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ABSTRACT

Indonesia is a maritime country that has vast ocean. Some coastal parts in
Indonesia has wave energy potential to develop for renewable energy. In some
researches that were conducted, the potential parts were consisted of western of
Sumatera Island, Southern of Java Bali Nusa Tenggara and Northern of Papua Island.
Those regions have various results of wave characteristics and an estimation of
generated electical energy. Others factors that we have to concern to implement this
energy were costs, transmissions from sources to users and maintenace of devices.
The strategic plans should be arranged for the commercial developments.
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1. INTRODUCTION

Renewable energy is generally defined as harnessed energy from alternative resources to
replace natural gas, oil and coal, which are non-renewable [1]. Ocean wave energy is one of
the most promising renewable [2] and clean energy sources which can be called as “Blue
energy’[3]. The ocean energy sources are an untapped resource that is able to produce a
significant contribution to renewable and clean energy generation [4].
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One of sorts of ocean renewable energy is wave energy. Wave-energy-characteristics are
inexhaustible, predictable and non-pollutant [5]. Wave energy and the associated potential
power production from wave energy converters holds great pledge as an abundant, carbon
neutral source of electricity generation to generation [6]. Ocean waves are a more predictable
resource with a higher energy density compared to solar and wind [7]. Energy production
from ocean waves is Non Polluting that can supply mega capability from the vast-ocean-
water-body [8].

Some prototypes to harness wave energy have been implemented in other countries. There
are plenty kinds of wave energy devices, such as oscillating water column (OWC) device [9],
wave energy raft [10], wave energy pendulum [11], nodding duck [12], overtopping device
[13] and point absorber [14]. Those devices can be classified into two categories: the fixed
device and the floating device [15]. Performance of a sea wave energy conversion device
depends on many technical factors such as converting energy efficiency [16]. Some of the
devices passed through the commercialization stage and have been built and deployed, for
instance Pelamis, Oyster, OWC, etc [17].

Indonesia is the largest archipelago state in the world [18] comprising 17,480 islands,
with a maritime territory measured nearly by 6 million square kilometres [19]. Indonesia also
as an archipelago nation which has lots of maritime space [20], triggering inter-continental
maritime connections [21] and fishing ground areas [22] that is related to Pacific and Indian
Ocean [23]. Due to many promising potentions from the sea, it will be good harnessing of
renewable energy from it. The need for alternative energy sources is capable of providing
conversion in a sustainable manner has prompted a significant scientific and operational
interest [24].

2. INDONESIAN ENERGY PROBLEM

2.1. Current Conditions and Problems of Energy

Based on forecasts in 2013 by EIA, world energy consumption will increase by 56% between
2010 and 2040. The energy market will expand [25] which is amplified by international
energy trade [26]. The generally stronger convergence with respect in oil-related emissions
until 1991 conditional on gross domestic product per capita is compatible with situation
where the rising oil prices [27] caused a strong transformation in the interest of countries [28].

Indonesian energy problems today are fossil energy reserves continue to decrease and
more difficult to be accessed by undeveloped people, remote and bordered areas [29]. In
terms of reserves, declining oil production and increasing fuel demand (BBM) will cause
higher crude oil and fuel imports [30]. The increase of final energy consumption per sector
occurred annually in the period of 2000 to 2014, except in 2005 and 2006. The average of
annual growth over the period of 2000-2014 was 3.99% per year from 555.88 million BOE in
2000 to 961.39 million BOE in 2014 [31]. If it is assumed that no new energy reserves are
found, based on the R / P ratio (Reserve / Production) of 2014, the petroleum will be run out
in 12 years, 37 years of natural gas, and 70 years of coal. This reserve will be faster to run out
because of the increasing trend of fossil energy production [32].

Peningkatan konsumsi energi [nal per sektor selalu terjadi setiap tahun pada periode
2000-2014, kecuali pada tahun 2005 dan 2006. Rata-rata pertumbuhan tahunan selama
periode 2000-2014 adalah 3,99% per tahun dari 555,88 juta SBM pada tahun 2000 menjadi
961,39 juta SBM pada tahun 2014
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2.2. Energy Availibility and Demand

Indonesia has several potential fossil energy resources including petroleum, natural gas and
coal. In 2014, proven petroleum reserves of 3.6 billion barrels, natural gas of 100.3 TCF and
coal reserves of 32.27 billion tons. By 2050, the utilization of electricity has increased by
almost 6.1 times for the basic scenario and has become more than 7.5 times higher for the
high scenario. This is caused by electricity-based technology continues to grow rapidly and
dominantly used in almost all sectors, especially in the household and commercial sectors.
The abolition of fuel and electricity subsidies led to a decrease in energy subsidies from 315
trillion rupiah in 2014 to 119 trillion rupiahs by 2015 used for infrastructure and social
development [30].

2.3. Electrical Energy in Indonesia

An electrical power supply is one of the most important and fundamental elements for
suistanable economic growth [33]. It is implemented with the issuance of Presidential Decree
(Decree) No. 4 2016 on accelerating the development of electricity infrastructure [34]. The
rise of climate change issue and the energy crisis makes the building must perform energy
saving to reduce the adverse effects on the environment [35]. PLN's power plant capacity still
dominates with a share of more than 76% (39.3 GW), power plant of IPP at 15% (7.9 GW),
and the rest is filled with PPU power plants and IO non-fuel power plants with a share of 9%
(4.7 GW).

Indonesia has several types of power plants, namely PLN, IPP, PPU and 10 non BBM. The
capacity of PLN's power plant has a market over than 76% (39.3 GW), IPP power plant at
15% (7.9 GW), while PPU power plants and 10 non-fuel power plants have a market of 9%
(4.7 GW). Approximately 74% of the total capacity of the national power station is located in
Java-Bali, 16% in Sumatra, 3% in Kalimantan and in other islands (Sulawesi, Maluku, NTB-
NTT, Papua) [30].

The Electricity consumption in the period of 2000-2014 has an average growth of 6.8%
per year, while in 2014-2050 it grows by an average of 5.3% per year. The decrease in
electricity contribution is caused by many tools that have used the principle of energy savings.
In 2014, the national electrification ratio was 84.4% or an increase of 3.9% from 2013. The
role of electricity in 2050 still dominates up to 74% of the total energy needs. Nevertheless,
per capita power consumption in Indonesia is still low if compared to some ASEAN
countries. Electricity consumption in Indonesia is 798 kWh / capita, Thailand (2,471 kWh /
capita), Malaysia (4,512 kWh / capita), Singapore (8,840 kWh / capita) and Brunai
Darussalam (9704 kWh / capita) [30].

3. WAVE ENERGY HISTORY AND ASSESSMENT

Indonesian maritime continent which consists of five large islands (Papua, Kalimantan,
Sumatera, Sulawesi and Java) [36] has increasingly serious shortages of conventional energy
such as coal and oil. The entire coastal in Indonesia estimated can produce more than 2 ~ 3
TW electrical equivalents, assuming 1% of the Indonesian coastline (~ 800 km) can supply a
minimum of ~ 16 GW equivalent to Indonesia's electricity supply in 2005 [37]. However,
resources categorized as recoverable as sources of energy derived from the ocean such as
wave energy, tidal, wind and OTEC have not been further utilized [38].

Previous reports produced a great contribution to the design of wave energy converters
and applied for many patents. Development of ocean energy in Indonesia remained not to be
implemented properly because there are still many inhibiting factors [39]. Advanced of
comprehensive wave energy evaluation and application systems are still scarce in the
primitive state of wave energy evaluation [40]. The trials of sea wave power plants have been
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conducted in Parang Racuk (Gunung Kidul) of Yogyakarta Special Province (DIY). The plant
was tested using Oscillating Water Column (OWC) technology by BPPT and BPDP. The
trials which do until now have not been able to achieve the expected results because the OWC
prototype has mechanically operational difficulties [41].

The cost of investments based on trials in some industrialized countries is around 9 cents /
kWh to 15 cents / kWh [39]. According to PT PLN (Persero), every one kilo meter of
transmission requires 3-4 towers. For transmission of 500 kV and 150 kV, each of towers
requires 25x25 square meters of land and 15x15 square meters [30]. Based on the results of
financial analysis, construction of power plants from marine resources assessed that have the
opportunity to be developed is the energy of ocean currents, sea waves and tides. The
electricity tariff per kWh generated is considerable to compete with the non-subsidized
electricity cost sold by PLN for IDR 1,163 / kWh, which is IDR 1,268 / kWh for ocean
current energy, IDR 1,709 / kWh for sea wave energy and IDR 2,048 / kWh for tidal energy.
Meanwhile, electricity tariffs generated by energy from the difference in sea water
temperature (OTEC) have a high cost, reaching at IDR 4,030 / kWh, which tends not to
compete with conventional electricity tariffs that are approximately four times cheaper [42].

The potential of electricity generated from marine energy in Indonesia has been widely
studied and calculated by various parties [30], one of which is the calculation issued by the
Association of Marine Energy of Indonesia - ASELI [43]. Some areas with wave heights of
more than 2 meters and a 10-second period are potential waves for renewable energy
development [44]. Potential of wave energy in the area reaching at 1200 MW with plant
capacity of 0.5 - 2 MW [45]. The development of researches on wave energy in Indonesia is
presented in Table 1.

Tabel 1 The Development of Some Wave Energy Researches in Indonesia

Source Formulation Location Data Used Findings
An installed capacity
appoximation
Norwave's Tapered is 1.5 MW. The annual
Mehluir;j(ll%l) Channel (TAPCHAN) Indonesia Unknown production will
Technology be some 10 GWh with

expected cost of energy
is 6 cents (US) per kWh.

2 years analysis of
satellite altimeter

Wave power from an

estimation using a set ) )
Indian Ocean in

Barstow ef al. of direct h al [ data from the Electrical capacity is from 5
(1998) [46] | relationships between ¢ C[?:{l;;ie?i[':ﬂ 0 Topex/Poseidon to 20 kw/m.
significant wave height k mission (launched in
and energy period. 1992)
Wave climate
predictions
. . . |by WAVEWATCH-
Wave power per unit | Indian Ocean in .
Comnett (2008) width transmitted by | the Coastal area LD T e 20 - 30 kW/m capacity
[47] . . . wave model
irregular waves of Indonesia .
spanning the 10 year
period from 1997 to
2006.
Irhas and Oscillating Water South Coast of | Wave data from |The air pressure efficiency of
Suryaningsih | Column Technology Yogyakarta metrology, the wave power plant uses |
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Source Formulation Location Data Used Findings
(2014) [48] climato}ogy, and | large pipe which is equal to
geophysics agency fwave power plant that uses 17,
of Indonesia small pipes‘
Wave energy potency :
BPPT (2014) Indonesian theoretical potency of 310
(32] unknown Wat Unknown GW, technical potency of 2
aters GW and the practical potency
of 1,2 GW
Increasing the capacity to be
Mukhtasor et Pendulum System .
al., (2015) [49]| PLTGL-SB 20 kW unknown Unknown 3500 W with generators

produced by LIPI

Anggraini et al.,
(2015) [50]

Oscillating Water
Column (OWCQC)

converter

Some Indonesian
Waters Areas

Significant wave
height data obtained
from Meteorology,
Climatology and
Geophysics Agency
(BMKG) of
Indonesia

The greatest power 1s located
in Aru Islands and Arafuru
Sea which reached out 313

kW and had a minimum value

of 55 kW.

The median powers were
located in the south coast of
Central Java, Timor Sea and

Banda Sea which had
maximum value of 198 kW

and minimum value of 20

kW.

Alifdini et al.
(2016) [51]

Oscillating Water
Column fixed on-shore

Sungai Suci
Beach, Bengkulu

Wave data from
ECMWEF (2011-
2015)

Electrical energy that can be
produced using this
technology in Sungai Suci
Beach was 7.703 MW/year.

Alifdini et al.
(2016)b [52]

Oscillating Water
Column floating type

Pulau Baai Beach,
Bengkulu

Wind data (speed
and direction) from
ogimet.com in 2000-
2016

Power output of OWC was
1.9 GW/year (using 3
chambers)

Sugianto et al.

Oscillating Water

Sungai Suci

Hindcasting wave
using 17 years wind

The capacity of power that
could be generated was

(2017) [53] |Column fixed on-shore| Beach, Bengkulu data (2000-2016) LC‘IO’;’?) MW and
categorized as small hydro
Wave data from | A quasi-flat LPMG (Linear
Metrology, Permanent Magnet
Climatology and Generator) which was
Azhari et al., Pico-Scale Wave South Coast of |Geophysics Agency | designed could produce
(2017) [54] Energy Converter Yogyakarta in Indonesia output
(BMKG) during |power of 725.78 Wp for each
period from 2000 to phase, with electrical
2010. efficiency of 64.5%.
4. STRATEGIC PLANS

A strategic plan is needed to accomplish purposes. It is important to reach the goals
systematically and clearly. Strategic plan can be obtained through analysis of some resources
challenges and availability. Ocean energies are identified as a potential commercial-scale
source of renewable energy [55]. Renewable energy development especially in the wave
energy area is a challenge for Indonesia. Both commercial readiness and market viability are
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required for successful entry into and survival in the energy market [56]. Through the large
investment cost, which is not comparable with the profit gained, make Indonesia rethink to
develop this type of energy. Therefore, it is necessary to design any strategies about how to
keep this energy in order to be able to be developed given the potential energy of these waves
in some coastal areas and sea in Indonesia. Situation analysis by looking at various options in
long-term energy development needs to be done to achieve the target set [30].

4.1. The Challenges of Wave Energy Development in Indonesia

Indonesia is the archipelago state surrounded by the Indian and Pacific Ocean in several areas.
With the coast and ocean areas that have potential for the development of this renewable
energy, it should be able to put good use of the existing energy potential. However, several
things to note are the challenges of renewable energy development [57]. The electricity
production cost of the wave energy generator is relatively higher so that in some locations the
application is less competitive than the production cost of electricity from conventional power
plants. This is due to the need for adequate infrastructure and some equipment components
that are still imported. As a result, the interest of investors who want to invest becomes
limited. In addition, the limited human and budgetary resources [58] to manage and maintain
the wave energy power plant makes this energy development a little hampered. The
availability of energy that is not fully 24 hours, it is also a consideration for the construction
of wave energy facilities.

4.2. Strategic Plans that Indonesia has done

Policies from various agencies related to electrical and renewable energy development
continue to emerge. Some of them are the National Energy Council (DEN) that has been
socializing the draft of National Energy Policy (KEN) which contains of the target of
electricity needs in the period of 2010-2050. In addition, The Directorate General of
Renewable Energy and Energy Conservation (DG EBTKE) has issued a discourse to achieve
a higher share of renewable energy in the national energy mix of 25% by 2025, otherwise
known as the 25/25 energy vision. BPPT has also released Indonesia Energy Outlook which
contains projected needs and energy supply for the long term. In addition, PT PLN (Persero)
has issued the Electricity Supply Business Plan of PT PLN (Persero) 2011-2020, called
RUPTL which provides an overview of PLN's power supply business plan throughout
Indonesia in 2011-2020 which will be used as reference in the preparation of long-term
corporate plans and as a guide in the preparation of annual work programs [59].

The developing strategic plan for the development of renewable energy development is
based on Nawa Cita (priority agenda) [60]. The policy and strategic direction that have been
formulated are to increase the role of renewable energy in the energy mix by formulating the
appropriate incentives and prices to encourage investment. In addition, renewable energy is
being developed in order to increase the accessibility of electrical supply for Indonesia's
outermost areas. Increasing efficiency in the use of energy through energy-efficient
campaigns is also necessary [61].

Directorate General of EBTKE together with The Ministry of Finance, provides incentives
in the form of a feed-in tariff mechanism for investors to develop renewable energy [62].
Some programs that have been developed for renewable energy development are [57]:

1. Prepare the Regulation and Policy

This needs to be done to accelerate the achievement of renewable energy utilization
rate in the national primary energy mix.

http://www.iaeme.com/IJMET/index.asp e editor@iaeme.com




Wave Energy Reviews in Indonesia

2. Creating Markets

The market can be created through the assignment of PT PLN (Persero) to buy
electricity from ocean renewable energy.

3. Preparing SNI

Indonesian National Standard (SNI) related to renewable energy generating equipment
needs to be arranged in order to create the utilization of renewable energy safety.

4. Create Feed-In Tariff and Ceiling Price

The publication of ESDM regulates the fit and ceiling price of electrical energy from
power plants using renewable energy.

5. Building Energy Infrastructure

Infrastructure of renewable energy should be allocated funding through APBN, APBD
and DAK by utilizing renewable energy potential in local area.

6. Improving International Cooperation

International cooperation can be done with some countries that have experienced in
the development of ocean renewable energy. This is necessary in order to be a
reference and learning for Indonesia to be able to develop renewable energy potential
in the future independently.

4.3. Future Plans

Some of the strategies that Indonesia needs to do now are to take several policy-making steps
such as energy conservation, energy diversification and energy intensification. Energy
conservation is an effort to use energy by not reducing the development of growth rate [63] by
using equipments that more efficient to energy users [37]. Energy conservation is conducted
with the aim of improving energy efficiency on the supply and demand sides of industrial,
transportation, household and commercial sectors [57]. Meanwhile, energy diversification is
an effort to reduce the dependence of petroleum [63] by diversifying the use of non-petroleum
energy [37] such as renewable energy [57]. Energy intensification is a search for new energy
sources in order to increase energy reserves as utilization of electric power [39].
Intensification efforts are done through increased survey activities and exploration of energy
resources to determine its potential economically [41].

In the development of marine renewable energy, several strategies that have been
developed by the International Energy Agency (IEA) include [62]:

1. Improving and Aligning Agencies & Policies

Indonesia's energy policy is experiencing a lot of difficulties because the large number of
institutions and agencies which involved with overlapping roles. The above conditions
ultimately make policy targets that are sometimes too ambitious and more reflective of
political priorities than targets that may be achieved.

2. Improving The Legal Framework and Regulations

In the field of legal and regulatory framework there are still many things to improve. Many
published regulations are contradicted to the existing policies and / or in direct contradiction
with applicable law. The need to establish an independent institution or at least two key units
are in an independent government or not having direct responsibility for the ministry -
especially in the field of regulation in upstream and downstream sector of oil and electricity
sector. The Corruption Eradication Commission (KPK) can serve as an example of an
organization of independent institutions but remains part of state institutions.
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3. Improving and Expanding Infrastructure

Plans for increasing renewable energy production depend heavily on the huge investment in
transmission and investment networks on the development of geothermal power plants, solar
energy and wind energy. Indonesia has actually identified the needs of this infrastructure
project in its policies and plans but is often delayed and its sources of funding are unclear.
Investment projects, whether financed by the public or private sector are often delayed due to
unclear land tenure and poor land acquisition procedures for projects that are the top priority.

4. Ensure the Sustainability of the Energy Sector

Efforts to improve sustainability in the energy sector are critical to ensuring that Indonesia is
able to achieve its greenhouse gas (GHG) reduction targets. It also requires the use of new and
more efficient technologies in the transportation and power generation sectors. Environmental
protection also needs to be upgraded, especially at the local level where forest and
biodiversity degradation in Indonesia is to be stopped.

Some suggested recommendations including to improve coordination in energy regulation
and policy development are by increasing the energy investment framework to accelerate
decision-making processes and open up market-based on energy sector mechanisms. Establish
a special unit of the Investment Coordinating Board to facilitate infrastructure investment in
renewable energy. In addition, the government is expected to provide advice and support
investors to obtain the necessary licenses [62]. It is also important to fix things related to
social and cultural aspects. Public awareness of the importance of switching to renewable
energy sources needs to be built early [58].

5. CONCLUSION

Nationally, the use of new and renewable energy (EBT) in Indonesia has not been optimal
because with low fossil energy prices, high EBT investments will make it difficult for EBT to
enter into the competition of energy utilization. With the development of 35 GW program
which is a short-term program listed in Nawacita makes the use of EBT more limited because
to achieve the goal Nawacita is required large-scale energy-fueled fossil.

Wave energy development as a source of renewable energy in Indonesia is still deepening
in research. There are some experimental tests of wave energy devices, but still experiencing
some obstacles. Some stategic plans should Indonesia do to implement wave energy for a
source of electricity, so, Indonesia can overcome energy crisis in the future due to lack of
fossil energies.
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