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Abstract

The world is currently confronted with challenges of energy crisis and global warming. To address

these serious problems, renewable energy is one of the major options. Salar energy along with biomass

utiiization is a win-win solution. This paper reports on the experimental study of a solar-biomass hybrid air

conditioning system. The study aims at developing a fully renewable energy based air conditioning

system and assessing the feasibility of this new hybrid system. The experimental data demonstrates that

when the chiller was operated at about 75% of chiller nominal capacity its coefficient of performance was

about 0.6 To compare the performance of solar cooling system with different driving energy sources, the

experimental results of three modes of operation, with the same operating parameters and almost the

same weather conditions, were compared. The comparative study results show that tl.e proposed system

can be operated with higher reliability and performance compared to the conventional systems which

operate with and without auxiliary heater. Therefore, application of a solar-biomass wybrid air conditioning

system is promising in tropical locations.

Keywords: Solar; Absorption; Biomass; Cooling; Hybrid.

1. Introduction

The global warming probiem is strongly
affecting all lives on earth. The main greenhouse
gas, CO, Iis generated fram combustion
processes. Air conditioners consume about 70%
of the building's electricity consumption [1]. Te
address the environmental problems caused by
the use of fossil fuel and chiorefluorocarbons,
the development of an environmental-friendly
rensawable based cooling system become

important.

The use of solar energy for cooling
purpose is attractive because the cooling load is
roughly in phase with solar energy availability
and it uses the environmental friendly refrigerant.
Currently, solar energy based air-conditioning
systems’ are available [2,3]. However, solar
energy is mtermittent, and sc an auxiliary heat
source becomes inevitable. Furthermors, the
weakness of a solar {solely) absorption cooling
systems is that it can be used only during day
time. There are few experimental studies on

such systems [3] and [5]. Syed et.al {3] reported
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Fig. 1 Schematic diagram of the solar-biomass hybrid absorption cooling system

when the solar radiation is not available.
Because of its intermittent working conditions,
this kind of gasifier boiler is proposed to ulilize
the available biomass resources. The automatic
gasifier boiler is conirolled by controller and
supplies hot water for chiller machine.

The cooling is provided by a single-
effect LiBr-H,O absorption chilier. Heat from
solar collector or from biomass-boiler evaporates
the water in the generator of the absorption
chiller. This is led to the condenser, where it
rejects heat to the ambient and condenses. This
is taken to the evaporator ({through the
expansion valve), where it receives heat from
the space to be cooled and evaporates. The
evaporated refrigerant (water} is absorbed by the
weak selution in the absorber (from the
generator). The absorption process also
releases heat to the ambient, and the solution,
now rich in water {strong soiution) is taken to the
generator by a pump) to complete the cycle.

The heat required for its generator is drawn from

hot water pumped from a storage tank fed by
the solar collectors  andfor  sometimes
boostedffed by biomass boiler. The condenser
and absorber of chiller are cooled by cooling
water pumped through a cooling tower. The
chilled water produced from evapeorator s
pumped for cooling proposes.

The experimental SBAC system was
installed at the Asian Institute of Technology
{AIT), Bangkok. This system consists of an
existing 26 flat plate collector field with total area
of about 49 mi, a hot water storage tank of 0.4
m and a 7 kW single-effect LiBr-water
absorption chiller.

3. Instrumentation and Data Acquisition

To carry out the study of the
performance evaluation of the SBAC system,
measurements of temperatures, flow rates,
electricity and solar insolation were carried out.
A data logger (Campbell Scientific Inc. model
CR-10X) eguipped with multiplexer {solid-state

type AMZ5T) were used to record temperature



with type-K thermocouples installed at different
locations and solar insolation data  were
measured at the metearological station. These
data were recorded every five-minute intervals.
The others data were manually measured and
recorded every half an hour.

4. Experimental Procedure

The experimental studies consisted of
three modes of operation: A) solar cooling
system with electrical auxiliary boiler, B) solar-
biomass hybrid cooling system, and C} solar
solely cooling system. Mode A) and C) of
experiments were done aims at estimating
performance of the system as base cases. The
quasi-steady  state  condition for  each
experimental result was defined with the criteria
that all variation between time steps of each
measured parameters rmust be less than 10% for
all measuring parameters over a period of 30
minutes or longer. The data during the quasi-
steady state conditions will be chosen and used
for the performance analysis.

The SWH and BGB systems were
started at about 8:00. The water flow rate of
collector, generator, cooling tower and chilled
water pumps were set at 1,200, 1,500, 5400
and 900 kgfhr, respectively. To  prevent
crystallization, the chiller was started later when
the boiler temperature was higher than 70 G
The BGB was switched OFF whenever the
average tank temperature reached 84 °C and
switched ON whenever this temperature is lower
than 80 °C. When the BGB is switched on, the
hot water temperature was controlled at the set
point temperature of 84 °C. When the

temperature difference between the coliestor
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oullet and average tank temperawre was less
thar 2 °C, the collector pump was switched off.
5. Results and Discussion

The SBAC system was tested during 3
ta 30 September 2010 The experimental data of
system  components and overall system
performances during a partly cloudy day (16 Sep
2010) are demonstrated as an example. An
averview of measured temperatures and quasi-
steady state periods during this experimental
day are shown in Fig. 2. The other experimental
days were used for the daily average

performance analysis.
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Fig. 2 Temperature profiles and guasi-steady state

periods of an example day

As shown in Fig. 2, the BGB was
operated in three periods: 8:00 to 10:40 (B,
10:50 to 11:30 (Bll) and 15:10 to 18:00 (Bl) and
for rest, the chiller was energized by solar
energy. Considering the quasi-steady state
condition criteria, there are three periocds of
quasi-steady state condition: running on salar
from 11:25 to 12:10 (S1}. running on solar from
1310 to 14:10 (S2) and running on biomass
from 1550 to 17:10 (B3). The performances of

the components and overall system are
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described using these quasi-steady state
period's data.

To analyze the transient energy balance
of each component and ovsrall system during
the experimental day, the energy transfer {in MJ)
of each 5-minute interval was determined. The
daily average or quasi-steady state energy
balance results can be used for peinting out the
amount of energy at each direction. The overall
system performance/efficiency can be directly
improved using this result, especially reducing
the major losses of the culprit components.

5.1 Weather Condition during the Experiment

Fig. 3 shows the solar insolation and
ambient temperature of the experimental day.
The maximum insolation of this partly cloudy day
is about 1,000 W;‘m2 and the daily radiation
incident on the tited collector is ahout 18
MJ!mEday. The ambient temperature varied in

the range of 25 to 35 °C.
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Fig. 3 Solar insolation and ambient temperature

of the experimental day {16 Sep 10}

5.2 System Performance
The energy balance of the SBAC
system can be described as shown in Fig. 4 and

determined using Eq. (1).

Gr+ Qpm + lev = Ure + aUsys +Q; (M
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Fig. 4 Energy balance of SBAC system

Fig. 5 shows the energy transfer of each
5-minute interval of the overall system. The
average values during each quasi-steady state
condition are summarized as shown in Table 1.
When the system was operated on solar energy
(S2, 12:10 to 14:10), the average solar energy
input was about 13 MJ. Due to its very large
surface loss and fluid loss during long water
circulation loop, the total energy loss is high, and
the average value is 10.24 MJ or about 7B.5%
of solar input energy. The system energy loss,
when it was energized by BGB, was 4.56 MJ or

about 72% of biomass input anergy.
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Figg. 5 Energy balance of SBAC system

Table. 1 Average values of energy transfer (in

MJ} during each quasi-steady state condition
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Fig. 6 shows the chiller cosfficient of

performance (COP) and the overall system
coefficient of performance (COP,,) calculated
using Egs. (2} and (3), respectively, where O_QE.
is generator heat rate, A, is collector area, Wiy,
is biomass consumption rate and LHVgy Is
biomass heating value. Since the chilled water
was produced at arcund 10:10 (about 1.40 hr
from the start), both COP and COP,, values
were higher than zero at this time. Ouring quasi-

steady state conditions, the COP,_,. varied in the

Sy

range 045 to 0864 and 015 to 033
respectively. The average value of COP is 0.53.

CopP = Qeu/oge (2)

COPyys = Qou/(GrA + thpy LHVgy)  (3)
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Fig. 6 Chiller and overall system coefficient of

performance

6. Comparison Study

To know how the proposed system
performance compares with the conventional
system, a comparison between the proposed
system performance and the conventional
systems: with electrical AUH and without
auxiliary heat source, will be discussed. In
addition, the imporlant performance indicators
between the proposed and the literature will also

be compared.
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- Comparison to the convenfional systems

The performance of the proposed
system was compared to the conventional
modes of operation. The daily average
performances of two conventional systems, with
electrical auxiliary heater and without auxitiary
heat source {as mentioned in section 4}, were
compared with  the proposed system
performance. Mode B) represents the proposed
system and the others stand for the conventional
system. These results were chosen with the
criteria that each mode must be tested under
almost the same operation time period and solar
insolation.

The solar insolation of mode A), B} and
C) are 145 (3 Sep 10}, 146 (4 Sep 10) and
14.32 MJ!m2,day {26 Sep 10}, respectively. In
case of mode A), a 20 kW slectrical boiler was
used as an auxiliary heater. Because it has a
high capacity and small volurne, the supplied hot
water can be rapidly heated to the sef point
temperature. With its sufficient power, the chiller
can quickly generate chilled water and the hot
water can be controlled within very smail
fluctuations. However, its electrical consumption
is about 34.3 kWh (only for heater eleciricity
consumption).

in case of mode B), a 29.3 kW gasifier
was operated together with a 80 | boiler. The hot
water cannot be rapidly reached the set point
temperature; it requires about 1.5 hours for
heating. In case of mode C), with this 0.4 m’
storage tank, the chilled water was produced
only at 12:50 and the minimum chilled water
temperature was only about 18 °C. For such
system, its performance directly depends on

solar energy source, and then the control
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strategy with suitable tank size is important. evaporator are almost the same then the COF of
However, this system cannot be used when mode B} is higher than mode A). The daily
there are not enough or fluctuating solar energy, average overall system  coefficents  of
especially in rainy season, and at night time, performances of each made are 0.18, 0.10 and

The experimental results of three 0.09, respectively. With almost the same solar
operation modes are summarized in Table 2. radiation, As the efficiency of the BGB is lower
The results show that the solar cooling with than electrical boiler, the COP,,, of mode A} is
auxiliary heat source (mode A} and B)) can be higher than mode B).

used with higher reliability, means that it can be ; ;
- Comparison to previous works

rated for longer cooling period, lo hi ;
BRETa g gp  lower chilled The comparison between the

water and room temperatures. I reguires ; ; .
P 4 experimental performance obtained from this

ifi t f ab 34 . :
A Suxiliaid tiest Ensigy. B amt R o study and those obtained from the literature (as

lectri ater or about 20 kK . . C :
alectiical he H288 8 eiieharsee] foy shown in Table 3) are discussed in this section.

hiomass boiler. Starting period {system is started Table 3 shows the data of 9

ntil it enerates the chilled . .
tml iteah 3 ERllERER e RS experimental  studies from the literature

heating power of auxiliary heater. . . pe i
onAne & REM oy ineater e concerning sofar air conditioning systems. To

bigger auxiliary heater size, the shorer starting compare the performance, the systems which

iod can be obtained, and it will be .
PRHE I ’ operated have comparable {almost same} chiller and

fth  higher ener consumpti . ) .
Wk gner 9y plian: &Y, losges. collector type and size and configuration, were

With biomass auxiliary heat source, the cooling T —

quality can be obtained as well as the electricity According to the available data of

heat source, the same average chilled water and .
collector type and area and use for a small size

t 1 . F | i i
oo lemperdivres. For wolar saldly fades Jis chiller (smaller than 10 kW), the study of [119] is

0oli iod is twice | th -
oooling period ower than the others the most similar to the current study {(all hot

msdes with verylowtoeing gualty. water loop can be mixed at the tank) while the

The experimental results also show that others: 31, 32, 133, 134], use the plate heat

th il avera i ici
¢ el 9e  chiler coefficient  of exchanger between collector and tank water.

f
pemanmenee! of Mace; &) 8] and: G aresiies: Wwhile [31] and [135] use 35 kW absorption

T7 .64, tively. :
0:7r and Q.64 respecivaly. Qs ‘the ‘generalor chiller, the others use about 4.5 KW with smaller

supplied heat at the starting period of mode B) collector area

is lower than mode A}, their absorbed heat at

Table. 2 Experimental results of three operation modes {unit: MJ/day)

T
Dty Daity Daly | Daly Daily Daity Lraily Dty ! Daily Daily Daily Jaily | Dary ave Daily ave
Sl B a G | | o | o | Gm @ G | 9 |GoguiQues| tOP | COPR,
04 ?1(, 45 | 12240 | BYGBE | 64279 | 7557 | 500D .05 ncn 23715 | 15341 | Ged.03 | 2702 08 i 0w
4n3 [ 71523 | S0BBA | 10262 | 8116y | 2881 T3 274 | 21512 | CBYST [ 1207R L 24173 | 3G.ES [ [IRR
2609 | 70458 .00 208,87 | 45271 | SB.5E | 11030 0G0 0.0 96 &6 81.57 114.4° 4384 G.RA C.0%

Nowe: These days, the systern was operated with almos) the same G- and operalng time, B.082, 875 and 866 nr, respeciively,
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Among these comparable systems, the
comparison results show that, with biomass
gasifier-boiler as auxiliary heat source, the
proposed system outperforms the others, in
terms of both chiller and overall system
coefficient of performance.
7. Conclusion

The performance of a solar biomass
hybrid air conditioning system was evaluated by
an experimental study. The experimental system
was tested for three modes of operation:
conventional solar cooling with electrical heater,
proposed system and solar solely system. The
experimental results show that the developed
solar-biomass hybrid absorplion cocling system
is promising. The experimental data demonstrate
that the system was operated at about 75% of
nominal capacity a COP about 0.6 was
achieved. The results show that the proposed
system can be operated with higher reliability
than the conventional salar solely cooling
system. However it can not be used when there
are not enough or fluctuating solar energy,
especially in rainy season, and at night time.
Finally, the results show that the average COP
and COP,,. of the proposed system outperform
the conventional systems.
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