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Disclaimer 

Information provided in this document is provided ´as isµ, without warranty of any kind, either express or implied, 
including, without limitation, warranties of merchantability, fitness for a particular purpose and non-infringement. 
UNOPS specifically does not make any warranties or representations as to the accuracy or completeness of any 
such information. Under no circumstances shall UNOPS be liable for any loss, damage, liability or expense incurred 
or suffered that is claimed to have resulted from the use of the information contained herein, including, without 
limitation, any fault, error, omission, interruption or delay with respect thereto. Under no circumstances, including but 
not limited to negligence, shall UNOPS or its affiliates be liable for any direct, indirect, incidental, special or 
consequential damages, even if UNOPS has been advised of the possibility of such damages. This document may 
also contain advice, opinions, and statements from and of various information providers. UNOPS does not represent 
or endorse the accuracy or reliability of any advice, opinion, statement or other information provided by any 
information provider. Reliance upon any such advice, opinion, statement, or other information shall also be at the 
reader³s own risk. Neither UNOPS nor its affiliates, nor any of their respective agents, employees, information 
providers or content providers, shall be liable to any reader or anyone else for any inaccuracy, error, omission, 
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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 Kediri wind farm. In each prospectus, the following items are included: 

 

Section 2.1: Introduction of the location 

¶ Geographic location 

¶ 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 

¶ Conclusion on the boundaries of the envisioned wind farm area 

Section 2.3: Design of the preliminary wind farm layout 

Section 2.4: Accessibility  

¶ Transportation to the wind farm, including necessary road adjustments and construction of new 

infrastructure 

¶ 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  

¶ Selection of the point of connection at the PLN grid 

¶ 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 Kediri Wind Farm, East Java · 192 MW 

2.1 Introduction of the wind farm location 

This section introduces the wind farm location, i.e. East Java (Kediri) in three parts: (1) geographic 

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

 

2.1.1 Geographic location 

 

Figure 1. A map of East Java province in which the envisioned Kediri wind farm area is located. 

 

Figure 1 shows the East Java, a province situated in the eastern end of Java Island and in the west of 

Bali Island. On the island, the province is bordering with Central Java province. The eastern tip of East 

Java is where the Bali Strait is located. East Java has an area of 48,037 km2. In 2022, the population in 

this province amounts to roughly 41.1 million1, making it the third most populous province in the 

country2. In terms of GDP per capita, the province is ranked 11th (IDR 66.36 million) 3. Moreover, the 

economic growth in 2023 (c-to-c) is 4.95%4. To provide context, Indonesia³s economic growth in that 

year is 5.05% (c-to-c)5. 

 
 
1 https://jatim.bps.go.id/indicator/12/375/1/jumlah-penduduk-provinsi-jawa-timur.html  
2 https://sulut.bps.go.id/indicator/12/958/1/jumlah-penduduk-menurut-provinsi-di-indonesia.html  
3 https://www.statista.com/statistics/1423411/indonesia-per-capita-gdp-at-current-prices-of-provinces/  
4 https://jatim.bps.go.id/id/pressrelease/2024/02/05/1456/ekonomi-jawa-timur-tahun-2023-tumbuh-4-95-persen--

ekonomi-jawa-timur-triwulan-iv-2023-tumbuh-4-69-persen--y-on-y---ekonomi-jawa-timur-triwulan-iv-2023-tumbuh--0-

89-persen--q-to-q-.html  
5 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  

https://jatim.bps.go.id/indicator/12/375/1/jumlah-penduduk-provinsi-jawa-timur.html
https://sulut.bps.go.id/indicator/12/958/1/jumlah-penduduk-menurut-provinsi-di-indonesia.html
https://www.statista.com/statistics/1423411/indonesia-per-capita-gdp-at-current-prices-of-provinces/
https://jatim.bps.go.id/id/pressrelease/2024/02/05/1456/ekonomi-jawa-timur-tahun-2023-tumbuh-4-95-persen--ekonomi-jawa-timur-triwulan-iv-2023-tumbuh-4-69-persen--y-on-y---ekonomi-jawa-timur-triwulan-iv-2023-tumbuh--0-89-persen--q-to-q-.html
https://jatim.bps.go.id/id/pressrelease/2024/02/05/1456/ekonomi-jawa-timur-tahun-2023-tumbuh-4-95-persen--ekonomi-jawa-timur-triwulan-iv-2023-tumbuh-4-69-persen--y-on-y---ekonomi-jawa-timur-triwulan-iv-2023-tumbuh--0-89-persen--q-to-q-.html
https://jatim.bps.go.id/id/pressrelease/2024/02/05/1456/ekonomi-jawa-timur-tahun-2023-tumbuh-4-95-persen--ekonomi-jawa-timur-triwulan-iv-2023-tumbuh-4-69-persen--y-on-y---ekonomi-jawa-timur-triwulan-iv-2023-tumbuh--0-89-persen--q-to-q-.html
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
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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East Java is one of the biggest economic hubs in central and eastern part of Indonesia. The province 

contributes to 14% of the national economic growth6. There are multiple industrial processing regions in 

the province, including Surabaya, Sidoarjo, Gresik, Mojokerto, and Pasuruan. New processing facilities 

are further developed in Nganjuk, Madiun, and Ngawi6. Examples of prominent industrial goods 

produced in East Java are cigarettes, cement, military vehicles, paper, and trainsets. Furthermore, 

East Java also hosts Indonesia³s largest producing oilfield in Cepu block7, as well as the recently 

inaugurated Jambaran Tiung Biru gas processing facility. 

 

In East Java, there are 9 Industrial Estates. The top five largest estates by area are the following8: 

1. Maspion Industrial Estate (1,143 ha) 

2. Ngoro Industrial Park (600 ha) 

3. Pasuruan Industrial Estate Rembang (558.49 ha) 

4. Safe N Lock Eco Industrial Park (372.2 ha) 

5. Surabaya Industrial Estate Rungkut (332.35 ha) 

 

It is noteworthy that some of these estates may already have their own, dedicated power plant(s) to 

fulfill their respective demand for electricity. Meanwhile, there are two Special Economic Zones (SEZ) 

in East Java, namely, Gresik SEZ and Singhasari SEZ. The former SEZ was inaugurated in 2022 and 

was planned to host a glass factory, a smelter, and a CPO processing facility. This SEZ is also 

complemented with 800-ha residential area and 400-ha port area as the area is near the Madura 

Strait9. On the other hand, the latter SEZ began its operation in 2022, and is focused on the 

development of tourism, digital technology, education, and creative industry10. 

 

In Appendix E of RUPTL PLN 2021-2030, PLN lists the strategy to fulfill new/additional power demand 

from ²large³ electricity consumers in East Java, namely: 

1. Singhasari SEZ (10 MW) 

2. Bangkalan Industrial Estate 

3. Maspion Industrial Estate (200 MVA in 2021-2030) 

4. Tuban Industrial Estate (80 MVA in 2025) 

5. Bromo-Tengger-Semeru Priority Tourism Destination (2 MVA) 

6. CV Sumber Mas Smelter (9.8 MW in 2021) 

7. PT Freeport Indonesia Smelter (150 MW in 2023) 

 

The next subsection will explain the projected power demand levels of the province, which among 

others considers the future demand from the abovementioned consumers. 

 

  

 
 
6 https://www.kompas.id/baca/nusantara/2023/11/19/menakar-resiliensi-ekonomi-jatim-ditengah-resesi-global-dan-

tahun-politik  
7 https://www.esdm.go.id/en/media-center/news-archives/terbesar-di-indonesia-produksi-minyak-lapangan-banyu-

urip-capai-30-produksi-nasional  
8 https://regionalinvestment.bkpm.go.id/pir/kawasan-industri-kek/  
9 https://www.jiipe.com/en/home/kawasanDetail/id/1  
10 https://singhasari.co.id/aktivitas/  

https://www.kompas.id/baca/nusantara/2023/11/19/menakar-resiliensi-ekonomi-jatim-ditengah-resesi-global-dan-tahun-politik
https://www.kompas.id/baca/nusantara/2023/11/19/menakar-resiliensi-ekonomi-jatim-ditengah-resesi-global-dan-tahun-politik
https://www.esdm.go.id/en/media-center/news-archives/terbesar-di-indonesia-produksi-minyak-lapangan-banyu-urip-capai-30-produksi-nasional
https://www.esdm.go.id/en/media-center/news-archives/terbesar-di-indonesia-produksi-minyak-lapangan-banyu-urip-capai-30-produksi-nasional
https://regionalinvestment.bkpm.go.id/pir/kawasan-industri-kek/
https://www.jiipe.com/en/home/kawasanDetail/id/1
https://singhasari.co.id/aktivitas/
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It is noteworthy that there is a strip of mountains across the mid-southern part of East Java. Among 

others, the mountains include Mount Liman, Mount Kawi, Mount Arjuna, Mount Bromo, Mount Semeru, 

and Mount Argopuro. The presence of these mountains can result in interesting wind characteristics in 

the surrounding regions. As part of this study, the wind characteristics in four regencies (Kediri, 

Ponorogo, and Probolinggo · Lumajang) are analyzed. In this prospectus, the considered wind farm 

location is located in Kediri Regency. 

 

2.1.2 Status in RUPTL PLN 2021-2030 

Figure 2 portrays the electricity system of East Java. The system is supported by 500 kV, 150 kV, and 

70 kV transmission lines. Furthermore, the system is connected to Madura Island, which is located in 

the northeast of the province. It is envisioned that in 2025 there will be a 500 kV transmission line 

connecting Java Island and Bali Island through East Java11, as shown in the right part of the figure. 

According to RUPTL PLN 2021-2030, the peak load of this province in 2020 is 5,935 MW. Meanwhile, 

the level of energy production and peak load is projected to increase steadily in 2021-2030, as shown 

in Figure 3. This projection is based on the assumption that the average demand growth rate will be 

3.7% per year. 

 

 

Figure 2. A map of East Java electricity system in RUPTL (Source: RUPTL PLN 2021-2030). 

 

 
 
11 https://web.pln.co.id/media/siaran-pers/2022/12/pln-siapkan-pembangunan-transmisi-listrik-jawa-bali-target-

proyek-rampung-2025  

https://web.pln.co.id/media/siaran-pers/2022/12/pln-siapkan-pembangunan-transmisi-listrik-jawa-bali-target-proyek-rampung-2025
https://web.pln.co.id/media/siaran-pers/2022/12/pln-siapkan-pembangunan-transmisi-listrik-jawa-bali-target-proyek-rampung-2025
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Figure 3. Projected electricity production and peak load in East Java (Source: RUPTL PLN 2021-2030). 

 

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 sources, namely, PLN and Independent Power Producer (IPP). There is no 

allocation for wind energy in 2021-2030. However, the RUPTL identifies the following wind power 

potential in East Java: 

¶ Banyuwangi (75 MW) 

¶ Probolinggo (50 MW) 

¶ Tuban (66 MW) 

¶ Tuban (140 MW for solar and wind farm) 

 

 

Figure 4. Additional generation capacity being planned for East Java (IPP: Independent Power Producer; Source: 

RUPTL PLN 2021-2030). 
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2.1.3 Status of development 

There are some ongoing development activities for wind energy in East Java. At the end of 2023, one 

developer is known to have initiated their development and in the process of obtaining permit in Blitar 

Regency12, which is near the southern coast of East Java. In early 2023, a private investor is said to be 

studying the feasibility of building a wind farm in the coastal area of Munjungan in Trenggalek 

Regency13. Finally, in 2020, PLN were planning to build a 50 MW wind farm in Banyuwangi Regency 

after having completed their feasibility study14. The construction was planned to start in 202115, 

however, there is no further updates on its continuation up to the time of writing. 

 

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) 

 

The next step was to consider the ´go/no-go zones.µ As the name suggests, these zonal categories 

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).  

 
 
12 https://surabaya.kompas.com/read/2023/12/22/153732378/pemkab-sebut-investor-china-akan-bangun-pltb-rp-

125-triliun-di-blitar  
13 https://jatim.antaranews.com/berita/673947/investor-jajaki-potensi-pengembangan-pltb-trenggalek  
14 https://news.detik.com/berita-jawa-timur/d-4912684/pln-akan-bangun-pltb-di-banyuwangi-diklaim-terbesar-di-

pulau-jawa  
15 https://www.antaranews.com/berita/1946676/pemkab-banyuwangi-indonesia-power-kembangkan-listrik-tenaga-

bayu  

https://surabaya.kompas.com/read/2023/12/22/153732378/pemkab-sebut-investor-china-akan-bangun-pltb-rp-125-triliun-di-blitar
https://surabaya.kompas.com/read/2023/12/22/153732378/pemkab-sebut-investor-china-akan-bangun-pltb-rp-125-triliun-di-blitar
https://jatim.antaranews.com/berita/673947/investor-jajaki-potensi-pengembangan-pltb-trenggalek
https://news.detik.com/berita-jawa-timur/d-4912684/pln-akan-bangun-pltb-di-banyuwangi-diklaim-terbesar-di-pulau-jawa
https://news.detik.com/berita-jawa-timur/d-4912684/pln-akan-bangun-pltb-di-banyuwangi-diklaim-terbesar-di-pulau-jawa
https://www.antaranews.com/berita/1946676/pemkab-banyuwangi-indonesia-power-kembangkan-listrik-tenaga-bayu
https://www.antaranews.com/berita/1946676/pemkab-banyuwangi-indonesia-power-kembangkan-listrik-tenaga-bayu
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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: 

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

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

¶ Water ways and water bodies (with a buffer of 300 m) 

 

2.2.2 Wind resource and characteristics 

Figure 5 shows the initial search area (bounded by the purple-dash box) in the Kediri Regency. Within 

the figure, areas with average wind speeds of more than 6 m/s are indicated by the ´pixelsµ with distinct 

color as described by the color bar. It can be concluded that promising wind resources are located in a 

particular area in the regency. Moreover, higher wind speeds are present near Mount Liman. 

 

 
Figure 5. Kediri search area with wind speed distribution. The purple-dash bounding box shows the full search area. 

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. 
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Considering the scattered nature of the areas with promising wind speed, the search area was further 

confined to a single smaller, continuous area to safeguard the project³s viability. The reason behind this 

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. 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. 

 

 
Figure 6. A zoomed-in look at the Kediri 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 Kediri area. As 

can be interpreted from this figure, the wind climate in the area primarily consists of wind from the 

south 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 June 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 south wind directions. Approximately from November until May (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 and 

northeastern winds are observed. Besides the annual wind speed and direction patterns, which 

strongly depend on the positioning of the ITCZ, interannual variations are caused by the El Niño and La 

Niña phenomena. During a strong El Niño year, the trade winds are weaker, while during a La Niña 

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. 

 

 

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 Kediri 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. 

 

 
Figure 9. Topography of the Kediri 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 

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 area. 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. 

 

 
Figure 10. Exclusion zones at the Kediri area based on land use and residential areas. Source: ESRI and OSM. 

 

2.2.5 Specific permitting requirements 

The analysis in this subsection was done by referring to the Kediri Regency Spatial Plan (Rencana 

Tata Ruang Wilayah or RTRW) 2011-2031. As shown in Figure 11, the continuous area with promising 

wind speed is located in the following land use types: 

1. Plantation Area (Kawasan Perkebunan) 

2. Dryland Agriculture/Farming Area (Kawasan Pertanian Lahan Kering) 

3. Wetland Agriculture/Farming Area (Kawasan Pertanian Lahan Basah) 

4. Urban Settlement Area (Kawasan Permukiman Perkotaan) 

5. Rural Settlement Area (Kawasan Permukiman Pedesaan) 
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Figure 11. The map of spatial planning of Kediri Regency (RTRW 2011-2031) is overlaid with the final WTG-area. 

 

Parts of the final WTG-area which are located in the Plantation Area are usually owned by either a 

(private or state-owned) company or the local community. The former case is typified by the cultivation 

of a single type of plant. Conversely, in the latter case, the area is usually cultivated with several types 

of plants. If the area is not part of the Sustainable Food Agriculture Area (Kawasan Pertanian Pangan 

Berkelanjutan/KPPB), then the Plantation Area can be used for wind farm development (and other 

types of power generation and transmission activities for public interest) once a purchase or lease 

agreement is obtained with the landowner16. 

 

Some parts of the final WTG-area overlap with Dryland Farming/Agricultural Area and Wetland 

Farming/Agricultural Area. Ownership of this piece of land is also not yet known for this study. 

Therefore, it is reasonable to assume that the land is either owned by the community, private 

companies, or state-owned companies. Wind farm development in this area is possible if the area is 

not part of the Sustainable Food Agriculture Area, and after purchase or lease agreement is reached 

with the landowner16. 

 

Parts of the WTG-area that are in both Urban and Rural Settlement Areas are assumed to belong to 

the community. Construction of wind power plants at these locations is possible as long as a purchase 

or lease agreement is achieved with the landowner. 

 

  

 
 
16 Referring to Law 22/2019, Presidential Regulation 59/2019, and Government Regulation 1/2011. 
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As will be shown later in Section 2.3, locations of the envisioned wind turbines within the final WTG-

area are mostly located in Plantation Area, Dryland Farming/Agricultural Area, and Urban Settlement 

Area. Consequently, the cost associated with using these three types of land use will be considered in 

the business case calculation (see Section 2.9). 

 

At the time of writing, Dhoho Airport in Kediri Regency has just recently been inaugurated (April 2024). 

Although a 3,000 m buffer around airports was added to the exclusion (no-go) zones, it is important to 

check in a subsequent study whether the envisioned wind farm overlaps with the Aviation Operations 

Safety Area (KKOP) of this airport.  

 

It is worth noting that the RTRW of Kediri Regency obtained is for the year 2011-2031. Based on the 

information obtained, the Kediri Regency Government revised the RTRW in 2020, and it is possible 

that a Regional Regulation regarding the RTRW has been issued. If the new Regional Regulation on 

RTRW has been issued, the analyzed RTRW above is no longer valid. It is therefore necessary to seek 

confirmation from the authorized agencies of Kediri Regency. 

 

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. 

 

 
Figure 12. Final WTG-area based on the restriction criteria. Source: Google Satellite Images. 
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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 area³s characteristics (as explained further in Section 2.4 to Section 2.6), from 

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.  

 

2.3 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. 

 

The WTG-area is divided into two parts: the southwestern area on the slope, and the northeastern area 

which is located in a more urban area. In the southwestern part, we expect less conflicts with building 

infrastructure. Therefore, we have selected this southwestern part of the WTG-area for further analysis, 

also due to the more promising wind climate. 

 

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. 
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Figure 13. Preliminary wind farm layout at the final WTG-area. 

 

Figure 13 displays an overview of the wind turbine locations in the final WTG-area. A total of 48 wind 

turbines were positioned into the area, amounting to an envisioned total installed capacity of 192 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. 

 

2.4 Wind farm accessibility 

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. 

 

2.4.1 The Indonesian transportation setting 

Outside of the larger cities and the few available highways, 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. 
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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. 

 

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. 

 

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. However, for this 

particular site, transport might be less of an issue as a highway exit is planned right at the base of the 

envisioned wind farm. The transport might be considerably easier at this site compared to other sites 

on Java and Sumatra. 
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2.4.2 Port-to-site transportation 

All major ports of Java are located on the north coast, bordering the calmer Java Sea compared to the 

Indian Ocean on the south coast. Most of the long-distance transport of goods is done via the northern 

part of the island. Port of Surabaya (i.e. Port of Tanjung Perak) is the nearest major port, at a distance 

of about 100 km from the site (see Figure 15). From Port of Surabaya, an access point of the highway 

is located right at the entrance/exit of the port. 

 

 

Figure 15. A satellite image of the Port of Surabaya. Entry/exit road at the western part of the port and entry of the 

highway are in line, which makes this port suitable for transportation of long wind turbine components. 

 

When one or more of the envisioned wind farms in East Java are constructed, transport for all sites via 

one access point (Surabaya) may have advantages (i.e. contacts with port and authorities, contracts, 

port investigation, temporary storage which can be reused, etc.). 

 

From Surabaya, a toll road system is finished until ~25 km north of the site (see Figure 16). From there, 

a planned toll road Kediri - Kertosono is in preparatory phase. According to news articles, in the 

beginning of 2024, the project was in the phase of land acquisition. This new toll road from Kertosono 

to Kediri will have a connection to the new Dhoho airport of Kediri. A short section of this connection on 

the airport side has already been finished. This access road from the airport to the highway will have 

several entrances along the way. One of these proposed entrances will connect to Jl. Panglima Besar 

Sudirman, which is the nearest larger road at the foot of the hills where the wind farm is envisioned. 

 

From the port to this entry point, no road upgrades are expected as the toll roads and access roads are 

wide in all sections. However, a limiting factor may be the height of the numerous bridges over the toll 

roads. The available signs are unclear about the clearance as both signs of 4.2 m (on the bridge) and 

5.1 m (side of the road) are being shown. This height is particularly important for the diameter of the 

base of the turbine tower, as this height can limit the diameter of the base that can be used. The base 

is normally transported horizontally, and manufactured as one piece. 
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Figure 16. Route from toll road to site. The planned highway is in the land acquisition phase. The route of the 

planned highway is not exact, as detailed maps were not found. 

 

Based on a rather rudimentary method (see Figure 17), a height of ~6 m between road surface and 

bridge was derived (3.5x Toyota Innova Reborn of 1.795 m height according to its specifications, which 

equals to 6.3 m). While this method is not completely reliable, the height seems to be much more than 

the shown maximum height of 4.2 m. 

 

 

Figure 17. The height of bridges above road surface seems to be more than 4.2 m. As a comparison, this Toyota 

Innova Reborn³s height is 1.795 m according to specifications. 

 

As the exit of the highway is situated at the beginning of the access road, it is expected that no bridges 

have to be strengthened. It is assumed that the bridges on the highway from Surabaya, and on the 

entry points to the highway are strong enough. 
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2.4.3 Transport within the site 

Within the site, the roads down in the valleys connect the different villages. As the wind turbines are 

envisioned on top of the ridges, using these roads is not cost effective. For the most parts, new roads 

will have to be constructed. At the foot of the ridges, some parts of the existing roads can be used. 

Most of the existing roads are connected to the new road surrounding the airport, which will be 

connected to the highway access road. 

 

As shown in Figure 18, a total of 58.7 km of new roads will have to be constructed, and 11 km of 

existing road has to be upgraded (shown as blue lines; also see Figure 19). Of the new road, a 16.3 km 

section leads through steep terrain (shown as red lines). In this terrain, the road will have to be cut into 

the side of the hills, which results in higher amounts of cut & fill. The other part (42.4 km; shown as 

orange lines) can be constructed on top of the hills or in the valleys. 

 

 
Figure 18. Road layout within site. Part of the black existing road on the airport terrain might be in private hands. 

Black road is part of the connection of airport to the planned highway, and will be connected in later stages. 

 

Near the airport, several large roads are located between the wind farm access roads and the yet-to-

be-built entry road to the highway (shown as black lines; also see Figure 19). The airport has a private 

owner (Gudang Garam), and is operated by PT Angkasa Pura II (state-owned company managing 

airports in Indonesia). It might be that the road leading to, and surrounding the airport is in private 

ownership as well. 

 

  
Figure 19. (Left) Roads within the village as shown by the blue lines in the previous figure, and (right) roads 

surrounding the airport as shown by the black lines in the previous figure. 
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For the feasibility study, we recommend looking into the following points regarding wind turbine 

transport: 

¶ Inquire or measure accurate heights between road surface and bridges on toll roads. The 

height of the lowest bridge may be a limiting factor of the diameter used for the base of the 

turbine tower; 

¶ Inquire about planning of toll road construction from the existing toll road (Surabaya-Solo) to 

Kediri; and 

¶ Inquire about possible usage of the road surrounding the airport, as this might be in private 

hands. 

 

2.5 Geology and seismicity conditions 

The envisioned wind farm is located on the eastern slopes of Mount Wilis. This is a sleeping volcanic 

complex, without known recent eruptions (major eruptions are generally known since ~1700s). Several 

other individual peaks (such as Mount Liman) are located within the complex. 

 

2.5.1 Geology 

The envisioned wind farm is located on the lower end of the slopes of the Wilis volcano. The geology 

consists of volcanic breccia with pyroxene andesite fragments, tuff, agglomerate, and pyroxene 

andesite lava (see Figure 20). At this distance from the main craters of Mount Willis, no major deposits 

of igneous rock/lava flows (harder material) are expected, but only breccia that can be dug by an 

excavator. 

 

 

Figure 20. Geological map of the site. Turbines are represented by white dots with black outlines. The colors 

indicate the geological formations at the surface. All wind turbines are located in Qp or Qjk formations (mainly 

volcanic breccia). 
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The southeastern wind turbines are envisioned on or close to Mount Klotok. This is a smaller separate 

sleeping volcano, consisting of volcanic breccia, tuff, and pyroxene andesite lava. However, as a few 

turbines are placed close to the center of this volcano, higher volumes of igneous rocks may be 

present within the layers of breccia compared to the other turbine locations. 

 

This geology combined with the topography makes the wind farm area vulnerable to land movement. 

The Land Movement Vulnerability Index provides an overview of the susceptibility of ground movement 

based on the slope steepness, type of soil, rainfall, seismicity, etc. Figure 21 visualizes land movement 

vulnerability index of the soil in and around the WTG-areas. It can be seen that a combination of 

vulnerability levels applies to the considered wind farm location. Major parts of the wind farm are in 

areas with low to medium level of land movement vulnerability. 

 

 
Figure 21. Land movement vulnerability index for Kediri. 

 

The stability and capability of the soil to carry wind turbines should be further investigated during the 

feasibility stage. This can be done by a geotechnical soil investigation (determining soil characteristics 

such as shear strength, density, permeability etc.), and a following soil stability analysis. 
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2.5.2 Seismicity 

According to the geological map (see Figure 20), some faults are observed in the nearby area. These 

are likely to be related to the past volcanic activity. As the volcanoes are now dormant, no major 

activity is expected from these faults in this stage of volcanic inactivity. However, geologically speaking, 

these volcanoes are still young and may become active again. 

 

Apart from these faults, a large subduction zone is situated in the south of Java. The movement in this 

subduction zone is 7 cm/year, which results in regular earthquakes. Most of these are magnitude 4 to 

5, and occasionally higher. According to the USGS, since 1990, three large (>M 7.0) earthquakes 

occurred south of Java (M 7.0, 7.7, and 7.8). 

 

According to the Ministry of Energy and Mineral Resources (MEMR or Kementerian ESDM), large 

portions of the area have the potential to be hit by earthquakes with an intensity of VII to VIII on the 

Modified Mercalli Intensity (MMI) scale. Figure 22 provides a visual representation of the earthquake 

risk level in and around the WTG-area. 

 

 
Figure 22. Earthquake hazard and risk level at Kediri. 

 

  


























































