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1 Introduction of the Wind Farm Prospectus

This wind farm prospectus is one of the deliverables under the project titled Wind Energy Development
in Indonesia: Investment Plan. The project is initiated by the Ministry of Energy and Mineral Resources
of the Republic of Indonesia (MEMR), managed by the Southeast Asia Energy Transition Partnership
(ETP), and hosted by the United Nations Office for Project Services (UNOPS). ETP is a multi-donor
partnership formed by governmental and philanthropic partners to accelerate sustainable energy
transition in Southeast Asia in line with the Paris Agreement and Sustainable Development Goals.
UNOPS is the fund manager and host of ETP Secretariat.

Eight potential wind farm locations on Java and Sumatra have been assessed on their techno-
economic viability. These locations are Aceh Besar (Aceh), Dairi (North Sumatra), Gunung Kidul (DI
Yogyakarta), Kediri (East Java), North Padang Lawas - South Tapanuli (North Sumatra), Ponorogo
(East Java), Probolinggo - Lumajang (East Java), and Ciracap (West Java). Findings from the study
are consolidated in a wind farm prospectus per location, of which the underlying document is created
for the Aceh Besar wind farm. In each prospectus, the following items are included:

Section 2.1: Introduction of the location
1 Geographic location
1 The mentioning in PLN Electricity Supply Business Plan (Rencana Umum Penyediaan Tenaga
Listrik/RUPTL) 2021-2030 and current development status

Section 2.2: Wind resource availability and land use

Wind characteristics at the envisioned area

Topography at the envisioned area

Land use at the envisioned area, including permitting requirements

= =4 —a -

Conclusion on the boundaries of the envisioned wind farm area
Section 2.3: Design of the preliminary wind farm layout

Section 2.4: Accessibility
1 Transportation to the wind farm, including necessary road adjustments and construction of new
infrastructure
1 Transportation within the site, including necessary road adjustments and construction of new
infrastructure

Section 2.5: Geology and seismicity conditions
Section 2.6: Biodiversity, socio-economic and environmental conditions

Section 2.7: Transmission network design
9 Selection of the point of connection at the PLN grid
1 Schematic design of transmission and distribution network

Section 2.8: Energy yield assessment, based on the wind resource availability and preliminary wind
farm layout

Section 2.9: Business case assessment, based on the wind farm cost and energy yield

Section 3: Overall conclusion on the techno-economic viability of the wind farm and recommended next
steps in the development of the wind farm
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2 Analysis of Aceh Besar Wind Farm, Aceh - 120 MW

2.1 Introduction of the wind farm location
This section introduces the wind farm location, i.e. Aceh Besar, Aceh in three parts: (1) geographic

location, (2) status in RUPTL, and (3) status of development.

2.1.1 Geographic location
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Figure 1. A map of Aceh province in which the envisioned Aceh Besar wind farm area is located

Figure 1 shows Aceh, a province at the northwestern tip of Sumatra Island. Located in the western part
of Indonesia, Aceh is a neighbor to one province: North Sumatra. Aceh has an area of 58,486 km? and
a population of roughly 5.4 million in 2022*. This province is ranked 30™ in terms of provincial GDP per
capita, which amounts to IDR 39.16 million®. Additionally, the cumulative economic growth of Aceh in
2023 is 4.23% (c-to-c)®. To provide context, | n d o n eesohoanit growth in that year is 5.05% (c-to-

c)*.

1 https://aceh.bps.go.id/indicator/12/55/1/jumlah-penduduk.html

2 https://www.statista.com/statistics/1423411/indonesia-per-capita-gdp-at-current-prices-of-provinces/

% https://aceh.bps.go.id/pressrelease/2024/02/05/1085/pertumbuhan-ekonomi-triwulan-iv-2023-provinsi-aceh.html

4 https://www.bps.go.id/en/pressrelease/2024/02/05/2379/indonesias-gdp-growth-rate-in-q4-2023-was-5-04-percent-

-y-on-y-.html
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There are a number of things to note about Aceh. The province was granted special autonomy for

historical reasons, one of them being the only province in Indonesia that implements the Sharia law.

Acehi s al so known for having sizable oil and gas reserves
announced in early 2024 is at Andaman Il and South Andaman Block, which respectively estimated to

contain 5.5 and 6 trillion cubic feet (TCF) of gas-in-place®. Aceh is home to a 1 million-ha large nature

reserve, named Mount Leuser National Park. Moreover, some key agricultural products of Aceh include

palm oil, coffee, cacao, rubber, and rice.

There is one industrial estate in Aceh®, namely, Aceh Ladong Industrial Estate (66 ha 7). This estate is
envisionedtobecomeone of I ndonesi a®s Nat itatsapliesHaal faodani ndustri al
beverages to the Middle East "®. Meanwhile, there is one special economic zone (SEZ) in the province:

Arun Lhokseumawe SEZ (2,622 ha)®. Inaugurated in 2018, this SEZ is developed to focus on several

sectors including energy (gas), petrochemical, agroindustry, logistics, and kraft paper®.

In Appendix E of RUPTL PLN 2021-2030, PLN lists the strategy to fulfill new/additional power demand
from four 21| arge?® Acklermamelyi city consumers in

1. Arun Lhokseumawe SEZ (10 MVA in 2025; potential for further development of 350 MW)

2. Ladong Industrial Zone (10 MVA in 2025)

3. Sabang Integrated Marine Fisheries Center (0.2 MVA in 2025)

4. East Aceh Shrimp Pond (2 MVA in 2025)
The next subsection will explain the projected power demand levels of the province, which among
others considers the future demand from the abovementioned consumers.

The considered wind farm location in Aceh is located in the Aceh Besar Regency, in the southwest of
provincial capital city Banda Aceh.

2.1.2 Status in RUPTL PLN 2021-2030

The electricity system of Aceh is presented in Figure 2. This system is comprised of a backbone 150-
kV transmission line connected to the Northern Sumatra (Sumbagut) interconnection, and an isolated
system using a 20-kV transmission line. The former line connects a majority of the Aceh onshore
regions (main island), whereas the latter serves electricity provision mainly at the smaller islands.
RUPTL PLN 2021-2030 states that the peak load in Aceh in 2020 is recorded at 542 MW.

The projected peak load, as well as the projected electricity production at the province, is displayed in
Figure 3. It can be inferred from the figure that PLN expects electricity demand to have a stable growth
until 2030. This projection is based on the assumption that the average demand growth rate will be
4.7% per year.

5 https://www.cnbcindonesia.com/news/20240115175421-4-506054/bukan-mitos-segini-jumlah-temuan-gas-
raksasa-di-aceh

5 https://regionalinvestment.bkpm.go.id/pir/kawasan-industri-kek/

7 https://investaceh.id/projects/detail/kawasan-industri-aceh-kia-ladong

8 https://kemenperin.go.id/artikel/22941/Kemenperin-Dorong-Masuknya-Investor-ke-Kawasan-Industri-Ladong
9 https://regionalinvestment.bkpm.go.id/pir/kawasan-industri/?id=85
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Figure 2. A map of Aceh electricity system in RUPTL (Source: RUPTL PLN 2021-2030).
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Figure 3. Projected electricity production and peak load in Aceh (Source: RUPTL PLN 2021-2030).
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2.13

A summary of the power generation development planning can be seen in Figure 4. This figure
includes both conventional and renewable energy power plants. Additional power generation is
categorized into two groups: PLN and Independent Power Producer (IPP). Throughout 2021-2030,
wind energy development is allocated 55 MW each for 2024 and 2025, totaling 110 MW. ltis
noteworthy that the allocation is applicable for the whole Sumatra system (including other provinces).
On top of this allocation, the RUPTL also identifies 148 MW of wind power potential in Aceh.
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Figure 4. Additional generation capacity being planned for Aceh (IPP: Independent Power Producer; Source:
RUPTL PLN 2021-2030).

Status of development

Aceh wind farm (PLTB Aceh; 55 MW) was included in the Hijaunesia 2023 tender conducted by PLN.
To the best of our knowledge, there are at least two developers active in Aceh and participated in the
tender. However, the tender winner has not yet been announced up to the time of writing. This project
has since been included as one of the JETP Comprehensive Investment and Policy Plan (CIPP) top
priority wind projects, with COD target of 2027 and capacity of 55 MW. It can be concluded that there is
still room for further wind energy development considering the potential and the power generation
planning.
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2.2 Wind resource availability and land use
2.2.1 Approach

To determine the area in which wind turbines can be placed, one of the most important factors to
consider is wind speed. This factor largely determines the envisioned boundaries of the area suitable
for the construction of wind turbine generators (i.e. WTG-area). In the later process, additional factors
were taken into consideration, which led to a final WTG-area. This section provides a concise overview
of the factors that have resulted in the final WTG-area. The data used to shape the WTG-areas was
based on open-source geo-information. Additional field checks have shown that the open-source data
provides a sufficient level of detail in this phase of the project.

The WTG-area selection for this location starts with identifying areas with average wind speeds above
6 m/s at 100 m height. This initial filtering process using wind speed data is followed by the inclusion of
further parameters, including land use (roads, railways, residential areas and buildings) and
topography (slopes). Additionally, the volcanic and seismic risks are later taken into consideration in
Section 2.5. To summarize, the first set of restriction criteria being applied in the WTG-area selection
are as follows:

Wind speed (> 6 m/s)

Slopes (< 15 degrees, with a buffer of 100 m around steep ridges)

Roads (with a buffer of 150 m)

Railways (with a buffer of 150 m)

Residential areas and buildings (with a buffer of 250 m)

= -4 -4 -—a -8

The next step was tgozomesnsAdetrhe hreamgodmgpgests, these zor
indicate whether a particular area either can accommodate wind farm developments without significant
restrictions/conditions to be fulfilled (go zone), can accommodate wind farm developments with

significant restrictions/conditions to be fulfilled (go zone with restrictions), or cannot accommodate wind

farm developments (no go zone). These zones were determined considering the land use, i.e.

presence of nature reserves, protected areas, and airports, as well as water ways and water bodies,

based on OpenStreetMap (OSM). Furthermore, existing policies (e.g. spatial plans) and regulations

(e.g. on permitting) specific to the area are also considered.

A specific buffer distance was applied to each case to minimize the risk of possible nuisance, safety
issues, and land use conflicts. This step results in the final WTG-areas. The second set of restriction
criteria that were checked thus include:

1 Nature reserves and protected areas (with a buffer of 300 m)

1 Airports (with a buffer of 3,000 m)

1 Water ways and water bodies (with a buffer of 300 m)
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2.2.2 Wind resource and characteristics

i/;

i

Figure 5 shows the initial search area (bounded by the purple-dash box), in the northwestern region of
Aceh. Within the figure, areas with average wind speeds of more than 6 m/s are indicated by the
"pixelspy with distinct col or eoscludkdthat pramisiegdvindd y t
resources are located in elevated parts of the area.
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The color bar indicates average wind speeds which are above 6 m/s at 100 m height according to the Global Wind
Atlas (GWA) climatology.

Considering the scattered nature of the areas with promising wind speed, the search area was further
confined to a single smaller, continuous area
is to avoid the high cost and complexity of building electrical connections (e.g. distribution lines)
between the several sub-sites of wind turbines which are separated by large distances.
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Figure 6 shows a zoomed-in map of this continuous area which has been further studied in the
subsequent steps. The figure is also complemented by the final WTG-area to give an idea of the level
of wind speed at the location.
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Figure 6. A zoomed-in look at the Aceh search area, along with the wind speed distribution. The red, dashed
polygons represent the final WTG-area which meets all the criteria. Average wind speeds above the threshold of 6
m/s at 100 m height according to GWA are shown.

Additionally, Figure 7 visualizes the long-term average wind direction distribution for the Aceh Besar
area. As can be interpreted from this figure, the wind climate in the area primarily consists of wind from
the Southwestern direction.

In Figure 8, the wind speed distribution throughout the day for each month per year is visualized. The
highest wind speeds are observed between May and October, when the intertropical convection zone
(ITCZ), is positioned north of the site. Therefore, this period can also be distinguished from the other
months by the prevailing southwestern wind directions. Approximately from November until April
(though the timing can vary from year to year), when the ITCZ is passing over the site towards the
south, the lowest wind speeds are observed. As expected, during these months most of the eastern
are observed.
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Besides the annual wind speed and direction patterns, which strongly depend on the positioning of the
ITCZ, interannual variations are caused by the EI Nifio and La Nifia phenomena. During a strong El
Nifio year, the trade winds are weaker, while during a La Nifia year, they are strengthened, resulting in
higher wind speeds over the area.
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Figure 7. Wind rose diagram with wind directions and wind speed categories based on a 10-year climatology,
including the 2004-2015 time series of hourly data. Source: EMD-WRF.
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Figure 8. The wind speed distribution throughout the day, visualized per month of the year. Based on a 10-year
climatology, including the 2004-2015 time series of hourly data. Source: EMD-WRF.
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2.2.3 Topography

Figure 9 shows the topography of the search area in the Aceh Besar region. The red, dashed polygons
represent the final WTG-area which meets all the criteria. The steepness of the terrain or slope is
expressed in degrees. The slope calculations are based on the FABDEM elevation grid which has a
resolution of approximately 30 m. In this study, areas with slopes higher than 15 degrees are excluded
from further analysis to avoid excessive cost of transportation and construction commonly entailed with
wind farm projects at steep terrains. Nevertheless, it is noteworthy that due to the data resolution, this
exclusion criterion does not consider small scale (i.e. less than 30 m) fluctuations in elevation.
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Figure 9. Topography of the Aceh Besar WTG-area, showing the slope (in degrees; according to calculated based
on FABDEM data) at the region.
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2.2.4 Land use

2.25

As mentioned in the previous subsections, wind farms cannot be realized in areas too close to
buildings, infrastructure, nature reserves, and water bodies. Therefore, buffers are applied to these
objects to determine suitable WTG areas. Aggregating the aforementioned restriction criteria give the
land use exclusion zones (see Figure 10). These exclusion zones were taken out of consideration in
the next stages of this study. Consequently, this analysis produces the final WTG-area as marked with
the red, dashed polygon in Figure 10.

b ®

- Date:
15/05/2024
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Figure 10. Exclusion zones at the Aceh Besar area based on land use, topography, and residential areas. Source:
calculation based on FABDEM elevation, ESRI, and OSM.

Specific permitting requirements

The spatial plan document being referred to in this analysis is the Aceh Besar Regency Spatial Plan
(RTRW) 2013-2033. Although there is a plan to revise the spatial plan, the current version is still valid
at the time of writing. Figure 11 sets the final WTG-area against the spatial plan map. Based on the
figure, it can be inferred that the final WTG-area overlaps with the following spatial plan categories:

1.

© N~

ENERGY

TRANSITION
PARTNERSHIP

Plantation Area (Kawasan Perkebunan)

Dryland Farming/Agricultural Area (Kawasan Peruntukan Pertanian Lahan Kering)
Wetland Farming/Agricultural Area (Kawasan Peruntukan Pertanian Lahan Basah)
Mining Area (Kawasan Pertambangan)

Urban Settlement Area (Kawasan Pemukiman Pedesaan)

Protected Forest Area (Kawasan Hutan Lindung)

Coastal Border Area (Kawasan Sempadan Pantai)

Horticulture Area (Kawasan Hortikultura)
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Of the eight categories above, the final WTG-area mostly overlaps with the first three categories above.
Meanwhile, the overlap with the remaining five categories is relatively minor, and thus, it is excluded
from further analysis in this study.

Parts of the final WTG-area which are within the Plantation Area can be used for public-interest
development, including wind farm development (and other types of power generation and transmission
activities) if a mutual agreement can be reached with the landowner®. The landowner could be
assumed to either be (state-owned or private) companies or the local community. In the former case, a
formal agreement with the owner of Plantation Business Use Rights (Hak Guna Usaha Perkebunan) is
expected to be needed before wind farm development can take place. Meanwhile, the latter case could
involve a purchase or lease agreement with the landowner. Similarly, the final WTG-area in Dryland
Farming/Agricultural Area and Wetland Farming/Agricultural Area can be used for wind farm
development if a purchase or lease agreement is obtained™°.

k) " Final WTG-area
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Ww' [ Hdltikuitra
e I Hutan Lindung
. [ Hutan Rakyat
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& [ Perketunan
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[ Pertarian Lahan Kering
[ Ruang Terbuka Hijau
[ sempadan EmbLng
- Sempadan Pantal

Figure 11. The map of spatial plan of Aceh Besar Regency (RTRW 2013-2033) overlaid with the final WTG-area in
the regency

10 Referring to Law 22/2019, Presidential Regulation 59/2019, and Government Regulation 1/2011.
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2.2.6 Final WTG-area

An overview of the final WTG-area against the satellite image at the location can be found in Figure 12.
This area meets all the criteria as visualized in the previous figures.

Limitations

As mentioned before, the parameters that have shaped the final WTG-area have been based on open-
source geo-information. A site visit to some portions of the area was conducted to obtain a deeper
understanding of the area3®s char ac@tteSBeacton 2.6 Bom( as
which general conclusions are then drawn to further analyze the final WTG-area.
The site visit has shown that in general:

1. The residential areas data derived from the ESRI-database underestimates the buildings in
the region, and therefore, in some cases this might necessitate additional exclusion zones in a
later stage of the project;

2. In some cases, the water ways were too restrictive (considering the size of the streams), and
thus, they were left out of the analysis (i.e. those waterways were not considered as a
restriction); and

3. The primary roads data derived from OSM also include small roads; consequently, this
dataset might be too restrictive in some cases.

explain:
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Figure 12. Final WTG-area based on the restriction criteria. Source: Google Satellite Images.
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Preliminary wind farm layout

The wind farm layout is based on the WTG-areas provided in Section 2.2. The preliminary wind farm
layout is designed based on bundling of as many wind turbine positions as possible. This prevents for
example constructing a road and cables to a single wind turbine location, which is not cost effective.

As the Indonesian wind climate generally consists of areas with lower to medium wind speeds, a wind
turbine type that suits these wind conditions should be selected. For a provisional wind farm layout, a 4
MW reference wind turbine with a rotor diameter of almost 170 m and a hub height of 140 m has been
used. This makes the total tip height around 220-225 m. To reduce the wake losses and possible
negative turbulence influences, a standard distance of five times the rotor diameter was used in the
preliminary wind farm layout.

During the positioning of the turbines, additional visual checks were performed based on satellite
images, taking into account: 1) power lines, 2) buildings, 3) size of the area, with a minimum of three
turbines in proximity, 4) accessibility of the area relative to other parts of the WTG-area, 5)
minimization of the restriction criteria, 6) selection of the highest wind speed areas and 7) fulfillment of
the installed capacity goals as stipulated in RUPTL PLN 2021-2030.

Figure 13 displays an overview of the wind turbine locations in the final WTG-area. A total of 30 wind
turbines were positioned into the area, amounting to an envisioned total installed capacity of 120 MW
(based on 4 MW wind turbines). The red marker (red dots with black centers) indicates the exact
location of the individual wind turbines, whereas the blue radial line guarantees a spacing of at least 5
times the rotor diameter.
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Figure 13. Preliminary wind farm layout at the final WTG-area.
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2.4 Wind farm accessibility

24.1

In this section, accessibility of the wind farm is explained through three subsections: (1) the Indonesian
transportation setting, (2) port-to-site transportation, and (3) transportation within the site.

The Indonesian transportation setting

Outside of the larger cities, regional road systems are used for almost all transportation (see Figure
14). These roads lead through the center of cities, towns, and villages they are serving. Ring roads
around cities are reserved for a few major cities such as Jakarta, Bandung, Medan, Yogyakarta, and
Surabaya. In a lot of cases, only one major regional road is available to go from one city to another city.
This results in a situation where all traffic is using the same road, i.e. pedestrians (including groups of
school children, farmers etc.), motorbikes, cars, ambulances, public transport, smaller local trucks, and
large trucks for long distance transportation. While some sections of highways are available on
Sumatra and more are planned or under construction, so far only Java has a continuous highway
connecting the western to the eastern part of the island. This highway is situated on the northern side
of Java which is more densely populated and has flatter terrain.

Usually, general utilities such as electricity distribution lines and telecommunication lines follow the
same pathway as the local roads. Overhead cables right next to the road are the standard way of
practice throughout Indonesia. The major powerlines and telecommunication cables are situated on
one side of the road while serving both sides. This means that for all houses or groups of houses on
the other side of the road, all cables have to cross the road, generally at a height of about 5 meters
above the road surface. In towns and cities, these overhead crossings are typically present every 20 to
50 meters.

Figure 14. Typical road layout in rural Indonesia. Winding roads of ~6 to 7 m wide serving both local, regional, and
national traffic. Overhead power- and telecommunication cables with poles on both sides of the road. Buildings are
in close proximity. Within cities and larger towns, the roads are generally slightly wider, but with more overhead
cables, poles, and advertisement billboards.
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Urban drainage systems are normally buried underground on both sides of the road and are not
suitable for the carriage of heavy transport. Buildings are in most cases present within two to five
meters from the road, often 1 to 3 stories high.

This together means that space on and around Indonesian roads is very limited. Aside from the spatial
challenges, there are also significant challenges arising from the duration of the transport. The
transport of wind turbine components is a lengthy process. One turbine is transported in individual
components (e.g. tower segments, wind turbine blades) on roughly ten trucks, excluding the building
material for the foundation. Long term closure of roads may have a significant impact on the functioning
of a town as alternative routes are often not available.

Transporting the blades of the wind turbines with a length of 80+ meters may be one of the most critical
aspects of wind farm development in Indonesia and must be thoroughly prepared.

2.4.2 Port-to-site transportation

The nearest deep-water port of the envisioned wind farm is located in Malahayati (container port) at a
distance of 45 km from the site. This is a major container port with quay cranes serving north-western
Sumatra (Figure 15). There are some smaller ports available closer to the site, but they are not
available to the project as they are designated as ferry port or fishing port. The water depths and space
in these ports is also limited. The operator of the cement south of the project area is not willing to allow
offloading of turbine blades in this port.

Figure 15. Container port of Malahayati.

Malahayati Port has served cargo ships with dimensions of 30,000 DWT. On paper, Malahayati can
serve ships weighing up to 50,000 DWT or close to the Panamax class of cargo ships. The Malahayati
Port contains three different quays with the following dimensions. The port has 2.5 ha storage area for
turbine blades and other parts.
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Table 1. Dimensions of Malahayati Port.

Malahayati Port Quay 1 Quay 2 Quay 3 Total
dimensions

Length [m] 140 100 140 380
Width [m] 16 16 26 16
Draught [m] 8-8.5 LWS 8-8.5 LWS 6-8 LWS 6-8 LWS
Total area [m?] 2,240 1,600 3,640 6,080
Available area [m?] 2,800 2,000 4,550 7,600

The access road from the port to the site is flat (elevations ranges between +5 m and +10 m above sea

level), but roads are steep within the project site.
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Figure 16. Route from Malahayati Port to the access point of the site.
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The access route from port to site has a total of fourteen smaller and larger bridges. In a previous
project, attempts were made to structurally evaluate these bridges. However, data on the loading
capacity is not available for most bridges. While newer bridges (constructed with international support
after the Tsunami) may have sufficient strength to hold heavy transports, this may not be the case with

older bridges.
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Figure 17. Bridge near Malahayati Port.

Figure 18. Krueng Cut Bridge in Banda Aceh.
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Figure 19. National road in Banda Aceh Besar close to the project site. Wide, gentle curved roads of ~6 to 7 m wide

serving both local, regional and national traffic. Overhead power- and telecommunication cables with poles on both
sides of the road.

Most of the road to the project site will not pose major obstacles for transports. Even the road through
Banda Aceh contains only a few tight turns (see below) and crossings.

Figure 20. Tight turn in Banda Aceh.
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2.4.3 Transport within the site

While the transport via the main roads may not present many problems, the internal access roads run
through small villages with narrow streets, tight turns and overhanging electricity and telephone wires,
as shown in the images below.
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Figure 22. Another view of a residential road in project site.
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Not all turbine sites can be reached via existing roads. Some roads require upgrading and new roads

must be constructed. It is estimated that the following upgrade and construction is required:
Construction of mountainous roads: 11.34 km
1 Construction of flat/'undulating roads: 11.95 km

1 Upgrade flat/undulating roads: 10.91 km

Figure 23 shows the roads as mentioned above.
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Figure 23. Internal access roads in project site.

Construction of new mountain roads in the project site will require substantial effort as the hills are
poorly accessible and mountains are high with steep slopes. From a terrain perspective, the
topography within the wind farm is suitable for wind farm development as the majority of roads and
platforms can be built on flat terrain. However, eight turbine locations are on top of 200-250 meters
high mountains with few (unpaved) roads and steep slopes.
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Figure 25. Coastal topography and adjacent mountains in the project site.
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2.5

251

Geology and seismicity

Geology

The soil consists of (hard) limestones in the mountainous areas and alluvial deposits in the valleys.
While the mountains provide a solid foundation for turbines, soft soils in the valleys may pose some
risks of uneven soil settling and tilting of turbines. Also, liquefaction during earthquakes is a risk factor
which must be investigated. The limestone in the project is hard and construction of roads may require
blasting. However, the hardness of the material also has benefits: it will provide solid foundations for
roads and platforms.

Figure 26. Geologic map of the Banda Aceh area. Source: The tectonic setting of northern Sumatra Aceh Province
and geological map of Study area (Bennet et al. 1981).

The Land Movement Vulnerability Index provides an overview of the susceptibility of ground movement
based on the slope steepness, type of soll, rainfall, seismicity, etc. Figure 27 visualizes the Land
Movement Vulnerability Index of the soil in and around the WTG-area, as derived from Geological
Disaster Mitigation Portal of the Ministry of Energy and Mineral Resources.
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