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Economic development in developing countries
requires ready access to energy as increasing
urbanisation and industrialisation both create greater
demands for energy. This situation is highly reflective
of ASEAN as these trends characterize most of the
countries in the region since 1980s. During the same
period, energy modelling systems revealed that
economic growth could be maintained in conjunction
with significantly slower growth in energy supply —
meaning both these growth can be decoupled.

Energy consumption in buildings can be considerably reduced through
integrated building design (with the co-operation of engineers, architects
and equipment suppliers) of new buildings and proper maintenance of existing
buildings. Reference should be made to the MS 1525:2001 Code of Practice
on Energy Efficiency and the Use of Renewable Energy for Non Residential
Buildings which was developed to encourage the design of new and existing
buildings so that they may be constructed, operated and maintained in a
manner that reduces the use of energy without constraining the building
function, nor the comfort or productivity of the occupants and with
appropriate regard for cost considerations. The Low Energy Office (LEO)
building of the Ministry of Energy, Water and Communications in Putrajaya
is a demonstration of the application of MS 1525 and serves as a showcase
building that exhibits readily available energy efficient and cost effective
features that can be replicated by other buildings.

Engineers should be well versed with the MS 1525 and work as a team
together with architects, contractors, interior decorators and equipment
suppliers to design energy efficient buildings not only to reduce energy
consumption but also to reduce impact on the environment caused by power
generation.

TAN SRI
President
BOARD OF ENGINEERS MALAYSIA

TO" Ir. HJ. ZAINI BIN OMAR

Editor’s Note

Engineers may have harnessed many and varied forms
of energy for the benefit of the mankind, but there are still
untamed natural energies that are yet to be fully understood.
This issue attempts to cover a wider range of these forms of
energy, such as tsunami, lighting and ocean wave, as well as
the efficient use of energy and matters of policy that, we
hope, will be of interest to our readers.

On the Engineering Nostalgia front, we are very pleased, and thankful,
to receive some collection of old photos from a Village Development Officer
in Bentong on behalf the headman of Sri Telemong village in Pahang. The
objects depicted in the photos may be simple but they certainly evoke the
atmosphere and environment of an unsettled period.

We hope you, our readers, will enjoy this issue and we look forward to
more contributions from you.

Ir. Fong Tian Yong
Editor
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Low Energy Office Building In
Putrajaya, Malaysia

By Ole Balslev-Olesen, Steve Lojuntin, CK. Tang, K.S. Kannan,
DANIDA (Danish International Development Assistance) Renewable Energy and Energy Efficiency, Malaysia.

Figure 1. East facade of the LEO Building

of Energy, Water &

Communications (MEWC) moved
to its own 17,800 m? building in the
Federal Government Administrative
Capital, Putrajaya, situated between
Kuala Lumpur and the new Kuala
Lumpur International Airport.

The Government of Malaysia
wanted their new MEWC building to
be a showcase building for energy
efficiency and low environmental
impact, and design support from the
Danish International Development
Assistance (DANIDA) programme was
requested and granted. The building
demonstrated integration of the best
energy efficiency measures, optimised
towards achieving the overall best
cost-effective solution.

I n September 2004, the Ministry

The Danish and local experts
have since January 2001, in co-
operation with Malaysian architects
and engineers, optimised the overall
design of the building and its energy
systems for minimum energy
consumption. A computerized design
tool was introduced as a key
instrument in the optimization of the
building design and the design input
of the energy systems. In August
2002 the detailed design of the
building was finalised, and the
turnkey contractor, Putra Perdana
Construction Sdn Bhd. started
construction.

An ambitious goal was set for the
energy efficiency of the building:
Energy savings of more than 50%
compared to conventional design.
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The energy saving features was
achieved at an extra construction
cost of less than 10% of the total
building costs, giving a payback time
of less than 10 years.

The cost target of maximum 10%
extra costs for the energy efficiency
measures have been confirmed
through the design and build tender.
The computer modelling using the
Energy-10 computer software has
predicted more than 50% energy
savings. A subsequent energy
monitoring follow-up programme is
in progress. The energy monitoring
during use will add vital credibility
to the predictions, that major energy
savings and environmental benefits
can be achieved in the building
sector of Malaysia.
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The new MEWC LEO building
(Figure 1) demonstrates the feasibility
of the energy efficiency measures
according to the new Malaysian
Standard MS 1525:2001 “Code of
Practice on Energy Efficiency and use
of Renewable Energy for Non-
residential Buildings” Following this
code, the LEO building must have an
energy consumption less than 135
kWh/m?year. The predictions are, that
the LEO building will have an energy
index close to 100 kWh/m?year. This
is a very good performance compared
to typical new office buildings in
Malaysia and the ASEAN region,
having an Energy Index of 200-300
kWh/m? year. The energy index is
currently being continuously
monitored.

The energy efficiency measures
that contribute to achieving the goal
of an Energy Index of 100 kWh/m?
year are:

Creation of a green environment

around and on top of the building.

Optimisation of building

orientation, with preference to

south and north facing windows,
where solar heat is less than for
other orientations.

Energy efficient space planning.

A well insulated building facade

and building roof.

Protection of windows from direct

sunshine and protection of the

roof by a double roof

Natural ventilation in the atrium
Energy efficient cooling system,
where the air volume for each
building zone is controlled
individually according to demand
Maximise use of diffuse daylight
and use of high efficiency lighting,
controlled according to daylight
availability and occupancy
Energy efficient office equipment
(less electricity use and less
cooling demand )
Implementation of an Energy
Management System, where the
performances of the climatic
systems are continuously
optimised to meet optimal comfort
criteria at least energy costs

Building Characteristics

The climate in Malaysia is hot and
humid. Temperatures over the year
and day varies typically between 24°C
and 35°C, and the humidity is high.
This has important implications for
the design of modern energy efficient,
air conditioned office buildings. In the
office working areas, a controlled,
conducive environment is essential
for occupant comfort and for
productive output.

In the LEO Building, the windows
are primarily orientated to the North
and the South (Figure 3). This
orientation receives less direct
sunshine, and only shallow out

Figure 2: The “Punch Hole” windows provide shading to the windows
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shading is required to shade off the
sun. East and west orientation
receives more sun, and the sun is more
difficult to shade off due to the low
sun angles for the radiation in the
morning and in the afternoon.

Exterior shading is most efficient,
as the sun is stopped before it enters
the building. In the LEO Building, two
types of window facade are used: the
punch hole window facades (Figure 2)
in the lower floors, and curtain wall
windows with exterior shading
louvers in the upper floors. Towards
the east, shading is deeper to protect
against the low morning sun. The
windows constitute 25-39% of the
facade area, depending on
orientation. The western facade has
virtually no windows. The window
glazing is a 12 mm thick light green
tinted glazing with visible light
transmission of 65% and a shading
coefficient of 0.59.

The walls of the LEO building
consists of 200 mm aerated concrete
and exterior surface have light colors
to reduce solar heating of the walls.
The lightweight concrete wall has an
insulation value which is 2.5 times
better compared to traditional brick
wall.

The roof of the building is
insulated with 100 mm of insulation,
compared to normally only 25 mm
of insulation. Furthermore, the roof
surface is protected by a second
canopy roof, which prevents direct
solar radiation onto the roof. Along
the perimeter of the roof, green
landscaping provides shading and
improves the aesthetics of the roof
areas, which can be used for various
functions.

On top of the atrium, there is a
two-storey high thermal flue (solar
chimney). The air in the glazed cavity
is heated by the sun, and the rising
hot air pulls air out of the atrium, and
fresh air is entered at the bottom of
the atrium.

The local temperature outside the
building can be reduced by using the
cooling effect of trees, greenery and
water areas. In cities with little
greenery, the “heat island effect”
occurs, causing air temperature to be
several degrees higher than in green
areas. An air temperature of 35°C



Figure 3: The North and South facades of the LEO building

instead of 28°C is critical to both
comfort in the city and cooling load
of its buildings. The green layout and
the large water areas of Putrajaya help
to create optimal comfortable, local
micro-climatic conditions for
buildings and people.

In Malaysia, daylight is plentiful
during the normal office hours
throughout the year. Therefore,
daylight can be an important light
source to help reduce energy use for
artificial lighting, provided adequate
building design, as discussed later in
this paper is incorporated in the
project development.

Comfort & Indoor Air Quality

Human thermal comfort depends
on a range of climatologically and
physiologically related parameters. In
a tropical climate context, a person
will be increasingly uncomfortable
with increased air temperature,
humidity and radiant temperature
(temperature of the surfaces
surrounding the person). Increased air
velocity and reduction of the clothing
level can help in improving the
comfort level.

The recommended indoor
temperature range is from 23°C to
26°C and the recommended relative
humidity is 60%-70%. As both the
required temperature and humidity
parameters are lower than outside air,

full climatization is normally required
for the working areas, in order to
satisfy optimal human comfort and
working condition. Buildings
therefore have to be tight, and the
fresh air intake has to be controlled
for optimum quality of the indoor air.
In the LEO Building, intake of outside
air is controlled according to CO, level
of the indoor air, and thereby
controlled according to the occupancy
level. The more people in the building,
the more fresh air intake required.

It is noted that low temperature
and low humidity is uncomfortable,
unhealthy and expensive. Office air
temperatures lower than 22°C to 23°C
means that people will have to dress
up with warmer clothes, and the
cooling load of the building increases.

In the LEO Building, the quality
of the indoor air is further improved
by the use of electronic air cleaners,
instead of normal fibre filter to clean
the incoming air from particle
pollutants.

Daylight

Natural light is the preferred light
source fo human beings. This
perception has now also been
scientifically proven: People prefer
daylight, be it in the offices or in
shops, as our children learn more and
better in daylit schools. Furthermore,
daylight is a free source, which is
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available throughout the normal
office hours.

The challenge in daylight design
of buildings is to design windows and
shading which lets daylight in,
prevents sunlight to enter the
building, and reduces glare problems
from the windows. In the LEO
building, these criteria are achieved
through a combination of exterior
shading and a glazing, which allows
65% of the light through, and allows
only 51% of the heat through. The
atrium allows daylight (Figure 4 &
Figure 5) access to deeper parts of the
building, thereby improving energy
savings and user comfort.

In order to fully utilise daylight
to offset artificial lighting, the
artificial lighting has to be controlled
so that it is automatically shut off
when daylight is sufficient to satisfy
the lighting need, which is an
illumination level of 300-400 lux. In
the LEO building, a daylight
responsive control system on lighting
system is combined with a motion
detector, which automatically shuts
off lighting and reduces cooling once
an office is unoccupied.

In the future, advanced glazing
will become available. Glazing that
filters the sunlight such that visible
light has preference and the solar heat
is avoided. These spectrally selective
glazing reflect the invisible infrared
and ultraviolet and heat away from

cover feature



the building. Such spectrally reflected
glazing, which normally will be
combined with sealed double
windows will significantly improve
energy efficiency of buildings, and
more architectural freedom with
respect to facade design will be
possible. Figure 6 shows the space
layout design of the LEO building.
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Office Appliances

Office equipment such as
computers, printers and copy
machines, are responsible for
increased electricity consumption and
thereby also responsible for additional
increase in cooling load. Therefore,
special emphasis has been made in
the LEO Building to reduce the
electricity consumption for
equipment, and a guideline for
procurement of energy efficient office
equipment has been produced.

Simulation with the Energy-10
computer tool confirms the
significance of office equipment on
the overall energy consumption.
Using energy efficient office
equipment, the electricity
consumption for the equipment can
be reduced from 25 to only 10 kWh
per m? per year. In addition to this,
the cooling load is reduced by further
10 kWh per m? per year.

R, Wan -
TR

Open space towards
facade

Figure 6: Interior
space design to
maximize daylight

w8 DAYLIT
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Bl ELECTRIC LIGHT OMLY
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150 W
Figure 7: Energy consumption of office equipment

The main energy consuming office
equipment in modern office is the
Personal Computer, with its screen
(Figure 7). Energy consumption is
reduced by purchase of energy
labelled computers with software that
automatically reduces energy
consumption during idle periods.
Furthermore, LCD screens are much
more energy efficient than the
traditional bulky CRT screen. Also,
LCD screens provide better user
comfort with less reflection than the
CRT screens, and they take up much
less space on the desk. Therefore, all
in all, the extra cost of flat screen,
now typically less than RM1,000 can
easily be defended from an overall
perspective.

Portable laptop computers are
much more energy efficient than
stationary computers because they are
optimised for maximum battery life.

The extra price for a laptop compared
to a desktop computer with LCD
screen is now less than RM1,000. This
extra investment is very attractive
given an extra flexibility and the
energy consumption per PC is reduced
to approximately to 30W for a laptop.
For comparison, energy consumption
for stationary computer with CRT
screen is around 150W.

Cooling, Lighting & Transport

The largest energy consumption
for an office in Malaysia is for its
cooling and lighting, which normally
accounts for 60%-70% and 25%-30%
of total energy consumption
respectively. The rest of energy use is
for pumps, motors and lifts for
vertical transport. Finally, energy is
used for office equipment, the plug
loads.

Figure 8: Independent circuit arrangement for light fittings.
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Apart from being free, daylight is
also a very efficient light source,
measured in light (lumen) received
compared to the unwanted heat
(watts) that accompanies the light.
Diffused daylight with an efficiency
of around 120 lumen/watt is twice as
good as traditional fluorescent
lighting around 60 lumen/watt.

In the LEO Building, high efficiency
light fixtures are installed. This, in
combination with a reduction of the
illumination in offices according to the
new standard, reduces the installed
lighting load from typically 20W/m?
to only around 10W/m2 The
illumination level is reduced from 500
lux to approximately 335 lux in the
office space.

The lighting circuits are arranged
so that lights at the perimeter can be
independently controlled from the
interior lights (Figure 8).

t Perimeter Circuit
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Additional Feature: Water wall in the atrium
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The mechanical and electrical
(M&E) equipment for the building also
includes high efficiency motors
(HEMs) for pumps and fans, with
variable speed drives (VSDs) for
optimum operational efficiency. The
VSDs reduce motor power and
electricity consumption drastically for
part load condition, which is the
normal load condition.

Each floor has its own air handling
unit (AHU) and it is sub-divided into
smaller zones, where the provision of
chilled air is controlled with a Variable
Air Volume (VAV) damper. The VAV
damper controls the chilled air
volume to the zone according to the
temperature setpoint.

Energy Management

A comprehensive energy
management system (EMS) is a
prerequisite for actually achieving the
low energy consumption, for which
the building has been designed. The
energy management system monitors
on a continuous basis the energy
consumption of the building. This
allows for the comparison of actual
energy consumption with predicted
consumption and with typical
previous consumption, and action can
be taken if abnormal high energy
consumption is registered.



Reference case

Daylight use

Insulation in walls and roof
EE Lighting 22 —16\Wm?
Equipment 27 —20Wim*
EE Lighting 16— 8Wim?
Equipment 20—7.5Wim?*
Energy management
Room temp. 23—24"C
Tight Building

274

0 20 100 150

Figure 9: Energy saving features applied one by one

Energy management requires the
installation of adequate metering as a
means of measuring the energy used.
As the saying goes “you cannot manage
what you cannot measure”. In addition,
the EMS shall incorporate a computer
software tool, which helps the building
energy management to optimise the
performance of various energy systems
for cooling and lighting, such that
optimal user comfort is achieved at least
cost in purchase of energy.

The LEO Building will be equipped
with a comprehensive Energy
Management System. For each floor
and each section (east or west wing),
energy consumption for cooling,
lighting and plug loads is monitored
individually. Furthermore, temperatures
in various parts of the zone are
monitored. The detailed monitoring
data of the LEO building will be made
available for further study by academia
and professionals.

Successful energy management can
only be achieved if there is a competent
energy management authority in
addition to the traditional building
management services. The Ministry has
therefore created a special position for
energy manager. He will be responsible
for the day-to-day energy management
activities including advising the
organisation related on energy
management activities.

Conclusion

The use of computer design tools
means that an overall optimisation of
the building energy design can be
carried out at the drawing table. Extra
costs for some energy saving building
elements can be offset by reduced
costs for other elements, such as
reduced investment costs for the
cooling system caused by a more
efficient  building envelope, that
reduces the maximum cooling load.
Furthermore, using life cycle
calculations, extra costs for energy
saving features can be offset by
savings in energy costs over the life
cycle of the building.

The LEO Building has been
optimised using the Energy-10
computer software from National
Renewable Energy Laboratory, Denver
US. Among the many computer
design tools available, Energy-10 was
chosen, as it is very user-friendly, yet
sophisticated, calculating the energy
balance of the building hour by hour
throughout a year.

Figure 9 shows the effect of
applying the main energy saving
features, one by one. It is seen, that
reduction of the internal heat gains
from lighting and office equipment
is of major importance. It is noted,
that the increase of the room
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temperature by only one degree
reduces energy consumption by 10%.
Therefore it is also very costly to have
too low room temperatures in the 20-
22°C region.

The extra costs for the energy
efficiency features of the LEO building
have been RM5 million, or 10% of the
total building costs. With an electricity
price presently at 29 cent per kWh, the
extra costs will be paid back within
the first 10 years of the building
lifespan. Energy efficiency is very cost-
effective, it should be applied
throughout the building sector, and the
implementation of Malaysian Standard
1525:2001 Code of Practice the Use of
Energy Efficiency and Renewable Energy
for non-domestic buildings, is seen to
be well justified. €
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Tsunamis — Dynamics Of

Wave Ener
And Mitigation

y Propagation
easures

By Prof. Madya Ir. Dr. Eric Goh, Head - AMQUEST RESEARCH, USM Engineering Campus, Universiti Sains Malaysia,
Prof. Dr. Koh Hock Lye, Chairman - ECOMOD, School of Mathematical Sciences, Universiti Sains Malaysia

Propagation of 2004 Asian Tsunami wave after formation over designated time period

Tsunamis have received increased global public attention due to the
recent outcome of the Asian Tsunami Disaster that has affected the
lives of millions of people around the world combined with a shocking
death toll of over 280,000 inhabitants (AFP, 2005). This is greatly due
to their perilous wave energy and extensive destruction caused on
impact upon reaching coastal areas. The United Nations had to mobilise
the world’s largest relief operation spanning several countries bordering
the Indian Ocean to accommodate all the nations affected by this
single energy-intensive natural occurrence. The destruction arising from
the recent tsunami incident is phenomenal. Statistics of lives lost and
millions affected round the world are just numbers, however several of
us engineers unfortunately could put faces to some of the statistics
presented on the news. One of the authors’ closest colleagues whom
the authors had the opportunity to work with under the international
research exchange programme is Doctorandus (Drs.) Junaidi, a very
efficient and pro-active academic, based at Syiah Kuala University -
Banda Aceh. Till today the authors are still optimistic, and will continue
to hope for the best, since he and his family have been classified only
as ‘missing’.  As responsible engineers, the authors wish to put on
record our sincere sympathies to all those affected by the Asian Tsunami
Disaster as the trauma and pain of all those directly and indirectly
affected by this recent calamity is beyond comprehension. This feature
highlights the causes of tsunamis, the disastrous energy unleashed by
nature and their impact; supplemented by engineering innovations
for successful early warning detection and proposed mitigations
measures to minimise the possible loss of lives and property against
future potential occurrences.
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sunamis are formed due to the
T disruption of any body of water

caused by the sudden
displacement of the seafloor.
Earthquakes, submarine landslides,
volcanic eruptions or even meteorite
impacts may cause tsunamis. All
oceanic regions of the world are
subjected to the threat of tsunamis;
however, tsunamis are concentrated
in the Pacific oceans and its marginal
seas. Tsunami is thus basically a
waveform that originates from deep
water, typically more than 1000m; but
as a wave travels towards the shore;
its wavelength is progressively
reduced, while the wave heights may
be progressively increased. The
tsunami that devastated the shorelines
of 11 countries on December 26, 2004,
was triggered by a mega-thrust
earthquake with a high magnitude of
nine on the Richter scale making it
the most powerful for the past 40
years (CNN, 2005). Mega-thrust
earthquakes are a potentially very
destructive type caused when a
tectonic plate in the Earth’s crust slips
under another one. The last highest
toll for an earthquake-tsunami
combination took place on December

Source: NOAA, 2005



Satellite images of Banda Aceh before and after Tsunami scenario

28, 1908, when a 7.2 magnitude
guake struck Messina, Italy, killing an
estimated 70,000 to 100,000
inhabitants. A 7.8 magnitude
earthquake near Alaska generated the
most destructive tsunami in 1946.
The 35m height waves caused
extensive damage in the neighbouring
Hawaiian Islands.

Initiation and Dynamics of Tsunami
Wave Propagation

A tsunami comprises a series of
waves of extremely long periods and
wavelengths and is generated in a
body of water by an impulsive or
rapid vertical disturbance of the sea
floor. A tsunami is formed when the
seafloor is suddenly raised or lowered
due to a violent earthquake. The

potential kinetic energy that results
from pushing water above mean sea
level is then transferred to the
initiation for the propagation of the
tsunami wave. The most destructive
tsunamis are formed from the
occurrence of large earthquakes in

7 -

Landscape of Banda Aceh after Asian Tsunami incident

deep waters with an epicentre or fault
line near or on the ocean floor. These
usually occur in regions of the earth
characterized by high geological
activities due to the collision of the
plates along tectonic plate boundaries.
A tsunami can have a period ranging
between 10 minutes and one hour and
a wavelength in excess of 700 km.
The term tsunami, meaning harbour
wave in Japanese, was adopted for
general use in 1963.

The recent December 26" Asian
Tsunami Disaster was due to the
displacement of water caused by an
undersea earthquake, with a high
magnitude of nine on the Richter
scale, arose from the slippage of the
Australian and Eurasian plates 160
km centred off the west coast of
Sumatra, Indonesia at a depth of 10
km (BBC, 2005). Rapid underwater
shift between the two tectonic plates,
resulting in the seafloor being shunted
vertically by 10-30m at the site of the
rupture, created a violent reaction in
the displacement of seawater from the
equilibrium position.
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The main criterion that determines
the size of the tsunami wave is the

amount of vertical sea floor
displacement. Not all earthquakes
produce tsunamis. No destructive
tsunami was however observed on
March 29, 2005 (though tremors were
felt in Kuala Lumpur, Petaling Jaya,
Klang, Penang, Ipoh and Melaka)
during the recent powerful earthquake
measuring a high of 8.5 on the Richter
scale with its epicentre off the west
coast of Sumatra (The Sun, 2005). The
March 29, 2005 event did not create
any tsunamis because the recent
earthquake originated in shallow
waters. Earthquakes must occur near
deep-seated ocean floor and of a large
enough magnitude to create
movements on the sea floor for the
development of tsunamis.

The December 26, 2004
earthquake incident off the coast of
Sumatra displaced millions of litres
of overlaying seawater resulting in the
formation of a massive tsunami (CNN,
2005). Upon formation, the tsunami
high-energy wave then fans out in

Source: Digital Globe, 2005

Source: Tyler, 2005
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all directions from the source at
enormous speed propagating like
ripples. Tsunamis formed can travel
up to the speed of approximately 960
km/hr at the deepest point, equivalent
to the speed of a commercial jet
(NBC10, 2005). At lesser depths, the
travel speed will be less, perhaps 300
km/hr. As the tsunami wave reaches
shallower waters, friction slows down
the front of the wave. The trailing
waves pile onto the waves in front of
them, like a rug crumpled against a
wall (Folger, 1994). The destructive
force of the tsunami wave at the point
of impact will depend on how the
energy is focused, the travel path of
the tsunami waves, the coastal
configuration and the offshore
topography. The energy of the
tsunami waves speed is converted to
height and sheer force when it reaches
the shores causing extensive damages
to lives, property and the
environment. Walls of water from the
recent Asian Tsunami reached to a
height of ten metres, equivalent to the
a four-storey high building, when it
slammed into the coastal areas of
Indonesia, Malaysia and Thailand and
as far away as east Africa; a distance
of 6000 km! Other regions worldwide
badly affected by the recent tsunami
incident include Sri Lanka, India,
Kenya, Somalia, Tanzania, Seychelles,
Maldives, Bangladesh, Andaman and
Nicobar Islands; and Burma.
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Innovations In Early Detection
Of Tsunamis

A Deep-Ocean Assessment and
Reporting of Tsunamis System is
popularly known by the acronym
DART. The DART system, or
tsunameter, comprises a seafloor
bottom pressure recording (BPR)
system with a sensitivity of detecting
the occurrences of tsunamis as small
as one cm (PMEL, 2005). This
efficient detection system is attached
to a moored surface buoy for real time
communications. Data is transmitted
from the BPR sensors on the sea floor
to the surface buoy by means of a
high-tech acoustic link (NOAA,
2005). The data recorded can then
be swiftly relayed via a satellite link
to ground stations for signals
demodulation and subsequent
dissemination to the respective
Tsunami Early Warning Centres for
analysis. Initial research on the
development and practical application
of the first DART systems was carried
out in the 1990s. It was observed
from research findings that in marine
environment the seafloor BPR sensor
system had a life of two years;
however the surface buoy structure
has a current design life of one year
(PMEL, 2005). Results indicate a
standard DART system, with a robust
and reliable track record, has a
cumulative data return of 96%
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efficiency. The placement of the DART
System at various strategic locations
should assist in the data collection of
wave movements at high-risk
earthquake zones which are potential
sources in the creation of tsunami
waves. These DART Systems perform
continuous measurements; real-time
reporting and can thus act as effective
early warning systems for any
unforeseen occurrences of tsunamis.

Tsunami Modeling And Forecasting

The primary objectives of tsunami
modeling and forecasting should
include:

knowledge database on how

tsunami wave propagation and

wave scattering is affected by
oceanic or seabed topography,
interpretation and modelling of
wave characteristics and patterns
based on various site and climatic
scenario,

determination whether

modification of site conditions can

decrease the probability in the
occurrences of tsunamis.

From research studies carried out
around the world, a suite of numerical
simulation codes known collectively
as the MOST (Method of Splitting
Tsunami) Model has been
implemented and tested, with
computer estimates agreeing well with
observations. The MOST model is
capable of simulating three processes
of tsunami evolution, which includes
generation by the earthquake,
transoceanic propagation, and

inundation of dry land. This model
has shown its capabilities of
simulating tsunami simulation
generated by a source near Alaska,
its propagation across the Pacific
Ocean and its subsequent run up onto
the Hawaiian shoreline (Titov and
Gonzalez, 1997); it will be used
subsequently to develop tsunami
hazard mitigation tools for the Pacific
Disaster Center(PDC).

Run up of a tsunami onto dry land
is probably the most underdeveloped
part of any tsunami simulation model,
primarily because of the serious lack
of two major types of data: high
quality measurements for testing of
the model, and fine resolution
bathymetry and topographic data.
Recently, a series of large scale run
up experiments have been conducted
at the Coastal Engineering Research
Center (CERC) of the US Corps of
Engineers (Briggs et al., 1995).
Further, several post tsunami surveys

Tsunami Early Warning Detection System
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have also been undertaken to provide
high quality data. The MOST model
has been successfully used to
simulate inundation due to tsunami
that occurred on July 12,1993 in the
region Hokkaido-Nensai-Oki. The
MOST model code will be parallelized
and implemented on the SP super
computer at the Maui High
Performance Computing Center
(MHPCC) in an attempt towards the
development of useful tsunami
hazard mitigation and forecasting
tools. In the distant future, it may
become technically feasible to
execute real time model runs for
providing hazard mitigation
guidance, as a tsunami event
unfolds. The computation of 6.5
hours of tsunami propagation on the
MOST model would take about an
hour on an SGH octane workstation.
However, this computational time
would drop dramatically, perhaps by
a factor of 10-100, on faster parallel
architecture platforms, such as the
MHPCC super computer. However, an
operational real time model
forecasting capability must await
improved and more detailed
characterization on earthquake in
real time (Yeh et al., 1993; Yeh et
al., 1995). Advances in satellite
technology allows for further
innovation in the modeling and
refinement in the prediction of
tsunami occurrences and
characteristics. The ability to use
satellite/GIS technology should also
lead to improvements in the future
forecasting of potential hazardous
impacts of tsunamis.

8 Hecorder on seabed monitors

sea pressure and activity every
15 mins - an unusual result
triggers readings every 15 secs

Surface buoy monitors upper
level conditions and relays this
plus data from seabed monitors
to satellite

Satellite receives data and
relays it te ground stations



Potential Occurrence of Mega-
tsunami at La Palma

Cumbre Vieja is the most active
volcano in the Canary Islands, rising
two km above sea level with averaged
slopes of 15 to 20° Responding to
stresses associated with the growth of
a detachment fault under the volcano
west flank, a big portion of the island
is likely to slide off into the deep
ocean. It has been observed that the
scalp extended for a width of 4 km
with a maximum offset of 4 m. This
provided scientists with the
speculative conjecture that a flank
failure is inevitable, following an
expected future eruption near the
summit. It is anticipated that such a
failure will send a slide block 15 to
20 km wide and 15 to 20 km long,
with a volume of 150 to 500 km?, into
the ocean (Ward and Day, 2001). This
block will cascade down the steep
offshore slope for about 60 km until
it reaches the flat ocean floor at 4,000
m depth with a peak velocity of 100
m/s. Computer simulations indicate
that the leading wave height may
reach 900 m within two minutes after
the initial flank failure. Within five
minutes, the leading wave height
would drop to 500 m after 50 km of
travel. At 10 minutes, the slide would
have run its course, the tsunami
disturbance would have grown to 250
km in diameter and several hundred
meter-high waves would have rolled
up the shore of the three western most
islands of the Canary chains. After
several hours of travel across the
Atlantic Ocean, this tsunami would
arrive at the coasts of North and South
America, with waves of tens of meters
in height, causing inundations
reaching tens of km. It has been said
that this mega tsunami will definitely
happen; it is a matter of when, not if.
Hence the implications of this event
happening are beyond comprehension
at this moment.

Natural Protection Against Impact
of Tsunamis

Studies carried out by
international experts indicate that
natural mangrove forests left intact
and healthy coral reefs assists to

IOC-UNESCO Flowchart for

Tsunami Early Warning Detection
—’

rthguake

ohservation

Check SL data if
[sunimi generanad

Regional

TWC

MNational emergency

Caleulate epicentre
and magnitude

response { Evacuatc or Stay alert)

minimise the intense destructive
impact of tsunami waves when they
reach the shore (NGN, 2005). Coral
reefs act as natural breakwaters
complemented by mangroves that
exists as natural shock absorbers.
Government agencies worldwide
lately have come to appreciate the
effectiveness of natural fauna and
flora to act as buffer zones to slow
the speed of the waves down in future
occurrences of tsunamis.

Tsunami Hazard Mitigation
Programme

Acknowledging the importance
of potential impact from
earthquakes, the Ministry of Works
and Board of Engineers Malaysia
had organised a ‘Seismic Risk’
Seminar in 2001. Several
international and local eminent
speakers presented very informative
findings ranging from Building
Codes & Standards, Global & Urban
Risk Management, and Seismic
Hazard Assessment to Earthquake
Protection of Buildings. Little did
we all realise that all the findings
presented then would be so
invaluable in the aftermath of the
recent Asian Tsunami incident.

The primary aim for the
implementation of an efficient
Tsunami Hazard Mitigation (THM)
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Programme is to reduce loss of lives
and property. Principal proposals
for implementation of effective
THM Programmes are:

1. Design of Tsunami
Warning System
Proposed system must be
efficient and robust to withstand
the damage and harsh daily
tropical weather conditions,
System selected must be accurate
since unnecessary evacuation
results in loss of revenue and
community’s trust on reliability
of the system,

Setup of a Tsunami Warning
Task Force for effective
coordination of manpower.

Early

2. Development of Effective

Design and Planning for
Coastal Construction
Manual should act as a guidance
to Government agencies and
professionals in building design
and construction,
Guidelines should present
innovative engineering practices
for the design, siting,
construction and maintenance of
structures in potential high-risk
Adoption of THM building
standards in high-risk tsunami
areas at coastal areas should be
encouraged,
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Voluntary relocation of essential
facilities (such as schools, power
stations and hospitals) from high-
risk tsunami areas,

Post-disaster construction plans
should be drawn up for all high-
risk tsunami areas based on
potential damage projections.

3. Implementation of effectual
Evacuation Plan and Logistics
Evacuation procedures and
escape routes and safe areas
should be clearly drawn up
against potential disaster,
Impending and post-tsunami
logistics, with close cooperation
of all emergency agencies, should
be confidently carried out to
ensure a high level of safety for
the local community,
Establishment of tsunami
resource centres for benefit of
local coastal community,
Conduct public tsunami
education programs to practice
systematic evacuation and
enhance public awareness.

Conclusion

This feature is a valuable reference
in presenting the conditions for the
occurrences of tsunamis, their high-
intensity wave energy, engineering
innovations for implementation of
tsunami early warning systems and
proposals for effective design of
Tsunami Hazard Mitigation
Programmes. This should act as a
catalyst for further compilation of an
information database that is useful
for the future design and
development of efficient early
detection system for potential
tsunamis and the effective
implementation of Tsunami Hazard
Mitigation programmes. Smart
partnerships between the relevant
Government agencies and experts
from the engineering fraternity
should better prepare the nation to
meet any further challenges posed
by potential global occurrences of
tsunamis to enhance the safety of the
coastal community and property at
high-risk tsunami areas. GE»
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Earthqguake Induced
Sources And Hazarc
Structural Earth

In Peninsular Malaysia

By Assoc. Prof. Dr. Azlan Adnan, Mohd. Rosaidi Abas, and Hendriyawan, Structural Earthquake Engineering Research
(SEER), Faculty of Civil Engineering, Universiti Teknologi Malaysia

Energy:
Analysis For
uake Resistant Design

n earthquake is a sudden
shaking of the earth caused
by the breaking and shifting

of rock beneath the earth’s surface.
The energy released from such
movement, produces seismic waves
that propagate through layers of
bedrocks and the earth’s surface, to
the structures. The seismograph
located at the bedrock can measure
the magnitude and the distance of this
earthquake focus point whilst the
accelerograph records the ground
accelerations at the earth’s surface
and the structures. These instruments
are important in order to keep track
and monitor the sources of earthquake
activities as well as to understand the
effect and the earthquake hazard to
the ground surface and the structures
above it. In Malaysia, research in this
area is progressing very well with
supports from the Ministry of Works,
Ministry of Science, Technology, and
Innovation, Construction Industry
Development Board (CIDB), Public
Works Department, and Malaysia
Meteorological Service Department.

Earthquake engineering research
needs to be aggressively developed
even though in the country with low
to moderate seismic activity levels
such as Malaysia. Lessons learned
from the 1985 Mexican earthquake
and the 1957 San Francisco
earthquake had shown that an
earthquake could have a significant
effect, although at longer distance,
due to long period component of
shear waves. Hence, the research is
needed in order to predict the
possibility of earthquake in the future
that can cause damage to buildings
and structures in Malaysia and to find
the solutions for mitigating the

effects. The research should cover the
investigation and solution to the
problems prompted by damaging
earthquakes, and consequently the
scope of work involved in the
practical application of these
solutions (e.g. in planning, designing,
constructing and managing
earthquake-resistant structures and
facilities).

Peninsular Malaysia is located in
the stable Sunda Shelf with low to
medium seismic activity level.
However, several previous big
earthquakes occurred near Sumatra
dated November 2, 2002 (M =7.4),
January 22, 2003 (M = 5.8), July 25,
2004 (M = 7.3), December 26, 2004
(M =9) and March 28, 2005 (M = 8.7),
should be considered as a warning
sign that earthquakes can have a
significant effect although at longer
distance due to the characteristic of
long period component of shear
waves and local sites. Some of those
earthquakes had caused cracks to a
few buildings in Penang, Kuala
Lumpur, and Gelang Patah, as well
as tremors in other cities in Peninsular
Malaysia.

Seismicity of
Peninsular Malaysia

Regions geographically distant
from plate boundaries tend to be
classified as low seismicity areas.
Peninsular Malaysia lies in the
southern edge of the Eurasian plate
and is consequently an example of a
low seismicity area in which close to
the most seismically active zone, the
Sumatra Subduction Zone (the inter-
plate boundary between the Indo-
Australian and Eurasian plates). The
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Indo-Australia plate is moving slowly
northeastward (7cm/year). This causes
pressure to build up and eventually a
point will be reached where the
strength of the rock cannot resist the
imposed stresses, which are released
in an earthquake as seismic waves.
The Sumatra Subduction Zone tends
to have earthquakes measured at
magnitude 9. Besides that, Peninsular
Malaysia is closer to the Sumatra
fault. This clearly defined transform
fault is laid in the interior of Sumatra
that is parallel to the trend of the plate
boundary as a result of the component
of plate-motion. The Sumatra Fault
tends to have earthquakes of
magnitude 7.7. Figure 1 shows the
distribution of earthquakes with
magnitude above 5 for the period of
January to May 2005.

Recent giant earthquake of
December 26, 2004 (magnitude 9.2),
which was located over the off west
coast of Northern Sumatra, was well
predicted (Rosaidi, 2001). The
prediction was based on the return
period of large earthquakes off the
west coast of Northern Sumatra in
about 70-100 years. The previous
large earthquake off the west coast
of Northern Sumatra was in 1935
with a magnitude of 7.7. The future
significant earthquakes would be
over the Sumatra Fault and might
give considerable shaking to the
western part of Peninsular Malaysia.
The previous large earthquake over
the Sumatra fault was in 1892 with
magnitude 7.7. Based on the chart
in Figure 2, it can be seen that the
return period for earthquake with
magnitude above 7 and slip rate
averagely £ 15mm/year, is about
100-150 years.
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Figure 2. Effect of fault slip rate and earthquake magnitude on return period

(Kramer, 1996)

Seismograph Network
in Malaysia

The Malaysian Meteorological
Service (MMS) serves as a national

information centre for seismology.
The MMS started to operate seismic
stations in 1979 by installing four
Short Period (vertical component)
seismographs at Petaling Jaya,
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Kluang, Ipoh and Kota Kinabalu
(Rosaidi, 1998). At present, MMS
operates a total of 14 stations; seven in
Peninsular Malaysia and seven in East
Malaysia. Each station is equipped with
strong motion seismograph.

Seismic Hazard Assessment

Seismic hazard assessment is a
process to evaluate design parameters
of earthquake ground motions at a
particular site. Usually, the ground
motion parameters considered in this
assessment are peak ground
acceleration and response spectrum.
Generally, seismic hazard assessment
can be divided into three steps as
shown in Figure 3. The first step is to
obtain seismic hazard parameters,
which cover collecting earthquake
data and developing seismotectonic
model for the region surrounding the
site. The second step is to calculate
the ground motion parameters at the
particular site. The analysis is carried
out using attenuation relationship
formula. This formula, also known as
ground motion relation, is a simple
mathematical model that relates a
ground motion parameter (i.e. spectral
acceleration, velocity and
displacement) to earthquake source
parameter (i.e. magnitude, source to
site distance, mechanism) and local
site condition (Campbell, 2002). The
final step is to analyse local site
effects. This analysis considers the
effects of topography, stratigraphy,
and shear strength properties of soil.
These characteristics often exert a
major influence on damage patterns
and loss of life in earthquake events.

Generally, there are two methods
to conduct seismic hazard assessment,
i.e. Deterministic Seismic Hazard
Analysis (DSHA) and Probabilistic
Seismic Hazard Analysis (PSHA). The
selection of these two methods is
influenced by many factors such as
the purpose of the hazard or risk
assessment, the seismic environment
(whether the location is in a high,
moderate, or low seismic risk region),
and the scope of the assessment. The
most comprehensive perspective will
be obtained if both deterministic and
probabilistic analyses are conducted
(McGuire, 2001).
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Figure 3. General procedure of seismic hazard assessment

DSHA preceded PSHA as the
prevalent form of hazard assessment
for maximum (worst case) earthquake
shaking. It involves development of
a seismic scenario and
characterization of that scenario.
Usually this method is applied to
structures for which failure could
have catastrophic consequences, such
as nuclear power plants and large
dams. The advantages of this method
are its simplicity to apply and being
conservative where the tectonic
features are well defined (line
sources).

The seismic hazard assessment
using deterministic method has been
performed by Structural Earthquake
Engineering Research group (SEER) in
Universiti Teknologi Malaysia. This
method calculates the seismic hazard
based on the worst-case scenario of
earthquake expected in a region and
it covers the estimation of maximum
magnitude of probable earthquake to
occur in that region. As shown in

VIETNAM .

Figure 4, the result of deterministic

analysis has divided the PGA map of

Peninsular into two zones, i.e. the

zone for range between 30 and 50 gals

on the east side of Peninsular

Malaysia and the zone between 50

and 70 gals on the west side (Adnan,

et al., 2002).

The shortcomings of DSHA
method are:

() it does not provide information
on the level of shaking that might
be expected during a finite period
of time (such as the useful
lifetime of a particular structure
or facility)

(ii) it produces very conservative and
perhaps unrealistic results, and

(iii) it does not take into account the
effects of uncertainties in the
various steps required to compute
the resulting ground motion
characteristics (Kramer, 1996).

PSHA is a method to analyse
seismic hazard assessment using
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Figure 4. Peak Ground Acceleration (PGA) contour (Adnan, et al., 2002).
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probability concept. This method
explicitly consider the uncertainties
of the size, location and rate of
occurrence of earthquake, and the
variation of ground motion
characteristics with the size and
location of earthquakes in the
evaluation of seismic risk. The
objective of PSHA is to quantify the
rate (or probability) of exceedance
of various ground-motion levels at
a site (or a map of sites) given all
possible earthquakes. The design
parameters are usually expressed in
terms of accelerations, velocities or
spectral accelerations with a
specified probability of exceedance.
These parameters are mapped on a
national scale for a standard ground
conditions (e.g. rock or stiff soil).
Mapping to such a scale is called
macrozonation. This assessment is
needed in order to develop the
earthquake resistant design code for
structures such as buildings and
bridges.
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The preliminary research of PSHA
has been performed by SEER to
develop macrozonation map of
Peninsular Malaysia. The analysis was
carried out for two hazard levels, i.e.
10% and 2% probability of
exceedance in 50 years for bedrock
of Peninsular Malaysia. The contour
maps of Peak Ground Acceleration
(PGA) at 10% and 2% probabilities
of exceedance in 50 years for bedrock
of Peninsular Malaysia can be seen
in Figures 5 and 6. The PGA contour
map across the Peninsular Malaysia
has a range between five and 50 gals
for 10% probability of exceedance in
50 years hazard levels or 500-year
return period of earthquake, and
between 10 and 70 gals for 2% in 50-
year hazard levels or 2500-year return
period of earthquake. The hazard
levels show the trend of the contour
to increase constantly from the
southwest to the northern side of
Peninsular Malaysia.

It should be noted that the
preliminary analyses have not
considered the local site effects.
Geotechnical factors often exert a
major influence on damage patterns
and loss of life in earthquake events.
Even in the same vicinity, building
response and damage can vary
significantly due to variation of soil
profiles. In the case of the 1985
Mexican earthquake, the greatest
concentration of damages occurred at
the Lake Zone of the Mexico City,
which is approximately 400 km from
the epicenter. Distant fault together
with soft soil amplified the vibration
from the source to the site. This effect
becomes more dangerous for high-rise
buildings or structures, which have
fundamental periods close to that of
seismic wave at the soil surface. In
other countries, several attempts have
been made to identify their effects on
earthquake hazards in the form of
maps or inventories. Mapping of
seismic hazard at local scales to
incorporate the effect of local soil
conditions is called microzonation.

Microzonation for seismic hazard
has many uses. It can provide input
for seismic design, land use,
management, and estimation of the
potential for liquefaction and

landslides. It also provides the basis
for estimating and mapping the
potential damage to buildings. Our
previous study regarding the effect of
local site condition has shown that
the peak accelerations at bedrock may
amplify about two to five times at the
surface due to the effect of local soil
condition (Adnan, et al, 2003) and the
maximum effect of the motion will
affect mostly the low and medium rise
buildings (e.g. the one to 10-storey
buildings) in Penang and Kuala
Lumpur. More soil investigation and
analyses are required in order to
obtain more accurate results to
develop the microzonation map.

Conclusion

The energy released by earthquake
forces produces seismic waves that
cause substantial impact to the
structures. By identifying the
sources of earthquakes through
instrumentation and performing
seismic hazard analysis, a proper
earthquake resistant design of
structures can be obtained. In order
to successfully achieve the mission,
more seismological stations are
needed to properly monitor the
earthquake events around the country
and to help establish more accurate
data for the seismic hazard analysis.
Previous study by SEER group showed
a probability of large earthquakes
above 7 in magnitude could occur at
the Sumatra Fault line, at a distance
as close as 350 km away from Kuala
Lumpur and other cities situated at
the west coast of Malaysia. From the
deterministic analysis, the maximum
peak ground acceleration (PGA) for
Peninsular Malaysia is 70 gal (0.079)
and for East Malaysia is 150 gal
(0.15g). Through the probabilistic
analysis of Peninsular Malaysia, the
maximum PGA values are 50 gals
(0.05g) for 500 years return period
and 70 gals (0.07g) for 2,500 years
return period. Generally, seismic
design code for civil structures such
as buildings, retaining walls, dams,
bridges and others structures, are
based on compilation of earthquake
analyses, i.e. seismotectonic, seismic
risk, geotechnical and structural
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dynamic analysis. The development
of the design code requires not only
civil engineering knowledge but also
other sciences such as physics,
seismology, geology, geophysics and
computer sciences. Therefore, the
coordination and cooperation among
sciences and engineering fields are
needed in order to obtain reliable
results, and workable solutions.
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Pilot Centralized Solar Power Station
In Remote Village, Rompin, Pahang

By Iszuan Shah Syed Ismail, Azmi Omar, Hamdan Hassan , “TNB Research Sdn. Bhd.

Malaysia has electrified the whole Peninsular Malaysia with about 95% grid connected electricity.
The other 5% is associated with a number of widely deployed unelectrified small rural areas which are
related with the aborigines. Diesel-electric power supply to the rural area, Kg. Denai has been replaced
by a PV-diesel-battery hybrid system.

The use of photovoltaic modules as a hybrid component in these systems is marginally cost-effective.
In still smaller systems such as those found at remote holiday homes, PV modules are more cost
effective rather than extending the grid.

The usual or normal system using solar as a source for electricity in rural areas is a standalone system
for each house. For this project, a pilot centralized solar power station was the source of electricity to
light up the 15 houses at Kampung Denai, Rompin, Pahang, Malaysia. This system was the first solar
photovoltaic system installed at an aborigine’s village in Malaysia. The village was chosen because
there is a primary school. Moreover, the remote communities are living in stratification, which makes
electrical wiring easier.

The pilot solar hybrid power station consisted of 10 kW photovoltaic panels, 10 kW inverter, 150 kWh
batteries and other balance systems. A generator set with capacity of 12.5kVA was installed for

monsoon season.

This paper will present the status of the system, system load and future developments.

NB has been involved with solar
T power since the 1980s. At that

time, most solar projects
undertaken by TNB in Peninsular
Malaysia were associated with
decentralized stand-alone system for
the Rural Electrification Programme.
As it is very expensive to provide
electricity supply from the grid to the
rural area, stand-alone solar PV
systems were recognized as a cost-
effective option to electrify the remote
villages.

Building solar power stations will
contribute to the objectives of the
Eighth Malaysian Plan to supply
about 5% of electrical energy through
the application of renewable sources
of energy.

In cases where communities are
widely scattered, remote and far away
from the unified grid, solar energy can

play an important role in their socio-
economic development. Solar
photovoltaic is the most promising
technology to supply energy to those
communities. Remote communities
and villagers are characterized, in
most cases, by being very small in
size, widely spread with relatively low
load demands. Their main domestic
energy consumption needs are for
residential purposes (e.g. small
lighting units, radio, television,
refrigerator, etc). Each community
consists of between 30 and 50 houses.

Kampung Denai is located about
35 km from the nearest main road
connecting Rompin and Mersing. The
residents are 158 orang asli scattered

in 22 houses. The current electricity
supply is from an 18.6 kW powered
generator set. The electricity supply
is from 7 p.m. to 11 p.m. which is
insufficient for the residents.

With this pilot project, TNB
Research hopes to design and install
a standardized, stand-alone Solar
Power Station suitable for this
country. The technical capabilities and
economic value of the pilot project
can be demonstrated.

CRITERIA OF SELECTION

Kampung Denai has been chosen
to be the first pilot solar power station
for its remote location. Furthermore,

*The authors are attached to TNB Research Sdn Bhd (TNBR),a wholly owned subsidiary of Tenaga
Nasional Berhad (TNB). The views expressed herein are attributable to the authors and do not

represent those of TNB and TNBR.
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Figure 4. Primary School at Kampung Denai
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Figure 5. Solar Radiation Profiles at Mersing, Johor
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Figure 3. Example of electrified house

it is situated about 14 km from the
unified electric network, where it is
very costly to extend the grid to small
and very far communities. Due to this
reason, Kampung Denai has been
identified as one of the possible sites
for the application of the pilot solar
power station.

Kampung Denai has a primary
school, which implies the need for
longer hours and reliable supply of
electricity. By having electricity during
school hours, students can learn in a
more comfortable environment, which
can contribute to effective learning.

Access to Kampung Denai is by
both land and river. The journey from
Rompin will take 45 minutes using
four-wheel drive and 10 minutes by
boat. For the time being, most of the
residents use the river for their daily
routine.
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Figure 6, 7 and 8 show the load
consumption at Kampung Denai
taken on October 23-25, 2001. On
October 23, the power consumption
was low because the orang asli were
not aware that TNB staff were
measuring the load profile. The next
day, the load was not constant and

was around 1kW higher since it was
raining and most of the communities
stayed at home. On the last day, the
power consumption was high due to
hot weather and weekly gathering
with all the residents. As a result,
Figure 5 shows a constant load with
maximum demand of 4.2kW.

Power Consumption
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Figure 6. Genset Power Consumption (23/10/2001)
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Figure 7. Genset Power Consumption (24/10/2001)
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Figure 8. Genset Power Consumption (25/10/2001)
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DATA ANALYSIS

The controller is capable of
downloading and storing the
monitoring data. The data
downloadable are stated in Table 1.

Table 1. Available data for
downloading from controller
Site Load

Diesel & Inverter load (kW)
Diesel & Inverter frequency (Hz)
Battery voltage (V)

Battery Volts (V/cell)
Battery Amps (A)

Solar Amps (A)

Battery Temperature °C
Battery kW

Solar kW
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PHOTOVOLTAIC SYSTEM

Table 2 shows the main equipment
used for the solar power station. This
system was commissioned on
December 19, 2002.

Table 2. The System Equipment

Equipment  Capacity
PV arrays 10 kW
Inverter 10 kW
Generator 12.5kVA
Battery 150 kWh
Solar panel

Sharp monocrystalline solar
panels were used for high efficiency
output. A total of 60 solar panels with
rated capacity of 10.5kW were used.
Each solar panel was rated 175w with
voltage Vmp of 35.4 and short circuit
current, Isc of 4.95. The panels face
south with tilting angle of 15 °. Five
arrays with 12 panels were connected
in series.

Battery

A total of 120 batteries with
capacity of 816Ah of each cell were
used in the system. From this, 60
batteries were connected in series and



Figure 9. Battery Configuration in Container

Figure 10. The Solar Power Station in Rompin

paralleled in two arrays. Each cell rated voltage was
2.35V and the minimum voltage was 1.85V before the
generator sets comes in. Each battery has a 1000-cycle
life and deep of discharge of 80%. Hawker deep cycle
sealed lead acid battery was chosen as the storage system.

Generator

Generator capacity was rated 12.5kVA with storage
diesel tank of 1000litre. The genset lifetime is estimated
at 10000hours. The genset fuel curve slope (L/hr/kW) is
0.25. Kubuta diesel generator was used as a back-up
power system.

Controller

A bi-directional static power pack inverter with
rated capacity of 10kW was used to control and
stimulate the system so that all equipment can
synchronize into working the system at its highest
efficiency. The controller is capable of showing solar,
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