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ABSTRACT 

Mariculture is an ever-growing sector with increasing energy needs. Energy intensity depends 

on cultured species, production technology, organization, and local conditions. Nowadays, the 

fluctuations in oil prices significantly affect the energy sector and it is evident that long-term 

sourcing energy from fossil fuels will not be sustainable. Similar can be noticed for the 

mariculture sector where (especially in the case of cage-based farms) a high share of fossil fuels 

is used, but at the same time, the energy cost and corresponding implications for carbon and 

other emission are drawing much attention. Existing references in the field already consider the 

integration of alternative power options into mariculture farms, with emphasis on renewable 

energy sources (RESs), claiming that both environmental and economic benefits are achievable. 

This paper analyses the effect of price fluctuations of selected alternative energy sources on the 

economic sustainability of mariculture systems, where the energy needs of a typical mariculture 

farm and corresponding working vessel in the Adriatic Sea are considered in a long-term 

framework. The results indicate that share of alternative power sources in mariculture systems 

can be increased without compromising economic indicators. Therefore, bearing in mind their 

environmental friendliness compared to diesel, the use of alternative fuels in mariculture 

systems should be encouraged. Finally, recommendations for the design of energy systems for 

future mariculture farms are drawn. 

 

 

KEYWORDS 

mariculture, fish farming, energy needs, environmental friendliness, economic indicators, 

sustainability. 

  

0268-1



2 

 

INTRODUCTION 

Farming of aquatic animals and plants over the past few decades has become the fastest-

growing food production system in the world. According to [1], aquaculture production and 

capture of fish, crustaceans, and molluscs reached 117.8 million tons. Croatia, with a big 

potential for mariculture production, has a total annual production of about 12 000 t, with a total 

value of about 120 million euros [2]. In 2019, approximately 64.55 t of fish are from capture 

production and 19.4 t from aquaculture production [1]. In comparison with the rest of the world, 

only 23% goes into aquaculture, and the rest is capture production. The percentage of 

differences between capture production and aquaculture in the world and Croatia is shown in 

Figure 1. The aquaculture industry demands continuously new technologies and development. 

From an economic view, rapid development comes with more work and costs. Thus, it also 

affects the environmental and social system (e.g. competition for land and water, impacts 

arising from feed production, water pollution, greenhouse gas emissions, and others) [3]. Global 

aquaculture production has significantly lower Greenhouse Gas (GHG) emissions per kg of 

edible product (carcass weight): beef production globally averages 45 kg CO2-eq/kg compared 

to average global aquaculture production at around 5 kg CO2-eq/kg [4]. Even though emissions 

are lower than in meat production, they can still leave an impact on the environment. Energy 

sources used in production have an environmental impact because of fossil fuel usage. Costs of 

these energies are rising while carbon footprint is getting higher and demand for alternatives is 

needed. According to [5], implementation of Renewable Energy Sources (RESs) in the 

mariculture system indicates an emission reduction of about 20% and an increase in capital 

costs by 0.62%. In mariculture, energy requirements take place in water pumps, aeration 

systems, light, ice production, fridges, transport to the farm, feeder machines, freezers, air-

conditioning, and others [6]. To tackle the simultaneous challenges of feed and energy demands, 

land and water requirements, and consumer preferences will be needed in rethinking 

aquaculture production with an integrated mindset [7]. According to [8], Norway, as the leading 

salmon producing country in terms of market share justified its low production costs in 

comparison with Chile, Faroe island, and Scotland. 

Sustainability is a key factor for aquaculture systems with the goal to produce seafood with 

lower environmental impact and higher economical profitability. It represents an important and 

emerging topic in mariculture, as can be seen from the number of recent publications 

[9][10][11]. Various elements from climate change will have an effect on sustainability in 

aquaculture production [10]. Progress in the production of sustainable aquaculture leads to a 

reduction of dependency on wild fisheries and diversification of aquatic species [11]. 

Using RES and advances in decarbonizing the electricity grid will improve their sustainability 

[4]. In this paper energy needs and costs for a mariculture farm are analyzed with new 

sustainable recommendations for the energy system.  
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Figure 1. Comparison of aquaculture and capture fishery in the world and Croatia in 2019 

Main particulars in aquaculture production 

Modern aquaculture is dealing with increased production costs which are related to maintenance 

and operational processes [12]. Most of the production costs are related to the feeding process, 

but besides that, other costs that may influence the production are power, light, ice production, 

veterinary service, payments, fuel, water pumps, and others. The cost scheme according to [12] 

is presented in Figure 2. Cost scheme in aquaculture production is divided into 4 parts: direct 

costs, indirect costs, staff costs, and depreciation. Annual costs for production of European sea 

bass are shown in Figure 3. Besides cost calculations, it is important to think about sustainable 

production and ecology. Harmful gas emissions in mariculture farms are mostly generated by 

the feeding process (nutrients and natural organic matter) [13]. To become sustainable, 

aquaculture production, must reduce environmental impacts [15].  

 

 

Figure 2. Cost scheme in aquaculture production 
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Figure 3. Annual costs for aquaculture production of European sea bass 

 

If one sets the analysis boundary at the mariculture breeding site itself, approximately 50-75% 

of the total costs are related to the feeding process [16]. There are 4 ways of feeding fish in a 

cage. One way is feeding with cannons that are manually loaded, and then with a water pump 

or under pressure, they release food. Another way is manually from the ship, automatic feeders 

and, use of a centralized feeding system that transfers food from one location to the cage by a 

pipe system [16]. In the environment, there is an intake of fish food and metabolic products of 

its decomposition. The possible impact of fish farms on the marine environment, especially on 

the seabed, comes from the organic load caused by the intake of fish metabolites (feces, urine, 

gill secretions) and to a much lesser extent, from uneaten food from the farm during the 

breeding cycle [15]. 

 

Some of the other factors that have an impact on mariculture production are access roads, 

freshwater, and wastewater disposal, food production, treatment of dead organisms, waste 

recycling, veterinary inspection, advisory services health, repair services, and others. For 

hatchery stations costs include live feed, chemicals, power, fuel, maintenance, water pumps, air 

conditioning, lighting, administration, etc. [17]. Fees, controls, monitoring, and testing occur in 

the company as potentially hidden environmental costs, which are common (or environmental 

management costs). Control costs include control of fish for sale, control of electrical 

installations, control of water, certificate, inspection, fire protection, and supervision of safety 

at work [18]. 

 

 

METHODS 

In this paper, a simplified scheme of a conventional mariculture farm was used, as shown in 

Figure 4. Energy consumption on the farm and transport to the harbour was analyzed. 

Considering the environmental impact of aquaculture production, GHG emissions are present 

in the sea as a result of fish metabolites after feeding. This is a biological factor, and it was not 

analyzed in this paper. 
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Figure 4. Schematic presentation of the considered system 

 

According to [5], daily fuel consumption is 250 kg. Energy consumption (EC, kWh) was 

calculated by dividing fuel consumption (FC, kg) and specific fuel consumption of diesel (SFC, 

kg/kWh) which is 0.215 kg/kWh [19]. In the aquaculture cage, energy is used for the feeding 

process. Average energy consumption for a feeding machine is 26 kWh [20] for output of 100 

kg of food. According to [21] price per  m3  of the cage is 25 EUR, for the volume of 25 000 m3 

the price is 625 000 EUR. Maintenance of the cage costs around 25 000 EUR using net cleaner 

twice per year [22]. Croatian average monthly gross earning is 1 273 EUR [23] and [24] stated 

that for one cage approximately six people are working. Vet services are also included in the 

cost scheme and the monthly payment is approximately 1 521 EUR. In Croatia, vessels use 

“Eurodiesel Blue” as fuel, with a current cost of about 1.25 EUR/l [25]. For aquaculture 

production and this analysis vessel is used for transport from harbour to the farm which is 

usually placed 300 m from the shore, so it’s energy consumption is not as high as in other 

activities, like for example fisheries. Food production is the most expensive part of aquaculture 

production, so most producers are buying fish food. According to [5], the price for food is 1.05 

EUR/kg per feed, and tuna requires 17 kg of feed per kg of fish a day. The costs such as 

insurance, property lease, and licensing fee, which are included in capital costs, are 30% of 

production costs [5]. From total energy used in the process from the harbour to the cages, and 

in the cage, approximately 15% of total energy is used in the cages, on the feeding machine, 

and the rest is used on a vessel which is shown in Figure 5. 
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Figure 5. Energy consumption in aquaculture production from harbour to the farm 

 

Alternative energy sources and alternative methods of reducing costs 

The use of RESs has high importance in aquaculture production. Geographically, the Croatian 

coast can use sun, wind, and water currents as energy sources. The application of new energy 

technologies in aquaculture has been studied with encouraging results [26]. The Mediterranean 

area is well known for its high levels of solar irradiation and the high levels of penetration of 

photovoltaic (PV) technology [26]. Except from renewable energy sources, alternative fuels 

can also be used to leave a better footprint on the environment. 

In this paper alternative fuels such as electricity, methanol, LNG (Liquefied Natural Gas – 

LNG) and B20 (biodiesel) were analysed. 

 

Life Cycle Cost Assessment (LCCA) takes into account the entire costs of a power system 

design over the course of a ship's lifetime. Investment costs represents capital costs at the 

beginning of the production, maintenance costs are related to equipment and its replacement, 

and fuel costs  analyse fuel used in the power system.  

LCCA of a diesel-powered system includes the investment cost of a diesel engine and it is 

calculated by multiplying the average power and conversion factor of 250 EUR/kW, and the 

maintenance unit price of diesel-power system is 0.014 EUR/kWh [27]. The life cycle fuel costs 

(LCFCD) are obtained from Equation (1): 

 

𝐿𝐶𝐹𝐶D= 𝐹𝐶 · 𝐷𝑃 

 

(1) 

 

where FC is fuel consumption in kg and DP is diesel fuel price in EUR/kg. Fuel price is 1.075 

EUR/kg [25]. Life Cycle Maintenance Cost (LCMC) is calculated by multiplying the 

maintenance unit price, EC, and lifetime of a ship of 20 years.  

 

Calculating LCCA of an electric-powered vessel, it is considered that 45% of investment costs 

are battery price, and the rest are equipment costs and installation [5]. Following the Equation 

(2) investment costs can be calculated [5]: 

85%

15%

Vessel Cages
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𝐼𝐶𝐵 =
𝐵𝐶 · 𝐵𝑃

0.45
 (2) 

 

 

where BC refers to battery capacity and BP battery price. Life cycle fuel consumption is 

calculated by multiplying energy consumption of an electric-powered vessel and the electricity 

cost (EUR/kWh). The Li–ion battery price is 200 EUR/kWh, and it is assumed that in 10 years 

it will be 169 EUR/kWh which is considered to be part of the maintenance costs [27]. 

 

LCCA of a methanol-powered ship includes investment costs of 750 EUR/kW because of 

buying new system and equipment [28]. The maintenance costs are the same as with diesel-

powered vessels. The methanol price is 0.26 EUR/kg but adding the Croatian VAT of 25% is 

0.325 EUR/kg [29]. Life cycle fuel consumption is calculated on the same way like for diesel-

powered system using the Equation (1) 

 

Investment costs of LNG-powered ship are calculated by multiplying the conversion rate and 

engine power. Conversion rate includes engine and equipment and it is assumed to be 1 160 

EUR/kW [27]. For the maintenance costs, the conversion factor is 0.015 EUR, and the LNG 

price is assumed to be 1.1 EUR/kg [27]. 

 

A B20-powered vessel have the same investment and maintenance costs as the diesel-powered 

vessel. The life cycle fuel costs (LCFCD) are obtained from Eq. (1) where FC and fuel price are 

the same as diesel-powered vessel.  

 

Cost comparison of different power system vessels can be shown by calculating the Net Present 

Value (NPV), by following the Equation (3) [30]. 

 

𝑁𝑃𝑉 = ∑
𝐶𝑡

(1+𝑟)𝑖
𝑛
𝑖=0   (3) 

 

where Ct refers to discounted annual cashflows, i is the time of the cash flow, n refers to the 

lifetime of the investment, and r is for discount rate. If the NPV has a negative value, the 

investment is not profitable, if it is a zero income is only enough to cover the costs of the 

production. If the value is positive, it means the investment is acceptable and profitable [5]. 

 

For comparison with price dynamics, alternative fuel prices for methanol, LNG and B20 

obtained from [31] are shown in Figure 6. 
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Figure 6. Alternative fuel prices dynamics 

 

 

RESULTS AND DISCUSSION 

According to [32] the electric energy prices are compared. Highest prices were in 2013 when 1 

kw/h was 0.094 EUR. After that period electricity is in decrease up to 2017th year when 1 kw/h 

was 0.082 EUR. Data are shown in Figure 7 from years 2010 until 2021 [25][32]. Prices of 

Eurodiesel Blue recorded significant growth. From 2010, first high peak was in 2012 where the 

price was 0.83 EUR/l. After that period a slight decrease is present, and in 2020 was the lowest 

price of 0.53 EUR/l. Energy used for feeding machine and transport from from the farm to the 

harbour is analiysed in this study. 

 

 

Figure 7. Electric energy and Eurodiesel Blue prices 

 

LCCA is shown in Error! Reference source not found., with diesel, electricity, methanol, 

natural gas (Liquefied natural gas – LNG) and B20 (biodiesel) powered systems. Based on the 
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LCCA highest fuel costs are present at LNG-powered system, maintenance costs are 

everywhere the same. Also high fuel costs are visible in diesel-powered and biodiesel-powered 

systems. Investment costs are low at diesel-powered and B20-powered system, and highest at 

LNG-powered. Methanol-powered system seems to be the best option in comparison with other 

alternatives. Electricity-powered vessel has the highest investment costs, but fuel costs are not 

that as high as for natural gas, diesel and B20. Regarding the maintenance, electricity-powered 

vessel has the highest maintenance costs because of the battery replacement after ten years. 

Aquaculture farms in Croatia are usually close to the shore so for the purpose of short distance 

for transporting the people and fish from the farm to the harbor, fuel doesn’t have high impact 

on environment with GHG emissions. However, general trend worldwide is to move 

mariculture system far from the coastline, particularly in tourism oriented countries. For other 

ships like cargo ships, the most economical way is by using a methanol-powered system. 

Considering LNG and methanol, fuel costs will get slightly higher than it is today, but looking 

at an environmental impact, they will be reduced [33].  

 

 

Figure 8. LCCA results 

 

 

In the Figure 9, the impact of changes in fuel costs on the NPV is shown. With all costs it is 

assumed that fish price will fall by 2% by the end of the year, and with a discount rate of 8% 

NPV was calculated for 20 years production. Maintenance and investment costs are assumed 

to be equal so only changes in fuel prices were included. With methanol price changes NPV is 

not that different like with other fuels. Changing the electricity prices NPV has slightly 

differences in the line. Diesel and biodiesel have the same prices, but LNG values are also not 

so different from them, and by changing their prices, there will be higher impact on total 

production costs. For energy sources like methanol and electricity differences in price per unit 

don’t show high fluctuations at NPV. 
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Figure 9. Impact of fuel costs on the NPV for different power system 

 

Alternative fuel prices were low in 2020, but up until now they are rising. A lot of factors have 

an impact on highs costs, so taking into account RESs or alternative fuels will become 

necessary. According to [34], energy and fuel costs represent more than 75% of total 

aquaculture production and depending on the exchange rates from currencies it can negatively 

affect the aquaculture sector. Study related to the cost differences between offshore farm and 

land-based were conducted by [35]. Fuel costs are shown as not that high in offshore farm, and 

electricity is needed only in land-based farms, but higher costs are present in land-based farms 

since the installation of the farm takes much more time and prices are higher [35]. Seabass and 

seabream are considered more challenging production on cage farms than on land-based 

because of differences in energy costs [36]. Costs associated with electrical power in a 

mariculture farm can be ten times as high as in the USA related to maintenance of the farm 

[37]. According to [38], in operation and maintenance activities energy generation costs take 

up to 25-30% and, any significant reduction in these costs could be a motivation for both 

industries (offshore wind farms and mariculture farms) to collaborate, for example by sharing 

vessel hours. 

 

 

CONCLUSION 

With world growth population, demand for food is increased. Along with that, production 

process must become faster. Considering all the news in todays world, an inflation has already 

started. Starting with the slightly rising costs, affected by pandemics and recent war will reflect 

on economically instability. In fish industry, aquaculture world production takes approximately 

48%, but in Croatia only 23%, the rest goes on capture productivity. Costs in aquaculture 

production are mostly related to feeding part. Other than these, important costs are also present 

in fuel, electricity, staff, concession, or depreciation. In the last year and a half, we can see 

much higher fuel prices which today represent a huge problem in fisheries, but even though not 

as much as in capture production, these prices also affect aquaculture production. Nevertheless, 

electric energy in mariculture is needed for light, ice production, feeding machines, aeration 

systems, air conditioning, and others. Considering all these higher prices, innovative, 

sustainable, and integrated aquaculture production is becoming a priority. Using RESs is one 
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way of getting to environmentally friendly and economically acceptable production. Croatia is 

geographically in a good position to use some of the RESs like solar energy, wind energy, or 

water currents. With a lot of sunny days on the coast, strong winds, and sea currents new 

methods can be implemented. This study investigated effect of use of selected alternative fuels 

in the mariculture system on their economic sustainability, where the analysis boundary 

includes the breeding sites and corresponding workboat for fish handling. It is confirmed that 

even in case of significant price fluctuations some alternative powering options like electricity 

and methanol are advantageous compared to diesel oil. Future studies will consider broader fish 

handling process and associated emissions in all considered phases. 
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