
48.30
29.27
11 Water pumps (3 pcs.) and filtration mesh
117.60
71.27
12 Mechanical and biological filter tanks (6 pcs.)
25.80
15.64
13 Polypropylene piping
28.10
17.03
14 Polypropylene connectors and accessories
25.45
15.42
15 Silicone tubing
0.25
0.15
16 LED grow lights (2 pcs.)
322.15
195.24
17 Mechanical filter media
53.75
32.58
18 Biological filter media
24.50
14.85
19 Hydroponic media - Lava rock
154.45
93.61
20 Labor
100
60.61
TOTAL
1088.85
659.91
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Table 6. Implementation cost for a multi-use aquaponics production platform (Q2).
Cost
Nr.
Components
(€/aquaponic
Cost (€/1m2)
crt.
module)
1 Metal frame
38.50
23.33
2 Metal supports
10.50
6.36
3 Screws, washers, nuts
2.60
1.58
4 Rust resistant paint
8.60
5.21
5 Plastic caps
3.25
1.97
6 Lumber joist
3.45
2.09
7 Polycarbonate cover
10.20
6.18
8 Reflective foil
5.60
3.39
9 Fish rearing tank (3 pcs.)
105.80
64.12
10 Hydroponic tanks (6 pcs.)
48.30
29.27
11 Water pumps (3 pcs.) and filtration mesh
117.60
71.27
12 Mechanical and biological filter tanks (6 pcs.)
25.80
15.64
13 Polypropylene piping
28.10
17.03
14 Polypropylene connectors and accessories
25.45
15.42
15 Silicone tubing
0.25
0.15
16 LED grow lights (2 pcs.)
322.15
195.24
17 Mechanical filter media
53.75
32.58
18 Biological filter media
24.50
14.85
19 Hydroponic media – L.E.C.A.
114.85
69.61
20 Labor
100
60.61
TOTAL
1049.25
635.91
Table 7. Implementation cost for a multi-use aquaponics production platform (M1).
Cost
Nr.
Components
(€/aquaponic
Cost (€/1m2)
crt.
module)
1 Metal frame
38.50
23.33
2 Metal supports
10.50
6.36
3 Screws, washers, nuts
2.60
1.58
4 Rust resistant paint
8.60
5.21
5 Plastic caps
3.25
1.97
6 Lumber joist
3.45
2.09
7 Polycarbonate cover
10.20
6.18
8 Reflective foil
5.60
3.39
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9
10
11
12
13
14
15
16
17
18
19
20
20

Fish rearing tank (3 pcs.)
Hydroponic tanks (6 pcs.)
Water pumps (3 pcs.) and filtration mesh
Mechanical and biological filter tanks (6 pcs.)
Polypropylene piping
Polypropylene connectors and accessories
Silicone tubing
LED grow lights (2 pcs.)
Mechanical filter media
Biological filter media
Hydroponic media - Lava rock
Ventilation and HVAC tubing
Labor
TOTAL

105.80
48.3
117.6
25.8
28.1
25.45
0.25
322.15
53.75
24.5
154.45
16.5
110
1115.35

64.12
29.27
71.27
15.64
17.03
15.42
0.15
195.24
32.58
14.85
93.61
10.00
66.67
675.97

Table 8. Implementation cost for a multi-use aquaponics production platform (M2).
Cost
Nr.
Components
(€/aquaponic
Cost (€/1m2)
crt.
module)
1 Metal frame
38.50
23.33
2 Metal supports
10.50
6.36
3 Screws, washers, nuts
2.60
1.58
4 Rust resistant paint
8.60
5.21
5 Plastic caps
3.25
1.97
6 Lumber joist
3.45
2.09
7 Polycarbonate cover
10.20
6.18
8 Reflective foil
5.60
3.39
9 Fish rearing tanks (3 pcs.)
105.80
64.12
10 Hydroponic tanks (6 pcs.)
48.3
29.27
11 Water pumps (3 pcs.) and filtration mesh
117.6
71.27
12 Mechanical and biological filter tanks (6 pcs.)
25.8
15.64
13 Polypropylene piping
28.1
17.03
14 Polypropylene connectors and accessories
25.45
15.42
15 Silicone tubing
0.25
0.15
16 LED grow lights (2 pcs.)
322.15
195.24
17 Mechanical filter media
53.75
32.58
18 Biological filter media
24.5
14.85
19 Hydroponic media – L.E.C.A.
114.85
69.61
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20
20

Ventilation and HVAC tubing
Labor
TOTAL

16.5
110
1075.75

10.00
66.67
651.97

The highest implementation cost (for 1 m2) are represented by the LED grow lights,
followed by the water pumps, the hydroponic media, labor and the fish rearing tanks. Out of
all four systems, the M1 had the highest implementation cost, while Q2 had the lowest one,
mostly because lava rock is a more expensive media and also, even if not so significant,
because of the extra ventilation and labor.
The variable and fixed costs were identified and calculated for each of the four multiuse aquaponics production platform. The fixed costs are those that do not change and are
independent of the production output, while the variable costs are those that can increase
or decrease and are dependent on the production output and scaling.
Table 9. Yearly fixed costs
Crt.
Fixed costs per year (€/1 m2)
Q1
Q2
M1
M2
No.
1
Depreciation*
329.95
317.95
337.98
325.98
2
Provisions for risks and charges**
49.49
47.69
50.70
48.90
2
Total (€/1 m )
379.45
365.65
388.68
374.88
* calculated for a period of 2 years; ** calculated as 7.5% of implementation costs.
The depreciation accounts for most of the fixed costs and is dependent on the
amount of the implementation costs. One way to decrease the fixed costs is to spread the
depreciation over a period of more years and to decrease the percentage for the provisions
for risks and charges, or even eliminate these.
Table 10. Variable costs for a production cycle
Crt.
Variable costs per production cycle (€/1 m2)
No.
1
Labor
2
Seeds
3
Electricity
4
Biological activation kit
5
Chemical test kits for testing water quality
6
Fish feed
7
Maintenance
8
Insurance
Total (€/1 m2)

Q1

Q2

M1

M2

10.50
0.72
15.07
0.37
4.62
1.11
0.64
2.17
35.20

10.50
0.72
15.07
0.37
4.62
1.13
0.64
2.45
35.51

10.50
0.72
16.13
0.37
4.62
1.15
0.64
1.91
36.04

10.50
0.72
16.13
0.37
4.62
1.00
0.64
2.10
36.08
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The highest variable costs are still represented by the electricity cost, mainly due to
the recirculating water pumps that run constantly, even when using LED lamps, but at a
much lower cost than when using sodium-vapor lamps (HPS) or metal halide lamps (MH).
The labor costs are the second highest, with the rest of the variable costs adding to a small
percentage of the total.
As a result of applying the staggered technique, the variable costs were calculated
for the both the first year of production, where due to the startup process, the first crops
output a lower yield and thus generate a lower income, and for the second year of
production, when a full, continuous and constant, production capacity is achieved and thus
the yield and income are maximized. All the following production years are the same as the
second one, as long as the production flow is not disturbed.
Table 11. Variable costs for the first year of production
Crt.
Variable costs per 1st year (€/1 m2)
Q1
No.
1
Labor
490.50
2
Seeds
33.63
3
Electricity
113.80
4
Biological activation kit
0.37
5
Chemical test kits for testing water quality
146.12
6
Fish feed
9.03
7
Maintenance
29.90
8
Insurance
101.35
2
Total (€/1 m )
924.69
Table 12. Variable costs for the second year of production
Crt.
Variable costs per 2nd year (€/1 m2)
Q1
No.
1
Labor
547.50
2
Seeds
37.54
3
Electricity
112.61
4
Chemical test kits for testing water quality
161.40
5
Fish feed
9.03
6
Maintenance
33.37
7
Insurance
113.11
2
Total (€/1 m )
1014.56

Q2

M1

M2

490.50
33.63
113.80
0.37
146.12
9.17
29.90
114.56
938.05

490.50
33.63
122.38
0.37
146.12
9.31
29.90
89.22
921.43

490.50
33.63
122.38
0.37
146.12
8.14
29.90
98.05
929.09

Q2

M1

M2

547.50
37.54
112.61
161.40
9.17
33.37
126.71
1028.31

547.50
37.54
121.19
161.40
9.31
33.37
99.58
1009.90

547.50
37.54
121.19
161.40
8.14
33.37
109.43
1018.57
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Table 13. Electricity costs for each analyzed multi-use aquaponics production platform

System

Q1

Q2

M1

M2

Electricity
consumer

Aquaponic
module
recirculating
water pumps
LED lamps
Activation
module
recirculating
water pumps
Total
Aquaponic
module
recirculating
water pumps
LED lamps
Activation
module
recirculating
water pumps
Total
Aquaponic
module
recirculating
water pumps
LED lamps
Activation
module
recirculating
water pumps
Ventilation fan
Total
Aquaponic
module
recirculating
water pumps
LED lamps

Power
Operation
consumption hours per
(kWh/m2)
cycle

Cost
per
cycle
(€/1
m2)

Operation
hours per
year

Cost per
1st year
(€/1 m2)

Cost per
2nd year
(€/1 m2)

0.109

1080

11.8996

8760

96.5193

96.5193

0.036

540

1.9833

4380

16.0865

16.0865

0.011

1080

1.1900

1080

1.1900

-

0.156

-

15.0729

-

0.109

1080

11.8996

8760

96.5193

96.5193

0.036

540

1.9833

4380

16.0865

16.0865

0.011

1080

1.1900

1080

1.1900

-

0.156

-

15.0729

-

0.109

1080

11.8996

8760

96.5193

96.5193

0.036

540

1.9833

4380

16.0865

16.0865

0.011

1080

1.1900

1080

1.1900

-

0.0097
0.1657

1080
-

1.0577
16.1306

8760
-

8.5795
8.5795
122.3753 121.1853

0.109

1080

11.8996

8760

96.5193

96.5193

0.036

540

1.9833

4380

16.0865

16.0865

113.7958 112.6058

113.7958 112.6058
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Activation
module
recirculating
water pumps
Ventilation fan
Total

0.011

1080

1.1900

1080

0.0097
0.1657

1080
-

1.0577
16.1306

8760
-

1.1900

-

8.5795
8.5795
122.3753 121.1853

The electricity costs varies only due to the extra ventilation fan that is running in the
second system. The activation of the biological filter media and the hydroponic unit media
involves recirculating water, a process that is achieved with low wattage water pumps, but
still involves the consumption of electricity. That is why there is an added cost to the
electricity in case of the cost per production cycle and the cost per first production year, but
not in the case of the cost per second production year.
The main variable influencing the income of the multi-use aquaponics production
platform is the crop production, and as it can be observed in Table 14, the highest yield was
reported in the Q2 variant (the one that uses L.E.C.A. as media, in the first system), while
the lowest yield was noticed in the M1 variant (the one that uses lava rock as media, in the
second system).
Fish production (Table 15) is much lower than the plant crop production, and is
dependent on the weight gained whilst the fish are reared in the multi-use aquaponics
production platform.
Table 14. Crop production for each analyzed multi-use aquaponics production platform
Crt.
Crop production
Q1
Q2
M1
M2
No.
1
kg/m2/cycle
0.960
1.086
0.846
0.929
2
st
2
kg/m /1 year
44.87
50.72
39.50
43.41
3
kg/m2/2nd year
50.08
56.61
44.09
48.45
Table 15. Fish production for each analyzed multi-use aquaponics production platform
Crt.
Crop production
Q1
Q2
M1
M2
No.
1
kg/m2/cycle
0.464
0.398
0.455
0.344
2
kg/m2/1st year
3.76
3.23
3.69
2.79
To maximize the profitability of a multi-use aquaponics production platform, and in
order to support the rearing of fish with the help of growing plants, as reported by Engle
(2010), the dynamic of the market must be thoroughly studied. Hence, it we analyzed the
monthly price evolution for an entire production year (Table 16).
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The colder, winter months, yield the highest profits, while the warm, summer
months yield the lowest ones.
Table 16. Crop monthly price variation during a production year
Crt.
Month
Lemon scented basil (€/kg fresh plant)
No.
1
January
56.6782
2
February
52.2616
3
March
48.3856
4
Aprils
41.5374
5
May
33.4584
6
June
26.5562
7
July
31.836
8
August
38.5942
9
September
45.3998
10 October
51.247
11 November
55.3652
12 December
60.7474
13 Monthly Average
45.17325
Table 17. Monthly income for a production cycle
Crt.
Monthly income (€/m2/cycle)
No.
Month
Q1
Q2
1
January
54.41
61.55
2
February
50.17
56.76
3
March
46.45
52.55
4
April
39.88
45.11
5
May
32.12
36.34
6
June
25.49
28.84
7
July
30.56
34.57
8
August
37.05
41.91
9
September
43.58
49.30
10 October
49.20
55.65
11 November
53.15
60.13
12 December
58.32
65.97
13 Monthly Average
43.37
49.06

M1
47.95
44.21
40.93
35.14
28.31
22.47
26.93
32.65
38.41
43.35
46.84
51.39
38.22

M2
52.65
48.55
44.95
38.59
31.08
24.67
29.58
35.85
42.18
47.61
51.43
56.43
41.97
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Table 18. Monthly income for the first year of production
Crt.
Monthly income (€/m2/cycle)
No.
Month
Q1
Q2
1
January
2543.15
2874.72
2
February
2344.98
2650.71
3
March
2171.06
2454.12
4
April
1863.78
2106.78
5
May
1501.28
1697.01
6
June
1191.58
1346.93
7
July
1428.48
1614.72
8
August
1731.72
1957.50
9
September
2037.09
2302.68
10 October
2299.45
2599.25
11 November
2484.24
2808.12
12 December
2725.74
3081.11
13 Monthly Average
2026.92
2291.19

M1
2238.79
2064.33
1911.23
1640.73
1321.61
1048.97
1257.52
1524.47
1793.29
2024.26
2186.93
2399.52
1784.34

M2
2460.40
2268.68
2100.42
1803.14
1452.43
1152.80
1382.00
1675.37
1970.81
2224.63
2403.40
2637.04
1960.97

Table 19. Monthly income for the second year of production such, the highest income
Crt.
Monthly income (€/m2/cycle)
No.
Month
Q1
Q2
M1
M2
1
January
2838.44
3179.65
2498.94
2746.06
2
February
2617.26
2931.88
2304.21
2532.07
3
March
2423.15
2714.43
2133.32
2344.28
4
April
2080.19
2330.25
1831.38
2012.49
5
May
1675.60
1877.02
1475.18
1621.06
6
June
1329.93
1489.80
1170.86
1286.65
7
July
1594.35
1786.00
1403.65
1542.45
8
August
1932.80
2165.13
1701.62
1869.89
9
September
2273.62
2546.93
2001.68
2199.62
10 October
2566.45
2874.96
2259.48
2482.92
11 November
2772.69
3105.99
2441.05
2682.44
12 December
3042.23
3407.93
2678.35
2943.21
13 Monthly Average
2262.28
2534.22
1991.69
2188.64
As mentioned before, the income is most dependent on the crop production, and as
and most profitable variant, was again reported in the case of the Q2 variant, while the
lowest was in the case of the M1 variant.
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All multi-use aquaponics production platforms proved to be profitable, the Q2
variant having the highest gross and net profit, return and rate of profit, and again, at the
opposite being the M1 variant.
Table 20. Economic indicators for the first year of production
Crt.
Economic indicators for 1st year
Q1
No.
1
Total production cost (TPC) (€/1 m2/year)
1304.14
2
2
Gross profit (€/1 m /year)
752.87
3
Income tax (€/1 m2/year)
7.53
2
4
Net profit (€/1 m /year)
745.34
5
Return (Re)
0.58
6
Rate of profit (RPr) (%)
36.60

Q2

M1

M2

1303.70
1013.32
10.13
1003.19
0.78
43.73

1310.11
503.79
5.04
498.75
0.38
27.77

1303.97
679.30
6.79
672.51
0.52
34.25

M1

M2

1398.58
622.66
6.23
616.44
0.45
30.81

1393.46
817.49
8.17
809.31
0.59
36.97

Table 21. Economic indicators for the second year of production
Crt.
Economic indicators for 2ndyear
Q1
Q2
No.
1
Total production cost (TPC) (€/1 m2/year)
1394.01
1393.95
2
2
Gross profit (€/1 m /year)
898.35
1166.10
2
3
Income tax (€/1 m /year)
8.98
11.66
4
Net profit (€/1 m2/year)
889.37
1154.44
5
Return (Re)
0.64
0.84
6
Rate of profit (RPr) (%)
39.19
45.55

Monthly income variation over the first and second year of production revealed a
strong dependence comparing with year period. Therefore, during the summer period, the
lowest income will be recorded, fact due to the competitors which are using classical
aquaculture production techniques (figure 38).
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Figure 38. Monthly income variation over the first and second year of production for each
analyzed aquaponic system
As a conclusion to this experimental trial, it can be stated that the atmospheric
conditions and also, growing media, can significantly influence lemon basil bioremediation
capacity, its productivity and also, the cost-effectiveness results. Therefore, the atmospheric
conditions applied in case of Q system generated the best results in terms of those
mentioned above, fact valid also when using LECA (light expended clay agregatte) media,
comparing with lava rock media.
Task 8.4. Risk Analysis
Risk management that can occur in an aquaponic system will help farmers:
 identify in time and prevent risks
 define the terms of risk and acvaponie;
 describe how to build an aquaponic system;
 identify risks in an aquaponic system;
 evaluate risks in an aquaponic system;
The idea that risk is everywhere and that everyone is managing the risk has become
commonplace. But what is the risk? Is it possible for a natural disaster to lead to countless
casualties? Is it an element of the equation used by financial analysts to calculate the
potential return on investment? According to the ISO 31000 Risk Management Standard
2009, risk is simply "the effect of uncertainty on the objectives". Based on this definition,
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the phrase "everyone manages risk" is therefore true. If we accept that all individuals and
organizations have goals, that these goals are necessarily set in the future and that the
future is uncertain, then each and every organization manages the risk.
To win something, every business has to take a certain risk. Risk management is not
only necessary to reduce the risks and uncertainties associated, but also through risk
management that is also able to discover and seek opportunities. Risk management can be
defined as a set of measures and activities for risk management. It has been fully
acknowledged that successful management of uncertainty is largely related to the success
of an enterprise.
Risk management impacts on a whole range of business areas, from the financial
impact, production impact, health, safety, and environmental impact, and so on. Thus, it
should be thought that risk management should have a certain value for the enterprise that
manages those risks and of course for the stakeholders.
History of mankind is the story of creating new technologies, including special risk
management technologies that help us reduce and, in some cases, fully control the risks
that could have had the most devastating consequences.
People and organizations voluntarily, and often unconsciously, implement a range of
risk management strategies. But the implementation of such management by an individual
is often not sufficient. So, the highest levels of political decision-making and a number of
stakeholders should be involved in the risk management process. In the face of accelerated
risk-taking, the decision-making process needs to be improved. This need is also due to the
fact that, helping people to protect themselves from a range of dangers, the progress of
humanity and technology change themselves pose new risks.
The causes of risk are their sources of responsibility, and risk factors are conditions
and circumstances in which the causes of risk are manifested and which lead to negative
consequences and undesirable events. An example of a risk factor may be the presence of
significant amounts of assets that are not bought or sold (low liquidity), which will result in
the company not being able to respond in a timely manner to its obligations to the
contractors (risk of declining solvency). Causes and factors in the aggregate form a risk
situation, characterizing the possibility of occurrence of a risk event.
Effective risk management is a reflection of social and economic progress. Good risk
management also enables stakeholders to have a greater trust in the corporate governance
organization and its delivery capacity.
In recent years, all sectors of the economy have focused on risk management, which is
considered the key to successful organizations by enabling them to achieve their goals and
at the same time to protect the interests of stakeholders. The risk is the uncertainty of
getting a positive result, a good risk management allows the organization to:
 Increased confidence in achieving the desired results;
 Effectively constrain threats to acceptable levels;
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 Take the right decisions to exploit opportunities.
Effective risk management not only helps us prevent catastrophes, but also assures
our safety. With quality risk management, we are prepared for risks that we cannot assume
otherwise. These are the risks that ultimately guarantee our success. For example, in the
online environment, many companies took advantage of the risk of overcoming their less
determined competitors. In this context, risk management does not mean creating a riskfree world. Everyone has the right to take at least some risks to get benefits if the riskrelated event does not occur, or to bear the losses if it happens. Risk management is done
to avoid unnecessary losses.
Risk management is a discipline that is deeply rooted in organizational management,
especially in managing a business. Regulations are often developed for entrepreneurs who
have to execute them through their management structures.
The risk management system provides tools to build a structured vision of the future
and to address the issue of related uncertainty. Implementing risk management in an
organization or regulatory body gives management the opportunity to make rational
decisions based on available information, no matter how full it is. In order to prove the
feasibility of implementing a risk management system, we will return to the fundamental
principle of project management, which characterizes the interdependence of the following
parameters: the budget, the quality of the finished product and the implementation time.
Risk management tools help to make a rational choice among a number of
alternatives. In other words, the level of achievement of the desired regulatory objective
will depend on the cost of the preventive measures and the abandonment of the expected
benefits from one or more areas of economic activity.
In risk management, rules can be easily understood by beginners, but difficulties may
arise in meeting them, as often there are uncertainties when affiliates put their money in
the game.
Strategic, program and operational risk management needs to be integrated so that
activity levels rely on each other. Thus, the organization's risk management strategy will be
driven from the top and embedded in the normal routines and normal work activities of the
organization. All staff members need to be aware of the relevance of the risk to meeting the
objectives and be prepared to support staff in risk management.
Risk identification is the first critical step in the risk management process. To manage
risk, an organization needs to know what risks it is facing and assess. Risk identification is
the first step in building the organization's risk profile. There is not only one correct way to
document the organization's risk profile, but documentation is essential for effective risk
management.
There are several sources of risk. To identify the risk, the project team should review
the scope of the program, cost estimates, program (including critical path evaluation),
technical maturity, key performance parameters, performance challenges, stakeholders'
expectations of the current plan, external dependencies, and internal challenges,
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integration, interoperability, sustainability, supply chain vulnerabilities, threat management,
cost deviations, test event expectations, safety, security, and more. In addition, historical
data from similar projects, stakeholder interviews and risk lists provide a valuable insight
into risk assessment areas.
Risk identification is an iterative process. As the program progresses, more
information about the program (eg specific design) will be obtained and the risk statement
will be adjusted to reflect the current understanding. New risks will be identified as the
project progresses over the life cycle.
A number of methods are used in developing the risk register. An analysis of past
risks is an important source of risk identification and may be a first step in the development
of internal classification. In order to collect information about past risks, the organization
forms internal loss data bases and collects information from external sources.
The risk management system provides tools to build a structured vision of the future
and to address the issue of related uncertainty. Implementing risk management in an
organization or regulatory body gives management the opportunity to make rational
decisions based on available information, no matter how full it is. In order to prove the
feasibility of implementing a risk management system, we will return to the fundamental
principle of project management, which characterizes the interdependence of the following
parameters: the budget, the quality of the finished product and the implementation time.
Risk management tools help to make a rational choice among a number of
alternatives. In other words, the level of achievement of the desired regulatory objective
will depend on the cost of the preventive measures and the abandonment of the expected
benefits from one or more areas of economic activity.
In risk management, rules can be easily understood by beginners, but difficulties may
arise in meeting them, as often there are uncertainties when affiliates put their money in
the game.
Strategic, program and operational risk management needs to be integrated so that
activity levels rely on each other. Thus, the organization's risk management strategy will be
driven from the top and embedded in the normal routines and normal work activities of the
organization. All staff members need to be aware of the relevance of the risk to meeting the
objectives and be prepared to support staff in risk management.
Risk identification is the first critical step in the risk management process. To manage
risk, an organization needs to know what risks it is facing and assess. Risk identification is
the first step in building the organization's risk profile. There is not only one correct way to
document the organization's risk profile, but documentation is essential for effective risk
management.
There are several sources of risk. To identify the risk, the project team should review
the scope of the program, cost estimates, program (including critical path evaluation),
technical maturity, key performance parameters, performance challenges, stakeholders'
expectations of the current plan, external dependencies, and internal challenges,
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integration, interoperability, sustainability, supply chain vulnerabilities, threat management,
cost deviations, test event expectations, safety, security, and more. In addition, historical
data from similar projects, stakeholder interviews and risk lists provide a valuable insight
into risk assessment areas.
Risk identification is an iterative process. As the program progresses, more
information about the program (eg specific design) will be obtained and the risk statement
will be adjusted to reflect the current understanding. New risks will be identified as the
project progresses over the life cycle.
A number of methods are used in developing the risk register. An analysis of past
risks is an important source of risk identification and may be a first step in the development
of internal classification. In order to collect information about past risks, the organization
forms internal loss data bases and collects information from external sources.
Risks can be classified according to the ability of regulatory parties to manage risks
independently and their influence on other parties. Other risks come from the external
environment. They emerge from markets, partners, consumers, regulatory actions and the
natural environment. Commercial risk brings together all events associated with changing
demand for the organization's products and services, changing the price of these products
and other relevant factors (UN, 2014).
Market risk can be divided into four categories: interest rate risk, currency risk
(exchange rate change), commodity risk (change in commodity prices), and stock risk
(change in securities prices). All of these parameters have an impact on the activities of all
businesses and can affect the organization's ability to achieve its goals (Workshops of
UNESCO, 2010).
The purpose of risk analysis and risk assessment phase is to prioritize the previously
identified risks, so that the most important are first processed. This is done by comparing
the risks between them.
Two elements of the risk concept are taken as estimates: probability and
consequences. Probability can be calculated against possibility, and business consequences
are often expressed in monetary or temporal losses, while for regulation the consequences
can be economic losses, damage to the environment or public health. If decision-makers
rely on these indicators, they can calculate the potential cost of risk by mitigating options to
consequences. Repeating this action with all the risks will allow for the definition of the
most or less priority. The most important risks for the organization will be those that are
most expensive.
To use this method, organizations need to develop their own scale of potential
effects and event probability and a matrix that combines both parameters. Probability can
be classified as "very low", "low", "medium", "high" and "very high". It is important for all
parties to understand what is specified on each row of the matrix, a fact obtained by using
explanatory notes, if the probability is low it means that the event is not likely to happen.
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Similarly, the full range of effects can be classified as 'very low', 'low', 'medium',
'high' and 'very high'. This spectrum usually includes financial losses, professional safety
risks, customer safety, environmental damage, reputation and other parameters.
The same risk event can affect all of these categories in varying degrees: the impact
of a risk may be, for example, "low" in the financial, "medium" field of occupational safety
and "very high" for reputation. Developing an array of these criteria simplifies the
classification of the risk category in the overall ranking associated with the highest impact
assessment.
A significant advantage of this tool is that it does not allow users to calculate the cost
of risk, which is indeed impossible to calculate. It also helps policymakers to compare risks in
a variety of areas and to develop risk management at government level.
There are three important principles for risk assessment:
 Ensure that there is a clearly structured process in which both the likelihood and
the impact for each risk are taken into account;
 record the risk assessment in a way that facilitates the monitoring and
identification of risk priorities;
 be clear about the difference between inherent and residual risk.
 The risk profile for your organization can:
 facilitates the identification of risk priorities;
 captures the reasons for decisions taken on what it is and is not a tolerable
exposure;
 facilitates the recording of how the organization decides to address the risks;
 Allows all stakeholders to handle risk management to see the overall risk profile
and how their areas of special responsibility fall;
 facilitates the review and monitoring of risks.
Once the risks have been assessed, the risk priorities for the organization will appear.
The less acceptable the risk exposure, the greater the priority that needs to be given to
address it. The highest priority risks (key risks) should receive constant attention at the
highest level of the organization and should therefore be regularly considered by the
council.
Risk management needs to be reviewed and reported for two reasons:
 To monitor whether the risk profile is changing or not;
 To ensure that risk management is effective and to identify when additional
action is needed.
Procedures should be in place to examine whether there are still risks, whether new
risks have arisen, whether the likelihood and impact of risks have changed, significant
changes to adjust the risk priorities and provide assurance on the effectiveness of the
Control. In addition, the global risk management process should undergo a periodic review
to ensure that it remains adequate and effective. The risk review and the review of the risk
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management process are distinct from one another and is not a substitute for the other.
Revision processes should: ensure that all aspects of the risk management process are
reviewed at least once a year; ensure that the risks themselves are subject to appropriate
frequency review (with appropriate provisions for the own risk review and for independent
review / auditing); provide for alerting the appropriate level of management of new risks or
changes to identified risks so that the change can be properly addressed.
The risk profile for your organization can:
 facilitates the identification of risk priorities;
 captures the reasons for decisions taken on what it is and is not a tolerable
exposure;
 facilitates the recording of how the organization decides to address the risks;
 Allows all stakeholders to handle risk management to see the overall risk profile
and how their areas of special responsibility fall;
 facilitates the review and monitoring of risks.
Once the risks have been assessed, the risk priorities for the organization will appear.
The less acceptable the risk exposure, the greater the priority that needs to be given to
address it. The highest priority risks (key risks) should receive constant attention at the
highest level of the organization and should therefore be regularly considered by the
council.
Risk management needs to be reviewed and reported for two reasons:
 To monitor whether the risk profile is changing or not;
 To ensure that risk management is effective and to identify when additional
action is needed.
Procedures should be in place to examine whether there are still risks, whether new
risks have arisen, whether the likelihood and impact of risks have changed, significant
changes to adjust the risk priorities and provide assurance on the effectiveness of the
Control. In addition, the global risk management process should undergo a periodic review
to ensure that it remains adequate and effective. The risk review and the review of the risk
management process are distinct from one another and is not a substitute for the other.
Revision processes should: ensure that all aspects of the risk management process are
reviewed at least once a year; ensure that the risks themselves are subject to appropriate
frequency review (with appropriate provisions for the own risk review and for independent
review / auditing); provide for alerting the appropriate level of management of new risks or
changes to identified risks so that the change can be properly addressed.
In aquapony, as in other areas, there are a number of risks that have greater or
lesser consequences on the process of production and maintenance of the aquaponic
system. In order to be able to manage the risks effectively, they need to be identified early,
otherwise the farmer might choose unwanted consequences that may lead to extra cash
losses.
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A risk analysis identifies the main risks in an aquaponic system and how they can be
minimized. Monitoring and control of essential environmental parameters is important for
maintaining a healthy and stable system. The emergency plan includes the prevention of
pollution, which leads to the illness of fish and plants, the maintenance of a safe control of
the system for a balanced environment, the assurance of good product quality and the
understanding of market needs.
To prevent the risks that may arise in a particular business, we need to identify and
analyze them at first. Next, I will present a number of risks that may arise in aquapony.
Fish diseases
As in aquaculture, there is a risk of fish disease in aquapony. Fish diseases are many
and can arise for various reasons, such as bacteria, viruses, parasites. Often these problems
are triggered by the poor water quality or inadequate care of the aquaponic system. Fish are
healthy when living in balance with their environment and potentially harmful elements in
that environment.
Plant pests
One of the most common problems in aquapony is that of plants that can be easily
attacked by pests that in turn destroy plants. When you notice these insects, it is better to
take care of them before they propagate and multiply.
Failure to observe the water temperature control
Unlike the domestic temperature of mammals that is regulated and practically
stable, fish and other marine animals vary depending on the water they live in. So water
temperature in aquapony is an impetus that should be taken into account to prevent
problems that may arise in the future.
The oxygen level is too low
Fish and plants need a sufficient amount of oxygen to survive. If the latter have more
oxygen (20%) in the environment they live, fish are less favored because they contain only
1% of O2 in water. For this reason, it is necessary to maintain in the water a quantity of
oxygen that will favor the growth and the aquation of fish in the aquaponic system.
Unreasonable control of pH
pH measures acidity or alkalinity in water. Value 7 represents neutrality; below this
value, the water is acidic, and above this value is basic. For survival, fish need a pH of
between 5 and 9.
High sodium levels
Sodium is of major importance in physical processes in the body. Fish, as well as
other aquatic animals, take this mineral through the water they live in. That is why we need
to be very careful about the amount of sodium water contained in the aquaponic system,
because when the amount of sodium is too high, the water hardness rises.
Unreasonable control of electrical conductivity
Water, irrespective of the source, contains, besides molecules of H2O (pure water)
and a lot of other substances. As we purify water, conductivity decreases. The water
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conductivity gives us information about its chemical composition and its ion concentration
and movement. (Www.apafiltrata.ro/probleme/impuritati)
In order to ensure an adequate living environment for fish, plants and bacteria,
account must be taken of the water parameters in which aquatic species live. If these
parameters are not taken into account, there is a risk of incurring major losses.
Contamination of water
Water contamination is the process of changing the composition of water. It is
necessary to take the necessary measures to prevent this risk, otherwise the aquaponic
products will suffer.
Risk monitoring
Water parameters
In order to maintain optimal conditions for tilapia cultivation, the main critical
parameters are kept within the following limits: ammonia (<1.5 mg / l), nitrate (<150 mg / l),
pH 6-8 (22 ° C - 30 ° C). Maintaining values within these limits minimizes the risks in
cultivation.
Fish density and pathogen control
The quality of cultivation also depends on the density of the biomass. It is kept below
50 kg / m3 for the well-being of cultivation and for optimizing production.
Feeding
Fish feeding is based on the levels suggested by the fish feed producer. For example,
if the water temperature is 25 ° C, for 1,000 g of chicken of 4-8 g, 52,2 g of pellets of 1,5 mm
per day will be administered. It is recommended that the fish be fed 4 times a day.
Removal and cleaning
The tanks have a special design so that when the closing valve opens in about 15
seconds, sedimentation is cleared from the tank. This is done twice a day. Tank cleaning is
done manually. Through this process, it is intended to obtain up to 75 tons / year of fish,
tilapia and sustainable production that is not at risk.
It is essential to maintain good water quality for proper growth of fish and plants.
The optimum environment for growing fish and vegetables is not the same. Thus,
environmental parameters must be kept in an area that is optimal for the entire production
system.
The optimal values for tilapia are:
 pH: between 7 and 8
 Ammonia: less than 1.5 mg / l, preferably 0
 Nitrates: less than 150 mg / l
 Oxygen: over 5 ppm
Vegetables require a pH between 6 and 7, ammonia is not harmful, and generally
nitrates should be above 150 mg / l. The rest of the macro and micro nutrients needed by
the plants are in sufficient quantities due to the organic matter generated in aquaponia. The
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only micro nutrient that is not in sufficient quantity is iron, which at some point of
cultivation needs to be added to the water so that the vegetables do not have a yellowish
color. On the other hand, bacteria need a pH between 8 and 9 for optimal nitrification.
Seeing all this, the risks we find in the system can be located in 3 different processes,
which are:
 Aquaculture
 Bacterial nitrification
 Cultivation of plants
 Risks in the nitrification process
The nitrification process, the conversion of ammonium into nitrate, is necessary to
maintain a healthy aquaponium environment. Nitrification releases hydrogen ions, thus
reducing pH. Therefore, it is necessary to include a buffer system, which adds carbonates
and / or hydroxides, to stabilize the system.
Risks related to pH
Low pH values, around 6, can cause inefficiencies in the nitrification process. If
nitrification does not work well, ammonium levels may rise above the maximum levels that
negatively affect fish growth. If the fish are not in an optimal environment, they do not eat
and the feed is accumulated in the mechanical filters and in the collecting tank, causing the
oxygen level to drop, which is detrimental to both fish and plants.
Risks due to feeding
Optimum feeding is essential in the system, both for maintaining a balanced and
healthy system, and for achieving optimal growth rates. Reducing feeds negatively affects
the growth rate of the system, while overcharging directly affects water quality (increasing
organic load, ammonia and oxygen depletion) and production costs by squandering fish
feed. In both cases, the economy is negatively affected.
Risks from wear
In intensive crops, fish are fed 4 times a day, with a daily percentage of about 2% of
total biomass (depending on the size of the fish). This means that every day there is a high
contribution of organic matter. Solid suspensions are separated by a mechanical filtration
and settling system. However, organic solids also adhere to all surfaces of the recirculation
system. This installation of organic matter is called "dirt." It is very important to add
effective cleaning systems and aeration in aquaponic systems to maintain good water
quality. (Dr. Ragnheidur Thorarinsdottir, 2015)
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