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No a ctua l qui ck freez ing pla nts wer e s een , t he qui c k f r eezing of f i sh having 
be'3n car r i ed out du r ing t h e war on s hor e i n No r way . The exc e-ptio ns W.3re f r eezinb 

i ns t a l lations on the lar ge s t eam t r awl er " '.\jes er ", now i n Ne s er mund e , a nd on the 
f actory ship "Hambur g" (5 , 500 t ons ), wh ich was s unk in a British r a id in 
Har ch , 1 941. 

*F . L. 206 Fi s h Processi ng ~.~a ch in8ry , F . L. 207 Qui ck Fr eezi ng a nd Cold Stora e 
o f Fi sh , F .L. 208 Smoke CUr i ~g of F i sh , F .L. 209 The Pr e s e r va tion of Fi s h by 
Canni ng and S. e lated Pr oc8s s e s , F . L . 210 " 'inKI TG Eli ,ISS" (A Pro t e .i n Product Manu ­
factur ed f r om Fish ), and F . L. 211 Tns ti tutc fo r t h a Ut iliza t ion of Fish of t he 
Fode r al Fisher i e s Agency (Ar tifi c i a l I c e , Spoilage in Fish , Ant i - Oxi dants , a nd 
Fi sh :Mea l & Oil Manufac t ur e ) . 
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Four q ick freezl ~ ys n P~. 10' , 1. rmony:-

(a) r (" . i rd e' "II) 'J 

(b) The "Z" Bri - 0 0 Z. r c f , J ~ 
roup f t hamml"rf 01 er ; 

( c ) The Ai r Bl '" S' S ;--1 b bo; 

(d) 'The t SJS of ... re zi on P"6 C r 

Dr . Roloff 
lan in .;0 \ y . 

war to 801.0 Feinf •• 
GpI. any . Th~ follow' 

Troadhf"im 80 

Bodo 112 

j Dr . cLl1enz on h . 

Fr s prs 

10 400 on. 

14 2, 500 " 

tt ' ~ r" . 

8.1 .i. 
,::, ~,p . ~ b 

8 C 

n 
- 300

" . 

o 
2 uni so L' h 0'1.' 

ess co~p_essors 

co~ billed . 3':>0 0-
ca l. ppr ay e 

The frost ers were i n eve ry case 10 e tion un s . 0 e fr:>s rr ea vii h 
7 t o 8 tons o f fillets per 24 hours . The packa .~, s of fi l 10 Jer 7 a 8 em . 
( 2- 3/4" to 3- 1/8" ) thick an of 9 . . in we i ht, and were l '!ced 9 per s t'on 
1. e, 90 per frost er, or 810 kg . t ot al load . Freez in _, tiMe 'as bout 2 .0'J.!'S 
40 minutes . The f i llet s \'Jer e wrapped in cel l 10 e fil.lJl and h e> frozrn 10' s 
packed in ca rdboard caJ:tons (unwaxed durin h'3 war ) . mhp t rr.ppraturc f 
s to r age was - 18° C. 

t 

ne 
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The transport of the frozen fish to Germany was by train and .mall c 
built r efrigerated vessels (500 tons) . 

When asked about t he future of frozen fish in pp.acetim , !prr Roloff. i 
he felt t hat it should be possible to freeze a considerable portion of prin~ 
surplus and sell in t he Autumn on a profitable basis. Roloff was also a ~':ha 

he considered would be the future development of f r eezin - whe h rib 
on land or at sea . He stated t hat t hey had not had much experience of 
at sea . The s . t . "Wes er" was not ~ f air sample and the factory s hip "Ham " 
which was built for fr eezing at sea was sunk only a fo r tnigh afte r going 
SVolvaer . He was sure t hat fr eezing on land was much cheaper than freezin at s a , 
but it brought in t he complication of obt aining the necessary forei n exchan e . 
If Germany had not the wher ewithal to purchase from abroad , this raised he 
question of fr eez ing at sea. He was not prepared to commit hims elf a to whether 
i n t hi case the future l ay with the f actory sh ip or the catching vess el . 

Herr Roloff also stated t ha t in pre- war days the Company had opera ed 10 
frost ers in Germany. They had f ro z.:;n tl e ordinary fish landed fro Iceland and h 
tJo r wegian Coast and found t ha t it turned out i n very ",ood condition i n t he Autumn. 
He was asked wha t part of the catch was used and r Aplied t hat for freezin hey 
always chose the bes t - t hat v,Quld be fish of about 6 to 10 days old . They had no 
experi ence whatever of fr eezing Bear Island fish . 

~he question was put to Rolo ff as to the r elat ive merits of the Birdseye 
system as compared with t he Air Blast and li Z" systems . His reply was of a somewh 
indefinite nature, but the gis t of it was that the cost of an installation 
reezing , say , one ton of f i sh per hour was cheapElr on th ," BirdseY6 system han on 

either of the t wo otner systems . On t he other hand , t t e cost of labour in fill in 
the l'lul ti -Pla t e fre ezer was gr eater t han t hat of putt ing cartons on a band, as in 
the Air Blast met hod . One obj ection to the Air Blast froster was in his vipw the 
des iccation that occurs in fre ezing unless th0 fillet is enclos8d in some kind 
of package . 

"z" Process -

Herr Lohmann met us in company with Dr . Schmidt . ThA latter i s a lawyer 
and sp'-1aks good ~nglish; Herr Lobmann does not sp'3ak ~nglish . 

'They set up two of t he five fr eezin establ ishments in orway d rin he 'J r . 
One was situated a t P.anunerfest and was d estroy8Q b the~' ehrmach whon hey 
evacua t ed this area . Part of th'3 installation vas r emoved a Svol aer and a in 
set up the r e . 

The me t hod of f r eezing errployed ,'.las he "Z" rine Fa nroccss , associe e 
wi t h the narne of Zaro t schenzeff . Fille s of cod, thl? produc of I:lpchan' cal 
fi lleting and kin. in , werA wrapped i n ccllulos " "ilm i 6 k . bloc::s a d 
placed in boxes ade of an aluminium allo. b r :ordischer •• :a chinenba . ox 
which prevents contanina tion of he fi h VJith trin'? is in \10 picc s, a nd 
bottom and is closed by hurnb screws . 54 boxe in lac~ ' on a 
moveable net al rolley hich comnl etely fil I3d t .. "' fr-:;ez':'n . a 
chamber load was 324 Freezing t· ,. e 0 - SO C. 

a be fil ere , but after prelir.:ill3.ry d' fi'icultil~s 
"Z" races on is s of he br ·, 
which collec ing at he .e freezin~ un· 
cooler . 

fo 
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At H~Eerfest there were 12 fre3zing cabinets and 3 filleting m~chines 
(Nardi scher r,~aschillenbau), but only 5 fr eezing cabillets and 2 filleting machines ( ~ 
were transferred to Svolvaer . At Ha:nmerfcst the output was 50 tons of fillet ~ 
per day and at Svolvaer 3 0 tons per day . The cqld storage capacity at HanL'ilerfest 
was 1,200 tons and at Svolvaer 250 tons . Te~perature of storage at both places 
was - l SoC ., using direct expansion aIrt"':ionia grids . The freezing plant was made by 
B._.r gedor fe r ~isenwerke, near Hamburg (30 kin . ) ~,~r . Johnston is being asked to 
obtain blue print s a nd specificat i on from t hem: most of LObmann ' s records l,I'lere 
dest royed by bombing. 

The t r ansport of frozen fish to Germany was normally carr ied out i n small 
r efrigera ted vessels of 500 tons . Thes e were Dutch built vessels . Fish was 
ca r ried in t hem at a t emperature of -lSo to - 22 0 C. and went i mmed iately into 
c'Jnsumption. 40 per cent of what came to Germany was stated t o have gone t o the 
~Iehrmacht. 

Tlie Svolvaer outfit was stated t o have been completed i n s ix weeks . The 
installation was made i n a disused salt fish works . The buildi ng used as a cold 
s t ore was l,?ased and was r efri Ge rated t o t ake 250 t ons , little more t han a week ' s 
output from t he fre ezers . 

Frozen fillet during t he wa r sold fo r morp than fr esh fillet . It was said 
tha t fish f r oze quite well if tvJO t o three days old, but in thA way th e busines s 
flad to be conducted i n Norway it was sometime s 8 days old a nd it had not been 
carri ed on ic e. The r i sks of th e Norway business were VAry gr ea t and t he price 
fix ed for fille t was suffici ent to cover this . The la'bour cost of frOZen fillet 
in Norway was said to be 11 kror~er per 100 kg . p~u~ part of t he wage s of the 

. German peopl e there, which wer e paid in Germany , about 4 to 5 RM. per 100 kg. 

Air Blast Process - _~ndersEn & Co., Hamburg 

Thi s firm owned the fac t ory sflip "Hamburg" whi ch was sunk in a :Sri tish raid 
in ~.la rch , 1941. The fr eezing plant on board Vias of th e same description as tha t 
installed at the shore factory at \i-e·lbo, vi z . a belt Air Bl ast fr eozer . The ship, 
of 5,500 t ons , ,~s fed by cutter s and put .through about 50 tons of fi llet per day 
with storage for sao t ons . Fish mAai and cod ·liver o~.l ·Ier e mace aboard . This 
size of unit and type of op er at ion was not consider ed to be economic . A ls.rge 
fishing trawler fitted for freezing and by- product process ing was t hought to b8 a 
better proposi tion . 

According to Herr Sar ez some special parts of t h8 fr 0ez ing apparatus are 
pat ent ed , but they do not amount t o much . At t he :!Io lbo plant the fillets, cut 
by hand and skinned by machine from ver y fr esh, headed fish , were pac:-::ed wi th 
butter-paper liners i n 5.5 kg. lots i n collapsible metal moulds open at t he top , 
t he naked surfac8 of th "1 f i sh be ing made wet v..1 th wa t or before fr eezing to 
r.nnl mlze desiccation. The rough dimensions of the block were 5 . 5 cm. x 34 cm. 
x 42 cm . (2 . 2 in . x l~ in . x l ot in. ) . 

App end i x 5 shows a drawin of t h 3 belt Air Blast fr eezer with dimens i ons 
as constructed by Linde & Co . The Central Fisherie s Office is being asked to 
obt9. in full specificat i ons and blue prints . Two ti ers each of 3 or 4 packed 
moulds, pla ced l engthwis e or breadthwis~ across t h'3 frame as desired , were carrt 
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~ on open angle iron frames by the moving belt along the tunnel through a cross­
~ blast of cold air. The speed of the belt was kept constant, but when the fish 

had been warmed up as in SUJl1111er, the moulds were stacked in threes; when cold, as 
in winter, in fours i. e. at a somewhat , higher rate of feeding. 

The drawing shows the position of the 6 axial flow fans, t he two smooth 
tubed cooling units and the direction of air Circulation whi ch was 50,000 cub. 
metres per hour, giving a linear speed through the fish of about 6 metres per 
second. Air in the two :1alves of the tunnel was kept separate s o t hat nearly all 
frosting of the cooler occurred nearest the And of th~ tu~~el at which the fish 
entered. This was thought to increase the efficiency of cooling the fisp since 
the effect of lowered temperature gradient' between the fish and t he p.ipes as the 
fish cooled was offset by diminishing insulation of the pipes with frost . The 
t,JQ flooded amrnonia coolers were linked t o a COIPlllO n surge drum . The evaporation 
temperature was -450 C. to -470 C. and air was deliver ed at -45 0 C. and r eturned to 
the cooler at -420 C. Two doubl'e-stage 45 H. P . comp::,,'essors were used for each 
tunnel. The fish were frozen to about -220 C. on the outsid e in a bout two to three 
hours depending on t he initial temper a ture ()f t he fish. Th e whole plant cons isted 
of three tunnel units and the total throughput per day, allowing for a few hours 
de-frosting of the coolers wi til varm am.rnonia , was a bout 48 t ons . "!ach tunnel 
duri ng actual freezing put through about 0.8 t ons per hour . 

The frozen fish were easily r e:r.oved from the moulds by unclipp i ng them at the 
corners and the blocks were t ren packed i n cardboard cartons (2 pi eces lid and 
bottom - waxed, when obtainable) . The fish were stor ed at - 180 C. i n a store of 

~ 1,500 tons capacity . At times storag~extended t o 8 months with satisfactor y 
results. The fro zen fish packing room was run at -120 C. 

The following . rough cost analysis was obta i ned f rom Eerr Barez:-

Kroner 

Raw material 4, 831,000 

Wages and salari es ,1,081,000 

Current, Oil, Maint enance 295,000 

Pa cking 692 , 000 

Depr eciation a t 25% 1,321,000 

Sundri es 60,000 

TOTAL (given by Herr Barez ) 8 ,47 6, 000 

The total quantity of 
headed fish as delivered ). 
Othe r species were saithe, 

fish r epresent ed above ii~as 8 ',578 ,000 kg . (gutt ed and 
Cod .r epresented 75 per cent of t he fish frozen . 

tusk and ling. 

This firm did all its filleting by hand and r ef er ence to t h9 records showed 
a yield of 54.1 per cent from cod and 59.2 per cent fr8ID saithe . 
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TLe fr eezer consi sted 0 15 closely a r _an e i ers 0 anno!' a pipln, \ i t 10 
interv3n ing spaces to t K O trays in si ngle a or . Frpezin ,'I s effee ed by 
conduction , bu a ir was r::: ept in eirc la ion amo~ he p ipes by 10 fa s h 
appropriate baffle arrangement . Th plan '.'/ s base upo r:p cke . ann ' s i e s . 
(See B. P . 489 , 939) . It also r ps ,mble b II 'phy ' f r eezer in .AI"1Mo ia 
was evapo r a t ed at - 32°C . to - 35°C . Tte i m r e ired to bri 
- 23°C . VJa S about l·~ to 2 bour s e The pipes were defrosted each nay Ii 
about half an hour to an hour . The t wo freezer s 0 e her ttrough 
fillet s (4 ton~ of gutted fish ) p r hour . The frozen bloc's V6 r p ons 
contain in 36 k . . and s ored i n a brine coole store i nsula ed vi h 9 
at - 200 C., ho ldin in a ll 8 0 tons of f illet . Ttl8 s ~r 3ge sp e~ c mp r ' s e 
Fore Fishroom and a lso s pace beneath is coroin af undernea h t~~ fr eez'ng 
and packi ng ro om right on t he bottom of th3 ship . 
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An offal plant of normal Schlotterhose type occupi ed the After Fishroom. 
,rom two feeding hoppers material entered a steaITl c ooke r 5~ metres lo ng wit h worm 
ropulsion, heated at first by direct stea>n inject ion a nd f urthe r along the tube 

by steam jacket a t a pressure of 1. 6 atmosnheres. The two underly ing driers were 
of about the same length as th e ' cooker: The pl~nt put througb about 12 t ons of 
offal per 24 hours. The dried material wa s stored without grinding . 

This most interesting experimental ship r a n for about two years (16 trips), 
all on poorish fishing grounds, exc ept f or two trips fo r Baltic cod . We we r e 
i nfo rn.ed that procesaing on board wa s possib l e in all weathers in vmi ch the ves s e l 
could fish - there was no serious i nco nvenience i n working i n 6 to 7 degrees of 
storm. The plant f or fr eezing, fill e ting, a nd meal manufacture cos t about 
450 , 000 HM . and a subsidy for t h is amount was~obtained . At the end , t he de ficit 
was SOllie 120,000 mI., t hough t wo good trips had &1.own a pr ofi t of 25.000 to 
30,000 RM . each. The r epair costs were heavy. The boile r was not l arge e nough 
and wa s damaged. The v es sel was too small, had i nsufficient s t orage space and was 
confined t o unremunerative fishing grounds . The experiment should i ndicate the 
lines on which fur t he r i nv e s tigation might be made . Dr . Sc hl ienz believes, i n t he 
future of refrigerated t rawl ers, and considers that a good size of ship would be 
one of 70 metres in l engt h and 10 to 12 metr e s bea~ . A ship of thi s size mi ght 
cost 700 ,000 to 800 ,000 RM. and t he plant about 400 , 000 to 500,000 R.\L 

Dr. Lucke and Dr. Luneburg of the Institut fur Fischve r we r t/ung, 'Nesermunde 

During a di scuss ion on f i sh p.r e s er va tio n in general, the e~bove -na..m6d made a 
ew r 8mar ks about freezi ng . They co:,_sidered t he best r esul t in t he No r way proj ect 
-as obta i ned by Lohmann -USing t he li Z" method, the f ille tt;) be ;ing pacl~ed in prote c ­
ti ve containers . ,The Air Blast msthod was consider ed to bs som8wha t da ng8 rous for 
fatt y f i sh owi ng to the initiation of oxi dative change . I t was a method too that 
oc cupi ed l:!o r e space than t he othe r two . They wer e acquainted with Heckermann of -
Br emen ,who has pate nted cont_ct p i pe freezers' wi t b a ir circula tion . The s e weI' e 
primarily designed for 'f r eezing vege t ab18s and fr ui ts and some development had 
occurred. None , howeve r, had taken plac e in th e f i sh fipld exc ept in t he ca se of 
the s . t. "7veser" where the plant had the i mportant advantage of cornpactn8ss . They 
a gr eed wi th Heclcermann ' s idea of arranging ,t he pipes i n a co ld. stor e as r acks to 
ca I'ry the produce , t hus pr eventing d es iccation and , ev en promoting deposi tion of 
frost. This, however , had not be en d eve lop ed and was consid er ed t o b e u neconomic 
owing to t he alilount of room take n up by piping. 

Recormnendations 

Re Freez ing i n Nor way--In view of the growing ge ner al i n t e r e s t in the quick 
fr eez ing of fish evinced by ,t he fishi ng industry in 3ri tain, i t i s considered that 
it woul d be well ,North while to investigate th e fre ezing plants install ed by the 
Ger mans in No rway i f and wh en they a r e aga i n in ful l, r egul a r operation . The 
s eason of the l a r ge Spring fishing in t he Lofot en a r ea woul d appea r . to "b e a 
suita ble time . 

Re s . t. " ':Je ser"--:A Special study s hOuld be made of the plans of s . t . " :,ves"3 r " 
in connect io n with a ny Briti sh pro j ect to dev elop frs ozing on boa rd a t rawler. 

10965 
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