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Energy recovery assessment in dairy production process
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Abstract
This research aimed to study utilizing the energy from regasifying the liquid nitrogen in a diary factory for reducing
the energy consumption in a refrigeration system. In the study, the daily usage of liquid nitrogen, such as volume flow
rate, pressure, and temperature, was applied for evaluating the heat of vaporization of liquid nitrogen. Moreover, cooling
load of decreasing the temperature of milk to 8 °C before transporting to distributors was computed. It was found from
analysis that at the liquid nitrogen 100 m’h and pressure 7 bar, the heat of vaporization provided the refrigeration capacity
of 13.35 kW. This study proposed three methods of energy saving in refrigeration system with various heat exchangers: (1)

Decrease of temperature of chilled water before returning into the water chiller, resulting in reducing the chiller power of
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7.39 kW or saving of 815.85 Baht/day. (2) Decrease of the temperature of chilled water before supplying to manufacturing

process. Therefore, the chilled-water temperature leaving from the chiller can be set higher. This leads chiller power

to reduce of 0.68 kW or saving of 75.07 Baht/day. (3) Decrease the temperature of milk to 8 °C with ice thermal storage.

This provides the maximum energy saving. It can save the energy of 792.20 kWh/day or 2,851.92 Baht/day.

Keywords: liquid nitrogen, gasification, cold thermal storage, energy saving

uni

A lulnsiand m@f;_ui'luﬂ@iuﬁﬁﬁﬁﬁmwumuimn
Tssenmetlszannd 79 wleF s manamnalilnsian
agfasunazuaunsusnenmeielix ulpsa
u?qméﬂmmwn@ﬁ@u 1 AsFuuazeanTiau
(Haandn 3 ppm) gniiulugiaaamas Tulnsiaud
gnuuni 196 asATaTas AussiuusseInA
(Munsch-Alatossava, Gursoy, & Alatossava, 2010)
HAunn ATzt 0.97 Tulnsiaugn
W lugmannngsnysvinmesing < agnaunsnans
Tudszinalne 11y grarunssy NART U
aLannsaiind fqmmummmﬁm%»udwimuﬁ
BAAYNITNLLIILINAN HRANUNITNNINTITUNNE
anavnssunaneuazineianzlugnanvngsy
mam@'}ma‘l,t,@:m?"mﬁu (Marshall, 1976) Anluilngian
Qﬂﬁ'mﬂ%vl,@immﬂ'lufumumwﬁmmxms

2

vasqsinuat i lidndaiuun Wasanndjisanaes

=

a ° ¥ a A a e
pandiauarinliuuAnFauazqauynIdinig
waryiiuln denani lundnnaudaatnemnida

(Coles, & Kirwan, 2007) wananiinisussq lulmsiau

guugiiszanns 6-12 asActaidaa 1ilnagu

q L]
FY | v

NN BRI e TR La NN s
a a a a A v
naastyiiulnresuuaf Fouaztinang sesunls

AoeRpAIR9ANANANALELN L Tulnsiau

=® o [~3 1 o a; 1
aegninifiveazaudalddeniag - lugdaes
TulnsiaumaandAuAugausg AT Agiu
Aswin 1 uafufesfasugnusannaeamian
nauliluaniuziing (regasification) Taan19NIw
4 o v o da 4
LATRNLANL AL UANNNFRUNTLNGN “LATRITELNE
289LUA9 (liquid vaporizer)” A4 (Figure 1) daanIe
el uuwnasmann3e (heat source) GNELNAIIN
v v 4 4
saulinululnsiauivaniinaluiasesssiue
2991189 U&1 an1AasAguuniniasauniali
ANTUlueIN AL RN AUFALasnaneL Tl

AT AL Pt P I E R BN L TN IV ot

Ice
Frosting

Liquid
Nitrogen
Tank

Vaporizer

Figure 1 Nitrogen vaporization system.
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Figure 2 Schematic diagram of the dairy production process.
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Figure 9 Pressure — enthalpy diagram of refrigerant.
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