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WELCOME FROM THE RECTOR OF UNIVERSITAS INDONESIA

| am honoured to have the opportunity to officially welcome
you to the 121 International Conference on QIR (Quality in
Research) 2011. As we are all aware that the impact of
globalization has resulted in a very competitive business
environment; a condition that makes the fulfillment of the
needs of customer/clients’ ever-sophisticated project,
product, or service most challenging. Without any doubt, a
sustainable design and technology is the key factors in assisting our industries to
enhance their contributions to the future development of humanity. Therefore, it is
our hope that this conference will be able to provide an international forum for
exchanging knowledge and research expertise as well as creating a prospective
collaboration and networking on various fields of sustainable engineering and
architecture.

In order to achieve business objectives and benefits, engineering products or
projects require various resources, skills, and technology. Accordingly, we need an
application of knowledge, tools, and techniques necessary to develop sustainable
products or projects, which are environmentally friendly, produced through efficient
processes, and adapted to local conditions. And this may be achieved by eco-
technology. Eco-technology is a technology that will give consumers what they
want; lower cost, convenience, save money and deliver what people everywhere
needs: less waste, less pollution, and green environment. Eco-technology practices
can facilitate to conserve and restore the environment through the integration of
engineering and ecological principles. However, eco-technology requires
multidisciplinary synthesis of knowledge and skills; and the development and
application of this technology in the sector of industry and services is therefore a
crucial requirement for sustainable development process. For this reason, we
urgently need new technologies and practical applications to be further developed
based on the current knowledge.

Accordingly, | hope this conference can be a kick-off for the strengthened action
and partnerships on creating a platform for us; national and international thinkers,
academics, government officials, business executives and practitioners, to present
and discuss the pivotal role of engineers in creating sustainable development.

| would like to thank the Faculty of Engineering of Universitas Indonesia for organizing
this meaningful and timely event, and supporting organizations for their participation
and conftributions. | am sure that you will all find this conference stimulating and
rewarding and with this, | wish you all a fruitful conference.

Prof. Dr. der. Soz. Gumilar Rusliwa Somantri
Rector
Universitas Indonesia
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WELCOME FROM THE DEAN OF FACULTY OF ENGINEERING
UNIVERSITAS INDONESIA

On behalf of the Faculty of Engineering, University of Indonesia,
it is my greatest pleasure to extend our warmest welcome to all
of you to the 121 International Conference on QIR (Quality in
Research) 2011. As we know that this conference is conducted
to cover a wide range of sustainable design and technology
issues, | hope this two days-conference wil be spent in
interesting discussions and exchange of ideas. | also hope that
this conference will be able to provide a state-of-the-art information and knowledge
in this challenging world of sustainable design and technology. The growing success
of our institutions and expertise should urge us to develop our competitive
capabilities, especially when we face certain challenges which should be
overcome with hard work, cooperation, and working together hand in hand. We will
work together to develop a common path and develop collaboration opportunities
for future action and research on multi-disciplinary engineering areas for quality of
life and humanity.

| am delighted that you have accepted our invitation to this conference in such a
large numbers as indicated and that we will have many international speakers and
papers from various countries o be presented and discussed in these two days. We
will explore various issues on sustainable development and we must widen the scope
of sustainability from a product-, system-, or an individual building-scale to the whole
community-scale. At the same time, we have to widen the focus from ecological
aspects to social and economic aspects. This means that environmental solutions
should always be considered from the aspects of human health and well-being,
safety, and economic point of view. This conference provides an excellent forum for
engineering professionals, business executives, industry practitioners, and
academicians to exchange ideas and to share their experience, knowledge and
expertise to each other.

| would like to thank our sponsors, supported bodies, and various contributors for their
generous support of this conference. | would also like to thank our distinguished
speakers for agreeing to share their insights with us. To our friends from overseas and
other provinces of Indonesia, | would also like to extend a warm welcome to you
and wish you an enjoyable stay in Bali. Last but not least, | would invite you to join
me in thanking the committed staff that made this conference happen and to
make it success.

| wish us much success in the deliberations, discussions, and exchange of ideas
which we will have within this conference and | wish you a very pleasant and
enjoyable stay here in Bali.

Prof. Dr. Ir. Bambang Sugiarto, M.Eng
Dean Faculty of Engineering
Universitas Indonesia
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WELCOME FROM THE QiR 2011 ORGANIZING COMMITTEE

On behalf of the Organizihg Committee, it is my greatest
pleasure to extend our warmest welcome to all of you to the
121 International Conference on QIR (Quality in Research)
2011. The selected theme for this year's conference is
“Integrated Design in Urban Eco-Technology for Quality of Life
and Humanity”. With this theme, the conference focuses on
the scientific analysis and design of the key factors explaining
the success applications of integrated design in urban eco-technology, their market
perspectives, and their confributions to the existing and future development of
humanity. In line with this theme, it is our utmost pleasure to hold the QIR 2011 in
conjunction with the 2nd International Conference on Saving Energy in Refrigeration
and Air Conditioning (ICSERA 2011).

With its continuous presence for 12 years, QIR has become an icon for Faculty of
Engineering Universitas Indonesia in serving the objectives to provide engineering
excellence for both national and international in all aspects of engineering, design,
and architecture. For the first time, the QIR 2011 is held in a famous beautiful island of
Indonesi - Bali. The QIR 2011 is supported by Universitas Udayana, in the spirit of
strengthening of cooperation and mutual growth to be world class institution. | am
delighted to inform you that we have such a large number of participants today, as
indicated, that we will have 21 invited speaker presentation and more than 520
papers from more than 20 countries to be presented and discussed during these two
days-conference. We are fortunate to have alot of good quality papers belong to:
32 papers on ICSERA

39 papers on Chemical Engineering

115 papers on Electrical Engineering

37 papers on Mechanical and Naval Architecture Engineering

101 papers on Materials Engineering

54 papers on Architecture & Planning

75 papers on Industrial Engineering

72 papers on Civil Engineering

| would like to thank all contributors, speakers and participants for your generous
support to this conference. It is my pleasant duty to thank all the members of
Organizing Committee and the International Board of Reviewers for their advices
and help. We are grateful to all Sponsors, Supporters, Exhibitors, Partner Universities
and Professional Associations, for their spontaneous response and encouragement
through committing funds and extending help in kind. | would like to sincerely thank
the Rector of Universitas Indonesia and the Dean of Faculty of Engineering, for fully
supporting the Committee and providing all supports to make this conference
happen and to make it a success.

| wish you a very pleasant stay here in Bali; and finally, let me wish all of you a
meaningful and fruitful conference. Thank you and we hope to see you again at the
QIR 2013.

Prof. Dr. Ir. Bondan T. Sofyan, M.Si.
Chairman of QiR 2011 Organizing Committee
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ABSTRACT

From the ViPOR software simulation results, it has been found that the length of the distribution
network of a hybrid power plant at Bengkunat is 32.055 m, it requires eight transformers each with an maximum
energy requirement of 45.1 kWh per day. Compared to a 2 x 100 kW diesel power plant (NPC = $ 505.493), the
NPC value of the hybrid power plant is higher ($ 555,956), also its COE ($ 0.770 per kWh) is higher than the
diesel power plant ($ 0,739 per kwh). The hybrid power plant will save 128,061 liters of fuel per year. The
hybrid power plant is feasible to be applied in areas with enough wind and sun radiation resources such as at
Bengkunat West Lampung.

The ViPOR software has several shortcomings such as : only step down transformers can be used for
simulation, and only with one capacity. For a load configuration that requires a different transformer capacity,
the simulation can not be done. The optimization based on the NPC value, not based on the voltage drop at the
network, because this software doesn’t have outputs of the voltage drop, power losses and power flow.

Keywords :
Hybrid power plant, simulation, optimization, distribution network, ViPOR, HOMER

1. INTRODUCTION

Bengkunat located on the west coast of Sumatra Island with geographical position 5°20°02,05” S -
5°56°40,83” S and 104°03°41,06” E - 104°39°12,41” E. Economic activity of society rests on the plantations,
forest products (particularly resin), agriculture, fisheries and tourism (beaches, surfing and fishing blue marlin).
West Lampung is a producer of export quality fish like Blue Marlin, Tuna, Lobster and others [1].

The output of this study is to analyze the optimal configuration of distribution network of the hybrid power
plant model, which is the integration between the diesel power plant based on fuel, with PV modules and wind
turbine based on renewable energy. The result is the total load to be supplied per day, the cost of electricity
(COE), distribution network and the number of transformers. Data processing using HOMER software for the
simulation of power generation, where the simulation results are input to ViPOR software, which is used to
simulate the distribution network model.

2. THE HYBRID POWER PLANT

The hybrid power plant [2] is a combination of power plant based on non-renewable energy with power
plant based on renewable energy. The hybrid power plant is a solution to overcome the fuel crisis and the lack of
electricity in remote areas, small islands and urban areas. An example of a hybrid power plant consisting of PV
modules, wind turbines, diesel generators, batteries, and an integrated control equipment. The purpose of the
hybrid power plant is to combine the advantages of each plant as well as cover the weaknesses of each power
plant to certain conditions, so that the whole system can operate more economically and efficiently.

To determine the performance of the hybrid power plant, several things to consider is the load
characteristics and the characteristics of power generation, particularly renewable energy potential that want to
develop, and the characteristics of the region it self, such as change of day and night, seasons etc.
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3. SIMULATED ANNEALING ALGORITHM

The optimization algorithm used in ViPOR is known as simulated annealing [3,4]. The purpose of this step
is to assign the demand points to the supply points in an optimal way. Simulated annealing is based on neural
network, feedback networks type. Feedback networks allow for signals to transfer from the output of neuron to
the input of any neuron. The neurons are the nodes in the network and the signal are the connections between
the nodes. Figure 1 shows the simulation protocol of the simulated annealing process [3].

VIiPOR represents the village as a set of demand point s, each of which consists of x and y coordinates [4].
The distribution grid consists of a number of transformers connected to each other by medium voltage wire and
to demand points by low voltage wire. The distribution network designed by the optimization procedure is
radial, which means that each demand node is supplied by a single source node. The lengths of the low voltage
wire runs must be constrained in order to limit resistive losses and source-to-load voltage drops. The goal of the
optimization procedure is to design the lowest cost electrification system [4].

‘ Input & Assess Initial Solution ‘

‘ Estimate Initial Temperature ‘

1
‘ Generate New Solution ‘

1

‘ Assess New Solution ‘

Accept New Solution?

‘ Update Stores ‘

)
1)
‘ Adjust temperature ‘

Terminate Search?

Yes

Figure 1: Simulated annealing protocol [3]

3.1 Lower Level Optimization

The lower level optimization procedure [4] consists of designing the optimum low voltage distribution
system to service the set of demand nodes from a specified set of transformers. The objective of this procedure
is twofold: the first objective is to decide which of the demand nodes should be included in a low voltage
distribution network, and the second is to design the lowest cost distribution grid to service those nodes. The
lower level simulated annealing allows three types of changes: an unconnected node can be connected to the
grid, a connected node can be removed from the grid, or a connected node can be reconnected so that it receives
power from a different node. The algorithm starts with the current low voltage configuration and makes
modifications to that configuration.

At each step of the annealing algorithm, one of the demand nodes that does not coincide with a transformer
location is chosen at random (referred to in the following discussion as node i). If node i is currently
unconnected (not included in the distribution grid), a search is performed on the other nodes starting from the
node nearest to node i and proceeding in the order of increasing distance from node i. Node i is attached to the
first node found that is currently connected to the grid and whose connection to node i would not violate the
maximum low voltage line length constraint.

If a valid modification can be made to the low voltage distribution grid, the simulated annealing routine will
make the modification and evaluate the resulting change in total life cycle cost. If the change results in a
eduction in total cost, it is node accepted unconditionally. If the change results in an increase in total cost, the
value of P(AE) is calculated [4] based on Equation (3.1):

P (AE) = exp(_?AEj (3.1)
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where AE is the change in total cost and T is the current temperature (not a physical temperature, but rather a
control parameter which can be changed as the algorithm proceeds). A random number between 0 and 1 is then
generated and compared with P(AE). The change is accepted if the random number is less than P(AE). The
temperature is initially set to a relatively high value (T;, ), and is then multiplied by an annealing factor (o , a
number between 0 and 1) after every accepted modification to the system. The temperature is not changed after
rejected modifications. The algorithm stops when the temperature reaches a freezing point (T;,) or after a certain
number of consecutive rejected modifications (Rmax, ). The lowest cost configuration found during the course of
the algorithm is chosen as the optimum [4].

3.2 Upper Level Optimization

The upper level [4] routine must therefore do three things: it must optimize the number and location of
transformers, select the optimum source location, and design the optimum medium voltage distribution grid to
connect the source location and the transformers. The upper level annealing algorithm is permitted to make four
types of changes to the system: the addition of a transformer, the removal of a transformer, the movement of a
transformer, and a change of source location.

The upper level simulated annealing algorithm starts with the current medium voltage configuration, which
can be specified by the user, and makes modifications to that configuration. After each modification is made to
the medium voltage configuration, one of the three lower level optimization routines is called to design the low
voltage configuration and calculate the objective function. The modification is then accepted or rejected based
on equation (3.1). The temperature of the upper level annealing algorithm is independent of the temperature of
the lower level annealing algorithm.

4. THE HYBRID POWER PLANT CASE STUDY

Bengkunat is located on the west coast Lampung with average wind speed in one year [5] as shown in
Figure 2a. Clearness index and solar radiation in one year at Bengkunat [6] can be seen in figure 2b. Daily load
profile for Bengkunat [7] with 594 customers and 139 kW peak load, as shown in Figure 3.
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Figure 2: (a) Wind speed [5] and (b) Clearness index and solar radiation [6] in Bengkunat
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Figure 3: Bengkunat daily load profile
4.1 The Hybrid Power Plant Simulation
Figure 4a shows the solar home system model to be simulated with HOMER software and generation cost

curve from the simulation results can be seen in Figure 4b. The hybrid power plant model consisting of PV
modules, wind turbines, diesel generators 2 x 100 kW, inverter and batteries. Figure 5a shows the hybrid power
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plant model to be simulated with HOMER software and generation cost curve from the simulation results can be
seen in Figure 5b.
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Figure 4: (a) The solar home system model and (b) Generation cost curve
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Figure 5: (a) The hybrid power plant model and (b) Generation cost curve
4.2 Distribution Network Model Simulation

The map obtained from Google Earth. This data is necessary for the location of power plant and demand
points [8]. There are two configuration that performed in the simulation, the configuration without terrain
features and with terrain features, such as road, forest and plantations.

ViPOR also require the components of a distribution network data consisting of 20 kV/400 V transformer
with a capacity of 25 kVA, medium voltage wires LVTC 3 x35 + 25 mm?and low voltage wires A3C 70 mm?
with a maximum length constraint is 700 meters.

5. DISTRIBUTION NETWORK OPTIMIZATION
5.1 Power Generation of The Hybrid Power Plant
The most optimal configuration of the hybrid power plant is a combination of PV modules, wind turbines

and diesel power plant. Figure 6 shows the contribution of PV modules is 17%, wind turbines are 13% and
diesel is 70% over the year, with excess electricity amounted to 42,973 kWh per year or 5.36% of total
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electricity production. Figure 7 shows the excess electricity occurred at 8:30 a.m. to 3:00 p.m., 48 batteries used
were not sufficient to absorbed. At the same hour, the two diesel generators are not operating, the load is
supplied by the PV modules and wind turbines. The COE is $ 0.409 per kWh, it isn’t counting the distribution
line. Fuel consumption is 204,823 liters per year, its saved 128,061 liters per year. If the load is only supplied by
diesel power plant, 332,884 liters of fuel needed per year.
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Figure 7: Load — PV, Wind and Diesel Power — Excess Electricity
5.2 Hybrid Power Plant Distribution Network

The simulation performed for the configuration of distribution network without terrain features and with
terrain features.

5.2.1 Bengkunat without Terrain Features

The simulation results show the most optimum is a centralized distribution network with the NPC’s total is
$ 551,025. The length of low voltage line is 26,533 meters and medium voltage line is 4,662 meters, so the total
length of distribution line is 31,195 meters. The hybrid power plant supply the average energy of 198.4 kWh per
day. It takes seven transformers with maximum energy of each transformer is 35.4 kWh per day. The COE is $
0.768 per kWh, its higher than the COE when distribution network cost is not taken into account ($ 0.409 kWh
per day). Table 1 shows the NPC for distribution network is $ 235,080 and for power generation is $ 315,945, so
that NPC's total is $ 551,025. With 594 loads, the NPC per load is $ 928.

Table 1: Cost components in Bengkunat power system without terrain consideration

e NPC Initial Capital Cost | Total Annualized Cost
%) (€] ($/year)
Energy generation 315,945 94,839 27,513
Electricity distribution 235,080 19,.493 28,136
Total energy supply 551,025 28,.331 55,649
Per load 928 482 94

5.2.2 Bengkunat with Terrain Features

The most optimum result is a centralized system with the NPC total of $ 555,956. The length of LV line is
26,285 meters and the MV line is 5,770 meters, so the length total is 32,055 meters. It takes eight transformers
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with maximum energy supplied to each transformer 45.1 kWh per day. The COE is $ 0.777 per kWh. Table 2
shows the NPC for distribution network is $ 240,011 and for power generation is $ 315,945, so the NPC's total
system is $ 555,956 and the NPC per load is $ 936.

Table 2: Cost components in Bengkunat power system with terrain consideration

Components NPC Initial Capital Cost | Total Annualized Cost
(%) (%) ($/year)
Energy generation 315,945 94,839 27,513
Electricity distribution 240,011 195,598 28,768
Total energy supply 555,956 290,437 56,280
Per load 936 489 95

5.3 Distribution Network Optimization Analysis

5.3.1 Bengkunat Without Terrain Features and With Terrain Features Analysis

According to ViPOR, there are differences in MV line. This happens because in the configuration with
terrain features, the forest, plantations and road increase the cost of distribution network. But this causes MV
line length becomes longer (5,770 meters) than the configuration without terrain features (4,662 meters) and
increasing the number of transformers from 7 to 8. The LV line length predicted (26,285 meters) shorter than
the configuration without terrain features (26,553 meters), and the distribution line length for the configuration
with terrain features (32,055 meters) longer than the other (31,195 meters). The NPC for distribution is $
240,011 (the configuration without terrain features is $ 235,080), with the NPC's power generation amounted to
$ 315,945, the NPC total system to be $ 555,956 (the configuration without terrain features is $ 551,025). So the
NPC per load $ 936, larger than the configuration without terrain features($ 928). The COE is $ 0.770 per kWh,
higher than the COE for the configuration without terrain features ($ 0.768 per kwWh). Its much higher than the
COE regardless of the distribution network ($ 0.409 per kWh). Comparison for both configurations can be seen
in table 3.

Table 3: The hybrid power plant distribution network optimization results

Components Without terrain features With terrain features
Total NPC $ 551,025 $ 555,956
Distribution NPC $ 235,080 $ 240,011
NPC per load $928 $ 936
Medium voltage line length 4,662 m 5770 m
Low voltage line length 26,533 m 26,285 m
Total line length 31,195 m 32,055 m
Number of transformer 7 8
Maximum transformer load 35.4 kKWh per hari 45.1 KWh per hari
COE $0.768 per kWh $0.770 per kWh

5.3.2 Bengkunat Hybrid Power Plant and Diesel Power Plant Analysis

Comparison of simulation results between the hybrid power plant distribution network model and the diesel
power plant distribution network model can be seen in table 4. Its seen that the NPC system, power generation
and per load of the hybrid power plant higher than the diesel power plant. But the NPC for distribution network
is lower than diesel, this is happens because the 225 kVA diesel power plant transformer more expensive than
the 25 kVA hybrid power plant transformer.

The hybrid power plant need 8 transformers with maximum energy supplied of each transformer is 45.1
kWh per day, while the diesel power plant use 5 transformers with maximum energy supplied of each
transformer is 51.8 kWh per day. Difference occurs because the maximum length of the LV line for the hybrid
power plant is 700 meters, while the diesel power plant is 1,000 meters. In the hybrid power plant simulation,
with the average number of load 75 per transformer, the maximum power supplied by each transformer is 17.55
KW. With the resistance of LV line [9] is 0.468 ¢¥/km, the maximum voltage drop is 10 V, this is a consideration
chosen 700 meters as the LV maximum length.
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Table 4: Hybrid power plant and diesel power plant distribution network optimization results

Components Hybrid power plant Diesel power plant
Total NPC $ 555,956 $ 505,493
Power generation NPC $ 315,945 $ 251,861
Distribution NPC $ 240,011 $ 253,632
NPC per load $936 $ 851

Medium voltage line length

5,770 meters

4,724 meters

Low voltage line length

26,285 meters

27,011 meters

Total line length

32,055 meters

31,735 meters

Transformer

8

5

Maximum transformer load

45.1 kWh per day

51.8 kWh per day

Fuel consumption per year

204,823 liters

332,884 liters

COE

$0.770 per kWh

$0.739 per kWh

The hybrid power plant distribution network (32,055 meters) longer than the diesel (31,735 meters), both
MV and LV. The hybrid power plant fuel consumption (204,823 liters per year) is more efficient (about 128,061
liters per year) than the diesel (332,884 liters per year). While the hybrid power plant COE is $ 0.770 per kWh,
higher than the diesel ($ 0.739 per kWh).

From the simulation, it was found that transformer cost for ViPOR data input only step-down transformer
with one capacity, so if requires a different transformer capacity, the simulation can not be done. The
optimization based on the NPC value, not based on the voltage drop at the network, because ViPOR doesn’t
have outputs of voltage drop, power losses and power flow. Some of this is a shortage of ViPOR.

6. CONCLUSIONS

1. From the simulation, it was found that the distribution of the hybrid power plant in Bengkunat has a total
length of 32,055 meters (5770 meters length of medium voltage and low voltage length of 26,285 meters), it
takes 8 transformers with maximum energy supplied to each transformer is 45.1 kWh per day, and the NPC
for distribution networka is $ 240,011.

2. Compared with a 2 x 100 kW diesel power plant (NPC = $ 505,493), the NPC value of the hybrid power
plant is higher ($ 555,956) as well as its COE ($ 0.770 per kWh) is higher than diesel ($ 0.739 per kWh).

3. With 594 load, NPC hybrid power plant is higher ($ 936 per load) than diesel power plant ($ 851 per load).

4. The hybrid power plant will save 128,061 liters of fuel per year than diesel power plant. With the increasing
of fuel prices, then by the sustainability of energy supplies in the future, the hybrid power plant is feasible
to be applied in areas with enough wind and solar radiation resources such as at Bengkunat West Lampung.

5. From the simulation, it was found that ViPOR has several shortcomings such as :

e Only step down transformers can be used for simulation, and only with one capacity. For a load
configuration that requires a different transformer capacity, the simulation can not be done.

e The optimization based on the NPC value, not based on the voltage drop at the network, because this
software doesn’t have outputs of the voltage drop, power losses and power flow.
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