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With over 35 years of experience in the industrial refrigeration sector, Frigo Mekanik designs and constructs seafood processing facilities
and storage units of various capacities, tailored to meet every need, from the design phase to commissioning.

Through our projects, we aim to deliver long-term, cost-effective solutions while establishing energy-efficient and environmentally friendly
systems.

Headquartered in Istanbul, Frigo Mekanik provides international services with a wide network of partners in more than 50 countries. We
possess the knowledge, expertise, and engineering capacity to meet all your project and implementation needs for industrial refrigeration
systems operating with ammonia, CO2, and F-gases.

Frigo Mekanik is your reliable partner in the industrial refrigeration sector, offering engineering services, implementing solutions, and
supporting your refrigeration systems throughout their entire lifecycle.

Endustriyel sogutma sektorlinde 35 yili agkin tecriibesiyle Frigo Mekanik, tasarimdan devreye almaya kadar her ihtiyaca uygun farkl
kapasitelerde deniz Urlnleri isleme tesisleri ve depolari insa etmektedir.

Projelerimizle, uzun vadeli ve maliyet agisindan verimli ¢goztmler sunarken, eneriji tasarrufu sagdlayan ve gevre dostu sistemler kurmayi
hedefliyoruz.

Merkezi Istanbul'da bulunan Frigo Mekanik, 50'den fazla lilkedeki genis partner adi sayesinde uluslararasi hizmet sunmaktadir. Amonyak,
CO2 ve F-Gazlarla galisan her turlli endustriyel sogutma sistemi igin projelendirme ve uygulama ihtiyaglarinizi karsilayabilecek bilgi birikimi,

uzmanlik ve miihendislik kapasitesine sahibiz.

Frigo Mekanik, sogutma sistemlerinizin tim yasam dongusu boyunca yaninizda olan, muhendislik hizmetleri sunan ve uygulama
gerceklestiren glvenilir bir is ortaginizdr.
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FROM COLD SEA TO COLD STORAGE
SOGUK DENIZDEN SOGUK DEPOYA

Sea products go through many stages from sea to land and to the end consumer. Seafood processing plants require fast, efficient cooling
systems to ensure that products fresh, healthy and appetizing all the way to the end customer. In order to achieve this, the proper cooling
method should be selected according to each product type and the process to be applied.

Deniz Urdnleri, denizden karaya ve son tuketiciye ulasana kadar pek ¢ok asamadan geger. Deniz Urtnleri isleme tesisleri, Urlnlerin saglikli ve
son musteriye kadar taze kalmasini saglamak icin hizli, verimli sogutma sistemlerine ihtiyag duyar. Bunu basarabilmek icin, her Urln tipine ve
uygulanacak prosese gore dogru sogutma yontemi tercih edilmelidir.

FLOWCHART OF THE PROCESSES IN A FISH REFRIGERATION PLANT
BALIK SOGUTMA TESISINDEKI ISLEMLERIN AKIS SEMASI

The fish is first unloaded from the fishing vessel and then
transported to the processing center. The fish is then washed and
sorted in filtered sea water and graded into different size groups.
After this the fish, which is sold fresh, is packed in boxes with ice
and shipped out.

After the grading, some additional steps are applied to the fish to be
frozen. Fish can be frozen as a whole, or frozen after being filleted.
This adds value to the fish, but prolongs the process to be done.

Baliklar 6nce ballkgi gemisinden bosaltilir ve daha sonra isleme
merkezine tasinir. Daha sonra ballk filtrelenmis deniz suyunda
yikanir ve siniflandirilir, yani farkli ebat gruplarina ayrilir. Bundan
sonra taze satilan balik, buzlu kutulara konulur ve sevk edlilir.
Dondurulacak baliga ise siniflandirmadan sonra bazi ilave adimlar
uygulanir. Baliklar butiin olarak dondurulabilecegi gibi, fileto haline
getirildikten sonra da dondurulabilir. Bu baliga deger katar ancak
yaplilacak proses iglemlerini uzatir.
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FLOWCHART OF THE PROCESSES IN A FISH REFRIGERATION PLANT
BALIK SOGUTMA TESISINDEKIISLEMLERIN AKIS SEMASI

Receiving / Landing = Ak« Washing
Limana Indirme Yikama

Packing With Ice Grading
Buz lle Ambalaj Siniflandirma

Fresh Fish Delivery

Taze Balik Sevkiyati Short Term Storage

Kisa Stireli Depolama

Freezing Whole Fish =i Filleting Freezing
Baligin Biitlin Dondurulmasi Fileto Seklinde Dondurma
J

Refrigerated Storage
Donmus Depolama

Frozen Fish Delivery
Dondurulmus Balik Sevkiyati




COLD STORAGE STAGES

SOGUK DEPOLAMA ASAMALARI

Pre-Cooling and Cooling

Pre-cooling temperature: Below +4°C

On almost all fishing vessels fish is dumped to a refrigerated sea
water tank (RSW) right after being caught. The temperature of the
sea water is as low as possible, 0°C to -1°C.

Cooling method: Low-temperature sea water (RSW tank) or flake
ice can be used for pre-cooling and cooling

On Sogutma ve Sogutma

On sodutma sicakligi: +4°C'nin altinda

Neredeyse tim gemilerde, balklar yakalandiktan hemen sonra
sogutulmus deniz suyu tankina koyulur. Tank igerisindeki deniz
suyunun sicakidi mimkiin oldugu kadar dustktir. (0°C ile -1°C
arasl.)

Sogutma yéntemi: On sogutma ve sogutma icin diisiik sicakliktaki
deniz suyu veya yaprak buz kullanilabilir.

Quick-freezing

Quick-freezing temperature: -30°C to -50°C
Preliminarily processed fishery product is frozen rapidly to a very

low temperature quickly to guarantee subsequent storage and
transportation.

Freezing method: Quick-freezing can be achieved by plate freezer
(Contact freezing), air blast freezing or immersion freezing depending
on type of the product and process capacity.

Dondurma

Dondurma sicaklidi: -30°C ila -50°C

Onceden islenmis deniz Uriinleri, daha sonra depolanmasi ve
tasinmasi igin hizli bir sekilde c¢ok distk bir sicakliga kadar
sogutularak dondurulur.

Dondurma yontemi: Hizll dondurma, Urtin cinsine ve miktarina bagli
olarak plakal tip dondurucularda temas yoluyla, hava tiineli ya da
tuzlu su sogutma tankina daldirma yontemleri ile yapilir.




Onboard and On Land Refrigeration Storage Teknede ve Karada Soguk Depolama

Refrigeration storage temperature: -18/-29°C Depolama sicakligi: -18°C ila -29°C

o Refrigeration storage temperature varies dependingonthe ¢  Deniz Urlnlerinin tiriine gore; rengini, tadini korumak igin gerekli
type of seafood, to guarantee the freshness, color, and taste olan soguk depolama sicaklig degisir.

o After the fish is frozen, it is stored at -18/-29°C according e  Balik dondurulduktan sonra, uzun raf dmrini korumak ve
to the product type to maintain long shelf life and to ensure kaliteyi saglamak icin Urtin cinsine gore -18°C ila -29°C'de
quality depolanir

Cooling method: Safe refrigerant shall be used. Sogutma yontemi: Guvenli sogdutucu akiskanlar kullanimalidir.

Ammonia and COz2 can be used for direct refrigeration. Amonyak ve CO2 dogrudan sogutma icin kullanilabilir.
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Post-Processing Proses Sonrasi

Air can be isolated with plating water glaze or packaging to Oksidasyondan kaginmak ve sogutma isleminde, donduruimus su
avoid oxidation and to protect the quality of the frozen aquatic Urtnlerinin kalitesini korumak igin Urtinler ambalajlama yoluyla veya
food in the refrigeration process. Uizeri su ile kaplanarak havadan izole edilebilir.

TECHNICAL REQUIREMENTS OF COLD STORAGES
SOGUK HAVA DEPOLARININ TEKNiK GEREKSINIMLERI

The location of the cold store should be carefully selected withthe ~ Soguk hava deposunun bulundugu yer asadidaki faktorler goz
following factors: onunde bulundurularak dikkatlice segilmelidir:

It must be close to the processing center to obtain sufficient  «  Dondurulmus Uriinlerin yeterli miktarlarda elde edilmesi igin
quantities of frozen products.

e The facility must have an uninterruptible power supply.

e It should be at a location where the raw material and finished
product can be transferred easily.

«  Sufficient fresh water should be provided.

o  Existence of qualified workforce.

isleme merkezine yakin olmall

o Tesis, kesintisiz gli¢ kaynagina sahip olmali.
Hammadde ve bitmis Urlinln transferinin kolay yapilabilecegi
bir lokasyonda olmali.

o Tesise yeterli miktarda tath su saglanabilmeli

o Nitelikli isglictine sahip olmall.




SEAFOOD STORAGE
DENiz URUNLERi DEPOLAMA

Fish and shellfish are fast and easily spoiled food and therefore lose their quality if they are stored under improper conditions. The quality of the
product can be extended by processes such as drying, salting, chiling and deep freeze.

Baliklar ve kabuklu deniz Urlinleri gabuk ve kolay bozulabilir gida maddeleridir ve bu nedenle uygun olmayan kosullarda saklanirfarsa kalitelerini
kaybederler. Baligin kalitesi; kurutma, tuzlama, sogutma ve derin dondurma gibi islemlerle uzatilabilir.

Freezing Process

Fish contain approximately 75% mass water. The dissolved salts in the fish reduce the freezing point below 0°C. The typical range of

freezing temperatures of fish is between -1°C and -2°C. However, the freezing point decreases as the salt concentration increases, and

even at -25°C, approximately 5% water remains in liquid form.

The time spent in the freezing of the fish affects the quality of the fish after thawing and therefore, the frozen fish are grouped

according to the time spent in the freezing.

A fast freezing results in the creation of numerous and small ice crystals. If on the other hand, the freezing process is slow, the crystals

formed will be few and large. This might cause muscle cell wall disintegration resulting in liquid loss and texture alterations of the

thawed fish product.

o Airblast freezing: The fish is left in trays / shelves in a room with an air temperature of -30/-35°C.

o Contact Freezers: The product is frozen by direct contact of cold metal surfaces which are cooled by an internally circulating
refrigerant.

« Immersion freezing: Fishes are submerged in cold brine or liquid nitrogen tanks that results in very rapid freezing.

Donma iglemi

Ballk yaklasik % 75 su icerir. Balk igerisinde bulunan ¢éziinmdis tuzlar, donma noktasini 0°C'nin altina dusurdr. Bu sebeple baliklarin

donma sicakliklarinin tipik araligi -1°C ile -2°C arasindadir. Bununla birlikte, donma noktasi, tuz konsantrasyonu arttikga duser ve

-25°C'de bile, sivi formda yaklasik % 5 su kalir.

Baligin dondurulmasinda gegirilen slire, ¢ozulme sonrasi balidin kalitesini etkiler ve bu nedenle, donmus baliklar, dondurulmasinda

harcanan slreye gdre gruplandirilir.

Hizll dondurma, ¢ok sayida ve kiiclik buz kristallerinin olusmasina neden olur. Ote yandan, donma islemi yavassa, olusan kristaller az

ve buyuk olacaktir. Bu durum, ¢dzlinme esnasinda, balikta bulunan kas hticresi duvarinin pargalanmasina neden olarak sivi kaybina ve

doku degisikliklerine sebebiyet verebilmektedir.

o Hava ile soklama: Balk, -30/-35°C'lik hava sicakligina sahip bir odada tepsilerde / raflarda guicli bir hava sirktlasyonu ile dondurulur.
Donma suresi Urlinln cinsine ve buyukltglne gore degisir.

e Plakal Dondurucu: Ozellikle kiigiik baliklarda kullanilir. Baliklar soguk metal plakalarda temas yoluyla dondurulur.

o Daldirma yontemi: Baliklar soguk salamura veya sivi azot tanki i¢erisine daldirilarak ¢ok hizli bir sekilde dondurulur.
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FLAKE ICE GENERATOR

All fishing ships may not have fish processing facility. However, the caught fish must be immediately cooled to 0°C to maintain their freshness. For
this, ice is needed. Flake ice generators do not damage the delicate and thin skin of the fish thanks to the production of curved ice pieces. If the ice
is made using sea water, the salt content makes the ice softer. In addition, fish does not swell when it is stored oniice .

Attention should be paid to the temperature at which the fish will be stored. Otherwise, freezer bum will take place and will rob seafood of its taste
and its attractive color .

In addition to this, the purpose of the ice is not only to keep the fish at a certain temperature. When the ice slowly melts, this automatically washes
the fish —and the natural mucous layer and the moisture of the skin will remain.

YAPRAK BUZ MAKINASI

Tum balikgi gemilerinde, balik isleme alanlar bulunmayabilir. Ancak, yakalanan baliklarin tazeligini korumalariigin derhal 0°C'ye sogutulmalari
gerekir. Bunun igin de buza ihtiyag vardir. Yaprak buz makinalar kavisli buz parga Uretimleri sayesinde baligin narin ve ince olan derisine
zarar vermez. Eger buzlar deniz suyu kullanilarak yapilirsa, tuz icerigi buzu daha yumusak yapar. Ayrica buzda depolanan balikta sisme
meydana gelmez.

Baliklarin depolanacadi sicakliga dikkat etmek gerekir. Aksi halde, soguk yaniklari meydana gelerek baligin renginin, lezzetinin degismesine
ve derisinin soyulmasina sebep olabilir.

Bununla birlikte, buzun amaci sadece baliklari belirli bir sicaklikta tutmak degildir. Buz yavas yavas eridiginde, bu baliklari otomatik olarak
yikar ve baligin dogal mukoza tabakasini ve cildinin nemini korur.

PLATE FREEZER

The plate freezer works with the principle of direct contact between the refrigerant and the fish as possible. The refrigerant is circulated directly in a
metal plate that contacts the fish. If the machine has sufficient contact area, freezing is performed quickly.

PLAKALIDONDURUCU

Plakali dondurucu, sogutucu akiskan ve balik arasinda mimkin oldugunca dogrudan temas kurma prensibi ile galisir. Sogutucu akiskan,
dogrudan baliga temas eden metal bir plaka igerisinde dolastirilir. Makine, yeterli temas alanina sahip ise donma islemi hizli bir sekilde
gerceklestirilir.




TUNNEL FREEZER

Some fish and shellfish, such as shrimp, may stick together on top of each other in a freezing unit. To prevent this sticking, tunnel freezers with IQF
technology are used (IQF is Individual Quick Freezer). Here, the products are passed through the tunnel freezer (automatically) on a conveyor belt
in a proper manner and at sufficient intervals. In the freezer, cold air blows from the top down through the conveyor belt. The products are kept in
continuous motion until the surfaces of the products are frozen, thus preventing the products from sticking together.

DONDURMA TUNELI

Bazi baliklar ve karides gibi kabuklu deniz Urtnleri, dondurucu bir birimde birbirlerinin Gzerine gelerek, birbirine yapisabilir. Bu yapismayi
onlemek igin, IQF teknolojisine sahip tiinel dondurucular kullanilir (IQF tek tek hizli dondurulmus demektir). Burada, Grlinler diizgiin bir
sekilde ve yeterli araliklarla bir tagima bandinin lizerinde (otomatik olarak) tiinel dondurucudan gegirilir. Dondurucuda, soguk hava yukaridan
asaglya, tasima bandi boyunca eser ve Urlnlerin ylizeyleri donuncaya kadar bant surrekli hareket halinde tutulur ve bdylece urlnlerin birbirine
yapismasi dnlenmis olur.

COOLING TANKS (IMMERSION TANKS)

Another solution is to store fish in large tanks filled with cold sea water to achieve short term cold storage requirements. This water is continuously
cooled and kept at a temperature that will not damage the fish. In this way, the fish is cooled very quickly due to the high thermal conductivity of the
water and can be easily transported onwards with pumps.

SOGUTMA TANKLARI (TUZLU SU TANKLARI)

Kisa sureli soguk depolama gerekliliklerine ulasmak icin, baligin soduk deniz suyu ile dolu biytk tanklarda depolanmasi diger bir ¢ozim
yoludur. Bu su surekli olarak sodutulur ve balida zarar vermeyecek sicaklik derecesinde tutulur. Bu sekilde ballk, suyun ylksek termal
iletkenligi nedeniyle ¢ok hizli bir sekilde sogutulur ve pompalarla kolayca tasinabilir.




AIRBLAST FREEZER
HAVA UFLEMELI DONDURUCU

The air blast freezer is a versatile freezing machine because it can freeze all the different shapes of the fish. The device freezes the fish by blowing
very cold air until the product reaches the desired temperature. In this method, which is one of the most widely used types, the products are frozen

when carried on a rotating conveyor belt. This spiral structure maximizes the exposure time of the products and allows for rapid freezing of large
quantities of fish in a short time.

Hava uflemeli dondurucu, ¢ok yonli bir dondurma makinesidir, ¢linkl balidgin tiim farkl sekillerini dondurabilir. Cihaz, Urlin istenen
sicakliga ulasana kadar Utzerine gok soguk hava Ufleyerek baliklari dondurur. En yaygin kullanilan tiplerden biri olan bu yontemde, Urtinler
donen bir tasima bandinda tasinirken dondurulur. Bu,spiral yap, Urtinlerin Gflemeye maruz kalma stresini en Ust diizeye gikarir ve kisa bir
slirede, blyuk miktarlarda baligin hizli bir sekilde dondurulmasini saglar.

Another option is to simply place the fish in front of a large cooling fan and to freeze it in large amounts at one time However, this method allows the
desired freezing temperature to be reached in a longer period.

Diger bir segenek, baligin biylk bir sogutma faninin 6niine basitge yerlestirimesi ve bir seferde bliylik miktarlarda dondurulmasidir.
Ancak bu ydntemle istenen donma sicakligina daha uzun strede ulagilir.




AUTOMATION SYSTEM
OTOMASYON SiSTEMI

The automation system allows you to monitor the temperature changes in the storage and other parameters 24/7. This ensures that the
stored product is kept in its optimum condition for the longest period of time and can prevent immediate response to potential problems
and damage to products. In addition, this system minimizes operating costs by saving energy.

Benefits of Remote Monitoring System

o Easy-to-use and straightforward software

o Access historical data for security procedures and audits

 Installation and support by expert team

« Ability to control all equipment such as temperature changes in the system, fans, heat exchangers from a single point

e Control of all the equipment such as fans, heat exchangers and and temperature changes in the system,executed from a single point.
o Easily track system data via internet, computer and remote control panel communication

Otomasyon sistemi, depodaki sicaklik degisimlerini ve diger parametreleri 7/24 izlemenizi saglar. Bdylece depolanan Urlinln, optimum
kosullarda en uzun sure tazelidinin korunmasi saglanarak, olasi problemlere aninda midahale edilmesine ve Urlnlere zarar gelmesinin
Online gegebilir. Ayrica, bu sistem sayesinde, enerji tasarrufu saglanarak isletme maliyetleri minimum diizeye indirilir.

Uzaktan izleme Sisteminin Faydalari

e Kullanimi kolay ve anlasllir yaziim

o Guvenlik proseddrleri ve denetimler i¢in gegmis verilere erisebilme

o Uzman ekip tarafindan kurulum ve destek

o Sistem igerisindeki sicaklik degisimleri, fanlar, isi degistiriciler gibi tim ekipmanlarin kontroltintin tek bir noktadan yapabilme
» Sistemin verilerini internet, bilgisayar ve uzaktan kumanda paneli iletisimi ile kolayca takip
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