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I.  Overview of New and Renewable Energy Power Plant

Since 2001, total installed capacity of power planikidonesiahas been increasedrom 23.7 GWin
2001to 39.9 GWin 2011.This is driven by the increase of population and economic growth that
increase theelectricitydemand Currently, power plant is still dominated lgssilfuel power plants.

In 2011, total capacity of new and renewable energy power plant is only 5.2 GW or 13% out of total

capacity 0f39.9 GW(Figurel) (Handbook of Energy & Economics, 2013)

Installed Capacity of Power Plant in 2011

= PLTA (3,9 GW)

= PLTP (1,2 GW)

= PLTB (0,0009 GW)

= PLT Mkro Hidro (0,006 GW)
= PLT Mini Hidro (0,058 GW)

= PLTS (0,0012 GW)

= PLT Limbah (0,026 GW)

Nonrenewable

Renewable
2 GW

Source Handbool &nergy & Economics Indorizsia)

Figurel. Installed Capacity of Power Plant 2011

From 52 GWof total renewable energy power planthe installed capacity is dominated by hydro
power plant (Pembangkit Listrik Tenaga Air, PLW)h the capacity of ¥ GW, followed by
geothermal power plantRembangkit Listrik Tenaga Panas buRILTP) at 1.2 GW. Wind power plant
is still very low at 0.000&Wcapacities



GW
PN Wb oo

0
2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011

PLT Limbah 0 0 0 0 0 0 0 0 0 0 0.026
mPLTS 0 0 0 0 0 0 0 0 0 |0.00020.0012
= Mini Hydro 0 0 0 0 0 |0.00330.0060 0.0060 0.0060 0.0135 0.0577
® Micro Hydro| 0 0 0 0 0 |0.0006 0.0006/0.0007/0.00070.0007 0.0059

mPLTB 0 0 0 0 0 0 0.00010.0002.00106.00034€.00093
mPLTP 0.785| 0.785| 0.805| 0.820| 0.820| 0.850| 0.980| 1.052| 1.189| 1.193| 1.209
EPLTA 3.113| 3.155]| 3.168| 3.200| 3.224 | 3.716| 3.688| 3.691| 3.695| 3.720| 3.881

Figure2. Installed Capacity of Renewable Energy Power Plant, 20011
(Source:Handbook of Energy & Economics Indonesia, 2013)

Looking at historical data of installed capacity of renewable energy power plant from 2001 to 2011,
hydro power planthas the biggest shaffeom year to year, followed bgeothermal(Figure2). Other
type renewable energy power plantthat were developedafter 2005 are: minihydro and micro
hydro which wererecorded since 2006 and solar power plgfembangkit Listrik Tenaga Surya,
PLTShhat wasrecorded since 2010.
In Indonesiar2050 Pathway Calculatofi2050 PG)the baseyear is 2011. Based on the resoes,
new and renewable energy power plants are classified in seven agfslows

a. Geothermal Power PlarfPembaugkit Listrik Tenaga Panas BymLTP)

b. Biomass Power PlafPemlangkit Listrik Tenaga Biomas$LT Biomassa)

c. Hydro Power PlanfPembangkitLlIstrik Tenaga AiPLTA)

d. Ocean Power PlaifPembangkit Listrik Tenaga Laut

e. Solar Power PlarifPembangkit Listrik Tenaga Surya TS)
Wind Power PlanfPembangkit Listrik Tenadgsayy PLTB)
g. Nuclear Power Plarf{fPenbangkit Listrik Tenaga NukIPLTN)

-

lI. Data and Methodology

2.1 Installed Capacity



Dataof installed capacity of new and renewable enempwer plants based odandbook of Energy

& Economic Statistics of Indonesia 2Gi&l other documentss shown in Table 1.

Tablel. Installed Capacity of Renewable Energy Power Pl20t 1

Installed
Power Plant _
Capacity Source
Type
(GW)
Geothermal 1,21 Handbook of Energy & Economic Statistics of Indonesia (2013)
Roadmap EBTKBirectorate General of New and Renewable Ene
Bioenery 1,71 . o _
and Energy Conservation, Ministry of Energy and Mineral Resou
Hydro 3,94 Handbook of Energy & Economic Statistics of Indonesia (2013)
Prototype BPP{TAgency of Assessment and Application of
Ocean 0,001
Technology)
Solar 0,00116 | Handbook of Energy & Economic Statistics of Indonesia (2013)
Wind 0,00093 | Handbook of Energy & Economic Statistics of Indonesia (2013)
Nuclear 0

Scenarig of installed capacity of renewable power plants in 2050 are determined based on the
potential renewable energyThe capacityis calculatedby multiplying the potential with the

percentage of each type of energy in each level.
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Data of potential renewable energyobtained from several documengsshown in Table 2.

Table2. Potential Renewable Energy Available of New and Renewable Energy Power Plant

Power Plant Type Potential Data source
reserve(GW)

Geothermal 28,91 Geology Agency

Bioenery 32,00

Hydro 75,00 Hydro Power Potential Study (1983

Ocean 60,98 Yo0si(2014)

Solar -

Wind 61,97 Wargadalam(2014)

Nuclear -




Meanwhile, the percentagéiguresto determine the installed capacity of power plants in 2050 are
based on experjudgment discussioramongmodelerteam and stakeholderconsultationmeeting

The percentagéiguresbased orexpertjudgmentare shown in Table 3.

Table3. Percentage (Expert Judgemet for Installed Capacity Scenario 2050

Power Plant Type| Levell Level 2 Level 3 Level 4
Geothermal 20% 30% 50% 70%
Bioenery 20% 40% 60% 90%
Hydro 15% 25% 40% 55%
Ocean 5% 15% 25% 35%
Solar N/A N/A N/A N/A
Wind 3,23% 5% 10% 20%
Nuclear N/A N/A N/A N/A

There are several pattesof projection for installed capacity of power plant from 2011 to 2050.

These assumptions are base expertjudgment

Table4. Projection Pattern of Installed Capacity of Power Plant from Base year to 2050

Power Plant Type Projection Pattern
Geothermal Additional capacity every 5 and 10 years
Bioenery Linear

Hydro S curve

Ocean Additional capacity every 10 years

Solar S curve

Wind S curve

Nuclear Additional capacity every 10 years

2.2 Available Supply

Availablesupply is defined aavailable capacity of power plants.
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2.3 Available Generation

Available generatiois defined as energy produced in certain duratiortimie.

b 0 OQUAARAN O ATQEEQH COMasE G Qi (O WH @WH QG

2.4 Own-UseRequirement
Own useis defined as percentage of the electricity used to geterdectricity in the power plan

system. In Indonesia2050 Pathway Calculator, average percentage for own use requirement is

assumed 10%ut of total energy produced.

lll.  Fixed Assumption
3.1 Capacity Factor

In the Indonesian 205Pathway Calculator, capacity factor varies depending on the type of power
plant. Capacity factor assumptions used in this model are shown in $able

Tableb. Capacity Factor of New and Renewable Energy Power Plants

No Power Plant Type | Capacity Facto  Data Source
1 | Geothermal Power 95% Kagekt al. (2007)
Plant

2 | Biomass Power Plant 85%

3 | Hydro Power Plant 60%

4 | Ocean Power Plant 20 %

5 | Wind Power Plant 20 %

6 | Solar Power Plant 17 %

7 | Nuclear Power Plant 90 %

3.2 Own Use
In Indonesian2050Pathway Calculatogverage percentage from power plant capacity for own use
requirement is assumeii2%out of total capacity. The number is astimation considering that the

capacityrange of own use requirement between 5% and 12%.



IV. Trajectory Assumption

One pagesfor new and renewable power plants consist of seven one pagdnich are: geothermal
(PLTIR, biomass(PLT Biomassahydro (PLTA) ocean (PLTLau), lar (PLTS)wind (PLTB)and
nuclear(PLTN)

4.1 Geothermal

Geothermal potential in Indonesia is around 2B.GW that is accounted for40% of world
geothermal potentialGeothermal potential area is spread in 285 locasic@urrently there areonly

9 locatiors that have been explited and 5 of them are located in JavaThe biggest capacity of
geothermal power planis located in Cibeureum area, West Java \lith capacityof 0.377 GW.
Total installed capacity afeothermal power planin 2011was1,21GW or 4.2% of total geothermal
potential. In order to increase geothermal use for national electricity supply, Government of
Indonesia has made several efforts to enhance investment through creatimyye competitive and
attractive business climate, inading simplification of tender process and geothermal feed in tariff

revision. Until 2012the 38 working areahave been granted for licens@-igurel).

Total: 58 GWA Lisence—Issued :38 GWAs

Tender on Progress: 2 GWAs
ACEH 2 WKP Tender Preparation : 13 GWAs
Tender - Failed : 5GWAs

* Kakiera Danau Santen: 115 MW
* G.Enaut 80 MW é

BENGKULU 2 WKP
* Tmibg Sawah-Huuiais: 873 MW
= Kepahiyang : 180 MW
LAMPUNG 4 WKP
» GaRajadasa: 51 MW MALUKU 1 WKP
i CENTRAL JAVA S WKP /
* SUoh Sexincal: 230 MW ol i = Tulehis 100 MW
= Waypanas — Ulubelu: 555 MW WEST JAVA 10 WKP + Dataran Tinggi Disng: 780 MW 4
* Danau Ranau: 210 MW = Ciater- Towan Perah 60MW oo 7oy .
B b o + Cheureum-Parabaktz 43SMW. » cn. ungaran: 100 MW EAST NUSA TENGGARA 5 WKP
= Gibent 140 MW = Umbul Teiomoyo : 120 MW = Atager 40 MW
= Cisoiok Cisukarame: 45 MW Sokona: 30 MW
; 5
:gIL'Tr mmpé:::‘onuw EATIAVAS R M
Tt bty * Blawan - fjen: 270 MW = Mataioko: 63 MW
« Karana Cakrabuana: 725 MW S5n 1yang Amopien: 295 MW = Okale Ange : 0 MW
5 nosn;w * Teloga Ngedet: 120 MW
o * G, Lawy: 195 MW
*G. Ciremat 150 MW

Figure3. Geothermal Working Area2012(Source MEMR 2013)



Key Factors
The differencean installed capacity ofeothermal power planfrom level 1 to level 4s assumed to

be influenced bythe main obstacles that hinder the development of geothermal power plaints
Level 4 those obstacles ha been overcome thageothermalpower plantcapacity reach 70% of
geothermal potential. This is also encouraged by strong commitment to maximize geothermal
potential in Indonesia. The main obstacles in geothermal power plants development disttiteas
follows:
- Unattractive investmenclimate;
Geothermal businesis ahighrisk business, especially when it is related to theestment. The
success ofjeothermal power plantievelopment is determined by the production capacity of
geothermal well. The higher well capacity, the lower electricity production @daksunet al.
2014); therefore it is still in the range of feed in tariff regulated by the government. On the
other hand, the success ratef discoveing the high capacity geothermal well (higher than 20
MW) is less than 10%.
If there were a breakthrough from government, for instangovernmentinterventions in
investment cost or increasing electricity price from geothahmt would encourage private
party to invest in geothermal power plant development.
- Limited human resources with expertise in geothermal technology;
The limited human resource is one of the main obstacles in geothermal development, including
limited competence of local governments in many provinces and cities/regencies.
- Overlapping geothermal working area with forest area
Thegeothermal working aresthat overlap with forest area is obviously an obstacle since the
activitiesallowed in natural forest and conservation forestas arevery limited.
- Overlapping bureaucracy

- Incomplete exploration data

Trajectory Assumption

Level 1

Level lassumes geothermal power plants capacity in 2050 at 5.78 GW or 20% of geothermal
potential, increaset.57 GW from base year (2011). Thsignificant increase afeothermal capacity
reflects thecurrent development of geothermgbower plant where withinthe last 10 years (2001
2011), the addition of geothermadower plantis less tharD.44 GW. Such condition showsat the
geothermal development constraints still cannot be resolved. The projecti@dditional capacity

patternis assumed at 1.14 G#hd willtake placeonce in 10 years.



Level2

Level 2 assumeabat the increase in capacity still insignificant, yet the increase will be higher than
Level 1. Theapacity is projected the 8.67 GW by 205®asically, the constraintsf geothermal
development still exist, yet it is assum#that there will be a betteinvestment climateriggeredby

the governmentwho also involves in capital investmeng§uch conditions will encourage all parties
to invest in geothermal. The projection of additional capacity pattern will similar with Level 1 which

will take placeoncein 10 years. Thadditionalcapacity amounted to 1.86 GW.

Level 3

Level 3 assumes the installed capacity of geothermal power plant by 2050 amounted to 14.46 GW or
50% hgher than the geothermal potentiallt could be achieved due to the improvement of
investment climate, the easiness to get permit and more geothermal egpertthe country.
However, the absence of understanding between institutiomdl cause the exploration of
geothermal in protected forest cannot be implementdd. addition to the issug of geothermal in
protected forest, the geothermal in thisolated arearemains untapped. In the firdind second
decade, the additional capacity pattern will take place each 10 yeardthe additional capacity

pattern will take place each 5 years started from 2030.

Level 4

Level 4 assumes 70% of geothermal has been util@edpproximately20.24 GW. In 12050 PC
stakeholder consultation, it is agreed that maximum energy capacity ofhgeuoal that can be
utilized is 50%+14.4 GW). However, based on the series of discussion with core team, the capacity
of 14.4 GW wilbenetrate Level 3 and after that Level 4 wilke a more optimistic percentage at

70%. The high capacity will be aceuairfrom the assumption that all economic constraints,
bureaucracy, human resources as wadland overlapping have been handled well. In additithre
isolated geothermal locatios will be feasible to explore. Through this level, Indonesia wants to

maximee its geotherral potential
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Installed Capacity of PLTP
25.0
Level 1 4 (2050
% 20.0 20.24 GW
=
< 15.0 Kevel3(2050):
21 14.46 GW
P
‘5 10.0 Level2 (2050):
% 8.67 GW
O 5.0 / ~
/4 Level 1 (2050):
0.0 o 5.78 GW
2010 2015 2020 2025 2030 2035 2040 2045 2050
Figure4. Projection of geothermal apacity until 2050
4.2 Biomass

Indonesia is endowed with hugaend abundantbioenergy potential. The potency of biomass

production carreach146.7 million ton or equaio 470 GJ/year. The main energy source of biomass

in Indonesiaare rice huskwith the energy potentialof 150 GJ/year, rubbeof 120 GJ/yearsugar

residue of 78 GJ/year, palm oil residue of 67 GJ/year andbdfenceis less tha 20 GJ/year which

will be sourced from plywood, wood residue, coconut residue and agriculture wastes (ZREU, 2000).

In addition, animal waste can be utilized as biogas. Indonesia can produce biogas around 160 million

kg/day. Moreover,the municipalwaste is potential for power plant. The biomass powsgiant

potentialcan reach 1,160 MWe (Figurg 5
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Irian Jaya

# B Plymils
Bali and Nusa Tenggara [l Sawmills

54% [] Sugar mills
[] Palm oil mills
L] Rice mills

Figure5. The biomasgotential for electricity generation (SourceZREU, 2000)

In this calculator 2050, Biomass power plants are plants obtained from dry biomassdirestry,

agriculture and plantationThe potency of power capacity can reachGUGW.

Influencing Factors

In RO5CPC the assumption®n influencing factorghat correspond tobioenergy powergeneration
capacityare listedas follows:
1. Technology mastering and supporting infrastructure
The tchnologyfor bioenergy power plant to dates still mainlyimported. It will causea high
investmentcost forbioenergy power plant development.
2. Continuity offeedstock
Indonesia has abundamtioenergyfeedstock yet thefeedstockis dispersed and needs to be
collected and transported to bioenergy power plant. The challenge is how the process of
collection and transpodtion could be feasible economically in ced to support the
bioenergy power plant developmerbmmercially
3. Land availability
Land is important thing in bioenergy development since the higher the bioenergy power
plant capacity; the higher the demand for feedstptierefore there will be a higher need
for land. In addition, otherplants that havepotency to produce bioenergy namely palm oil,

corn, etc that shall be planted in the righand and not compengwith agricultural land.

12



4. Policy Support (incentives ansubsidy) among others regulation on the assurance of
feedstock supply in the form of Domestic Market Obligation (DMO) and energy plantation,
price for biofuel and bioenergy based power plant.

5. Peoplereadinesgsocial impact)

The mismanagement of palm aiccurredin the past like million of forest had been
converted nto palm oil plantation and hadegative impact on enkonment that ultimately
raise concerns among the community membeia addition, there is aconcern that
bioenergy development will brinfig losses for farmers and rural economic. In the other

hand, investor will get high profit from the business (Maududi).

Trajectory Assumption

Level 1

Level 1 assumes the installed capacity ofimss power plantby 2050amounted to 492 GW or 20%
of biomass potential. At this level Biomass development still ices anumber of constraints such as
the feedstockis notcontinuouslyavailable uneconomial price, an expensive investment, and land

issues.

Level 2

Level 2 assumes the capacity of rhass power plantby 2050is 986 GW or 40% obiomass
potential. The increasg capacity in this levaks assumedo occur due tothe technology of bimass
power plant in the countrythat has been developed. Thaevelopmentof biomass power plant
technologyis sourced from domestic producer. However, the cornitinwf biomass feedstock

remainsthe main issue in developing bimass power plant.

Level 3

Level 3 assumes the capacity ofrhass power plant will reach 478 GW by 2050 or 60% bfomass
potential. The capacity is higher tharevdel 2 since it is assumeithat biomass power plant
technology has been mastered in the country. As a result, the investment cost is affordable. In
addition, bianass feedstock has reached an economiaecprand still can support the binass power

plant with economic priceLackof electricity infrastructure inthe eastrn part of Indonesia still
becomes the constraints to develop binass power plant thus there is still inequality in higass

development.

13



Level 4

Level 4 assumes the capacity of rass power plant by 2050s 2.18 GW or 90% of binass
potential. Bionass utilization for power plant at this level is close to maximuhhe triggers are the
improvement of technology masterindpwer investmentcostto develop bianass, thus attracting
other parties to invest, continuous feedstock availability with affordable pgoeernment support

in the form ofattractive feed in tariff, the utilization of unproductive landnd industrial gantation

forest for biamass feedstock.

Capacity of Bioenergy Power Plant
35.0

- Level4 (2050)
£ 300 28.80 GW
=
g 25.0 Level3 (2050)
O 20.0 19.20 GW
g 150 Level2 (2050)
% 10.0 12.80 GW
O 50 — Levell (2050)

00 - 6.40 GW

2010 2020 2030 2040 2050
Figure6. Projection ofbioenergygeneration @pacity by 2050
4.3. Hydro

Hydro power plant is one of the power plants that have been prioritized to fthidlelectricity
needs. Based othe study of Hydro Power Potential Study/HPPS, 1888ro potentialin Indonesia
is around 75 GWsee Figure 7)hat spread from west to east part of Indonesi&et, based on

Master Plan Study for Hydro Power Development in Indonesia by Nippon Koei in 2011, the hydro
potential after screening is 12.9 GW.
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Figure7. Hydro power potential in Indonesia

In 12050 PC, the internal team assumes the 75figWeis feasible to develgpthus sucHigure can
be used asa benchmark of hydro potential in Indonesili.is assumed thathe power plant size
ranges fromsmall scale to big scale. @t figure, the maximum electricitgenerationamounted to

41.25 GW or 55% of hydro potential as mentioned in Level 4.

Influencing Factors

In 12050 PC, thimfluencing factos that affect the achievement of hydro generation capaate:

1. Projection of electricity demand; the projection of high demand for electricity needs
strategic policy in the supply side and demandesidanagementlin supply sideexcept
geothermal,hydro power plant is an option that prioritized to develop in orderfulfill
electricity demand.

2. Conservation of water catchment area; the sustainabilithydro power plant either in the
small scale obig scale will be determined by the condition of water catchment. The more
water catchment area is protected, the more sustainable the hydro power plalhtbe.
Thus, conservation will be an important thing to keep the hydro power plant sustainab

3. Forest status (nature forest reserve); the locatiorhgéiro power plant usuallgverlaps with
the protected forest area or conservation forest so thgeothermal development needs

crosssectoralpermits.

15



4. Social (resettlement); the construction of hydrowper plant needslarge area for water
storage The issue in the process is how to move or to do resettlement of peopleando
affected bywater storage constructionSometimes, peoplesfusedto be relocated Thus,

the social issue willffect the installel capacity target of hydro power plant.

Trajectory Assumption

Level 1

Level 1 assumes the installed capacity of hydro power plant by 2050 amounted to 11.25 GW. At this
level, it is still difficult to develophydro power plantdue to a number of constraintsuch as: the

fossil energy is still favored in meeting the energy demdadk of protection of water catchment

area, and difficulties in obtainingpermits as well as lack of support frorine people who live

surround the power planarea

Level 2

Level 2 assumes the installed capacity of hydro power plant by 2050 is 18.75 GW. At this level, it is
assumed the development of hydro power plant dacanumber of technical constraintamong

others difficulty in finding a welprotected water catchment areaThe government only maximizes

the use of hydro potentials in the area where the needs of electricity is high,ttieusydropower

development still focus in Java, Sumatera and Kalimantan.

Level 3

Level 3 assumes the installed capacity of hydro power plant by 2050 is 30 GW ({®pothtial).

At this level,it is assumedthat the hydro power plant development will maximize the hydro
potential in the eastrn partof Indonesia like Maluku and Papua. Technically, the development will
be supported bya wellprotectedwater catchment area and theupports of local people given those

areas haveindergone electricity crises.

Level 4

Level 4 assumes the hydro power mi@apacity by 2050 will reach 41.25 GW or 55% of its mbi.

This level assumes the use of fossil fuel for power plant is no longer uneconomic so the power plant
will need other energy sources to fulfill the shortage. Government will publish policshen
acceleration of hydro power plant development eith&or small or big scale. The policy will
encourage the coordination improvement in cressctoral and will result the easiness to obtain

permit. In addition, the effort to improve water catchment aredl take place.

16



Hydro Power Plant Capacity
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50.0
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Figure8. Projection ofhydro power plant capacity by 2050

4.4. Ocean

Indonesia asn archipelagic countrnhas sea area of 5.8 million km2 or thrgearters of the total
area. Indonesia has ocean energy reserves stored in ocean namely ocean cwae@f, ocean
thermal and tidal. Based on the result of measurement, the maximum of ocean current velocity
ranging from 1.3 to 3 m/seconds and generate power density from 1.88 13.84 kW/m2.
Meanwhile, the practical potential for way@cean thermahnd tidal respectivelys 17.98 GW, 1.99
GW and 41 GW, so the total ofean energyractical potentialis 60.98 GW Yosi, 2004). According
to Indonesian Ocean Energy Association (20thE) practical potential of ocean energy in Indonesia
amounted to 49 GW with details of tidal, wave and ocean themuaéntial capacitiesare 4.8 GW,
1.2 GW and 43 GV¢spectively

The wave energypotential in Indonesisspread acrossSumatera, Java and Nusa Tengdseas The
highest potentialis located in the west of Sumatera with 20 kW per meter wave length, vihie
outskirt of south Java, west Kalimantan and north Sulawesestimatedto have the potemial of 15
kW per meter wave length (Figure).9Meanwhile, the tidal energypotential that spreads across
south Java, Nusa Tenggara, SulawesiSauth Papuahave theaveragesea surfacalifferenceof 3-

5 meter(between high and lowide) (Figure 10).
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Figure10. Potency of tidal energyn Indonesid & Y KPRAGLESDM, 2011)

In wave energy,the minimum wave velocity that can generate electricitys 2 m/s, yet the ideal
figure is 2.5 m/s. Most areghat havesufficienttidal for power generatiorare Sumatera, Java, east
Sumatera and areas around Bali and Nusa Tenggara (Figure 11). Mearheéhibeean thermal

energyconvesion (OTEC)hat utilizes the differert temperature between surfaceand deep ocean
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with minimum temperature differencef 20 degres Celsiuds potential innorthern partof Javesea

eastern partof Sumaterasea south Sulawesi and West Papua (Figure 12).

Figurell. Potency oftidal energyin Indonesia (P3GL ESDM, 2011)

Figure12 Potency ofOTEGn Indonesia & Y KUN¥ergi§ of Darma Persada)

The abovepotentialsare the technical resources thatould have beenitilized after considering the

external constraints such as cruise lines, environmental factors and accessibility.

Influencing Factors

In 12050 PC, the facteinfluencing the ocean power generation targetfaows:
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