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Preface

The 2nd ICIEVE 2017, the Intemnational Conference on Innovation in Engineering and
Vocational Education, held on October 25-26, 2017 at Aryaduta Hotel, Manado, North,
Sulawesi, Indonesia, is hosted by Universitas Pendidikan Indonesia (Indonesta), Universitas
Negeri Manado (Indonesia), and Rajamangala University of Technology Thanyaburi
(Thailand).

The conference was a platform for scientists, scholars, engineers, industrial professionals, and
rescarchers to exchange, share, and discuss their innovation, experiences, research works and
problem solving techniques in all issues in engineering and vocational education.

The participants of ICIEVE 2017 were from around the world with a variety of background,
ncluding academics. industry. and even well-known enterprise. In general, there were 140
papers discussing such various topics as engincening and technology innovation (mechanical
engineering, chemical engineering, civil engineering, etc.), engincering education (basic
science in engineening  education, engineering education reforms, new technologies in
education, etc.), and vocational education and training (industry-driven training programs and
collaborations, lifclong lcaming — reskilling and upskilling, government and policy, etc.).

We would like to thank all of those who helped and supported ICIEVE 2017, Each individual
and institution's support was very important for the success of this conference. Specifically, we
would like 1o acknowledge the advisory board, scientific committee, and organizing committee
for their valuable advice, help, suggestions, and support in the organization and helpful peer-
reviewing process of the papers. This year, we would like o express our deepest gratitude for
all the co-hosts of ICIEVE 2017, UNIMA, Indonesia, and Rajamangala University of
Technology Thanyabun, Thailand for the collaboration. We would also extend our best
gratitude to keynote speakers for their valuable contribution for sharing ideas and knowledge
m the ICIEVE 2017,

We sincerely hope that ICIEVE 2017 will be a forum for excellent discussions for improving
the quality of research and development in relation to innovation in engineering and vocational
education. We also hope that this forum will put forward new ideas and promote collaborative
rescarches among participants. We believe that the proceedings can serve as an important
rescarch source of reference and the knowledge. Indeed. the proceedings will lead 1o not only
scientific and engineering progress but also other new products and processes for better science
and technology in vocational education.

The Editors

Dr. Ade Gafar Abdullah

Dr. Eng. Asep Bayu Dani Nandiyanto
Dr. Isma Widiaty

Dr. Verry Palilingan, M. Eng
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Abstract. This study presents analysis of pico-hydro clectnical power plant in
North Sulawesi, Indoncsia. The objective of this study is 1o get a design of axal
wrhine pico-hydro electncal power plant. The method used the study of hitermmre,
survey the construction site of the power plant and the characteristics of the
locauon being a place of study, analysis of hydropower ability and analyzing costs
of power plani. The result showed that the design of axial wrbine pico-hydro
installation is connected w a gencrator 1o produce clectncal energy maximum can
be used for houschold nceds in villages. This analyze will be proposc to local
government of Minahasa, North Sulawesi, Indonesia.

1. Introduction

North Sulawesi region more specifically in the villages of Minahasa district has a
mountainous topography and has many rivers which is a potential source of enormous
encrgy for power plants which, when carefully planned can overcome the problem of electnic
encrgy cnsis. Problems that have long and ut this ime every day power outage for about 2-3
hours a day. However, the electricity crisis was not so much solved using the integral encrgy
source potential flow of river water in the arca of North Sulawesi. There are still many
villages far from urban arcas still do not have adequate power supply. In anticipation of that,
il 15 necessary to butld small-scale power plants (1 kW - 5 kW). Figure 1 shows thal the
electrical energy production by 2013 in the province of North Sulawesi using water power is
still very little 9.02% [1]. It shows that the construction of the hydroelectric power plant is
still very much needed in the arca of North Sulawesi. Shortage of electricity in rural arcas is
very likely to occur becausce it 15 far from the urban and the power grid, but did not rulc
urban arcas are also experiencing the same thing. In fact, many cities and districts that rely
on diesel and hard to come by when the oil, resulting in a power outage m rotation may cven
are expanded. One solution is emerging development in Indonesaa at this time 1s 1o find a
way out through the construction of power plants nucro scale with the power source stream
flow and more dependable again when rural communities require the construction of power
plants as small as possible, namely less than § kW and that can be realized through pico
hydro power plant (PLTPH).

Based on the analysis of the energy force of the waterfalls and design turbines, all of
which were made through experiments in the laborutory and in the field (in the village where
the installation location) to the mounting PLTPH and generate electrical encrgy production is
less than 5 kW is an invention/mnovation targeted in research this. For the creation of the
PLTPH development, it previously had to be done: first, about the theorctical studies as the

Content from this work may be ted under the terms of the Creative Commons Auabuton 310 beesce. Any farther distribution
Of thas work st mamntan srtobetion (o e sethor(s) and the tthe of the work, joarsal citation wd DOT
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basis for analysis through literature; second, conduct survey research sites (including survey
the village is selected villages that have the potential (0 obtain charactenstics of the villages
and communitics for the purpose of character education for these communitics through
socialization to shape the character of the community so that there is a sense of belonging
and accept, help build and maintain the power plant in village) in the form of: discharge of
river water, river water dam layout, long conductive flow of water to the location of the
water falls, the water level fell, and location of turbines; Third, experiments in laboratory
experiments in the form of high varation of water falling: Last, economic analysis and
supply to the local government Minahasa district for cxpansion into other villages potentially
built PLTPH. The objectives of this rescarch is to get the design of efficient and effective
from axial turbine models for installation in PLTPH which generates electrical energy
production of less than 5 kW for a household in the village Tinoor Minahasa North Sulawesi,
Indonesia.

Od ; 7.84% Geothermal ;
101%

Figure 1. Production of electric energy in North Sulawesi.

Pico hydro is hydro power with a maximum electrical output of 5§ kW [2][{3][4]. The
system is beneficial in terms of cost and simplicity from a different approach in the design,
planning and installation from the power applicd to the water is greater. The latest
innovations in pico hydro technology have made an economic powerhouse even in some of
the poorest places in the world and can be accessed. It is also a versatile resource.
Alternating current electricity possible can be produced from a standard electrical equipment
1o be used. Common examples of devices that can be powered by pico hydro are light bulbs,
radio and television. Typically, pico-hydro power systems are found in rural areas or hilly
[5][4]. This system will operate using s contamer of water on which a few meters from the
ground. From the reservoir, the water flows downhill through the piping system and it allows
the water to tum turbines. Thus, the turbine will rotate the alternator to produce clectricity.
However, this study was conducted to demonstrate the potential of consuming water that is
distnbuted to homes in rural areas as an altemative renewable energy source. The flow of
walter in the pipe has the potential and kinetic energy will be converted into the potential
energy of motion of the turbine which then into clectrical energy in generators. Technically,
pico hydro has three main components: water (as a source of energy), turbine and gencrator
[6]17]. Pico hydro get energy from the flow of water that has a certain altitude difference.
Basically, pico hydro utilized the potential energy of water falling (head). The higher the
water falls, the greater the potenual energy of water that can be converted into electnical
energy. In addition to geographical factors (layout of the river), the height of falling water
can also be obtained by stemming the flow of water so that the water level is high. Air

flowed through a pipe plant rapidly into the house in general was built on the banks of the
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river 1o drive turbines or waterwheels pico hydro. Mechanical energy derived from rotation
of the turbine shaft is converted into ¢lectrical encergy by a generator 8],

Reaction turbines operate under pressure inside the stator (casing). When water passing
through the stator in the direction of the turbine shaft helical, causing a whiripool. The flow
was then directed by the blades of the turbine wheel The angular momentum of the forces in
the water rotates the turbine wheel. In contrast to the impulse turbine, the water pressure
drops in the stator and the turbine wheel. Examples of a reaction turbine is Propeller
(propeller), Kaplan, and Francis, Screw and kinctic turbines water (used to lower head is less
than 5 m). Reaction trbines often have houses and geometry turbine blades of a complex
which makes it more difficult to process large-scale production of the smallest in the scttings
in developing countries [9]. However, the reaction turbine can perform well even in low
head distance of less than 10 m, thus making it more desirable since the low head of water
resources are more accessible and closer location.

Turbine power (Pt) gencrated:[6])[7]
Pt=pgHQn(W) ()

Calculation of Electric Power and Encrgy:

Power turbine shaft

Pt=9.81 x Q x H x nturbin 12)
Power 15 transmitted to the gencrator

Ptrans = 9.81 x Q x H x nrurbin x nbelt (3)
Power generated generator

P' =981 x Q x H x nturbin x nbelt x ngen (4)

1. Methods

The method used literature study, site survey rescarch (including survey the village in order
to obtain the characteristics of villages and rural communities Tinoor for the purpose of
character education for these communities in receiving. helped build and maintain the power
plant), analysis beginning on the ability of electric power, and discussions with local
authorities. Conducting preparatory activities before carrying out such research; reflecting
the result of socialization, preparation of materials and experimental tools, setting work
schedules. Data collection in the village Tinoor form: discharge of nver water, water
velocity, channel length conductor, high waterfalls, and location of the turbines.

Methods of direct observation m the field through measures such as speed streams and
cross-sectional area perpendicular to the water flow of the niver o get water discharge
flowing river as initial data in the analysis of the ability of river water, and then (o analyze
the electrical energy taken preliminary data height measurements falling water (planned 1.63
m) including measuring the distance from the dam to the water fall. Technique of direct
measurement with the following procedure: first measure the water velocity and the second
measuring cross-sectional area perpendicular to the flow of river water in order 1o get waler
discharge (cross-sectional arca multiplied by the speed of the water, m'/s), and the last
measure the height of falling water to get the length of the aqueduct of dam water to the
walter fall,

3. Results and discussion

This generator power electric generated will be distributed to users. In planning the required
amount of power at the load center should be under the power capacity is raised, so that the
power supply voluage 1s stable and the system becomes more reliable (long). The water
flowing with capacity and 4 certain height distmbuted 1o the house mstallation (casing). At
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home the turbine, the water plant will pound turbine, turbine ascertained in this case will
receive the water energy and convert it into mechanical energy in the form of turbine shaft
rotation. The rotating shaft is then connected to the generator by using the tire/belt. Of the
gencrator will produce clectricity that will go into the control system before the clectrical
current supplicd to homes or other purposes (load). That briefly the process of pico-hydro,
alter energy flow and water level into electrical encrgy [7].

The results of the analysis of water and high power capabilities of falling water according
to calculation on 4 gross basis before further analysis can be scen in Table 1 as follows:

Table 1. Results of the analysis of water and high power capability falling water.

Q (m'/dt) Hid m) Hiseses{m) Hen(m) P(kW) P'(kW)
0.236 1.63 023 1.4 269 1.85

Water discharge (Q) in Table 1 is a water discharge pipe is planned to enter the rapidly
with height of 1.63 m water fall and if we calculate minimum water flow of 20% of the water
flow was then obtained 91.6 | / sec. Generates power without taking into account the total
efficiency of 2.69 kW and if we take into account the total efficiency of 0.643, the installed
power of 1.85 kW.

Table 2. Results of the analysis of clectric encrgy.
In Haim) Qu(m'dl)  Qwi(mdt)  Que(m’/dt) TEMMWh)

0.643 14 0.236 0.207 0.133 19.295

Table 2 shows the results of the analysis ol electrical energy which is calculated based on
the total efficiency, the force of gravity, high falls and the actual effective water obtained
from the difference between the height of fall slop and total loss of height of falling water
(0.1 m previously planned 0.23 m). The total energy obtwined durng a year high real
effective water fall of 1.4 m was 19.295 MWh with stalled power of 1.85 kW.

Total electrical energy obtained within a year of 19,295 kWh (Table 2). If we calculate
the value of sclling electricity to PLN by calculating the total cost of expenditure per year of
IDR 25 million, the value of the electricity sold at IDR 1295/kWh.

4. Conclusion

The ability of hydroelectric power of 2.69 kW is installed or the electrical power produced
by the force of the water. The head of effective of 1.4 m with the gencrated power of about
1.85 kW with water flow of 0.236 m'/s. The total energy is obtained within a yecar was
19.295 MWh.
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