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Abstract
This study evaluates the cold storage capabilities of the Senegalese fishing industry, where over 90% of processed products are exported in frozen form. Based on a survey of 77 industrial units across four regions (Dakar, Thiès, Saint-Louis, and Ziguinchor), representing 62.6% of the national total, the study aims to assess freezing and refrigeration capacities, identify refrigerants in use, inventory refrigeration equipment (cold rooms, tunnels, containers, ice factories), and evaluate the overall condition of facilities. The findings indicate a strong presence of local enterprises (67.5%), predominantly young (5–15 years old) and focused on negative refrigeration. Negative cold rooms account for the largest installed capacity (38,971.5 m³). R-404A is the most widely used refrigerant, representing 81.4% of total consumption, despite its significant environmental impact. The average operating temperatures are -34.97°C for freezing and -20.93°C for storage, with storage durations extending up to 365 days. Africa is the primary export market (35%), followed by Europe, Asia, and the United States. However, several challenges hinder sector performance, including high electricity costs (cited by 22.4% of respondents), frequent power outages, equipment corrosion, lack of leak detection systems, and a shortage of skilled personnel in hygiene and industrial refrigeration. While 64% of the equipment is deemed to be in good condition, maintenance is irregular. Given these constraints, the sustainable modernization of the cold chain is critical. The study underscores the need for enhanced technical training, a strategic energy transition, and stricter regulations on refrigerants to sustainably improve the competitiveness of the Senegalese fisheries sector.
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1. Introduction
                 The Senegalese fishing sector is an essential pillar of the national economy, food security, and employment. It contributes approximately 3.2% of GDP, accounts for between 10% and 12% of the country's exports, and generates more than 120,000 jobs, 30% of which are held by women, in both fishing and processing activities (Ndiaye, 2021). The country has around 30,300 artisanal maritime units and 82,000 fishermen, operating along a coastline of more than 700 km, an exclusive economic zone (EEZ) of 200 nautical miles, and a dense hydrographic network (FAO, 2017).
        Artisanal processing mainly smoking, drying, and salting accounted for approximately 57,000 tons in 2019 (DITP, 2019), primarily to meet domestic demand in areas where access to fresh fish is limited (Ndiaye, 2019). However, this sector continues to face challenges such as inefficient traditional techniques, precarious working conditions, high health risks, and significant post-harvest losses (Dème, 2021). Faced with these challenges, the government and its partners have supported the development of industrial processing, based largely on the use of the cold chain and mainly geared towards export (FAO, 2017).
Today, more than 90% of industrially processed fishery products are exported in frozen form, making the sector heavily dependent on refrigeration technologies (FAO, 2017). However, this dependence comes with structural constraints: high electricity costs, outdated equipment, lack of regular modernization, and often limited energy performance (USAID, 2017). In addition, the depletion of fishery resources, exacerbated by overfishing particularly by foreign fleets reduces the availability of products, negatively affecting the livelihoods of local communities (Environmental Justice Foundation, 2025).
To date, there has been no comprehensive assessment of the refrigeration capacity of Senegalese fisheries establishments, nor has there been any analysis of storage volumes, the diversity of refrigerants used, temperature performance, or the associated technical challenges.
This study therefore aims to fill this gap. It examines freezing and refrigeration capacities, storage volumes, types of fluids used, and the main technical constraints. The objective is to formulate recommendations to promote sustainable modernization, strengthen product safety, and promote responsible environmental management of the cold chain in the national fishing industry.
2. Materials and methods
2.1 Sampling of industries surveyed
The study was conducted among 77 fishing industries, including both production units and cold storage facilities, spread across four strategic regions of Senegal: Dakar, Thiès, Ziguinchor, and Saint-Louis. The distribution of survey sites is detailed as follows: Dakar, with 57 units, or 74.02% of the sample; Thiès, with 9 industries (11.68%); Ziguinchor, with 6 units (7.79%); and Saint-Louis, with 5 units (6.51%). This distribution reflects the concentration of the country's fishing industry, with Dakar, the economic capital, accounting for the largest part.
2.2. Field data collection, observations, and interviews
The experimental data collection was based on an exhaustive survey of 77 fishing industries out of a total of 123 identified by the DITP (2024), representing a coverage rate of 62.60%. The panel is made up of different categories of companies according to their main activities: 37 approved for freezing, 12 for chilling, 22 for chilling and freezing, and 6 for cold storage. Six companies refused to participate in the survey, citing confidentiality reasons.
The data was collected through direct observations of the facilities (cold rooms, refrigeration equipment, monitoring systems), supplemented by semi-structured interviews with the technical and administrative managers of the units. This approach provided accurate information on refrigeration capacities, refrigerants used, maintenance, energy and environmental constraints, and operational practices, among other information.
2.3. Data processing and analysis
The quantitative data collected were subjected to descriptive statistical analysis using Microsoft Excel, allowing for the characterization of refrigeration storage capacity, common practices, and critical points. The qualitative information from interviews was thematized to identify trends, constraints, and improvement perspectives. This mixed approach ensures a comprehensive and contextualized understanding of the functioning and challenges of the cold chain in the Senegalese fishing industry. For a more scientific approach, the working data were discussed through a comparison with other studies related to the issues addressed.
3. Results
3.1. Nationality of companies
       Figure 1 shows the share of different nationalities owning fishing industries in Senegal.

Figure 1: Breakdown of nationalities of owners in the fishing industry in Senegal
The analysis of this graph shows a strong dominance of Senegalese factories, which account for 67.5%. Next come Chinese and Korean nationalities, with 7.5% each. Italy comes in third place with 5% of companies. Other nationalities, including French, Spanish, Taiwanese, Gambian, Turkish, Egyptian, Lebanese, and Moroccan, each account for less than 2.5%, which corresponds to one or two companies per nationality.
3.2. Seniority of the fishing industry
The Figure 2 shows the average age of the various Senegalese fish processing and export companies surveyed as part of this study. The aim of this survey was to determine the age of the companies surveyed. To this end, periods of 1 to 45 years were taken into account in 5-year increments. 

Figure 2: Years of existence of factories
In light of the graph above, the average age of factories ranges between 5 and 15 years. This category of companies represents 42.86%, or 33 factories out of the 77 surveyed. The next categories, namely 20 to 25 years and 15 to 20 years, account for 12 and 8 factories respectively, or 15.58% and 10.39%. The oldest factories (over 30 years old) are poorly represented. For example, six factories are between 30 and 35 years old, four are between 35 and 40 years old, and only one is between 40 and 45 years old. The youngest factories, which are between one and five years old, number six units, or 7.79%.
3.3. Most exploited products
The Figure 3 shows the distribution of fishery products according to three main categories: fish, mollusks, and crustaceans. The data are expressed both in numbers and percentages. 

Figure 3: Share of fishery products exploited by the Senegalese fishing industry
 The Figure 3 shows that fish are the most exploited systematic group, with 74 industries, or 96.10% of all companies surveyed. They are followed by mollusks, which are processed in 51 industries, representing 68.90% of the sites surveyed. Finally, crustaceans appear to be the least used category in companies, with only 28 factories exploiting them, or 36.36%. 
3.4. Destination of products
Figure 4 highlights the different destinations of fishery products processed in the fishing industry in Senegal.

Figure 4: Destination of fishery products exploited by the Senegalese fishing industry
Analysis of Figure 4 shows that Africa is the main destination for fishery products exploited in Senegal, accounting for 35.06% of the sites studied. Europe follows with a share of 30.52% and Asia with 26.62%. America, although in more modest proportions, receives 7.79% of the products exported by the fisheries industries processed in the Senegalese fisheries industries.
3.5. Freezing and storage capacity at negative and positive temperatures in fish processing plants
3.5.1. Distribution of refrigeration equipment
The Table 1 shows the different types of equipment used by companies, as well as their distribution according to the number of units installed and total capacity expressed in tons or cubic meters.


Table1: Different types of refrigeration equipment in Senegal
	Types of equipment
	Number of companies Total capacity (tons/m³) 
	Total capacity (tons/m³) 
	Average capacity (tons/m³)

	Positive cold rooms
	65
	1 420.90
	21.86

	Negative cold rooms
	66
	38 971.68
	590.48

	Storage containers
	36
	6 422.76
	178.41

	Freezing tunnels
	63
	6 410.25
	101.75

	Plate freezer cabinets
	4
	324.60
	81.15

	Ice makers
	38
	698.44
	18.38

	Brine freezing tanks 
	1
	0.20
	0.20


Negative cold rooms dominate in terms of capacity, with 66 companies accounting for a total of 38,971.5 m³, or an average capacity of 590.48 m³ per company, making them the most widespread and largest type of facility in Senegalese fishing companies. Positive cold rooms are also commonly used (65 units, 1,421 m³, with an average capacity of 21.86 m³), but their capacity is significantly lower than that of negative cold rooms. Freezing tunnels (63 units, with an average capacity of 101.75 m³) and storage containers (36 units, with an average capacity of 178.41 m³) have similar capacities. Ice factories are present in 38 companies, with a total capacity of 698.44 tons, or 18.38 tons on average, highlighting their importance for immediate cooling needs. Finally, plate freezer cabinets (4 units, 324.60 m³, or 81.15 m³ on average) and brine freezing tanks (1 unit, 0.2 m³) are marginal.
3.5.2. Average temperatures for different storage methods
         Figure 5 shows the average temperatures recorded in the storage chambers and at the core of the products, according to the type of process used (freezing, refrigeration, or storage).

Figure 5: Temperature variation during the different stages of storage
      Analysis of Figure 5 shows that for freezing in fish processing and export companies in Senegal, the average temperatures observed are -34.97°C in the chamber and -19.05°C at the core of the products.  For refrigeration, the average temperatures are closer to 0°C, with 0.88°C inside the chamber and 1.14°C at the core. For warehousing or storage, the average temperatures observed are -20.93°C inside the chamber and -18.48°C at the core. 
3.5.3.    Average storage time in cold rooms
         Table 2 shows the storage times observed in positive and negative cold rooms, distinguishing between the minimum, maximum, and average times recorded.
Table2: Average storage time in cold rooms
	Equipment
	Equipment     Storage time (days)

	Average duration in positive cold storage
	1.66

	Minimum duration in positive cold storage
	0.5

	Maximum duration in positive cold storage
	12

	Average duration in negative cold storage
	60.83

	Minimum duration in negative cold storage
	3

	Maximum duration in negative cold storage
	365


      The results presented in this table show that in positive cold rooms, the average storage time is relatively short, around 2 days, with a minimum estimated duration of half a day (0.5 days) and a maximum duration of 12 days. In contrast, negative cold rooms are used for much longer storage periods. The average duration is 61 days, with a minimum duration of 3 days and a maximum duration that can exceed 365 days.
3.5.4.    Refrigerants in the fishing industry
3.5.4.1. Types of refrigerants and annual consumption
	Refrigerants    
	Total quantity (kg/year)
	Percentage %

	R-404A    
	96 774.62
	81.36

	R-22    
	9 549.97
	8.03

	NH3    
	6271
	5.27

	R-24    
	2 700
	2.27

	R-134A    
	1 720.67
	1.45

	R-40    
	1 000
	0.84

	R-410A    
	375
	0.32

	R-507A    
	195
	0.16

	R-32    
	156
	0.13

	R-125    
	156
	0.13

	R-52    
	45
	0.04

	TOTALS    
	118 943.26
	100


        Table III shows the total quantities of refrigerants consumed annually by the companies
Table3: Annual refrigerant consumption
The analysis of Table 3, which details the types and quantities of refrigerants used in Senegal's fishing industry, reveals a clear dominance of R-404A, with an annual consumption of 96,774.62 kg, or approximately 81.4% of the total amount recorded. R-22 ranks second, with 9,549.97 kg/year, or 8.03%. Other refrigerants are used in much smaller quantities, including R-134A (1,720.67 kg/year or 1.45%), NH₃ (6,271 kg/year or 5.27%), R-24 (2,700 kg/year or 2.27%), and R-40 (1,000 kg/year or 0.84%). Some refrigerants, such as R-410A, R-507A, R-125, and R-52, while used by a few companies, are consumed in very small amounts (less than 400 kg/year, or 0.65%). In total, 118,943.26 kg of refrigerants are consumed annually in the sample studied.
3.5.5. Maintenance, challenges, and improvement
3.5.5.1. General condition of installations
        Figure 6 below shows the general assessment of the condition of refrigeration installations according to the responses of the operators surveyed.

Figure 6: Assessment of refrigeration facilities
 Of the 88 industries that responded to the survey, 64% rated the overall condition of their facilities as very satisfactory. In addition, 34.67% of the structures surveyed considered the condition to be satisfactory. Finally, a small proportion (1.33%) rated the condition of the facilities as poor.
3.5.5.2. Defrosting methods
Figure 7 shows the distribution of defrosting methods used by Senegalese fishing industries, with the methods classified into three main categories: automatic, manual, and mixed (automatic and manual).

Figure 7: Distribution of defrosting methods
Figure 7 shows that 60% of industries use an automatic defrosting method, compared to 23.08% that opt for a manual method, which may be preferred in environments where human intervention is necessary or when equipment is not suitable for automation. In addition, 16.92% use a mixed approach, combining both automatic and manual processes.
3.5.5.3. Challenges encountered
      Table 4 highlights the challenges faced by manufacturers in their work.
Table4: Challenges faced by Senegalese industries
	Challenges
	Percentages (%)

	High cost of electricity
	22.44

	Equipment defects
	14.42

	Corrosion due to the marine environment
	12.82

	Gas leaks and breakdowns
	11.22

	Lack of water
	9.62

	Loss of fish
	8.01

	Lack of raw materials
	6.41

	Overheating of defrosting machines
	5.77

	Lack of ice factories
	4.81

	Lack of employees qualified in hygiene/safety
	4.49


Analysis of this table on the challenges faced by Senegalese fishing industries in cold storage highlights a major problem: the high cost of electricity, which affects the vast majority of industries. Indeed, among the 77 industries surveyed, 22% mentioned this problem.
It should also be noted that some industries face additional electricity-related problems, such as machine overheating, frequent breakdowns, and gas leaks. 
Approximately 15% of industries reported environmental challenges, such as corrosion due to sea air and water shortages, which contribute to accelerated deterioration of refrigeration equipment.

   4. Discussion
An analysis of the nationalities of fishing business owners in Senegal reveals that 67.5% of the factories studied are owned by Senegalese nationals, demonstrating the strength of the local industrial sector. However, foreign investment, particularly from China, Korea, and Italy, accounts for nearly a third, raising questions about Senegal's ability to attract the financing needed to modernize its infrastructure. UNCTAD/CNUCED[footnoteRef:1] (2020) highlights the need to strengthen the country's attractiveness in order to improve the competitiveness of its fisheries sector. The results of this study are consistent with those of Keita and al. (2018), which show that foreign investment is essential for industrial development. Furthermore, Sarr (2021) noted that West Africa is struggling to attract sufficient foreign direct investment. Tamba and al. (2019) identified obstacles such as political instability and inadequate infrastructure, while Cissé and al. (2020) recommended reforms to improve the business environment and attract more foreign investment. [1:  UNCTAD. (2020). World Investment Report 2020 (Overview). United Nations Conference on Trade and Development (UNCTAD/WIR/2020), Geneva, 38 pages.] 

The study on the lifespan of fishing companies in Senegal reveals that 43% of fish processing and export plants are between 5 and 15 years old, reflecting recent investments. However, significant modernization is needed, particularly for facilities over 15 years old. Aging equipment increases maintenance and energy costs (Gaye, 2021; Bundesamt and al., 2020), and outdated technology undermines competitiveness (Diouf and al., 2017). This is supported by Tamba and al. (2022), who highlight frequent breakdowns due to old equipment, further affecting profitability. Proactive replacement of equipment, as suggested by Ba and al. (2019), is essential to reduce costs and improve efficiency. Additionally, adherence to international environmental standards is driving the need for modernization (Gueye and al., 2020). Adopting advanced technologies is crucial for improving energy efficiency and reducing costs (Ndiaye, 2023). The study emphasizes the importance of policy interventions, such as subsidies and tax incentives, to support modernization and enhance the sector's competitiveness and sustainability (Fall and al., 2018; Diouf, 2019).
In terms of the types of products exported, the results of this study show a predominance of companies processing fish in treated products (96.10%), followed by those processing mollusks (68.90%) and finally crustaceans (36.36%). These results are similar to those of Sambou (2024), who states that export dynamics favor products in high demand, particularly fish, to the detriment of diversity. These results also show that the Senegalese fishing industry exerts more pressure on fish than on other species. The increased pressure on these stocks, linked to exports, also compromises local access to resources, as confirmed by Belhabib and al. (2016). Furthermore, these studies are consistent with those of Camara (2022), which highlight the direct influence of international market developments on the structure of production. Finally, these results validate the concerns of Ndiaye and al. (2021) regarding the economic risks associated with excessive specialization and confirm the approach proposed by Cissé et al. (2019) in favor of strategic diversification to ensure the sustainability of the sector.
The destinations for Senegalese fishery products show that Africa remains the main market, accounting for 35.06% of exports, followed by Europe (30.52%) and Asia (26.62%). These dynamic highlights the importance of intra-African trade, while exposing the sector to economic fluctuations specific to these regions. The US market, although modest (7.79%), remains difficult to access due to logistical obstacles, high customs fees, and health standards requirements. According to CRODT[footnoteRef:2] data (2008-2018), exports to Africa and Europe are relatively stable, but variations may occur depending on trade agreements and demand. These results are consistent with the work of Ndiaye (2017), which highlights the importance of market diversification to mitigate economic risks. Furthermore, the work of Diouf (2015) highlights the logistical and commercial challenges facing Senegalese exports to international markets. These obstacles are confirmed by Fall and al. (2019), who emphasize the importance of strengthening infrastructure and negotiating better trade agreements in order to improve access to international markets. [2:  Dakar-Thiaroye Oceanographic Research Center (CRODT), Directorate of Maritime Fisheries (DPM), & Directorate of Fisheries Processing Industries (DITP). (2008-2018). Statistical bulletins and annual reports on fishing and fish processing activities in Senegal. Republic of Senegal. 


] 

The study on cold storage infrastructure shows that most factories prioritize negative cold rooms, which provide a total capacity of 39,000 m³. This approach aligns with GSAC (2013) recommendations, which suggest maintaining temperatures of -18°C or lower for optimal preservation of fishery products. Negative cold rooms effectively preserve products without alteration. In contrast, positive cold rooms, though more numerous, have a smaller capacity (1,421 m³) and are primarily used for pre-cooling products before freezing or for shipping them fresh, especially by air. The use of freezing tunnels (6,400 m³) enables rapid deep-freezing, as noted by Lederer (1978). These findings support the work of Fall and al. (2017), who stress the importance of proper cold chain management to prevent contamination or bacterial growth. Additionally, Ndiaye (2019) highlights the crucial role of temperature-controlled storage in preserving fishery product quality.
 The application of the cold chain, a central element of the preservation process, requires the early use of ice. To this end, the sector has 38 ice factories, which are essential for handling fresh products, particularly on fishing quays and on-board pirogues. However, regional disparities remain, such as in Saint-Louis, where the lack of refrigeration infrastructure is a major challenge, as highlighted by Camara (2010). This situation highlights the need for greater investment in strengthening storage and handling capacities, particularly in under-equipped fishing areas.
The study on refrigerant usage reveals that R-404A (HFC) is the most widely used fluid, found in 48.60% of installations. However, its high global warming potential (GWP) of 3,943 raises significant environmental concerns (Brown, 2009). As a result, more environmentally friendly alternatives are being explored. R-22 (HCFC), used by 31.78% of companies, is being phased out due to its harmful environmental impact, as noted by Memet (2021). On the other hand, more sustainable options like R-717 (ammonia), which has no ozone depletion potential, remain underutilized due to technical complexities and a lack of compatible equipment. These findings align with Tamba and al. (2020), who emphasize the need for sustainable solutions to address the industry’s environmental challenges. Therefore, prioritizing research into low-GWP refrigerants that meet the sector's technical needs is crucial.
In terms of maintenance and safety of refrigeration facilities, 64% of the industries assessed maintain their equipment in a general condition that is considered very satisfactory, in compliance with health and safety standards, as indicated by Ratompoarison (2015). Moreover, Alizadeh et al. (2009) demonstrated that freezing has these effects on the microbial hygiene parameters of products in the fisheries industry. Safety features such as non-slip flooring, ventilation systems, and alarms in cold roomsprotect staff and ensure the reliability of facilities. However, a minority of companies (1.18%) do not yet fully comply with these standards, highlighting the need to raise awareness of compliance with current regulations.
Defrost management is also a key factor in the performance of refrigeration equipment. Approximately 60% of industries use automated defrost systems, which reduce labor costs and improve operational efficiency. Manual methods, still used in 23.08% of plants, are generally employed for technical reasons or to ensure human supervision of processes. However, manual methods, while effective, incur additional costs and pose safety risks to employees, as pointed out by Gao and al. (2019). Other active defrosting methods, although more energy-intensive, are also used, offering a compromise between efficiency and ease of installation.
Defrost management is also a key issue in the performance of refrigeration equipment. Approximately 60% of industries use automated defrost systems, reducing labor costs and improving operational efficiency. Manual methods, still practiced in 23.08% of factories, are generally chosen for technical reasons or to maintain human supervision of processes. However, although effective, these methods generate additional costs and pose increased risks to staff safety, as highlighted by Gao and al. (2019). Other active defrosting processes, although more energy-intensive, are also used, offering a compromise between efficiency and ease of installation.
The study highlights that the high cost of electricity is a major obstacle for the Senegalese fishing industry, where refrigeration can account for between 35% and 60% of energy consumption, particularly in processing plants and supermarkets (Lagoeiro and al., 2024; Mylona and al., 2017). These results corroborate the analyses of Fall (2019), which showed that energy bills weigh heavily on the profitability of businesses, particularly in a national context marked by fluctuations in the price per kilowatt-hour. Furthermore, frequent breakdowns of refrigeration equipment, often linked to refrigerant gas leaks or overheating systems, further aggravate this situation, as noted by Inea (2014) and Diop (2022), the latter highlighting the dilapidated state of infrastructure and its low technical resilience
In this context, the modernization of equipment appears as a strategic priority to improve energy efficiency, which urgently requires an innovative approach, as noted by Bradley and al. (2019) in the sector's proper functioning. Innovation is even considered an imperative for food security in developing countries (Hall and al., 2013). Attia and al. (2019) support this view, recommending the adoption of low-energy consumption refrigeration technologies. At the same time, strengthening storage infrastructure, particularly cold rooms and refrigerated warehouses, remains essential to ensure the quality of fishery products intended for export, as highlighted by Ndiaye (2013). Gueye and al. (2021) also emphasize the importance of modernization to reduce post-capture losses.
Finally, Keita (2018) calls for a better geographical distribution of storage capacity, particularly in isolated fishing areas, to ensure optimal product preservation. This study is therefore in line with the recommendations of the FAO (2020), which stresses the importance of investing in modern, appropriate, and sustainable preservation infrastructure in order to strengthen the competitiveness, resilience, and sustainability of the Senegalese fishing industry.

5. Policy Recommendations
Improving the management of fishery products and reducing the environmental impact of the sector require targeted policy actions. Here are some concrete recommendations to enhance the cold chain, promote eco-friendly refrigerants, and positively influence fishery policy in Senegal.
5.1. Strengthening the cold chain infrastructure
One of the priorities for improving the conservation of fishery products and reducing post-catch losses is the strengthening of the cold chain. Senegal, although having some suitable infrastructure, remains inadequately equipped, particularly in rural areas and small fishing ports.
· Recommendation: The government should invest in the modernization of cold storage and transportation infrastructure. This includes the construction and maintenance of new refrigerated warehouses, the acquisition of refrigerated trucks, and the expansion of the electrical grid in remote areas to ensure a constant energy supply.
5.2. Transition to eco-friendly refrigerants and sustainable technologies
The use of refrigerants with a high global warming potential (GWP) in refrigeration and air conditioning systems poses a significant threat to the environment. Traditional refrigerants, such as hydrofluorocarbons (HFCs), are responsible for ozone layer depletion and global warming.
· Recommandation: Senegal should promote the adoption of environmentally friendly refrigerants with low GWP in refrigeration systems used in the cold chain. This can be achieved by encouraging companies to adopt technologies using natural refrigerants (such as CO2, ammonia, or hydrocarbons) or air- or water-based refrigeration systems.
The implementation of these recommendations will require strong political will, investments in infrastructure, as well as legislative and regulatory reforms. If these actions are carried out in a coordinated manner and with the active participation of stakeholders in the sector, they will not only improve the cold chain and promote eco-friendly technologies but also ensure the sustainability of Senegal's fishery resources for future generations.
6. Conclusion
                The study conducted on refrigeration equipment in the Senegalese fishing industry made it possible to draw up a technical, environmental, and organizational diagnosis of the sector. It highlights the clear predominance of negative cold rooms and freezing tunnels, illustrating the importance of freezing in preserving the quality of fishery products. However, despite an apparent structuring and functional diversity of the equipment, several weaknesses remain: a strong reliance on refrigerants with a high global warming potential (notably R-404A and R-22), the obsolescence of certain devices, the lack of qualified technicians, as well as the high cost of electricity. Companies also report difficulties related to maintenance, the availability of spare parts, as well as the absence of leak detection systems, which exacerbates energy losses and environmental impacts. On an organizational level, although some autonomy is developing in the local supply of refrigerants, national regulation remains insufficient. In the face of these challenges, several avenues for improvement emerge. The modernization of refrigeration infrastructure appears essential, particularly through the adoption of high energy efficiency technologies and the use of natural refrigerants such as CO₂ or ammonia. Strengthening local skills is also a major issue, through the training of technicians specialized in industrial refrigeration and food safety. Furthermore, the implementation of strict national regulations governing the use, recovery, and substitution of refrigerants is necessary to meet the commitments made under the Kigali Agreement (2016), which aims to gradually reduce hydrofluorocarbons (HFCs). The establishment of a National Cold Chain Observatory would help centralize data, ensure regular monitoring of equipment, and stimulate innovation in the sector. Thus, the consolidation of an efficient, sustainable, and internationally compliant refrigeration sector would represent a strategic lever to enhance the competitiveness of the Senegalese fisheries sector at both regional and international levels.
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