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Energy saving in potato processing by effective

usage of environmental conditions

- . . ! > ¥ 1 .
Ken-ichi [sumsasin, Kazunori Hironaka , Kazunori Kamue

Abstract

The energy consumption used in a potato processing plant with various

unit operations was measured. For the water blancher, the energy required per
mass of raw potato ranged between 0.50 and 0.89 MdJ, ke. Since the energy
efficiency of the blancher was found to be between 21 and 34%, considerable

steam escaped from the blancher. A pre-cooler designed to use natural cool air

was most effective to decrease the relrigeration load. Some of the energy used

for frozen storage of the [linished

products could be reduced by scasonal

coldness for several months of the year. Therefore, winter coldness was used

in appropriate climates for saving energy spent to produce the frozen foods.

Key words: Energy saving, Polato processing, Blancher, Precooler.

Introduction

Since vegelables have high moisture
content and short shelf life, most of them
are processed at their growing district.

Food procesing afler harvest is mainly
concenirated in the winter season in the
northern part of Japan. The increased cost
of energy, decreasing availabilily of [lossil
oilg, and the energy intensive characteristic
of the industry have caused concern to food
processors. Food processors are, therelore,
searching for alternative energy sources and
methods for reducing energy use. Energy
consumption in the food industry accounted
for approximately 12 % of the total energy
usc 1n Japan® . Since there were few papers
on energy utilization in food processing,

energy analysis was carried oul on a potato

processing plant in both 1985 and 1986. In
this plant, energy saving in the cooling
process to produce frozen food was attempted
by introducing cold environmental air. The
aims of this study were to delermine a
thermal energy balance for a water blancher
and to measure the effect of substituting
natural cold air as a cooling medium for
pre-cooling. Furthermore, the evaluation of
plant location is made by judging from
eleclric power and fuel consumption in this
plant. Information obtained from the energy
analysis can be used for quantifying energy

conservation practices.
Materials and Methods

Lines of frozen potato producis
Investigation was conducted al a potato

processing plant which is located in the
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suburbs of Obihiro as an example of frozen
in Hokkaido, The
plant processed 80 tons of raw polaloes per
Yield of products obtained
100 kg of was about 50 kg
which included 40ke of French fries and 10

kg of diced polatoes. In the frozen French fry

food production Japan,

day. [inished

from polaloes

process, raw (Solanum tuberosum
L.,
sorted and cut into the desired shape, They

water al aboul 90 °C,

potaloes
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in and
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(w.b.) wilh
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fries. The potato slrips are [ried in palm oil
at 170°C, cooled in ambient air and frozen in

an elecirically operated freezer. IFinally,

[rozen French fries are packaged and stored

in a refrigerator (process A in Fig. 1. ).
Other [rozen by-products such as diced
potatoes are produced using undersized

materials from process A and follow process
B The

eylinder through which product was conveyed

in: Fig. 1. water blancher was a

by a lurning screw, its diameter and
and 3.0 m,

The screw was turned by a single moter 0.75

and
length were 0.8 m respectively.

kW at the dischaege end. The blancher was
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Flow chart in a potato processing plant.

A and B represent French fries process and diced potatoes process. respectively.
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Energy saving in potato processing

fed by pumping product with water over a

hydrosicve. Product passed from the sieve
into the blancher.

At the outlel, product was discharged
from the blancher onto a screen by a paddle
which turned on the screw conveyer shalflt.

As shown in Fig. 2, a pre-cooler designed
to introduce natural cool air was installed in
between the blancher and freezer. In 1986, an
inverter was equipped with clectric circuit of
the pre cooler to save power consumplion.
The pre-cooler consisted of a net conveyer,
air ducts with axial flow fans and a vibrator
shaker. In these the

processes, encrgy

inlensive  operations are associated with

peeler, blancher, fryver and freezer.

Iixhaust

Inlet

HOO &

TOU 1

Ireezer
e

100

1,

5,100

Fig. 2.

P’re-cooler schematic.

Mass and steam [lows

Although mass flow rawe of diced

potatoes was based on final packaged

weight of product, that of French fries was
identified by the plant record. Steam con
sumption by the blancher was measured by

a steam meler nsialled in its line.

Temperature
The data logging svstem was composed

of sensors, a dala logger and personal
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compulers. Analog data from sensors were
transformed into digital values in the data
logger. The digital data were transported to
the personal computer by way of a RS 232C
which

computer and the data logger. Temperatures

communication channel connected the

of room air, water in the blancher and the

conduit, blancher surface, and inlet and

exhaust air of the pre-cooler were measured
using a copper-constantan  thermocouple
atiached to an electric data-logger with a

These data on the

scan interval of 1 min.
diskette were then transferred 1o another
personal computer and processed. Produet

temperatures in each process were determined
by collecting samples in a plastic container,
and inserling a metal thermometer into the

center of the sample.

Powar consumption and product quality

An eleciric power meter which consisted
of a digital printer and two clamps was
used to monitor eleciric power consumed by
the pre-cooler. Il was installed in the circuit
breaker. Chemical analyses of samples taken
from production lines were done by AQAC
method'’ . Comparison of sample means was

carried oul as described by Steel and Teorric

1"

Results and Discussion

Product i{emperature and Llime reguired in
potato processing

Changes in product temperature and time
required in each process are summarized in
1 and 2, The

temperature after blanching remained above

Tables respectively. product
70°C in both French [ries and diced potatoes.
The blanching time for French fries was
longer becouse the size of French frise was
much larger than that of diced potatoes. As
the product alter blanching was transferred
the tempe-

with hot water in the conduit,
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Table 1. Changes in product temperature (°C)

Blancher Conduit Fryer Pre cooler Freezer

e D ——————— Defatter
before after before after before after before after hefore after

Diced potatoes

1 Aug.25 27.0 69.3 69.7 61.9 = 94.0 23.8 - 26.2
2 Aug.26 278 74.3 67.9 69.3 = 55,7 24.8 18.6
4 QOct. 28 28.6 84.4 81.7 76.0 66.5 13:3 24.2
5 Nov. 12 25.3 7.4 72.2 65.4 - 99.5 8T —27.3
6 Nov. 25 26.1 79.9 1.4 72.6 = 61.6 7.8 = 25.4
7 Dec. 6 25.8 80.4 7.9 71.5 == 09.3 9.6 —26.4
8 Dec. 12 22,6 82.5 79.8 73.6 - 65.8 12.5 = 23.2
French fried polaloes

1 Aug. 25 23.2 8.4 - 2.6 42.4 i K 37.4 ; -20.2
2 Aug. 26 23.2 78.6 - a7.1 92.0 = —24.9
3 Qet. 15 22.8 82.3 73.0 61.1 94.5 89.0 - 87.3 =

4 Oct. 28 2.5 86.7 = 77.0 64.2 96.2 86.2 86.4 =
5 Nov. 12 265 83.3 = 74.4 58.1 90.1 82.5 80.0

6 Nov. 20 29.2 86.1 78.9 66.3 96.3 90.1 87.1 =

7 Dec. 6 256 84.9 = 76.4 67.5 96.3 81.7 87.1 =

8

Dec. 12 29.1 85.5 = 71.9 63.2 96.2 H4.1 2.4 31.2 30.9

Table 2. Time required in cach process (min.)

No. Blancher Conduit Dewatering Fryer  Defatter Pre-cooler Bellconveyer [Freezer Total
1l i‘ F

Diced potlatoes

1 2. 79 0.28 = - 3.26 8.48 14.77

4 2.0 0.32 = - 317 .02 11.78

5 2T 0.32 - 4.38 =

7 3.67 0.30 — = 3.25 10.24 17.46

8 3.55 0.25 = - 3.30 9.75 16.85
French fried potetoes

1 4.06 0.56 0.48 2.18 (.10 3.26 0.38 22,36 31.18

g 5.63 0.23 0.37 2.82 0,50 0.38 19.73 29.66

5 5.8 0.30 0.38 2.50 0.38 0.42 19.97 29.30

T 5.43 0.27 0.40 2.28 0.10 0.42 23.75 32.95

8 0.:55 0.23 0.40 227 0.42 3.30 0.42 20.23 32.82
rature depression ol the product was very product temperatures were brought within a
small. If no pre-cooler between fryer and range of 7 to 25°C for diced potatoes, and 31
[reezer is used, the product having a tempe- to 37 ‘C for French fries. Products were
rature above 80 C may be placed in the cooled mainly by forced air cvaporative
freezer. Therelore, the freezer has to remove cooling.

a large amount of heat from the product.

However, by passing through a pre-cooler

22—



Energy saving in potato processing

Energy balance for blancher

The water in the blancher was heated
by means of a silent sleam injector which
includes a temperature controller. The steam
pressure used [or injeclion was between 3
and 4kg . off in 1985,

about 0.9kg o using an additional pressurc

but was changed to

gauge in 1986, Although thermal and electric

energies were used for blanching, electric
energy consumption was quite low. As
shown in Table 3, the energy effciency for

water blancher was from 21 to 34% in 1986,
compared to the result of 17 to 26% in 1985.
Table 3. Enecrgy cffeciency for water

blancher

Year  Energy efliciency (%)  Unit energy (MJ - kg)

0.80~1.50
0.50~0.8Y

1985
1986

1i~26
21~34

To blanch I kg of raw potatoes required from
0.50 to 0.89 MJ 1986.

the water blancher were close to the results

in These values for
reported by Chhinnan et al.®', Rumsey et al.

1w

and Scott et al."'. A considerable fraction

(60 70% ) of thermal energy input cscaped
(Earle 1966*' ).

loss through

from the water surface In

addition, the energy surface

convection and radiation amounted to about

4 % of supplied thermal energy. Therelore,
design improvement such as insulation of the
minimize Lhe

blancher surface is needed lo

energy loss.

Encrgy balance and cooling capacily for pre-
cooler

When air is used to cool the products,
cooling effluent i1s eliminated. Since much of
the cooling is provided by evaporation of
water, the yield alter air cooling will be less
than that after water cooling"’ . Fig. 3 shows

heat balance ol the blanching process. Assu-

23—
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Fig. 3. Heat balance cor cooling (T and

Tao are the inlet and outlet air
temperatures, respectively and Y.

the yield of cooled vegelables).

ming that the products are cooled hy only
evaporation of water®, the energy balance
using dala of diced potatoes No. 8 shown in
Table 1 is given by:

& Yy C (Tl_Tiz}

W, I
where Wi —feed rate of
blancher inlet (107kg.h), W,
from vegetables (10" kg /'h ),
blanched (Y%

weight), C=heal capacity of vegetables (kJ.~

— 0.074Y,

raw vegetables at
water evaporated
Y, = yield of
vegetable of raw vegetable
kg + °C), T, —temperature of blanched vegeta-
bles (°C), T.—tlemperature of cooled vegela-
bles (°C), [I=heat of vaporizaiion for water
(k] "kg).
Water blanching may result in lower

weight loss than steam blanching®” ®

. Taking
Y, —100%, evaporative air cooling gives a 7.4
% reduction in the yield of diced polatoes.
As most frozen vegetables are sold from total
weight, these lower yields amount to expen-
sive losses of production. These losses can be
partially prevented by spraying the vegetables
with water or blancher condensate. Table 4
indicates the seasonal changes in cooling
capacily and power consumption of the pre-
cooler. Less electric power for the pre-cooler
could be required to cool the product in the
winter scason. If the precooler is used in
the French fry processing line, the product

load lor the freezer will decrease.
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Table 4, Cooling capacity for pre-cooler

Qutdoor Room

Product Date air temp. lemp.

s o] 66

French fried  Aug.25 29.57 24,70
potatoes Dee. 12 5.33 17.54
Diced Aug. 25 94.70 24.70
polalocs Dec. 12 5.33 17.54

Effect of various operations on quality of
potato producis

Chemical composition of raw potatoes
and products are shown in Table 5. Moisture
content of the French [ries was clearly lower

than that of the raw polatoes, because the

Table 5.

Chemical compositions of raw materials and products (%)

Enthalpy of materials  Cooling Power
before pre-cooling  capacity  consumption
(MdJ,h) (Md . h) (M.~ h)
193.85 102.88 28.80
141.13 80.31 46.24
131.34 73.45 23.69
128.26 103.90

46.24

frying and defalling process resulted in

moisture losses. As both products had less
protein and ash contents compared to those
of raw potatoes, it was considered that
solids loss rom the product occurred during
Table 6 slatistical

blanching. indicates

Item Moisture content Crude fat” Protein” Ash®
Raw material 78.23 0.05 ( 0.22) 2,16  9.93) 0491 ( 4.18)
Diced polatoes 78.01 0.05 ( 0.22) 1.72 ( 7.82) 0.60 ¢ 2.74)
French fried potaloes 71.74 2.12 ( 7.48) 0.69 ( 2.44)

Pre-cooler { Moisture content)

ltem
before
Diced potatoes 79.81
70.94

French fried potatoes

Table 6. Statistical difference in “1"

Before and alter
defatter

3.57 (12.64)

after

from data of Table 5

Before and after
pre cooler

Defatter (Crude fal)™

belore after

77.99
69.04

3.94 (13.46)  3.51 (11.71)

#* Numbers in parentheses indicate % of dry material

test caluculated

Between raw material
and product

Diced

French fried Diced  French [ried French fried
potatoes potatoes potatoes potatoes  potatoes
Moisture conient * X NS NS *
Crude fat X * NS NS * ¥
Ash * % * ok

* # Signnificant at P<70.01.

NS: Not significant.

— 24 —
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differences in t "test calculated from data

of Table 5.
Moislure content differences belween
inlet and outlet of pre-cooler were slalistically
significant. Signilicant defferences were seen
in crude fat of French fries before and after
the defatter. Since excess fat adhering to the
French fries was removed, the product load

[or the [reezer could be small.

Utilization of waste heat

Energy analysis in  lood processing

plants has been reported by Davis et al.™
They indicated that waste heat in the boiler
slack gas and the fryer vent was 10% and

18 % of the total cnergy used in polato

processing plants, respectively. They also
found that 24% of the planl enerpy use was
identified as wastle heat from the refrigeration
condensers. Recovery of waste heat from
condensers would require interception ol the
belore its  reaching  the

hot  refrigerant

cvaporative condenser. Utilization of waste
heat in potato processing plant can occur at
many points. Pre-heating ol water for boiler
and blancher, dryer supply air or heating

potatoes before process are some possible
applications. Heal pump may be an eflective
method for the recovery of waste heat with
low energy density,
Evaluation of plant location in  food
processing

Monthly encrgy use (fuel plus power )
and production data were obtained from the
plant. Frozen potato products such as French
fries, diced potatoes and potato pulls are
produced from October through May. Carrols
and sweet corn are processed from June to
September. Table 7 shows the relationship
between frozen [ood production and its unit
energy from January ol 1985 to November of

1986. Fuel o1l was used lo generate steam in

173

Table 7. Production and unit energy in
a potato processing plant
Date Amount Unil energy (MJ.kg)
(ke) Fuel  Electric pow
ue ric power
1985  Jan. 1,048,601 1.97 4.62
Feb. 1,206,181 4.41 4.06
Mar. 1,113,704 4.78 4.97
Apr. 1,116,829 0.87 4.92
May 1,323,726 4.49 1.65
Jun. 760,519 3.37 0.91
Jul. = =
Aug. 682,366 3.68 8.71
Sep. 637,992 4.93 9.45
Qct. 1,425,964 3.64 1.68
Nov. 1,208,641 4,32 2.02
Dec. 1,195,558 1.60 4,68
1986 — Jan. 1,196,398 4.78 5.02
Feb. 1,356,657 4.85 4.15
Mar. 1,295,526 6.35 4.68
Apr. 1,284,823 6.67 4.71
May 1,063,810 6.63 5.66
Jun. — =
Jul.
Aug. 567,034 3.45 9.45
Sep. 413,985 6.83 16.18
Oct. 1,557,243 3.69 4.40
Nov. 1,397,032 3.92 4.43
Average 1,092,624 1.81 6.00

the boiler and for heating oil in the fryer.
Electric energy was consumed in the plant
for lighting and to operate pumps, conveyers,
[ans and olher processing equipment. Average
temperature from May 1o September in
Obihiro is 15.3°C, corresponding to the yearly
average temperature in Tokye™ . From Table
7, il is clear thal average electric intensity

in Obihiro was less compared to that of

Tokyo in frozen food production. For thermal
the

intensily was almost the same value in both

energy derived from fuel oil, energy

locations. Therefore, the frozen food industry
in cold region should take advantage ol its

natural resource, that is eold weather.



174

Ken ichi Tsinsasi, Kazunori Himonaka, Kazunorit Kamig

Acknowledgment

This study was supported by a grant

from the Ministry of Education, Science and

Culture of Japan (MONBUSIHO) in 1984

. Bowven, J. L.

- Bownes, J. L

. Carnroan, Po AL

1986.

References

. AOAC (1980). Official method of analysis

of the official chemists, pp. 538, Washing-
ton, D. C.

. Bounes, J. Lo, Dusracn, W. €., Humsox, J.

H. K.

and

. F.

in steam

S., [Lamuron, and Farkas,
14975. Yields
blanching, cooling and freezing vegetables.
J. Food Seci., 40, 660 — 664.

1977. Effluent generation,

solids  loss

amd cost of blanching. J.
1, 329341
Husoy, «J. S.

weight and solids

energy  use
Food Proc. Eng.
1977.

ol air-

and
Cooked loss
cooled and water cooled frozen vegetables.
J. Food Sci, 42, 1128 1129, 1131.

Swanrrz, J. B
1980. Yields

loss in water and steam blanching, water

and

Bompex, J. L. and solids

and air cooling, freezing and cooking of

broceoli spears. J. Food Sei., 45, 1408
1410.
. Cromwnan, M. S, Sivan, R. 1L, Prbunses,

L. D., Caroan, P. A, Rose, W. W. and

Jacoen, N. 1. 1980. Analysis of energy

26 —

. Eanue, R, L.

»Ovreany, T,

. Seorr, E.

. Stalistics

3. Steen, R.

utilization in spinach processing. Trans.
ASAE 23, 503—507.

C Davis, DL C., Rovuercer, J. S., Prrrmone,

G A A. 1980. Waste
heat from food processing plants in the
pacilic Northwest. Trans. ASAE 23, 498—
502, 507,

and Kuranzien, G.

1966. Unit Operations in

Food Processing. pp. 8§ 95, Pergamon
Press, New York.

Hosno, C,
Waranase, A, 1985,
for waste and waste water treatmenl in
food Potato
processing. Rept. Natl. Food Res. Inst.,
46, 58 66

English summary).

Naserani, 1. and
Fnergy consumption

processing. i . starch

Japan (In Papanese with

. Russey, T. R., Scorr, E. P. and Carroan,

P. A. 1981. Encrgy consumption in water
blanching. J. Food Sci. 47, 295298,

P., Canwoan, P. A., Rumsry, T.
R., Hory, J., Buuuknr, J. and Rose, W.
W. 1981, Energy consumption in steam
blanchers. J. Food Proc. Eng., 5, 78—88.
Bureau, Managemenl  and
Coordination Agency, Japan 1984. Japan
Statistical Yearbook, pp. 14—15.

G. D. and Towue, J. H. 1980.
Principles and Procedures of Statistics.
pp. 86 100, MacGraw-Hill Book Company,

New York.



Energy saving 1n potato processing 175

N vaOMLiEHTD
AT E R T 20 F —

(i E—euhth f1E - B

LB AT B e 5
(T080 At LrhRiHMT)

] ®

Nl v AR G B A LB TR S
o, T g LF -FWEEL, Iy F e —D
Mz O T OGO 0 & o,
ITRLF—RAETH e, 79 eF S0l
T AL LF — @EIEH | ke 90.50~0.89MJ & £ S
FCORS0% I LAz, ASGEA IS HE (S MRS o
AR Esd 5 FTln THWTE -~ 2. 2 LROE
D) EAREURLT O FE A O, AL T O SG
Hyucsritid a C 20T fITH A T Edhd -k,

F——F: Hrra¥F—, S0, 7

FrF -, TGk

27—

AW 1, 16 (1989): 167~175



