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a b s t r a c t

This paper carried out a review study into the brick wall cooler storage system (zero energy storage) in
terms of its originality, current status, research and implementation achievement, benefit and possible
barriers. The continuous progress in technology innovation, heat and mass exchanger of the brick wall
cooler storage system now varied from sand–zeolite mixture, volcanic plate made wall, natural
ventilation for releasing excess inside relative humidity, optimization of watering operation to save
water and successful integration of the solar-driven adsorption cooling system with brick wall cooler
storage system enhanced the cooling performance over those the decade ago by increasing the shelf-life
of the stored fruit and vegetables. This review work indicated that the brick wall cooler storage system
has potential to be an alternative to conventional electric powered expensive cooling storage for fruit
and vegetables in the rural areas of the developing world. Future success on the dissemination of brick
wall cooler storage system towards farmer's community may imply on more study on newer type of low
cost heat exchanger material; further study on its economic, environment and social impacts; low cost
postharvest treatment and packaging for brick wall cooler storage system; extensive farmers awareness
and other dissemination measures; and public awareness and other dissemination measures.

& 2015 Elsevier Ltd. All rights reserved.
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Nomenclature

q weight of vapor transmitted through a unit area in
unit time

P vapor pressure, kPa
x distance along the flow path, mm
W total weight of vapor transmitted, g
A area of cross-section of flow path, m2

ΔP partial pressure difference between ends flow
path, kPa

L thickness of the evaporative medium, m
M permeance in g h�1 m�2 per vapor difference, kPa
Ma mass of moist air, kg
Va velocity of air, m s�1

Wo humidity ratio of the air, kg of water kg of dry air�1

PA effective evaporative medium surface area (m2)
expressed as PA ¼ AT UPE

AT total evaporative medium surface area, m2

PE evaporative medium efficiency (considered as the
porosity of the material)

Ps porosity of the evaporative medium, in decimal
ha enthalpy of moist air, kJ kg�1

To outside air temperature, 1C
Cv specific heat capacity of water vapor, kJ kg�1 1C
hc changes in enthalpy of the air with the respect to the

change in evaporative medium thickness dPT
dT
dPT

change in the temperature of the air passing through
the evaporative medium thickness dPT

Q rate of heat transfer from the air the evaporative
medium, kJ s�1

h1 the convective heat transfer coefficient, kJ m�2 1C�1

Ts temperature of the air passing through the evapora-
tive medium, 1C

Ca specific heat capacity of the air, kJ kg�1 1C�1

MT mass of water evaporated by the air from the evapo-
rated medium, kg s�1

hD mass transfer coefficient, m s�1

Ho concentration of water vapor in the outside free
stream, kg m�3

Hp concentration of water vapor in the boundary layer of
the evaporative medium, kg m�3

Pvs saturation vapor pressure at the wet-bulb tempera-
ture, kg m�2

Pva partial vapor pressure of the water vapor in the
unsaturated air stream, kg m�2

Mw molecular weight of water
Ro universal gas constant, 8315 kJ kg�1 K�1 mol
Tabs absolute temperature, calculated as the average tem-

perature between the dry bulb and wet bulb, K
Qw heat required to evaporate the water from the eva-

poration medium, kJ
hfg heat of vaporization, kJ kg�1

T1(db) dry-bulb of the ambient temperature, 1C

T2(db) dry-bulb temperature of air inside the evaporative
medium, 1C

T1(wb) wet-bulb temperature of the ambient temperature, 1C
Qr respiration heat load of the stored fruit and vegeta-

bles, W h�1

Mp mass of fruit and vegetables, kg
Pre rate of respiration heat production, W kg�1 h�1

Qf field heat picked up by fruit and vegetables, W
Mp mass of fruit and vegetables, kg
Cp specific heat capacity, kJ K�1 1C�1

tc cooling time (s) for fruit, h
ΔT change in temperature, 1C
QL heat transfer through cracks and opening of the

storage cover, W
QA�B heat supplied to heat activated carbon and methanol

from point A to point B, 1C
Cac and Cr heat capacities of activated carbon and methanol
Mac and MrA masses of activated carbon and methanol

adsorbed (MrA ¼ xA UMac), kg
Tcon and Tgen temperature of activated carbon and methanol-

activated carbon temperature at points A and B, 1C
QB�C heat supplied to heat activated carbon and methanol,

leading to desorption, 1C
Mr average mass of methanol, which can be calculated

approximately using Mr ¼ MrBþMrC
� �

=2
Tgen and Tmax temperature of points B and C, 1C
Δx concentrated variation that is calculated by

Δx¼ xB�xC
Hd desorption heat constant for a given pair, kJ kg�1

QC�D heat removed from the activated carbon and methanol
by an external cooling source, 1C

Tmax and Tads activated carbon temperature at points C and
D, 1C

Qr cooling output, kJ
Lo latent vaporization of methanol (treated as a constant

in ideal case analysis), kJ kg�1

ΔMr mass of liquid methanol that equates to ðMrB�MrCÞ
Tcon and Tev condensing and evaporating temperature, 1C
COPs solar coefficient of performance
I total amount of heat input absorbed by the solar

collector, MJ
Mice total amount of ice production, kg cycle�1

Cpw specific heat of water, kJ kg�1

Lf us latent heat of ice fusion, kJ kg�1

Cice specific heat of ice respectively, kJ kg�1 K�1

Greek symbols

μ average permeability of material, g-
mole m�2 h�1 kPa�1

Θ time of transmission, h
ρa density of air, kg m�3
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