Research title: Solar thermal energy heating of a

glasshouse using phase change material (PCM)
thermal storage techniques

e The Royal Botanic Gardens (RBG) glasshouses heating
at Kew Gardens

e Efficient and sustainable system that will save energy,
cost, reduce CO2 emission and improves plants
condition

e One of the most prospective sources of energy is direct
and indirect solar radiation



e Reap and store this huge renewable sources of
energy through thermal energy storage

e Thermal energy storage using phase change material
(PCM)

e A substance can exist in three states namely: solid,
liquid and gaseous depending on the pressure and
temperature of the storage conditions.

e Two phases are commonly used in practice, solid and
liquid
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Aim:

To design an efficient heating system that will
use zero carbon emission energy to heat the
tropical nursery glasshouse



Objectives of the research:

o To store enough solar energy to heat the
glasshouse using PCM thermal storage technique

O To reduce CO2 emission to zero in the glasshouse
heating

o Increase the heating system efficiency in the
glasshouse and similar types

o Eliminate or reduce the use of fossil fuel to heat
glasshouse and similar types



Objectives of the research continuation

0 Improve the temperature fluctuation in the
glasshouse by designing efficient ventilation
system

o To improve plants growth condition



Studied plants behaviour and characteristics to assist
effective design of the glasshouse

Investigate the design requirements and parameters of
glasshouse

Designed the glasshouse and determined the predicted
thermal space conditioning energy requirement

Detailed study of solar thermal collectors efficiency at
various ambient temperatures and inlet hot water
temperatures of the solar thermal system



Selection of the appropriate solar collectors that will suit
the application

Estimation of thermal energy that can be delivered by
the selected solar collectors

Calculate solar thermal energy can be passively stored
and effectively used in heating the space



Glasshouse design
e




Convection cells in gravity field
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http://upload.wikimedia.org/wikipedia/commons/f/f5/ConvectionCells.svg

Efficiency and temperature ranges for

various types of collectors

Swimming pool DHW and Absorption cooling
heating space heating and process heat
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Preliminary results

The glasshouse predicted space conditioning energy per
year is1612MWh

Delivered energy by Citrin, Agena and Thermomax
collectors per year are 785, 779 and 681KWh respectively.

Monthly space energy requirement and temperature
orofile of each zone determined

Periods where thermal energy can be stored passively was
determined
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Space conditioning energy requirements for zone categories
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FlatICE PCM solution types




¢ Heat from other solar collectors

Solar

€

l/ collector

= r

PCM
storage
40°C

storage
35°C

Pump

Storage tank

HX

_-+7

>

Glasshouse

PCM passive heating panel

Humidity control hot waterspray

LA

i

i
la

PCV 25°C
i

e ¥ 2
EE' g, E
i o -
:'!l-l- E ='=Ii|
R T Y
2 e ' 8 o Lo
=Kl =
7 G
el e
P (T

L




¢ Heat from othersolar collectors

Solar

< |

1/ collector

i

35°C

a0=c

PCM
storage
32°C

storage
2T°C

V5D Pump

Black heating pipes

o0 00e

Humidity control hot waterspray

LN

[Z4XY

21°C

Glasshouse

74

O




Further research work to be done

o Calculate the amount of energy that can be stored in
the PCM filled heating panels

o Calculate the amount of energy that can be absorbed
by the black heating pipes

° How much energy can be generated by the passive
systems

o How much energy will be required by the active
systems

0 Which of the two proposed systems is technically and
economically viable



