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Energy savlngin potato processlng by effective  

usage of environmentalconditions  

Kcn－ichiIs＝”＾S＝Il，KazunoriH11日N／u＾】，KazunoriK＾M  

Abstract  

rllhe energy coTISuTllPtion usedin a rl（一tatOI）r（｝CeSSing planL with vari（｝uS  

unit operations was mcas11rCd・Forthe waterblancher．the energy requircd per  

・naS只）f ra、V POtatO ranged betlVeen O．50and O，89MtJ／kg．Since Ll】e e¶ergy  

eEficiency of the blanchcr was fouLtd r，O be between21and34％，COnSiderablc  

SLcam cscal－ed rrom tht！bIancher．A prcCOOler desi紆ned to usc natumlcoolajT  

WaS mOSt effective to decrease thc refrigeratjonload．Some of the energ）・uSed  

Eor frozen storagc or Lhe finjsr．ed prod11CtS CO111d be reduced by se且SOnaL  

【（〉1【1－LeS＝ rOr SeVera】months or the ye且I・．Therefore，Wjnter coldne当S WaS uSed  

in approprlate Clirnates for s且VjLlgeneTgySpent tO prOduce thefrozen foods．  

Kc〉r WOrds二Energy HはVing，Potato processing，Blancher，Precooler．  

pr〔｝CeSSing plantin both1985 and1986．ln  

this plant，Cnergy SaVingin the cooling  

PrOCeSS tOl－rO（1uee fro7en food was attcmptcd  

byintrod11Cing cold environmcntalair．The  

aims of this study were to（1etermjne a  

thcrmalcLlergy baJance［or a water blancher  

and to measure the effect of とⅧbstitut】ng  

natl⊥1・alcold air as a cool】ng medi11m for  

prcCOOling．Furlhermore，the evaluation o（  

plantloc且tionis rnade by judging from  

elljCLric p（）Wer aTld fuelconsumptionin tllis  

Plant・Information obtained fTOm the energy  

analysis can be used for qllantifyln官energy  

COn5erVation pr且Ctices，  

Mat（汀iats and九1ethods   

Lines‘）r rrO買ellpOtatO prOd11e暮s   

lnvestitIation was condul：ted at a potato  

proccssi一昭 ptant Whichislocatedin the  

lnlroduction  

Sinee vegELLat）leH have higllmOisture  

content and short E；helf］jfe，m〔】St Of thcm  

are processed at their growing district．  

Food proccsing a（1er harvtlt，Lis mainly  

COnl、enlraLt）d in the winter season in the  

¶OTthern part ofJapan．Thcincrease【j【：（）St  

Of energy，decreasing availal）ilitv of f（）SSil  

Ojls，and the energyintcLISive chLlraCteristic  

Of theindustry have ctIuSed coTICern tO food  

r）rOt：eSSOrS，FoDd processors arc．thcref（）re，  

SearChing for alternaLive energy sources and  

mothods ror reducing energyl⊥Se・Rnergy  

COT．SumPtFOn jn the foodindustry aceounted  

ror apl）「－－Ⅹimately12 ％ or Lhc toLalenergy  

useinlJa【）arl”）・Sj¶Ce thereⅥrere few papers  

On energy utilizati（）nin［ood processing，  

energy analvsis＼V且S Carried otlt On a pOtatO  

1Laboratory o（Agri【二ulturalProcessing Machinery，l）eparLmenL of AgriculturalChemislry，   

ObihiL・O Urliverslty Of Agriculture and Vctcrinary Me－1icine，Obihiro，HokkaidoO80，tlaf）LITl．  
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行ies．The p｛）tatO Strlps注re friedirlpalm oil  

at170Ocパ8Oledirlambient air and frozenin  

arL electric811y operated Erceヱer．Finally：，  

fro豆en Freneh fries ar8paekag8d amd stqTed  

in a refrigerator〔procqss Ain Fig．1・）・  

0け沌r frozen byprOducts sucIlaS diced  

potatoes arや prOdue8d uslng undefSiヱed  

materials from proqess A and follow匹OC（！SS  
Bi¶ Fig．1．The water blallCher was 乱  

打ylinderthroughwhichproductwa苓、qpnVeyed  

by a turning scrcw, Rnd its dinmeter and 

length were、0・8m and 3▲く0恥 r8S押出i叩1y・  

Thescrew was kurned Lly a Singl¢mOter8・75  

珊 at the dischaege end．The blanchbr WaS  

弓ubllTbs of Obihiro as an example or rro乙en  
food prod11Ctio11in Hokk且ido，Japan・The  

plant proeess¢d88tons of raw pく）tatOeさper  

血y．Yidd or rini5h8d produets ob－ained  

rromlOOkg of pot且tQeS WaS about 50kg  

whiehinclqded40k富Of FreれCh frie＄ 乱ndlO 

短ofdiced potatnes＿1n thセfrozen Fナemch fry  
proc色S急，raW pOねt｛）eS 上段〕Jα几〟m抽如ro等比椚  

L．，Var．Toyoshiro）乱丁8 W及Shed．peel但d，  

鋸止血d and cuもint（）Lb8d錯ired8hape．TIley  

＆re blaTldledin w且ter at about 9O℃，and  

tben debydrated t〔｝ a mOisture ¢OnteⅡt 8f  

appTOXima8ely80％（w．b・）witb hot8・ir tp  

achieve a criβp一缶XturOin the fini8bed Frenぢb  

Cooling witll如atcr  

wi払water  

Defatting  

FreeainC: 

Metering＆P乱ek昭img  

⊥  
Frozen st⊂lrage  

yig・l・Flowdぬrt′ilta POta拍processingplant 

Aand8repTeSePtFrench【riesproc8粛札nddicedpotato8日proe8S昌，土espectiv¢1タ 
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恥Iergy SaVingln POtatO prOC¢SSlng  1舶  

fed by pumplng PrOduct with w且ter OVer a  

hydro5ieve．Pr（）duct passed from the sieve  

inLo the blancher．  

At the outlet，PrOduct was（1isch且rged  

lrom ihp hlancher onto a screen by a paddle 

Which turned on the screw conveyershaft・  

Asshownin Fig，2，a preCOOlerdesigTled  

tointroduce naturalcool且ir wasir］t；l且11cdin  

betwecn the blancher an（1freezer．In1986，a  

inverter was equjpped with electrlc clrc111t of  

the precooler to savc power coTISumption．  

rllhe pI■e－Cぐ〉01er co－1Sisted or a net conveyer，  

air ducts with axialflow fans且nd LIYibr且tOr  

Shaker・h these processes，Lhe energy  

inLensive operatjo耶 Hre aSSOCiated with  

Peeter，blaTICher，Fryer and Ereezer．  

トニxhaust  

COmpUterS．AnaIog data rrom sensors were  

transformcdinto digitalv且1uesin Lhe data  

logger．The digita】data were transported to  

the personalcomputer by way oE a RS232C  

communicatiorlChanllelwhich co11n（∋Cted the  

COmputer aTld the datalogger．Temperatures  

oE room air，Waterin the blancher and the  

COnd山t．bl且nCher surface，and inlet and  

exhau∬t alT Of the preCOOler were meas11red  

using a copper－COnStantan thermocouple  

aLlached t｛－ 8n electric datalogger witIla  

scaminterv且lorlmin．rllhese data on the  

diskette wcrc thcn transferred lo another  

personalcomputer and processed。Product  

teTT．pemt11TeSin eaeh process were determined  

by collecting samplesin a plastic cont且iner，  

andinserting a metalthermometeTinto the  

Center Of the sample．  

powar consumption and produtt qu払1ity  

ATlelectT．ic power meter which consisted  

Of a digitalprinter and two clamps waf，  

uぶed to monitor eleclric p（｝W打COnSumed by  

the pre－COOler．It w且Sinstalledin the circuit  

breaker・（】hemicalanalyses or6amples taken  

from productionlines were done by AOAC  

method‖・Comparison of sample meaれS WaS  

caTrjed out as descTibed by Steelarld Torric  
）  

Results and Diseus5jon   

productlemperature 8皿dljme requiredin  

potato pr（）eeSStng  

ChangesimproductLemperaturealld tlme  

required in cach process are summarized in 

rllablesland 2，reSPeCtive）y，The prodtlCt  

temperature after bl且nChing remained above  

70℃in both FreJICh fries and djeed potatoes．  

The blanching Lime FoT FreTICh fries was  

longer becouse the size of FTenCh frise was  

muchlarger than that of diced potatoes．As  

the product after blTlnChjrLg WaS tranSferred  

With hot w且terin Lhe coTlduit，thc tempe   

Fig．2．上）re－COOler schematic＿  

Ma5S and5team nOWS  

Although mass！low raLe ol■ diced  

potatoes was bELSerl on final packaged  

Weig山 0－produ叶 thと1t（）f French frie＄ WaS  

identified by thc planL reL3OTd，Steam con  

Sumption by thc blancher was TTleaSured by  

a su）am melerirIStalledinitsIine．  

Temp（汀alure   

’rhe dal且logging HyStem WaS COmpOSed  

Of scnsors，a dataIngger‡l－－d personal  
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T盆bl81．Ch且ngeSinpTOdudtempe沌tur¢（℃）  

Bla皿Cb町  Condtlit  F叩er  PreCPく）1er  Fre紘er  
Defaもter  眈 Date  

before after before after before 且fter  before after b虐for8′ BLfter  

Diced potaね鵬  

1Aug．25 27．0  

2 Aug．26 27．8  

4 0ct．28  2乳6  

5 Nov．12  25．3  

6 Nov．25  26．1  

7 Dec．6  25，8  
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Table乳 Timerequiredin cach process（min．）  

恥 Bhncher Cc＞ndujt Dew＆tdng Fryer Defatter PTe－COO】er13eltconveyer Free宴er Total  
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3．3D  

rat11re depression of tbe product wa5 V町y prOduct te血peratmres w8Tやb抽唸山加出血a  

small．If mo pre－COOler between fryer 乱nd f且mgeOf7to紆C for diced pot8t8eS，and81  

frce已eris u＄ed，the product having a tempe tO 37℃ for French fries・Prod11Ct砦 We摘  

rature且bove 80℃ may be pl且CediTlthe cooled mainly by foreed air eYモIpOrative  

freezgr．Th即・ef（】re，the freezer bas to remoYe Cdoling 

alar卵 amOunt Of heat fr（｝m the pro4uct 

HoweYer，by pa∃Bln官 through a pre【COOler  
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Energysavingln pOtatO prOCeSSing  171   

Energy bal孔nee for blalleher  

The water in the blancher was heated 

by means oEとL Silent sLeT”11nJeCtOr Which  

includes a temperatllre COntrOller，The5team  

pressure used rorln】eCtion w且S between 3  

且nd4kg／cufin19軋 but was changed to  

about O．9kg／c□†using an addiLion81pressure  

gaugein19B6・Altho11gh Lhermalandゼ1ectric  

energleS Were uSed For bl且nChing，electric  

energy consumpt10n WaS・luitelow・As  

ShowniT］Table3．the energy effcieney f〔汀  

Water blanchcr was From21to34％in1986，  

COmpared to the result or17to26％in1985．  

T8ble3・Energy Dffeci帥Cy rOr Water  

blancher  

Fig・3・Heatbalanceeorcooll咽（11且iand  

T且。are theinlet乱nd out】et air  

temperatures，reSPeCtively and Y。  

the yield of cooled veget且bles） 

ming that Lhe products are cooled by only  

evaporation of waterB）．the energy balance  

uslng data oF dieed potatoesl旭 8shownin  

Tablelis glYen by：  

W.  Yb・C（T一T。）  
ニ0．074Yb  

W．  ⅠⅠ   
Year Energye∬icien吋（％）UniLenergy〔MJ／kど）  

Where Wi＝Feed rate oE r且W Vegetables at  

blancherinlet（101kg／h），We－WatereVapOrated  

from vegetables（10為短／h），Yb＝yi81d of  
blanched vegetable（％ or raw vegetable  

weight），C＝hD且tCapaCity ofvegetables（U／  

kg・qC），TJ二temperaturc o＝）1aTIChed Yegeta  

bles（℃）．T急＝tempeTature Of cooled ve酢ta  

blcs（℃），TT＝heat of vaporization for water  

（U／kg）．  

Water blanching may resultinlower  

WeighLlossthansteamblanching，）り・Taking  

Yb＝100％．evaporative且ir coo］inggives且7．4  
％reductionin the yield of diced potatoes．  

As mostErozert vegetables are鋸両＝rom total  

Weight，theselower yie）ds amount to expen－  
Sivelosses of production．Thesclosses can be  

partially pTeVentedby spr且ylngthe vegetables  

with water or bl且nCher condensate．Table 4  

indicate5 the season且1ch札ngeSin cooling  
CapaCity tlnd power consumption of the pre  
COOIcr・Less eleetric power for tht，preeOOler  
COuld bc reqllired to coolthe produtltin the  
winter scasoLl．IE the preCOOleris u8edin  
the French fry processlngline，thc product  

load for the freezer willdecrease．   

1985  17～26  0．80～1．50  

】986  21～別  0．50～0．8g  

To blam亡hlkg of rawpotatoes required fr（－m  

O－50 to O．89 MJin1986．These values for  

the watcL・blantlher were closc Lo the ref，ulLF，  

reported by Chhinnan et al・6），Rumsey et al・  

’and Scott．et al．【り．A considerable fraction  

（60 70％）of thermalenergyinput escaped  

from the water s11rface（Ear】e1966‖）．In  

addition，the energyloss thr（｝ugh surface  

convectian and rndiation arnounted to obout 

4％ of supplied Lh打mat energy．rl－h8refore，  

designimpTOVement SuCh asinf，t］lation of thc  

b】E）nCTler Surfaceis needed to minimizc Lhe  

energyloss．  

Eれergy balanceand cooli噌eapaeiLy f－Ir pre－  

coo】er  

When airis use｛lto coo】the products，  

COOling effluentis eliminated．Since much of  

the coolil－gis prl－Vir】e（1by evaporation く）r  

Water，the yield afte∫aircoolingwillbeless  

【han that after watercoolingり．Fig．3shows  

heat balELnCe｛）r Lhe blarlChing proccss．Assu  

23  



K即トicbiI柳川月A即11，Kazuno由比lliO刃鵬A，Kazun（）rilく州川・：  

T且ble4．Cooli†lgC乱PaCltyfor pTeCOOlβr  

172  

馳thalpynlmaterials Cooling  power  
bでfore pre－CDOli噌 e叩良dty coTISumption   
（MJ／h）   （M．丁／h） （MJ／h）  

Outdoor  Room  

pェ・Od朕t  Pate air temp．   tやmp 

（℃）  モ℃）  

193．85  1〔）2．8さ  摘．紳  

141＿13  80．31  46．24   

1≡11．34  73．45  2乱69  

128．26  】03．90  46．24  

yren血fried A喝，25  29・57  24・70  

potatoe5  口ec．12  5．33  17．54  

Diced  Allg．25  24．70  別・70  

pot8tb¢S  DモC，12  5＿33  17．餌  

r叩l噂 and defattjng prαCe召S rやSultedin  

moisturelos日e冒．As both produets badle8岳  

protcin and ash coTltentS CO拍P＆red to tho  

or raw pot且tOeS，it was considered that  
solid岳lo鋪Irom tlle prOdllぐも¢ごごurred duri噌  

blanchi咽．甑ble 6i′ndi組teS St且t用tical  

『押印t OIYarioⅦ5 0peratioれ占 Ⅲ 帥ality or  

p【血t（〉prOd11dk  

Chemic且1compo5ition？f raw poねtoes  

and prodllCt6areShownin Table5・Moisture  
eomLent（〉ftbe Fr釘1Ch fries waきCle往rlylower  
tban th8t Of the raw pohtoes，becau自e軌e  

Table5．Chemicalcompo薮tlOnSOfmw m且廊ialsandprbdu℃値（、％）  

It8m  Mok山re印n血t Crudefat＃   prl）tein＊  Ash＊  

R8Wmateria1  7臥23   q．05（0．22） 2・16（9・93） 0・91（4・18）  

Di。edpot且tOeS  7881   0．05（0・22）1・72（7・82） 0・細（2－74）  

Frenchfriedpぬ一明5 71・74  3▲57【12劇）2・12（7・48、）机69（2・44）  

p頭釣知心1ぱ律血i血recom血t）  D8fa鮎r（CTud軍f嵐t）＊  
llいnl  

before  良一匝r  b8fdre  a比er   

7臥87  77劇  Di¢edpotatoやS  

n朝止h止血1医心血頗  70．94  69・鵬   3・94（13・46） 3・51（11・71）  

＊ NumbモrSi田pa∫印th¢Se8indie融e％ofdry ma捷fial  

T8b如8．Stati或i組Id汀fer鯉Cein一‘L■’test℃aluculat¢d  

fl▼Om data ofでable5  

肘oreand且鮎r Befor8andafter  馳tweenr8Wmakerial   
de紬伽r  pre－COOler  and pr（）duct  

F托mChfr帽d I）iced l手rBnChfried Dieed Freneb一再ed   
p¢脚P閃  pりtatO噂 pOtatOe月 pOねtoes potaレ）eS  

凛、＊  NS  NS  ＊＊  

NS  NS  無水  
＊ ＊  ＊ ＊  

Moi5ture【－011t（）mt  

C甑dせfat  

ABh  

米′瀧：SignnifiぬntatP＜0・Gl・  

NS：Not signilieant．  
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difIeren（－eSin“t”test calculated rrom data  

o†Table5．  

hloisture content differences between 

inlelaTldoutI8tOfpreCOOlerw8r8Statistically  

Significant．Signiricant 由一ferf・nCeS Were Seen  

in cTude fat of French fries bcforc and after  

the def兄上ter・Slnee excess fat adhering to Lhe  

French fries was rcmovcd，the pr（）ductload  

rnr Lhe freezer eould b七〉SmaIl．  

Utilization or waste heal  

Encrgy amalysIS in fot）（1processing  

planLFihas h8en repOT－ted by Davis et al．7〉  

Theyindicated that waste h飢1tin the hoil打  

StaCk gas andlhe一丁yer vent waslO％ and  

18％ of tlle tOtalDnergy uSedinl）Olat（）  

pro℃e畠5ing plan底 respectively．They 且1so  

round that24％of the pl注nt ene唱y uSe WaS  

idenLifled aswast8heat from thererrigeration  

ぐPntlens打H一 代ecovery of waste heat from  

COndensers would requireinterccption oflhe  

hot refrigerant before its reachlng the  

CVaPOrati柑 COnd即1日er，じtilizatipn of waste  

heat in potato processinR plant can occur at 

many points．Prc－heating ol■wate7－for boiler  

and blar・Cher，dryer supply air or hcatiLlg  

potatoe＄ beEore process ar13 SOme POSSible  

applications－H組t pump may be an effective  

method for the re紬Very Of waste heat wit上1  

low energy density．  

Evalllatil）n Of plallt l（呼ation in food  

pl●oce5・S川Ig  

Monthly energy use（ruelplus power〕  

and productiun data n;ere obtainod lrom the 

pユant＿Frozen potato products such aE，French  

f貢es，・1iced potatoe5 alld potato purrs are  

produce－1rrom October旺rolユghれ1ay．Carrot8  

and swピeL corn are processed fromJ11ne L（〉  

Septembcr・T且ble 7 shows the relationship  

betwecn rroLiCn fo（）dl）rOductjoTlandits unit  

energy fromJanuE汀）√Of1985to November of  

19弧Fueloilwas use（1tt）gen町ate Steamin  

11且ble7・Producliて）n and unit energylm  

a potato processing plant  

Amount  Unitener訂（MJ／顧  
Date  

（短）  F11el 剖融cpower  

1985t】an．1，048，601  

Feb．1，206，181  
Mar．1，113，704  
Apr．1，116．829  

May l，323、726  
，Jull． 760，519  
Jul．  
Aug． 682，366  
Sep． 関7，992  
0ct．1，425，964  
Nov．1，208，641  

【）ec．1，195，558  

1986Jan．1，1粥．398  
Feb．l，356．鮎7  
M且ー．1，295，526  

Apr．1，284，823  
May l．伽3，810  
Jun．  
Jul．  
Aug． 567，03d  
Sep． 413，985  

0ct．1，557．243  
Nov＿ 1，397，032  
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Average l．092，624  

the boiler and for heating oilin the fryer．  

Electric energy was eonsllmedin the plant  

forlightingandlo op打atepumpS，COnVeyOrS．   

ransandotherprocessingequipmenL■如erage   

temperature from lMay to September in 

ObihiroIs15・3℃，COrreSpOnding tolhey印r】y   

averagetemper且tUrei”でokyol幻．FTOm Table  

7▼1t js clear th且t aVera酢 electri亡i∫1tenSlty   

in Obihiro w且Sless c（Jmlはred to that or  

Tokyoinfro2．enfood pr（｝〔1uction．Forthermal   

emergy d即ived from fuel｛）il，the energy   

intenHity waE，almost the samc valuein both   

loea血耶・Th8rerOre■仙e frozon foローjin血stTy   

in cold reglOT）HhL〕uld take advanLa官e Ofit8  

maturalresource，thatis c｛〉1d weath汀．   
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バレイショの加工における  

立地条件と省エネルギー   

石橋 憲一・弘中 和憲・上家 一別  

帯広畜産人苧製造機槻研究室  

（〒080北海道帯広市稲田町）  

摘  要  

バレイショ登玉原料とする冷凍食品製造工程を対象  
に．その所要エネルギーを調査した。ブランチャーの  

加温に用いていた謀気の温調弁を徴圧のも．のに改め，  

エネルギー効率を高めたことから，ブランチンダに要  

するエネルギーは原料1kg当り0．50～0．89MJとそれ  

までの約50％に減少した。外気導入予冷機は凍結機由  

負荷を軽減する卜で極めて有効であった。全工程の電  

力と燃料原単位の季節変動から，冷凍食品工場の寒冷  

地に立地することの有利であることがわかった。   

キーワード：省エネルギー，バレインヨの加工，ブ  

ランチャー，予冷機  

常人研祁L16（1989）：J67～ノ乃．  
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