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Performance Evaluation of Sotar Home Systems in Hot Climate Condition:

mc-Si PWM versus a-Si MPPT Charge Controller System

Wuthipong Suponthana1'*, Nipon Ketjoy2, Wattanapong Rakwichian
'PhD Candidate, School of Renewable Energy Technology, Naresuan University
"Leonics Co., Ltd. Bangkok Thaitand
2SChool of Renewable Energy Technology {SERT), Naresuan University,

Abstract

In solar electrification systemn charger controller is one the balance of system (BOS) equipments
that has major impact to the performance of the system especially in small system like Solar Home System
{8HS). Thailand's mega-project 200,000 SHS's consist of two types of PV module assemblied or made in
Thailand, multi-crystalline silicon PV {mc-5i) and amorphous silicon PV (a-Si), which use different type of
charge controlier. The system with mui:i-crysiélline siticon {me-Si) PV module use PWM or On-Off charger
controller while amorphous  sllicon (a-Sf} PV module use DC-DC converter or DC-DC converter with
maximum power point tracker (MPPT) charge controller. The energy yield performance of these two systems
could be different which make the daily energy produced to be consumed by user of these system are
different. The over consume of energy in SHS users lead to system unbalanced and system fail finally. in
ithis paper two SHS's, mc-Si PV module with PWM charger controller and a-Si PV module with MPPT
charge controller are set up in Bangkok with other BOS equipment which consisted of deep cycle battery,
modify 'sine wave inverter and resistive load, to evaluate energy yield perforrnance of two type of SHS'S in
hot climate condition such as Thailand.l
Conclusion '

The a-Si PV module with MPPT charger controller system can produce higher energy per W, of
instaliation power than mc-Si PV module with PWM charger controller system installed at same location in
hot climate condition where ambient temperature is high. Due to some losses in BOS components which is
used by a-Si system which are loss in MPPT charger controller, loss in battery charging and discharging
and loss in inverter the output energy per installed W, deliver o load from both system are almost same. To
increase opportunity to get higher energy vield to foad from a-Si PV module system the loss fromm MPPT
charge controller which major loss is created by DC to DC converter part in the charger should be reduced.
This loss is higher when the different between input voltage received from PV and nominal battery of the
system is wider. To reduce this loss and increase efficiency for gain higher benefit from MPPT algorithm the
loss on DC to DC converter part should be reduced by narrow down the different between V from PV and
the nominal battery voltage which can be done by selecting a-Si PV module with fower V) or make lower
PV output system voltage or increasé system battery vollage. -

The percentage of difference between energy yield of PV systems with a-Si and mec-Si PV is
reduced when systems are installed and operate in longer time which indicate some value of the
degradation of energy production of different type of PV module. The result show non stable of energy
reduction on the tested systems form a-Si PV system higher than mc-Si PV system which could not used to
make clear conclusion and the monitored and recorded should be done for at least two years after

installation for final result.
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Rapid Drying of Ceramic and Efficient Food Processing with a Continuous

Microwave Belt Furnace

5. Kasuriya® and D. Along

National Metal and Materials Technology Center

Abstract

Microwave heating has been widely applied in various applications. Generally,
microwave technique is known as food preparation in house. More useful applications are
drying of dielectric materials in rubber, ceramic, and food industries and sintering of advance
composite materials. This work aimed at verifying the feasibility of drying various ceramic
products and baking breads by applying microwave energy. The experiments were conducted
using an 11.2 KW, 2.45GHz continuous microwave belt furnace, The effect of the irradiation
time, microwave power, ditection of transmitted wave, and sample size are studied. The
results suggested that microwave heating sj(stem offered several advantageé over
conventional heating. Preliminary indication was that order of magnitude reduction in drying
time was achieved. Furthermore, improvement in a product quality appeared to be possible
because of the ability of microwave heating to minimize the amount of convective surface
heating. Implementation of this drying process would greally impact the manufacturing
process in Thailand, reducing enérgy consumption, in-process inventory, factory space and

laber requirements.

Conclusion

Application of microwave energy in drying and heating is not new. What seems to be
new is the increased acceptance of non-cooking application of microwave energy by industry
and the increased dissemination of such knowledge. This research demonstrated the
technical feasibility of microwave technology applied in drying process of food and ceramic
industrials using a continuous belt furnace. Utilization of microwaves accelerates the drying
process, consequently reducing processing time, and production costs. Reduction in drying
time translates directly into a lower in-process inventory of drying/baking pieces needed to
satisfy production demands. Less faclory space is a consequence of smaller in-process
inventory. These reductions in processing time, inventory, and space requirements can be
used to increase manufacturing capacity and reduce labor requirements. Moreover,
microwave drying process is a clean technology that would be suitable to operate in many

kinds of industries in Thailand, especially export industry of the agricultural transformed
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products. Microwave drying can be an aiternative choice for solar drying when the available
drying condition is not suitable, eg. High humidity.

However, high temperature microwave processing can have a detrimental effect on product
quality parameters, such as color and texture. Thus, careful control of process conditions is needed
in order to avoid over heating or stress relief cracking. Laboratory testing is continuing in order to
further optimize the microwave conditions and to extend them o the drying of other materials.
Successful of this work is expected to lead to pilof plant testing followed by a full scale microwave
dryer installation. Nevertheless, a paramount faclor in the decision to adopt a microwave drying
method is energy cost. No doubt future research to assess the relative costs for microwave drying

versus other options is needed to provide an answer,
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Solar Cooling Economic and Behavioral Analysis Tool

Nipon Ketjoy1’* and Ming-Jay Shiao
' Schoot of Renewable Energy Technology, Naresuan University,

2Department of Electrical and Computer Engineering University of Delaware in Newark, DE, U.5.A

Abstract

This paper presents the Solar Cooling Economic and Behavioral Analysis Tool (SCEBAT)
which was developed in a Visual Basic 6.0 environment to assist system designers o evaluate
potential cooling system setups. SCEBAT's interface and inlernal structure is loasely based off of the
Rural Electrification Simulation (RES) software developed by School of Renewable Energy
Technology (SERT); the RES tool assists researchers in medeling many common rural electrification
system types. The SCEBAT’s algorithms are based off of direct epergy transfer rather than complex
thermodynamics. SCEBAT modets the behavior of a solar cooling system on an hourly basis. The
hourly values are derived from monthly average daily values-the average total day value for each
month. The model is accurate as long as the user is‘-willing to assume that the pumps and other

absent features are functioning flawlessly.

Conclusion

The goal of this project was to analyze the technical behavior of the Absorption Chiller-
based solar cooling system tc be installed at the SERT Energy Park at Naresuan University in
Phitasnulok, Thailand. The cooling syétem will be the first research system of its kind in Thailand.
SERT has designed the cooling system with a goal that 70% of its daily energy demand will be
supplied by the installed solar collector array. Another understood goa! is to analyze the economic
feasibility of the system.

In terms of technical feasibility, the solar cooling system- shows great promise. The
particular installation specifications at the SERT Energy Park wilt not provide the 70% goal.
However, ihis study has shown that a few modifications and considerations could easily surpass the
70% goal. The most significant modification is a change in the collector manufacturer. Also, a south-
facing and an increased solar collector array size would help increase the solar fraction but the
difficulty in selting up these modifications on the testing building eliminates their feasibility. Another
suggestion that was not explored in this study is modifying the building's insulation in an effort to
reduce the room'’s cooling load. '

Overall, solar cooling systems look to be quite promising both technically. Hopefully SERT's
Energy Park solar-thermal cooling system will operate as successfully as SCEBAT's simulation
indicates. The success of the Energy Park system would he a giant step in the proliferation of

renewable energy systems.
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Solar Flux Distribution on a Cylindrical Receiver Surface

of a Central Receiver System
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Abstract

This work calculated the solar flux density distribution on a central receiver, The system
consists of 5,844 heliostats encircling the receiver. The aim point of all heliostats is the center of
cylinder and the height is 10 m above the ground. The separation of variable and superposition
technique is used to determine the flux density distribution on the image plane. Al distributions are
transferred from the plane onto the cylindrical surface via two-stage projection. The peak of solar flux
gensity is less than 13 suns from 36 rings of heliostats. With a single aim-point strategy of mirror
focusing, the flux distributions spread over the cylindrical surface which is not suitable for a high
temperature application. It is necessary to resort o multiple aiming strategies by changing the aim
point from the center of cylinder to surface ring of cylinder. The solar flux density can be further

increased 1o 60 suns by using muitiple aim points.

Conclusion

The flux density distribution is calculated by superposition technique. The result of a single
heliostat is that a peak locates ét the central area of the distribution and it falls to zero at the
boundaries. The flux density distr.ibution depends on distance from heliostat to receiver. As the
mirror is moved further away from the receiver the distribution spread out and the shape changes
from a rectangie to smooth curve. The whole system is simulated by summation of flux density
distribution from 5,844 mirrors placed into 36 circles around the fower. The tower heightis 10 m and
cylindrical receiver situated on top the tower. With a single aim-point strategy, the distributions
spread over the cylindrical surface with maximum flux dimensionless less than the number of the
heliostat rings. With multiple aiming point strategies, by changing aim point from the center of

cylinder to surface of the cylinder, the solar flux density can be further increased up to 60 suns.
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THE FUNDAMENTAL STUDY ON THE CHARACTERISTICS
OF PALM DIESEL SPRAY COMBUSTION

Mr.Karn Romphol, Kanit Wattanavichien and Akihiko Azetsu
Department of Mechanical Engineering, CHULALONGKORN UNIVERSITY and

Department of Mechanical Engineering, School of Engineering, TOKAI UNIVERSITY

Abstract

The study on the characleristics of palm diesel fuel spray combustion were conducted in a
constant volume combustion chamber. With the fixed experimental conditions such as ambient pressure and
injection events, the effects of refined palm blending percentage with diesel and injection pressure on spray
combustion and flame structure were investigated using photo diode and 1CCD camera. Two-color method
was employed to measure combustion flame temperature and KL factors.

It was found that the higher the percentage of palm in the blend, the shorter the ignition delay and
the shorter combustion period compared with diesel fuel. High temperature combustion area (over 2400 K)
of palm diesel was also smalier than diesel. The amount 6f soot at the start of combustion was a little bit
higher than diesel howeavar it became almost equivalent level at later stage of combustion. The results from
fuel spray image, with 80%palm blended shown that spray penetration and spray angle were shorter and

smaller than dieset fuel.

Conciusions

1 The effect on palm biending percentage on combustion characteristic

a) The higher the percentage of palm blend, the shorter the ignition delay and the combustion
period.

b) Flame area and high temperature area aver 2400 K of palm diesel 60% is smaller than diesel at
injection pressure of 80 MPa but with increased injection preséure to 100 MPa, the area
became larger and approached to the size of diesel. '

c) The temperature histogram of palm diesel has shown the lower combustion temperature
compared with diesel. Al lower injection pressure this difference becomes larger.

d) KL factor of palm diesel is higher than diesel. It could be concluded that paim diesel may have
higher soot compared to diesel fuel. However, in the case of palm 100%, the soot is very low.

2 The effect on spray characteristics with high percentage palm diesel blended.

a) Spray angle was decreased with ‘the high percentage palm diesel, however the difference
becomes smaller at higher injection pressure.

b) At the same injection pressure, the spray tip penetration and spray volume of paim diesel 80%

was shorter than diesel.
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THE STUDY ON THE SPRAY COMBUSTION CHARACTERISTICS
OF 10 % CRUDE PALM OIL BLENDED WITH DIESEL

Mr.Karn Romphal, Kanit Wattanavichien”

Department of Mechanical Engineering, CHULALONGKORN UNIVERSITY

Abstract

The study on the spray combustion characteristics of 10%CPO blended with diesel fuel
were conducted in a constant volume combustion chamber. With the fixed experimental conditions
such as spray ambienl pressure and injection events, the effects of 10%CPQ diesel at the injection
line pressure of 100MPa on spray combustion and flame structure were investigated using photo
dicde and ICCD camera. Two-color method was also ‘employed to predict combustion flame
temperatures and K\ factors.

It was found that diesel blending with 10%CPO has shorter ignition delay and shorter
combustion period compared with conventional diesel fuel. High temperature combustion area {over
2400 K) of 10%CPO diesel was also smaller than diesel, especially at the end of the combustion
period. However, the amount of soot and soot concentration effected by this blending percentage

were not significantly shown.

Conciusions

The effects of 10%CPO diesel at injection pressure of 100 MPa on spray combustion and
flame structure were also investigated. It was found that diesel blending with 10%CPO has shorter
ignition delay and shorter combustion pericd compared with conventional diesel fuel. High
temperature combustion area (over 2400 K) of 10%CPO diesel was also smaller than diesel,
especially at the end of the combustion period. The amount of soot and soot concentration affected

by this blending percentage may not be significantly different from the diesel fuel.
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Vaporization of LPG by ambient air

Panadda Phu-akat, Suvit Tia and Bunyaphat Suphanit
Chemical Engineering Department, King Mongkut's University of Technology Thonburi

Abstract

This research aims to obtain thermal design equations to be used in sizing the ambient
LPG vaporizer for industrial use. The heat transfer coefficients of LPG during vaporization and
ambient air were studied in the laboralory-scale testing unit. Firstly, the boiling heat transfer
coefficient of LPG inside a vertical tube with an outer diameter of 25.4 mm and 4m long in the
double pipe heat exchanger was investigated. The range of heat flux is between 500-3500 W/mz,
and the mass flow rate of LPG was up to 50 kg/hr and its propane composition was 20-60%mol.
The boiling experimental data showed that the Mishra correlation provided the lowest absolute
average deviation of 13.61%. in the second experiment, the heat transfer coefficient of ambient air
was investigated. The proper correlation for boiling heat transfer coefficient of LPG was used to
determine the ambient air heal transfer coefficient, which was found to be higher than the
conventional natural convection due to the condensation of moisture from the air on the heating

suface.

Conclusion

- In present study, the boiling heat transfer coefficient of LPG and ambient air had been
studied for designing the ambient air LPG vaporizer. The experimental results showed that the
bolling heat transfer coefficient correlation by Mishra{4] provided the suitable approximation of boiling
heat transfer of LPG. The study of ambient air heat transfer showed that the heat transfer coefficient
of ambient air was higher than the conventional natural convection due to the condensation of
moisture from the air onto the tube surface. The heat transfer coefficient of ambient air including the

condensing effect was introduced.
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10 | 74 | 28 | 328 | 077 | 220 | 110 50 | 625
20 | 74 | 248 | 328 | 077 | 220 | 110 50 | 625
30 | 71 | 248 | 328 | 077 | 220 | 110 50 | 625
a0 | 74 | 248 | 328 | o077 | 218 110 50 | 625
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Conclusions

Two pairs of biomass viz. rice husk-water hyacinth and bagasse-rice straw were densified,
using cassava starch as a binder, into cylindrical briquettes. Effect of the mixing ratio on density,
ultimate stress, toughness, CO content, and flue gas temperature was proposed. The mixing ratio
was found to significantly affect the compressive characteristics. Ultimate stress and toughness were
reporied at 35-263 kN/m” and 3-16 kN/m” respectively. Densities of the briquettes produced were
found to be in the range of 185-223 kg/ma. The combustion test showed that the rice husk-water
hyacinth briquette with the mixing ratio of 60:40 provided the highest flue gas temperature. CO

contents emitted for all experiments were in the acceptable level.
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Rescaling the Energy Label No.5: 2006 version in Thailand

Srinual Soksod and Panu Suwicharcherdchoo

Appliances Efficiency Improvement Project, Demand Side Implementation Division, EGAT

Abstract

For over a decade, EGAT, through its Demand Side Management Programs (DSM), has played
a leading role in the management of the electricity consumption in all key sectors including residential,
commercial, and industrial sectors while educating the energy conservation awareness and efficient
energy utilization concepts to the public and particularly young generations. The implementation of the
BSM Programs has highly succeeded and well surpassed the set target.

EGAT has continuously pursued the participation in conservation program featuring No.5-
labelling campaigns on several energy efficient appliances including compact fluorescent lamps,
refrigerators, air conditioners, ballasts, and elechic fans. In 2004, No.5-labelling campaigns were also
extended to other kinds of appliances. A new Energy Saving Electric Rice Cooker Program was unveiled
on July 29, 2004. In addition, EGAT also signed an agreement with the lHluminating Engineering
Association of Thailand for the energy efficiency improvement of new models of luminaries, new products
to be added into the No.5-labelled appliances.

in 2006, the Depariment of Alternative Energy Development and Efficiency {DEDE), the Ministry
of Energy and EGAT Plc. will launch the Program of Rescaling the Energy Label No.5 for room air
conditioning system and refrigerator, first. it should reduce the electricity peak demand by 5-10 per cent
and should reduce the energy demand by 5 per cent for the whole country. The Ministry of Energy and
EGAT Ple. jointly take responsibility for the rescaling scheme in 2006. For another product such as an
glectric fan, a rice cooker, a compact fluorescent lamp etc., there will be a minor change in Energy Label
No.5. Rescaling the energy label is the policy of the Ministry of Energy as well as EGAT Plc. tg Improve
efficiency of the household appliances to higher level. )

In conclusion, this paper will reveal the details of how to rescale the Energy Label No.b:

2006 version in Thailand.

CONCLUSION

Next year, 2006, the Department of Alternative Energy Development and Efficiency (DEDE},
the Ministry of Energy and EGAT Pic. will launch the Program of Rescaling the Energy Label No.5
for Air-Conditioner and 1-door Refrigerator. For other products such as an electric fan, a rice cooker,

a gompact fluorescent lamp ete., there will be a minor change in Energy Label No.5.
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Water Vapor’s Roles in Global Warming

Tawit Chitsomboon

School of Mechanical Engineering, Institute of Engineering, Suranaree University of Technology

Abstract

Water vapor has been hitherte neglected in greenhouse gases budget. According to
physical law, warmer atmosphere can hold more water vapor before precipitation, which could make
the Earth even warmer. A mathematical model is presented in this paper to predict the effect of
water vapor in global warming, in addition to the well known effects of carbon dioxide. It was found
by swrprise that water vapor, both emitted from fossil-fueled power plants and evaporated from
earih’s surface is the major contributor to global warming {about 90%), though the root cause that
trigger the warming is still the rise of carbon dioxide concehtration, which contributes only 10%. The
sensilivity of the production of water vapor in relation to t-hé prod.uction of carbon dioxide is

estimated and its possible catastrophic nonlinear effect is pointed out.

Conclusion

The mathematical model proposed in this paper and the numerical estimations of the
models’ coefficients from meteorclogical data and from a psychrometric chart predicted that global
warming is caused about 80% by extraneous water vapor that can be addifionally admitted by the
warmer atmosphete, and only 10%. by carbon dioxide which is still the root cause of global warming.
A nonlinear effect is speculated which could possibly yield a much higher earth’s temperature than

the predictions of most atmospheric models that do not take into account of this non-linear effect,
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Revised Building Energy Code of Thailand: Potential Energy

and Power Demand Savings

S. Chirarattananon’ P. Chaiwiwatworakul' V. D. Hien' P. Rugkwamsuk2 and K. Kubaha'
1Energy Field of Study, Asian Institute of Technology,
?School of Energy and Materials, King Mongkut University of Technology Thonburi

Abstract

The government of Thailand legislated a law called Energy Conservation Promotion Act
(ECP Act) in 1992. A set of bye-taws identifying designated buildings (DBs) and detailing mandatory
requirements for energy conservation for DBs were enacted in 1995. An Energy Conservation
Promotion Fund (ENCON Fund) was created by the ECP Act to facilitate implementation of activities
sanctioned by the act. The ENCON Fund has been used to fund energy audits caried out by
consultants on all DBs that number around 1,800. Presently the requirements and procedures for
energy conservation in buildings, embodied in a building energy code, are under revision. The
revised code continues to adopt system performance requiréments for building envelope, lighting,
and air-conditioning. Moreover, the new code accounts for different pattems of use of DBs, provides
credit for use of solar energy, and introduces a new option of whole building energy compliance.
The formulation of overall thermal transfer value enables the OTTV of a building to be used,
together with performance indexes of lighting and air-conditioning systems, to estimate the annual
energy consumption of the building. The new code is intended to apply in full extent to very large
new commercial buildings only, while smaller new buildings will be subjected only to envelope
performance requirements. As a part of the effort to convince building developers, the public, and
the relevant authorities on the potential benefits of the code, the authors develop building models
from data obtained from energy audit reports to calculate energy and power demand savings of
different categories ‘of commercial buildings. The resuits are then used to estimate savings on
energy and electric power demand from future new buildings, whose expected energy and power
demand figures are taken from the report of the Load Forecast Working Group, a panel tasked to

forecast future electric load for Thaitand power system development.

CONCLUSION

We have presented the components of the revised BEC of Thailand. We also have described
steps in the assessment and presented results from assessment of energy efficiency benefits from
implementation of the code. Two scenarios are used in the assessment. The first scenario is very
basic and conservative. The second scenatio is more optimistic. However, Information from Audit
Base 5 shows that there are still fewer very large buildings outside of Metropolitan Bangkok. The
percentages of air-conditioned areas in buildings outside Bangkok are also relatively low for most

types of buildings. Unfortunately, air-conditioning will increasingly penetrate into buildings and
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dwellings. Without serious energy conservation effort, the increasing level of energy consumption
due in part to consumption by commercial buildings can threalen our energy sustainability.

The promulgation of the ECP Act and the cotresponding bye-law together with the establishment
of the ENCON Fund gave rise to considerable expectation of systematic and progressive execution
energy conservation activities, Unfortunately we have not witnessed efforts that match our
expectations. Ten vears have passed but we might be heading back towards the situation in the
formative years in 1980s. This paper is intended to convince readers that the potential for savings is

there, but it needs earnest implementation to achieve these savings.
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