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FOREWORD

By giving thanks to the presence of God Almighty, we hereby convey that the "Wind Energy Development
Booklet" has been completed. This report is one of the deliverables of the Wind Energy Development in
Indonesia: Investment Plan project. This project aims to push for the energy transition and the development
of renewable energy, especially onshore wind energy, in Indonesia. The significant potential of onshore
wind energy in Indonesia needs to be properly utilized in the short term and in the long term as an effort to
achieve the targeted share of renewable energy in the national energy mix. This utilization is also important
to support the Government of Indonesia's commitment on achieving Net Zero Emissions (NZE) by 2060, or
sooner. Please allow us to express our deepest gratitude for the cooperation and valuable input of all
parties involved in the preparation of this report, especially the Ministry of Energy and Mineral Resources,
the Ministry of Agrarian and Spatial Planning / National Land Agency, Regional Governments and the
related agencies, members of the Wind Power Technical Working Group, wind energy developers, and
other parties.

Jakarta, 12 July 2024
Editorial Team

DISCLAIMER

Information provided in this document is provided “as is”, 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 reader’s 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,
interruption, deletion, defect, alteration of or use of any content herein, or for its timeliness or completeness.



Indonesia is committed to achieving a renewable energy mix target of 23%
by 2025 and 31% by 2050. To achieve these targets, collaboration and hard
work from all stakeholders are needed. Achieving these targets is very
important to support the achievement of Indonesia's Enhanced Nationally
Determined Contribution target, namely reducing carbon gas emissions by
32% (own efforts) and 43% (with international assistance) by 2030. One
effort to achieve this target is to develop Wind Power Plants (Pembangkit
Listrik Tenaga Bayu/PLTB). PLTB not only significantly contributes to
reducing carbon emissions but also strengthens national energy resilience,
improves environmental quality, and promotes local economic development.

This booklet presents a summary of the results of pre-feasibility studies on
eight potential onshore wind power plants across Java and Sumatra. The
study aims to assist policymakers and stakeholders in making the necessary
next steps to improve the techno-economic feasibility of these wind power
projects, before integrating them into future development plans. The study is
also expected to attract investors and developers to develop and build the
next wind power plants in Indonesia. The key aspects of wind power
development that are the focus of this study are wind resource availability,
location accessibility, biodiversity and environmental conditions,
transmission network design, energy yield assessment, and business case
assessment.

This booklet is also expected to increase awareness and understanding of
the importance of renewable energy development as part of the energy
transition, as well as motivate all parties to actively participate in supporting
the formulation and implementation of government policies. Together, we
can collectively realize Indonesia's commitment to reduce carbon emissions
and combat global climate change.

We hope that this booklet will be useful for all stakeholders and encourage
concrete steps to accelerate the energy transition in Indonesia. Let us
continue to collaborate in order to create a better and more sustainable
future for the next generations.

Director General of New Renewable Energy and Energy Conservation,

Prof. Dr. Eng. Eniya Listiani Dewi
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“"We hope that the Wind Energy
Development Booklet can
inform all relevant stakeholders
about the promising potential
of wind energy in Indonesia, so
that various actions can be
taken to accelerate the
realization of quality and
sustainable PLTB projects. Let
us together drive the national
energy transformation towards
a greener and cleaner future."

@UNOPS A\ronDERA



Introduction

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.

The focus of this study is the technical and economic viability of onshore wind in Indonesia, for which the goal is to attract
donor and business investment for potential wind sites. As shown below, the eight potential wind farm 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, and summarized in this Booklet. The
eight wind farm prospectus are also publicly available for in-depth understanding of the conducted analyses.

@ Aceh Besar, Aceh

@ Dairi, North Sumatra

@ North Padang Lawas - South Tapanuli;
North Sumatra

Ciracap, West'Java @

Kediri, East Java

Gunung Kidul, DI ' Yogyakarta o Probolinggo - Lumajang, East Java
e O

Ponorogo, East Java

Site selection criteria

Average yearly wind speed: > 6 m/s
at 100 m height

Slope: < 15 degrees
with a buffer of 100 m around steep ridges

Exclusion of roads and railways
with a buffer of 150 m

2 JER"

Exclusion of other no-go zones
%@\ with a buffer applied on protected areas,
*@ water bodies, airports, etc.
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d{ Reference wind turbine
JL Jl Capacity: 4 MW

Rotor diameter: 1770 m
Hub height: 140 m
Inter-turbine spacing: 5x rotor diameter

—1 Turbine layout considerations
/j « Bundling of as many wind turbine
positions as possible to increase cost

effectiveness

. Selecting the area with the more
promising wind climate

. Visual checks based on satellite
images and site visit

ENERGY
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120 MW Project
Aceh Besar, Aceh




The envisioned wind farm is located in Aceh Besar
Regency, Aceh Province. The electricity system at the
province is connected to the Northern Sumatra
(Sumbagut) grid.

The peak load in the province in 2021-2030 is expected
to grow with an average annual growth rate of 4.7% from
542 MW (2020). In RUPTL PLN 2021-2030, the wind
energy potential in Aceh is registered as 148 MW. An
additional 110 MW is allocated for wind farm
development in the Sumatra system in 2024 and 2025.

According to the Aceh Besar Regency Spatial Plan 2013-
2033, the envisioned wind farm is located in areas with
the following land use types:

Plantation Area

This area may be owned by private parties or
a local community. Wind farm development
is possible if a lease/purchase agreement is
achieved with the landowner.

Wetland/Dryland Food Agriculture Area
This area may be owned by the community,
private ~ companies, or  state-owned

companies. Wind farm development is
possible if a lease/purchase agreement is
achieved with the landowner.
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The wind climate in the region predominantly consists of
wind from the southwestern direction. The highest wind
speeds are observed in the period of May-October. El
Nifio and La Nifia phenomena may cause variations
interannual variations of wind speed.
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Logistic, civil- and electrical works
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The Port of Malahayati is deemed to be the most suitable
entry point of the turbines, with access to the site
available via national and regional roads. No challenges
expected from port until the project site. However, the
internal access roads run through small villages with
narrow streets, tight turns, and overhanging electricity and
telephone wires.

Banda Aceh Substation
180 kY
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The closest point of connection to the existing grid is the
Banda Aceh 150 kV PLN substation. From this PLN
substation to the wind farm's powerhouse, a 6 km
transmission line is required. The generated electricity will
be distributed to the powerhouse via three wind farm
substations.

Geology and seismic
conditions

The wind farm area has low- to medium-risk of land
movement vulnerability and potential to be hit by strong
earthquakes. The foundation design should incorporate
measures to mitigate these risks.

tarm
150 kY

Wind Energy Development Booklet: 120 MW Project in Aceh Besar, Aceh

Within the site, new roads need to be constructed on flat-
hilly and steep areas, and some existing roads and
bridges must be upgraded.

0000
23 km new 12 km road 8 bridges
road upgrade strengthened

30 wind turbine

; e : 19 transmission 163 km
oun :r;zr;s an towers electrical
hardstands cable

Legend

Turbines

nd uze/land cover

environmental conditions

Several (critically) endangered, vulnerable, and near
threatened animal species were observed in the area. The
endangered species including raptors, storks, swifts, and
bats, and mammal species. Further research on the
impact of the wind farm on the biodiversity is required.
The envisioned turbines are planned in non-densely
populated areas. However, visual impact and stakeholder
engagement is critical in the early stage of project
development.
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The modelled long-term wind speed at the planned hub height of
140 m is between 5.0 - 7.5 m/s. The gross Annual Energy

Number of new WTGs 30 Production (AEP) is subsequently calculated based on the power
Rated Power per WTG [MW] 4.0 curve of the 4 MW reference wind turbine. A production loss
percentage of 20.5% is determined for the wind farm based on e.g.
Total rated Power [MW] 120.0 wake losses, non-availability, electrical losses, etc.
Rotor diameter [m] ~170 P —— T
i - VB 8.00
Hub height [m] 140 ' [t foso
=} o 1 =
Air density [kg/m3] 1.151 O ot @ i el
: [ L ) o ! 6503
Wind speed [mV/s] 6.0 i b o 3 N L E -
1 =
Gross result [MWh/yr] 398,549 | e ol ORI Hlssos
i o £ od 5.00
Gross results including wake effects 365,114 / ¥ i) b i '
[MWh/yr] Lognye S R " Rl
P50 [MWh/yi 317,543
[ 2 ’ The net AEP is calculated by subtracting energy production losses
P90 (25 yr) [MWh/yr] 236,154 from the gross AEP, at a P50 level. To determine the long-term (25
years) production, a P90 level is determined by incorporating an
PB0 iy F.648 uncertainty of 20%. The determined number of full-load hours
P90 (25 yr) [hrs/yr] 1,968 (2,646 hrs/yr) is equivalent to a wind farm capacity factor of 30%.
Input cost parameters are composed of

surveys, design work, land acquisition, permits,
wind turbines, civil works, electrical works,
maintenance, project management, and risk
contingencies.

Key assumed financial parameters include:
. 25 years of operation
. All cost including VAT
. Gearing 70/30
« Debt tenure: 10 years
. Interest rate: 9% p.a.
. Prospective electricity price*
o Year 1-10: $10.49 cents/kWh
o Year 11-25: $5.73 cents/kWh

*Based on Presidential Regulation 112/2022

ceiling tariff (with location factor)

Based on the conducted analysis, it is concluded that the
overall techno-economic viability of a wind farm in Aceh
Besar region requires improvement. The relatively low
average wind speed (still to be validated with wind
measurements) at some turbine locations, is a significant
contributor to the less promising business
Reconsidering the site layout during a follow up study could
improve this. This could lead to a wind farm size of
approximately 50 MW, with likely an improved business
case outcome.

D [ d
Cap?t\éel Eg[)neennéiﬁﬂe $.t!nZh;| n'1 $1?"?n'8 $2mﬂ'lgn2
Investment 1.42 1.59 2.02
cost per MW $minion $miuion $minion
11.25% 9.25% .
Project IRR 2.52%
at P50
before taxes
0.90 0.82
Average DSCR 0:57
at P90
case.
$119.2
million 994
Net profit ' $miuion $r§|2m9
at P50

Wind Energy Development Booklet: 120 MW Project in Aceh Besar, Aceh

over 25 years
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Recommended next steps

JD Wind resource 0Ponnsnﬁm
Place at least three (3) met preeer] o
EPSGAINE

-9 masts for data gathering for at
least one year to cover the
northwestern, central, and
eastern part of the wind farm

Acgh

J ® Wind hurbise locations
Elvation contour Ene
L wind spoed (/)

=
N

Wind mesasuremant
3,:} Bt mast location

Land use and
permitting
. Assess the land use /
ownership in greater detail
. Consulting the authorities
about the willingness and
possibility to issue
approvals and permits
- Approach relevant
landowners in order to
achieve an agreement on
the land

. Verify the suitability of Banda Aceh substation to facilitate the wind farm’s grid connection
. Align with PLN on the PPA conditions and tender process set-up

7 Grid connection and PPA

Geology and seismicity
. Conduct geotechnical soil investigations and soil stability analyses, as input for the wind turbine
foundation design and crane hardstand design
. Analyse soil stability in combination with the LiDAR-study for a more precise mapping of the
topography
« Calculate the maximum expected peak ground acceleration to mitigate the earthquake risk

(o Ty Environment, flora, and fauna

. Involve (potentially) affected stakeholders early in the wind farm development, to identify and
mitigate specific objections from each stakeholder

« Conduct a biodiversity baseline study and risk assessment and mitigation measures as part of ESIA

Transport
. Conduct a port survey to ensure that the Port of Malahayati is suitable for offloading and storing the
gﬁ wind turbine components
- A more extensive logistical survey is recommended to be conducted as part of the future feasibility
study to obtain more details of the required infrastructure

Disclaimer
No rights can be derived from any of the presented information and results. Verification and validation through physical surveys, measurements,
design, calculations, and stakeholder consultations are required.
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400 MW Project

Ciracap, West Java
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4 L The wind climate in the region predominantly consists of
o wind from the southeastern direction. The highest wind
speeds are observed in the period of May-October. El
Nifio and La Nifa phenomena may cause variations
interannual variations of wind speed.
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The envisioned wind farm is located in Ciracap, West Java
Province. The electricity system at the province is connected

Wind Speed (m/s)

to the Java-Madura-Bali grid. WA 2} = e
The peak load in the province in 2021-2030 is expected to M-
grow with an average annual growth rate of 3.88% from f _ | R
7,712 MW (2020). Wind energy potential in Sukabumi is i - B LR
registered as 670 MW in RUPTL PLN 2021-2030. o c-o

4-6
According to the Sukabumi Regency Spatial Plan 2012-2032, 2.4
the envisioned wind farm is located in areas with the = 7 0-2

following land use types:

195-225 135- 165

Plantation Area

This area may be owned by private parties or a
local community. Wind farm development is
possible in the area if the area is not part of the
Sustainable Food Agriculture Area, and a lease/
purchase agreement is achieved with the

100 400 MW

Wetland/Dryland Farming Agriculture Area . . .
This area may be owned by the community. Wind wind turbines total installed

farm development in this area is possible if the CapaCity

area is not part of the Sustainable Food

Agriculture Area, and if a lease/purchase

agreement is achieved with the landowner. GNN%E@'%

Logénd

Lerms Bl
2wt i s
@ it i o

165- 185

E ok
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River Border/Beach Border Area

This area is under the ownership of the State and
can be used for public interest activities such as
power generation.

Rural Settlement Area

This area may be owned by a local community.
Construction of wind power plants at these
locations is possible if a lease/purchase
agreement is achieved with the landowner. oy B

NE
R\

L] 000 6000 B0 LMW
)
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Logistic, civil- and electrical works

Legend
— Route A

The Fishing Port of Pelabuhan Ratu is deemed to be the
most suitable entry point of the turbines, with access to
the site available via regional roads. Some challenges
expected from the port exit to the site include a section of
steep hills and cage design bridges.

Pelobuhon Ratu Borw Subatation
150V

ACER 33 240

Gl T 15000 Y Sukotumi
v oA weirwd farm
20K, 1434k by, P K295

HIETHTRTHI BTHIHIRIE

The closest point of connection to the existing grid is the
Pelabuhan Ratu Baru 150 kV PLN substation. From this
PLN substation to the wind farm's powerhouse, a 8 km
transmission line is required. The generated electricity will
be distributed to the powerhouse via twenty wind farm
substations.

Geology and seismic
conditions

The wind farm area has medium-risk of land movement
vulnerability, potential to be hit by strong earthquakes.
The foundation design should incorporate measures to
mitigate these risks.

Wind Energy Development Booklet: 400 MW Project Ciracap, West Java

& -\L.:” Legend
o Y | ° Turbines
— Road alignment
X = 10 15[ New
M B | Upgrade
Within the site, new roads need to be constructed, and
some existing roads and bridges must be upgraded in the

rural parts.

%

67 km new 121 km road 13 bridges
road upgrade strengthened

LY
b

(A}

B 22 1,434 km

. transmission electrical

hardstands towers cable

Legend
Turbines

Land use/land cover
. Water
i B Forest

SN EETS. 78 W™ B[l?l%?ngs
— — Shrubs:

Biodiversity, social- and
environmental conditions

Several critically endangered, endangered, vulnerable,
and near threatened animal and plant species were
observed in the area. The critically endangered species
include Javan slow loris and Malayan pangolin. Further
research on the impact of the wind farm on the
biodiversity is required. The envisioned turbines are
planned in between villages, and tourist destination. The
social impact could be the loss of agricultural land,
reduced accessibility during road construction, and
transport and visual impact.
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The modelled long-term wind speed at the planned hub height of 140
m, is 6.2 m/s. The gross Annual Energy Production (AEP) is

Number of new WTGs 100
subsequently calculated based on the power curve of the 4 MW
Rated Power per WTG [MW] 40 reference wind turbine. A production loss percentage of 22.1% is
Total rated Power [MW] 4000 determined for the wind farm based on e.g. wake losses, non-
e ] 170 availability, electrical losses, etc.
Hub height [m] 140 The net AEP is calculated by [
Air density [kg/m3] 1145 subtracting energy production | L% Voo =
Wind speed [ms] go losses from the gross AEP, at I/_/‘ o° ?‘50_
a P50 level. To determine the |, s . o%% % 7008
Gross result [MWh/yr] 1,452,438 long-term production (over 25 y °°8a°°o Oc‘:""w =
Gross results induding wake effects 1,301,068 years), a P90 level is | °°°°g S 0% I
[MWh/yr] determined by incorporating an _0.0000_ 0%000 & =
P50 [MWhiyr] 1181851 uncertainty of 20%. The | gBSICTBse 503
POO (25 yr) [MWhiy1] 841503 determined number of full-load 196079, =00
hours (2,829 hrs/yr) s = 0.00
bl 2829 oquivalent to a wind farm
PA0 (25 yr) [hrs/yr] 2,104 capacity factor of 32%.
Input cost parameters are composed of
surveys, design work, land acquisition, permits,
wind turbines, civil works, electrical works,
maintenance, project management, and risk
contingencies.
Development and  SG589:3 $654.3 $818.6
Key assumed financial parameters include: Capital Expenditure million million million
. 25 years of operation
« All cost including VAT
. Gearing 70/30
. Debt tenure: 10 years
. Interest rate: 9% p.a. ccig}[/gsetrml\ﬁo\} $1. ._47 $1. ._63 $2...04
. Prospective electricity price* million million million
o Year 1-10: $9.54 cents/kWh
o Year 11-25: $5.73 cents/kWh
*Based on Presidential Regulation 112/2022
ceiling tariff (with location factor)
o
10-50 /O 8-700/0 .
o Project IRR 2.29%
Based on the conducted analysis, it is concluded that at P50
the overall techno-economic viability of a wind farm in before taxes
the Ciracap region requires improvement. The
relatively low average wind speed (still to be validated 1.16
with wind measurements) at some turbine locations, is : 1.06 0.88
a contributor to this. An improvement can be sought in Average DSCR )
subselecting the wind turbine locations with the at P90
highest yield and lowest cost. In this subsequent
assessment, the cost for required infrastructure and
the port selection are vital parts to be considered as $394.4
well. N : million $324.2 $161.4
et profit million million
at P50

Wind Energy Development Booklet: 400 MW Project Ciracap, West Java

over 25 years
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Recommended next steps

_f,o Wind resource

Place at least ten (10) met masts for
data gathering for at least a year.
The red dots indicate the wind
turbine locations. The yellow icons
show the global positioning of
recommended met mast locations

Land use and permitting

. Assess the land use /
ownership in greater detalil

« Consulting the authorities about
the willingness and possibility to
issue approvals and permits

« Approach relevant landowners
in order to achieve an
agreement on the land

_Tﬁ Grid connection and PPA

© . Verify the suitability of Pelabuhan Ratu Baru substation to facilitate the wind farm’s grid connection
2™ . Align with PLN on the PPA conditions and tender process set-up

Geology and seismicity

« Conduct geotechnical soil investigations and soil stability analyses, as input for the wind turbine
foundation design and crane hardstand design

« Calculate the maximum expected peak ground acceleration to mitigate the earthquake risk

<0 Ty Environment, flora, and fauna

. Involve (potentially) affected stakeholders early in the wind farm development, to identify and mitigate
specific objections from each stakeholder

. Conduct a biodiversity baseline study and risk assessment and mitigation measures as part of ESIA

storing the wind turbine components

. Upgrading public roads and smaller bridges is recommended to be conducted as part of the future
feasibility study to obtain more details of the required infrastructure

Transport
% « Conduct a port survey to ensure that the fishing port in Pelabuhan Ratu is suitable for offloading and

Disclaimer

No rights can be derived from any of the presented information and results. Verification and validation through physical surveys, measurements,
design, calculations, and stakeholder consultations are required.
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92 MW Project
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The envisioned wind farm is located in Dairi Regency, At Tt
North Sumatra Province. The electricity system at the :
province consists of the main island grid and the Nias
Island grid.

The peak load in the province in 2021-2030 is expected
to grow with an average annual growth rate of 5.5% from
1,883 MW (2020). Wind energy potential in North
Sumatra is registered as 198 MW in RUPTL PLN 2021-
2030.

According to the Dairi Regency Spatial Plan 2014-2034,
the envisioned wind farm is located in areas with the
following land use type:

Protected Forest Area

Forest Area Use Approval (PPKH) to be
issued by the Ministry of Environment and
Forestry is needed to develop a wind farm
at the area.

weird e [mis]
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The wind climate in the region predominantly consists
of wind from the southwestern direction. The highest 23 92 MW

wind speeds are observed in the period of May-

October. El Nifio and La Nifia phenomena may cause wind turbines total installed
variations interannual variations of wind speed. CapaCI'[y
348158 i .
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Wind Energy Development Booklet: 92 MW Project in Dairi, North Sumatra Page 13 of 46



Logistic, civil- and electrical works

R St

The Port of Belawan is deemed to be the most suitable
entry point of the turbines, with access to the site
available via highway. No challenges expected from port
until the project site. However, the first 50 km from the
port to the site are relatively flat, after which the road
ascends to the plateau surrounding Lake Toba, Dairi.

sgmalang
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The closest point of connection to the existing grid is the
Sidikalang 150 kV PLN substation. From this PLN
substation to the wind farm's powerhouse, a 19 km
transmission line is required. The generated electricity will
be distributed to the powerhouse via four wind farm
substations.

Geology and seismic
conditions

The wind farm area has low- to medium-risk of land
movement vulnerability and potential to be hit by strong
earthquakes. The foundation design should incorporate
measures to mitigate these risks.

Wind Energy Development Booklet: 92 MW Project in Dairi, North Sumatra

Legend
Elevation (m):

™ 2000

800
Contour 50 m
Contour 10 m

Turbines

Within the site, the route is mostly ascending with hairpins
situated near Sibolangit village. One hairpin is particularly
narrow and directly located next to water extraction site
managed by PDAM.

13 km new 8 km road 6 bridges
road upgrade strengthened
s
5
”H
23 wind turbine 48 transmission 111 km
foundations and towers electrical
crane
hardstands CRLS

Legend
Turbines
d use/land cover
Water

Forest

: m:_;_ . . _' %, 0] 4}:: ‘ n
Biodiversity, social- and
environmental conditions

Several endangered, vulnerable, and near threatened
animal species were observed in the area. The
endangered species including primates, birds, plants, and
flowers species. Further research on the impact of the
wind farm on the biodiversity is required. The envisioned
turbines are planned in important tourism areas. Hence,
stakeholder engagement is critical in the early stage of
project development.
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The modelled long-term wind speed, at the planned hub height of
140 m, is between 7.0 - 10.0 m/s. The gross Annual Energy

Number of new WTGs 23 Production (AEP) is subsequently calculated based on the power
curve of the 4 MW reference wind turbine. A production loss
Rated Power per WTG [MW] 4.0 percentage of 14.8% is determined for the wind farm based on
Total rated Power [MW] 92.0 e.g. wake losses, non-availability, electrical losses, etc.
Rotor diameter [m] ~170 e
: =] : 10.00
Hub height [m] 140 . ! 9.50
| 9.00 _
Air density [kg/m?] 0.986 , ’.g. e
o®e 1 o
Wind speed [m/s] 9.0 0% o Hise
i O : 7.50 2
Gross result [MWh/yr] 507,848 E - | 7.00 g
= E 650 >
Gross results including wake effects 497,691 A | 6.00
[MWh/yr] Se— Chmh ™o
P50 [MWh/yr] 432,897 e
The net AEP is calculated by subtracting energy production losses
P90 (25 yr) [MWh/yr, 321,941 :
Esun M) from the gross AEP, at a P50 level. To determine the long-term
P50 [hrs/yr] 4,705 (25 years) production, a P90 level is determined by incorporating
an uncertainty of 20%. The determined number of full-load hours
P90 (25 yr) [hrs/yr] 8,499 (4705 hrsfyr) is equivalent to a wind farm capacity factor of 53%.
Input cost parameters are composed of

surveys, design work, land acquisition, permits,
wind turbines, civil works, electrical works,
maintenance, project management, and risk
contingencies.

Key assumed financial parameters include:
. 25 years of operation
« All cost including VAT
. Gearing 70/30
. Debt tenure: 10 years
. Interest rate: 9% p.a.
. Prospective electricity price*
o Year 1-10: $10.49 cents/kWh
o Year 11-25: $5.73 cents/kWh

*Based on Presidential Regulation 112/2022

ceiling tariff (with location factor)

Based on the conducted analysis, it is concluded that
the overall techno-economic viability of a wind farm in
Dairi Regency near Lake Toba could be promising. The
relatively high average wind speed (still to be validated
with wind measurements) is a significant contributor to
the promising business case. Furthermore, the easily
accessible terrain and reasonable distance to the
existing PLN grid could result in a favorable business
case and potentially a good technical feasibility.
However, the envisioned wind farm entails risks that
should be considered by the developer and investor,
specifically the location of the wind farm in a protected
forest area.

Development and
Capital Expenditure $-r|nﬁ?n9 $'r1’nﬂi3n.3 $-r|nZI|?n9
Investment $1.38 $1.53 $1.90
cost per MW million million million
28.75%  25.40% .
Project IRR 19.62%
at P50
before taxes
1.69 1.53
Average DSCR e
at P90
$374
million 357
Net profit ' $;nillion ﬁﬁllg
at P50

over 25 years

Wind Energy Development Booklet: 92 MW Project in Dairi, North Sumatra
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Recommended next steps

JD Wind resource

Place at least two (2) met masts
and one LiDAR for data gathering
to cover the central, southern, and
northern part of the wind farm

Land use and permitting

. Assess the land use /
ownership in greater detail
early in the development
process

. Consulting the authorities about
the willingness and possibility
to issue approvals and permits

. Approach relevant landowners
in order to achieve an
agreement on the land

Lad

Grid connection and PPA
. Verify the suitability of Sidikalang substation to facilitate the wind farm’s grid connection
. Align with PLN on the PPA conditions and tender process set-up

Geology and seismicity

> . Conduct geotechnical soil investigations and soil stability analyses, as input for the wind turbine
foundation design and crane hardstand design

. Analyse soil stability in combination with the LiDAR-study for a more precise mapping of the
topography

. Calculate the maximum expected peak ground acceleration to mitigate the earthquake risk

i

- Ty Environment, flora, and fauna

. Involve (potentially) affected stakeholders (for example in tourism) early in the wind farm
development, to identify and mitigate specific objections from each stakeholder

. Conduct a biodiversity baseline study and risk assessment and mitigation measures as part of ESIA

Transport
. Conduct a port survey to ensure that the Port of Belawan is suitable for offloading and storing the
gﬁ wind turbine components
. Alignment with the local authorities and PDAM regarding the improvement of the road south of
Merek and the hairpin in the south of Sibolangit, respectively, is required
. A more extensive logistical survey is recommended to be conducted as part of the future feasibility
study to obtain more details of the required infrastructure

Disclaimer
No rights can be derived from any of the presented information and results. Verification and validation through physical surveys, measurements,
design, calculations, and stakeholder consultations are required.
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The envisioned wind farm is located in Gunung Kidul
Regency, DI Yogyakarta Province. The electricity system at
the province is connected to the Java-Madura-Bali grid.

The peak load in the province in 2021-2030 is expected to
grow with an average annual growth rate of 4.88% from 450
MW (2020). Wind energy potential in DI Yogyakarta is
registered as 60 MW in RUPTL PLN 2021-2030.

According to the Gunung Kidul Regency Spatial Plan 2010-
2030, the envisioned wind farm is located in areas with the
following land use types:

Dryland Farming Agriculture Area

This area may be owned by the community.
Wind farm development in this area is possible
if the area is not part of the Sustainable Food

Agriculture Area, and if a lease/purchase
agreement is achieved with the landowner.

Residential Area

This area may be owned by a local community.
Construction of wind power plants at these
locations is possible if a lease/purchase
agreement is achieved with the landowner.

hour of the day

wind turbines total installed
R —— capacity
The wind climate in the region predominantly consists of
wind from the southeastern direction. The highest wind B, |
speeds are observed in the period of June-October. El £ "."FONDRRA,
Nifio and La Nifia phenomena may cause variations i . 2 Legens st
interannual variations of wind speed. & G : =, :.;'lem
4515 \
315- 345 15-45 i
Wind Spaed (mis) : L
205 2315 45.75 . Lt S
i N\ . 1618 “}
. 416 A
. 12-14 i -"f
255 - 285 [l a 75- 105 - L 5 -
k. .a 10

275 - 255 l 105 - 135 2.4

195 - 225 135- 165

O 1000 2000 3000 <4.000m
| e s

165 - 195
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Logistic, civil- and electrical works

Ring road entry
point

The Port of Semarang is deemed to be the most suitable
entry point of the turbines, with access to the site
available via highway/toll road. No challenges expected
from port until the southeast of Yogyakarta, the road will
ascend a plateau. The road features two hairpins in this
ascent.

Semany Substalion
150 kY
ACIR 2 x 240 men?
139 kmi
Powimouss Yogyakara
I substation wish 150 kW
Frormdomon |50/20 kY ‘Cable | 23 x
A0 WA 240enrr
Yy, I= 1255 k. Thkrn
Yogyakasha WEPF
kY
WIG WK WG WIS WIG WG
1 2 1} n 12 n

The closest point of connection to the existing grid is the
Semanu 150 kV PLN substation. From this PLN
substation to the wind farm's powerhouse, a 7 km
transmission line is required. The generated electricity will
be distributed to the powerhouse via two wind farm
substations.

Geology and seismic
conditions

The wind farm area has low-risk of land movement
vulnerability and potential to be hit by strong earthquakes.
The foundation design should incorporate measures to
mitigate these risks.

Wind Energy Development Booklet: 80 MW Project Gunung Kidul, DI Yogyakarta

LA,

P

o

3 o e
N
1 o ]

y 28 () J . 3km | Existing road,
N E— minor Upgrades

Within the site, new roads need to be constructed on hilly
and steep areas, and some existing roads and bridges
must be strengthened.
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Biodiversity, social- and
environmental conditions

In the area, there is one species being listed with at least
‘near threatened’ status. This species is Javan myna,
which is categorized as vulnerable. Further research on
the impact of the wind farm on the biodiversity is required.
The envisioned turbines are planned in unpopulated
valleys and/or hills away from the villages. Hence, the
social impact is mainly limited to the loss of agricultural
land, reduced accessibility during road construction, and
transport and visual impact.
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Number of new WTGs 20
Rated Power per WTG [MW] 4.0
Total rated Power [MW] 80.0
Rotor diameter [m] ~170
Hub height [m] 140
Air density [kg/m3] 1.129
Wind speed [nVs] 6.0
Gross result [MWh/yr] 263,586
Gross results including wake effects 251,048
[MWh/yr]

P50 [MWh/yr] 218,339
P90 (25 yr) [MWh/yr] 188,885
P50 [hrsfyr] 2,729
P90 (25 yr) [hrsfyr] 2,361

Input cost parameters are composed of surveys,
design work, land acquisition, permits, wind
turbines, civil works, electrical works,
maintenance, project management, and risk
contingencies.

Key assumed financial parameters include:
. 25 years of operation
. All cost including VAT
. Gearing 70/30
. Debt tenure: 10 years

The modelled long-term wind speed, at the planned hub height of
140 m, is between 5.0 - 7.0 m/s. The gross Annual Energy
Production (AEP) is subsequently calculated based on the power
curve of the 4 MW reference wind turbine. A production loss
percentage of 17.2% is determined for the wind farm based on
e.g. wake losses, non-availability, electrical losses, etc.

8.00

o

c
OpenStreetMap 1

lconfribifors

0.00
The net AEP is calculated by subtracting energy production losses
from the gross AEP, at a P50 level. To determine the long-term
(25 years) production, a P90 level is determined by incorporating
an uncertainty of 20%. The determined number of full-load hours
(2,729 hrs/yr) is equivalent to a wind farm capacity factor of 31%.

Development and ~ £$426:4 $141.5 $180.8

Capital million million million
Expenditure

. Interest rate: 9% p.a. Investment $1.58 $1.77 $2.26
. Prospective electricity price* cost per MW million million million
o Year 1-10: $9.54 cents/kWh
o Year 11-25: $5.73 cents/kWh
;Be'z;?d‘tgr; Prr-;"sid?ntizal )Regulation 112/2022 ceiling
arir (with location iactor, o
8.40%  661% )
Project IRR 3.20%

at P50

Based on the conducted analysis, it is concluded that before taxes

the overall techno-economic viability of a wind farm in

the Gunung Kidul region requires improvement. The 0.90 0.82

relatively low average wind speed (still to be validated . 0.66

with wind measurements) at most turbine locations, is a Average DSCR

contributor to the less promising business case. at P90

Reconsidering the site layout during a follow up study

could improve this. This could lead to a wind farm size

of approximately 30-40 MW, with likely an improved $58.4

business case outcome. . million $437 $4.54

Net profit million million

at P50

over 25 years
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Recommended next steps

—Dy Wind resource 3 s > oy r,-ﬁ;'i & ?w@z A\ PONDERA
Place at least three (3) met %, - 1o GRS L 6% exesi
masts for data gathering for at % 2 g:-"J : (o1 e i
least a year. The yellow icons on T
the right image show the global &

positioning of recommended met
mast locations.

Land use and
permitting
+ Assess the land use /
ownership in greater detalil
. Approach the relevant
landowners about the
possibility of arriving at an
agreement on the land

= Grid connection and PPA
":ﬁ . Verify the suitability of Semanu substation to facilitate the wind farm’s grid connection
. Align with PLN on the PPA conditions and tender process set-up
Geology and seismicity
. Conduct geotechnical soil investigations and soil stability analyses, as input for the wind turbine
foundation design and crane hardstand design
. Analyse soil stability in combination with the LiDAR-study for a more precise mapping of the
topography
. Calculate the maximum expected peak ground acceleration to mitigate the earthquake risk

Q.7 Environment, flora, and fauna

. Involve (potentially) affected stakeholders early in the wind farm development, to identify and mitigate
specific objections from each stakeholder

. Conduct a biodiversity baseline study and risk assessment and mitigation measures as part of ESIA

Transport
. Conduct a port survey to ensure that the Port of Semarang is suitable for offloading and storing the
gﬁ wind turbine components
. A more extensive logistical survey is recommended to be conducted as part of the future feasibility
study to obtain more details of the required infrastructure

Disclaimer
No rights can be derived from any of the presented information and results. Verification and validation through physical surveys, measurements,
design, calculations, and stakeholder consultations are required.
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192 MW Project
Kediri, East Java




The envisioned wind farm is located in Kediri Regency,
East Java Province. The electricity system at the province
is connected to the Java-Madura-Bali grid.

The peak load in the province in 2021-2030 is expected to
grow with an average annual growth rate of 3.7% from
5,935 MW (2020). Wind energy potential in East Java is
registered as 331 MW in RUPTL PLN 2021-2030.

According to the Kediri Regency Spatial Plan 2011-2031,
the envisioned wind farm is located in areas with the
following land use types:

Plantation Area

This area may be owned by private parties or
a local community. Wind farm development is
possible if a lease/purchase agreement is
achieved with the landowner.

Dryland Farm Agriculture Area

This area may be 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 if a
lease/purchase agreement is achieved with
the landowner.

Urban Settlement Area

This area may be owned by the local
community. Construction of wind power plants
at these locations is possible if a
lease/purchase agreement is achieved with
the landowner.

Wind Energy Development Booklet: 192 MW Project Kediri, East Java
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The wind climate in the region predominantly consists of
wind from the south direction. The highest wind speeds
are observed in the period of June-October. El Nifio and
La Nifha phenomena may cause variations interannual
variations of wind speed.
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Logistic, civil- and electrical works

Legend
gTu bines

Highnwa:

— Existing highway

gi lanned highway
access road

N e T T A
" airport

The Port of Surabaya is deemed to be the most suitable
entry point of the turbines, with access to the site
available via highway/toll road. No challenges expected
from port until 25 km north of the site. A planned toll road
until Kediri is in preparatory phase.
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The closest point of connection to the existing grid is the
Surya Zig Zag 150 kV PLN substation. From this PLN
substation to the wind farm's powerhouse, a 9 km
transmission line is required. The generated electricity will
be distributed to the powerhouse via five wind farm
substations.

Geology and seismic
conditions

The wind farm area has medium-risk of land movement
vulnerability and potential to be hit by strong earthquakes.
The foundation design should incorporate measures to
mitigate these risks.

Wind Energy Development Booklet: 192 MW Project Kediri, East Java
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Within the site, new roads need to be constructed, and
some existing roads and bridges must be strengthened.
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Biodiversity, social- and
environmental conditions

Several (critically) endangered, vulnerable, and near
threatened animal and plant species were observed in the
area. One of these animal species is the critically
endangered blue-banded kingfisher. Further research on
the impact of the wind farm on the biodiversity is required.
The envisioned turbines are planned in unpopulated
valleys and/or hills away from the villages. Hence, the
social impact is mainly limited to the loss of agricultural
land, reduced accessibility during road construction,
transport and visual impact.
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Number of new WTGs 48
Rated Power per WTG [MW] 4.0
Total rated Power [MW] 192.0
Rotor diameter [m] ~170
Hub height [m] 140
Air density [kg/m3] 0.986
Wind speed [nVs] 6.3
Gross result [MWh/yr] 652,994
Gross results including wake effects 603,366
[MWh/yr]

P50 [MWh/yr] 519,135
P90 (25 yr) [MWh/yr] 386,075
P50 [hrs/yr] 2,704
P90 (25 yr) [hrsfyr] 2,011

Input cost parameters are composed of
surveys, design work, land acquisition, permits,
wind turbines, civil works, electrical works,
maintenance, project management, and risk
contingencies.

Key assumed financial parameters include:
« 25 years of operation
. All cost including VAT
. Gearing 70/30
« Debt tenure: 10 years
. Interest rate: 9% p.a.
. Prospective electricity price*
o Year 1-10: $9.54 cents/kWh
o Year 11-25: $5.73 cents/kWh

The modelled long-term wind speed at the planned hub
height of 140 m, is between 5.0 - 8.0 m/s. The gross Annual
Energy Production (AEP) is subsequently calculated based
on the power curve of the 4 MW reference wind turbine. A
production loss percentage of 20.5% is determined for the
wind farm based on e.g. wake losses, non-availability,
electrical losses, etc.
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The net AEP is calculated by subtracting energy production
losses from the gross AEP, at a P50 level. To determine the
long-term (25 years) production, a P90 level is determined by
incorporating an uncertainty of 20%. The determined number
of full-load hours (2,704 hrs/yr) is equivalent to a wind farm
capacity factor of 31%.

*Based on Presidential Regulation 112/2022
ceiling tariff (with location factor)

Based on the conducted analysis, it is concluded that
the overall techno-economic viability of a wind farm in
the Kediri region requires improvement. The
relatively low average wind speed (still to be
validated with wind measurements) at some turbine
locations, is a contributor to the less promising
business case. Reconsidering the site layout during a
follow up study could improve this. This could lead to
a wind farm size of approximately 120-150 MW, with
likely an improved business case outcome.

Wind Energy Development Booklet: 192 MW Project Kediri, East Java

Development and 275.7 307.9 389.3
Capital Expenditure $ million $ million $ million
Investment 1.43 1.60 2.02
cost per MW $mi|"°n $miIIion $miIIion
9.96%  g.09% .
Project IRR 4.61%
at P50
before taxes
0.83
L 0.61
Average DSCR
at P90
$168.3
million 1347
Net profit ' o million $r§|ﬁm1
at P50

over 25 years
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Recommended next steps
JD Wind resource

Place at least seven (7) met

-9 masts for data gathering for at
least a year. The yellow icons on
the right image show the global
positioning of recommended met
mast locations.

Land use and permitting

. Assess the land use /
ownership in greater detail

« Consulting the authorities
about the willingness and
possibility to issue approvals
and permits

« Approach relevant landowners
in order to achieve an 3 = , =
agreement on the land R e =

. Verify the suitability of Surya Zig Zag substation to facilitate the wind farm’s grid connection
. Align with PLN on the PPA conditions and tender process set-up

7 Grid connection and PPA

Geology and seismicity
. Conduct geotechnical soil investigations and soil stability analyses, as input for the wind turbine
foundation design and crane hardstand design
- Analyse soil stability study for a more precise mapping of the topography
. Calculate the maximum expected peak ground acceleration to mitigate the earthquake risk

0 Ty Environment, flora, and fauna

. Involve (potentially) affected stakeholders early in the wind farm development, to identify and
mitigate specific objections from each stakeholder

. Conduct a biodiversity baseline study and risk assessment and mitigation measures as part of ESIA

Transport
. Conduct a port survey to ensure that the Port of Surabaya is suitable for offloading and storing the
€§ wind turbine components

. A more extensive logistical survey is recommended to be conducted as part of the future feasibility
study to obtain more details of the required infrastructure

Disclaimer

No rights can be derived from any of the presented information and results. Verification and validation through physical surveys, measurements,
design, calculations, and stakeholder consultations are required.
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The envisioned wind farm is located in North Padang Lawas
Regency and South Tapanuli Regency, North Sumatra
Province. The electricity system at the province consists of
the main island grid and the Nias Island grid.

The peak load in the province in 2021-2030 is expected to
grow with an average annual growth rate of 5.5% from 1,883
MW (2020). Wind energy potential in North Sumatra is
registered as 198 MW in RUPTL PLN 2021-2030.

According to the North Sumatra Spatial Plan 2017-2037,
North Padang Lawas Regency Spatial Plan 2015-2035, and
South Tapanuli Regency Spatial Plan 2017-2037, the
envisioned wind farm is located in areas with the following
land use types:

Production Forest Area

Forest Area Use Approval (PPKH) to be issued
by the Ministry of Environment and Forestry is
needed to develop a wind farm at the area.

(Limited) Production Forest Area
CE—BCE Forest Area Use Approval (PPKH) to be issued
j_ l‘_y_J_l" by the Ministry of Environment and Forestry is
needed to develop a wind farm at the area.

Dryland Farming/Agriculture Area

@ This area may be owned by the community. Wind
farm development in this area is possible if the
area is not part of the Sustainable Food

Agriculture Area, and if a lease/purchase
agreement is achieved with the landowner.

Wind Energy Development Booklet: 312 MW Project North Padang Lawas - South Tapanuli, North Sumatra
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The wind climate in the region predominantly consists
of wind from the western direction. The highest wind
speeds are observed in the period of May-October.

El Nifio and La Nifia phenomena may cause variations
interannual variations of wind speed.
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Logistic, civil- and electrical works

gy Legend
BO .. 120 km |=— Rouie Sibclga - Site - Dumai
Turbines

The Port of Dumai is deemed to be the most suitable
entry point of the turbines, with access to the site
available via regional roads (compared to the shorter but
more challenging route from the Port of Sibolga). Still,
some challenges are present on the chosen route,
including hairpins in mountainous terrain. Finalization of
Section 8 of the Rantauprapat-Dumai toll road is vital for
the transport to the site.
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The closest point of connection to the existing grid is the
Padang Sidempuan 150 kV PLN substation. From this
PLN substation to the wind farm's powerhouse, a 15 km
transmission line is required. The generated electricity will
be distributed to the powerhouse via eight wind farm
substations.

Geology and seismic
conditions

50

o o

The wind farm area has medium- to high-risk of land
movement vulnerability and potential to be hit by strong
earthquakes. The foundation design should incorporate
measures to mitigate these risks.

Wind Energy Development Booklet: 312 MW Project North Padang Lawas - South Tapanuli, North Sumatra
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Biodiversity, social- and
environmental conditions

One near threatened plant species was observed in the
area, i.e. Orania sylvicola. Further research on the impact
of the wind farm on the biodiversity is required. The
envisioned turbines are planned in sparsely populated
areas, and therefore the social impact is limited to the
loss of agricultural land, reduced accessibility during road
construction, and transport and visual impact.
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Number of new WTGs 78
Rated Power per WTG [MW] 4.0
Total rated Power [MW] 312.0
Rotor diameter [m] ~-170
Hub height [m] 140
Air density [kg/m3] 1.129
Wind speed [m/s] 6.9
Gross result [MWh/yr] 1,183,369

Gross results including wake effects 1,055,565
[MWh/yr]

P50 [MWh/yr] 918,143
P90 (25 yr) [MWHyi] 682,813
P50 [hrs/yr] 2,943
P90 (25 yr) [hrs/yr] 2,189

Input cost parameters are composed of
surveys, design work, land acquisition, permits,
wind turbines, civil works, electrical works,
maintenance, project management, and risk

The modelled long-term wind speed at the planned hub
height of 140 m, is between 6.0 - 9.0 m/s. The gross
Annual Energy Production (AEP) is subsequently
calculated based on the power curve of the 4 MW
reference wind turbine. A production loss percentage of
22.4% is determined for the wind farm based on e.g. wake
losses, non-availability, electrical losses, etc.
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The net AEP is calculated by subtracting energy
production losses from the gross AEP, at a P50 level. To
determine the long-term (25 years) production, a P90 level
is determined by incorporating an uncertainty of 20%. The
determined number of full-load hours (2,943 hrs/yr) is
equivalent to a wind farm capacity factor of 34%.

contingencies. Development and  SGAGOZ $524.7 $667.4

Key assumed financial parameters include:
. 25 years of operation
« All cost including VAT
+ Gearing 70/30
. Debt tenure: 10 years
. Interest rate: 9% p.a.
. Prospective electricity price*
o Year 1-10: $10.49 cents/kWh
o Year 11-25: $5.73 cents/kWh

*Based on Presidential Regulation 112/2022
ceiling tariff (with location factor)

Based on the conducted analysis, it is concluded that
the overall techno-economic viability of a wind farm in
North Padang Lawas - South Tapanuli could be
relatively promising. The relatively high average wind
speed (still to be validated with wind measurements) at
several wind turbine locations, is a contributor to the
relatively promising business case. Cost savings
through optimizing the wind farm layout and minimizing
the need for acquiring land are vital.

Capital Expenditure million million million
Investment 1.50 $1.68 $1.90
cost per MW $mi||ion million million
12.93%  10.80%
Project IRR 0.11%
at P50
before taxes
0.97 0.88
Average DSCR 0.2
at P90
$417.9 $
million 3561
Net profit ' million $?n1|i?n.6
at P50

over 25 years
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Recommended next steps
JD Wind resource

Place at least seven (7) met

9 masts for data gathering for at
least one year to cover the
southern, central, and northern
part of the wind farm

I
~J,. M PONDERA
i - Date:
'l CATATO24
oS
DFSGANN
Fata e hadd el
& il rbine kecations.
Dl dilinr wisl
iy, W e ]

Land use and permitting

. Assess the land use /
ownership in greater detail

« Consulting the authorities
about the willingness and
possibility to issue approvals
and permits M

. Approach relevant landowners
in order to achieve an
agreement on the land

e
LA TR

Grid connection and PPA

. Verify the suitability of Padang Sidempuan substation to facilitate the wind farm’s grid connection
. Align with PLN on the PPA conditions and tender process set-up

Geology and seismicity

. Conduct geotechnical soil investigations and soil stability analyses, as input for the wind turbine
foundation design and crane hardstand design
. Calculate the maximum expected peak ground acceleration to mitigate the earthquake risk

Q. Environment, flora, and fauna
. Involve (potentially) affected stakeholders early in the wind farm development, to identify and
mitigate specific objections from each stakeholder

. Conduct a biodiversity baseline study and risk assessment and mitigation measures as part of
ESIA

Transport
. Conduct a port survey to ensure that the port in Dumai is suitable for offloading and storing the
gﬁ wind turbine components
. Execute a LIiDAR-study on the topography and determine bridge/viaduct dimensions to determine
the optimal transport route and infrastructure layout
. Determine the current strength of the bridges in combination with the nearby existing hairpin roads
over Aek Sihapas is technically feasible (~1.5 km northwest of Aek Godang Airport)

Disclaimer

No rights can be derived from any of the presented information and results. Verification and validation through physical surveys, measurements,
design, calculations, and stakeholder consultations are required.
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200 MW Project
Ponorogo, East Java




The envisioned wind farm is located in Ponorogo Regency,
East Java Province. The electricity system at the province
is connected to the Java-Madura-Bali grid.

The peak load in the province in 2021-2030 is expected to
grow with an average annual growth rate of 3.7% from
5,935 MW (2020). Wind energy potential in East Java is
registered as 331 MW in RUPTL PLN 2021-2030.

According to the Ponorogo Regency Spatial Plan 2012-
2031, the envisioned wind farm is located in areas with the
following land use types:

Plantation Area
ﬁ, This area may be owned by private parties or
a local community. Wind farm development is
possible in the area if the area is not part of
the Sustainable Food Agriculture Area, a
lease/purchase agreement is achieved with

the landowner.

Wetland Food Agriculture Area

This area may be 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, a lease/purchase agreement
is achieved with the landowner.

/‘ River Border Area
__)f, This area is under the ownership of the
—~ Government or the community. Wind farm

development in this area is possible if the area
is not part of the conservation area, and if the
development complies with the applicable
regulations.

Grassland/Shrub Area

This area is under the ownership of the
Government or the community. Wind farm
development in this area is possible if the area
is not part of the conservation area, and if the
development complies with the applicable
regulations.

D
B

Urban Settlement Area

This area may be owned by a local
community. Construction of wind power plants
at these locations is possible if a
lease/purchase agreement is achieved with
the landowner.

03
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The wind climate in the region predominantly consists of
wind from the southeastern direction. The highest wind
speeds are observed in the period of May-October.

El Nifio and La Nifla phenomena may cause variations
interannual variations of wind speed.
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Logistic, civil- and electrical works

— Route highway -
entry point site
© Turbines
= Bridge
/| * Railroad crossing
/| Road within site
/" [==Mountainous
~— Hills, new
{ Hills, existing
ra | Village, existing
| = Minor changes

The Port of Surabaya is deemed to be the most suitable
entry point of the turbines, with access to the site
available via highway and regional roads. No challenges
expected from toll-road up until Madiun exit of the
highway. However, passing through Ponorogo, a number
of bridges require strengthening.

Ponoiogo Substation
150 kV

ACSR 2% 240 mim?
1694 km

Pawathouse

Ponaroge wind farm
150 kV
Sx subsiation wilh C bk: 1 3:
tronstormer 150/20 KV al
40 MVA
Yreyro. 2= 12.5% Y, grind Poneroge wind

S 22 i

Wi wic WG Wi
3 3 now

Tl

The closest point of connection to the existing grid is the
Ponorogo 150 kV PLN substation. From this PLN
substation to the wind farm's powerhouse, a 17 km
transmission line is required. The generated electricity will
be distributed to the powerhouse via five wind farm
substations.

Geology and seismic
conditions

The wind farm area has medium- to high-risk of land
movement vulnerability and potential to be hit by strong
earthquakes. The foundation design should incorporate
measures to mitigate these risks.

#—" LS ’J j i
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Internal road aligrnment
¥ — Mountainous, new

Within the site, new roads need to be constructed on flat-
hilly and steep areas, and some existing roads and
bridges must be upgraded.

) Al

74 km new 13 km road 28 bridges
road upgrade strengthened
LY
b
(A}
fi?lnwczlg(tjict)ﬂrsb:rf:i trans:ﬁssion eIl
electrical
crane towers cable
hardstands

POl Legend
4 Turbines

Land use/land cover

( B Croy
e . Buildings
Shrubs

Biodiversity, social- and
environmental conditions

One endangered plant species was observed in the area,
i.e. Myristica teysmannii. Further research on the impact
of the wind farm on the biodiversity is required. The
envisioned turbines are planned away from villages, and
therefore, the social impact is limited to the loss of

agricultural land, reduced accessibility during road
construction, and transport and visual impact. However,
road construction might greatly improve accessibility for
the local communities.
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__ The modelled long-term wind speed at the planned hub
height of 140 m, is between 5.0 - 8.5 m/s. The gross

Number of new WTGs 50 Annual Energy Production (AEP) is subsequently
calculated based on the power curve of the 4 MW
Rated Power per WTG [MW] 4.0 reference wind turbine. A production loss percentage of
20.5% is determined for the wind farm based on e.g. wake
Total rated Power [MW] 92.0 losses, non-availability, electrical losses, etc.
Rotor diameter [m] ~170 e Bifi
. | . | 8.50
Hub height [m] 140 : ar e ! '
i 8.00
; . I sllle 001 .
Air density [kg/m3] 1.150 : s 5 o 44 & 750 €
i o H 7.00 §
Wind speed [nVs] 6.8 ! A e S 1
i el Y} g I 2
Grross result [MWh/yr] 709,922 L o by |[of
1
0o o ] 5.50
Gross results including wake effects 655,968 g:;l “ %?MU 5 E 5.00
[MWh/yr] B 1 e it ! 0.00
P50 [MWh/yr] 564,393
The net AEP is calculated by subtracting energy
P90 (25 yr) [MWH/yr] 419,733 production losses from the gross AEP, at a P50 level. To
determine the long-term (25 years) production, a P90 level
P50 [hrs/yr] 2,940 is determined by incorporating an uncertainty of 20%. The

determined number of full-load hours (2,940 hrs/yr) is

P90 (25 yr) [hrs/yr] 2,186 equivalent to a wind farm capacity factor of 34%.

Input cost parameters are composed of
surveys, design work, land acquisition, permits,
wind turbines, civil works, electrical works,
maintenance, project management, and risk
contingencies.

Developmentand  SG34(.5 $349.7 $447.8

Capital Expenditure o L L
Key assumed financial parameters include: million million million

. 25 years of operation
« All cost including VAT
+ Gearing 70/30

. Debt tenure: 10 years Investment
- Interest rate: 9% p.a. cost per MW $rr-1|ill.i?n5 $rr-1|il;iZw4 $r’r%l;ign3
. Prospective electricity price*
o Year 1-10: $9.54 cents/kWh
o Year 11-25: $5.73 cents/kWh
cgﬁﬁvzdtarg‘? (Wﬁlgelf)’(f‘jae}%’r?lfac@igumnon 11zz022 10.39% 8.38%
o,
Project IRR $72%
at P50
Based on the conducted analysis, it is concluded before taxes
that the overall techno-economic viability of a wind
farm in Ponorogo requires improvement. The 0.85 0.77
relatively low average wind speed (still to be A 0.61
. . : verage DSCR
validated with wind measurements) at some at P90
turbine locations, is a contributor to the less
promising business case. Reconsidering the site
layout during a follow up study could improve this. $206.3
Cost savings by determining the need for . million $163.8 $66.7
strengthening 28 bridges and building new Ne;tpggg rllte million

infrastructure are vital. over 25 years
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Recommended next steps

D ) Wind resource
Place at least eight (8) met masts
9 for data gathering for at least one
year to cover the northern,
southeastern, and the
southwestern part of the wind farm

Land use and permitting

. Assess the land use /
ownership in greater detail

. Consulting the authorities
about the willingness and
possibility to issue approvals
and permits

. Approach relevant landowners
in order to achieve an
agreement on the land

L -59\

Grid connection and PPA

. Verify the suitability of Ponorogo substation to facilitate the wind farm’s grid connection
. Align with PLN on the PPA conditions and tender process set-up

Geology and seismicity
. Conduct geotechnical soil investigations and soil stability analyses, as input for the wind turbine
foundation design and crane hardstand design
. Calculate the maximum expected peak ground acceleration to mitigate the earthquake risk

-y Environment, flora, and fauna

. Involve (potentially) affected stakeholders early in the wind farm development, to identify and
mitigate specific objections from each stakeholder
« Conduct a biodiversity baseline study and risk assessment and mitigation measures as part of ESIA

Transport
. Conduct a port survey to ensure that the Port of Surabaya is suitable for offloading and storing the

wind turbine components

. Execute a LiDAR-study on the topography and determine bridge/viaduct dimensions to determine
the optimal transport route and infrastructure layout

. Determine the current strength of the bridges to be crossed

Disclaimer

No rights can be derived from any of the presented information and results. Verification and validation through physical surveys, measurements,
design, calculations, and stakeholder consultations are required.
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68 MW Project
Probolinggo — Lumajang, East Java




The envisioned wind farm is located in Probolinggo and
Lumajang Regency, East Java Province. The electricity
system at the province is connected to the Java-Madura-
Bali grid.

The peak load in the province in 2021-2030 is expected to
grow with an average annual growth rate of 3.7% from
5,935 MW (2020). Wind energy potential in East Java is
registered as 331 MW in RUPTL PLN 2021-2030.

According to the Probolinggo Regency Spatial Plan 2010-
2029 and Lumajang Regency Spatial Plan 2023-2043, the
envisioned wind farm is located in areas with the following
land use types:

Plantation Area

This area may be owned by private parties or
a local community. Wind farm development is
possible in the area if the area is not part of
the Sustainable Food Agriculture Area, and if
a lease/purchase agreement is achieved with
the landowner.

&

(Fixed) Production Forest Area

Forest Area Use Approval (PPKH) to be
issued by the Ministry of Environment and
Forestry is needed to develop a wind farm at
the area.

hour of the day

month

The wind climate in the region predominantly consists of
wind from the southern direction. The highest wind speeds
are observed in the period of June-October. El Nifio and La
Nifa phenomena may cause variations interannual
variations of wind speed.

345-15

Wind Speed (mfs)

| EES
285 -315 45-75
[ KR
. 1416
. 12-14
255-285 75- 105 .“’"2

\ W

6.8
4-6
225.255 105- 135 2.4

0.2

105225 135 - 165

165-195

17 68 MW

wind turbines total installed
capacity

[0 L1000 2000 3000_4000m =
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Logistic, civil- and electrical works

~ _|Legend
< Turbines
Existing roads
7| e Hil

= Regional road

The Port of Surabaya is deemed to be the most suitable
entry point of the turbines, with access to the site
available via highway and regional roads.

Prabolingge Substation
150 kV
ACER 2 240 mm?
1250 ke
Pa i) Probolinggo
wind fanm
2x sustalion wilh 150 kv
fransformms | 50020 kv
&0 MVA Coble | 13cx
Thaynd, I= 1 2.5% 240mim?
0V, Blkrm P i o
wind hanm
20 kW
- -
WG WIG WIG WIG  WIG WiG

1 2 1] 1" 12 [

The closest point of connection to the existing grid is the
Probolinggo 150 kV PLN substation. From this PLN
substation to the wind farm's powerhouse, a 13 km
transmission line is required. The generated electricity will
be distributed to the powerhouse via two wind farm
substations.

Geology and seismic
conditions

The wind farm area has very low- to high-risk of land
movement vulnerability, potential to be hit by strong
earthquakes, and medium risk of liquefaction. The
foundation design should incorporate measures to
mitigate these risks.

Wind Energy Development Booklet: 68 MW Project in Probolinggo — Lumajang, East Java

Legend
Turbines
Road alignment
— New, steep
—— New, flat to hilly
— Existing, needs upgrac
= Existing bridges (6)
* Railroad crossing (2}

Within the site, new roads need to be constructed on flat-
hilly and steep areas, and some existing roads and
bridges must be upgraded.

) & 44

14 km new 20 km road 6 bridges
road upgrade strengthened
LY
4
[A)
17 wind turbi
foundations and 34 81 km
transmission electrical
crane
towers cable
hardstands

Legend

Turbines

Land wigfland cover
]

Biodiversity, social- and
environmental conditions

Several endangered, vulnerable, and near threatened
animal and plant species were observed in the area. One
of the endangered species include the Con Song Long-
tailed Macaque. Further research on the impact of the
wind farm on the biodiversity is required. The envisioned
turbines are planned in between villages, and therefore,
avoiding nuisance for the inhabitants is critical in the final
wind farm design.
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Number of new WTGs iz

Rated Power per WTG [MW] 4.0
Total rated Power [MW] 68.0
Rotor diameter [m] ~170
Hub height [m] 140
Air density [kg/m?] 1.136
Wind speed [m/s] 7.2
Gross result [MWh/yr] 309,857
Gross restilts including wake effects 301,056
[MWh/yr]

P50 [MWh/yr] 261,831
P90 (25 yr) [MWh/yi] 194,721
P50 [hrs/yr] 3,850
P90 (25 yr) [hrs/yr] 2,864

Input cost parameters are composed of

surveys, design work, land acquisition, permits,
wind turbines, civil works, electrical works,
maintenance, project management, and risk
contingencies.

Key assumed financial parameters include:
. 25 years of operation
« All cost including VAT
. Gearing 70/30
. Debt tenure: 10 years
. Interest rate: 9% p.a.
. Prospective electricity price*
o Year 1-10: $9.54 cents/kWh
o Year 11-25: $5.73 cents/kWh

*Based on Presidential Regulation 112/2022

ceiling tariff (with location factor)

Based on the conducted analysis, it is
concluded that the overall techno-economic
viability of a wind farm in Probolinggo-Lumajang
could be promising. The relatively high average
wind speed (still to be validated with wind
measurements) is a significant contributor to the
potentially promising business case. However,
the DSCR needs to be increased to at least 1 to
make the project bankable. A specific
improvement can be sought in the cost for
infrastructure (i.e. roads and bridges), which
currently entails a significant portion of the
project cost.

The modelled long-term wind speed at the planned hub height of 140
m, is between 6.5 - 8.0 m/s. The gross Annual Energy Production
(AEP) is subsequently calculated based on the power curve of the 4
MW reference wind turbine. A production loss percentage of 15.6% is
determined for the wind farm based on e.g. wake losses, non-

availability, electrical losses, etc.

The net AEP is calculated by s
subtracting energy production ! e® o ! 8.00
losses from the gross AEP, ata || o a® i 7.50
P50 level. To determine the H ! 7.00F
long-term (25 years) production, E E 6502
a P90 level is determined by H o ! 8
incorporating an uncertainty of i o i b0
20%. The determined number of ! °© Joe : 5.50 £
full-load hours (3,850 hrs/yr) is |1 ® Tue 1
equivalent to a wind farm (é} ® ' -
capacity factor of 44%. Onenstreethfap . - —— - i ’
Developmentand  SSH08. 78 _AS121.7 $154.2
Capital Expenditure million million million
Investment  SSGHG0) $1.79 $2.27
cost per MW million million million
o,
16.08%  13.75% .
Project IRR S
at P50
before taxes
1.09 0.99
) 0.81
Average DSCR
at P90
$150.2
_ million $1 34.7 $95.8
Net profit million million
at P50
over 25 years
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Recommended next steps

Wind resource
J ! ) Place at least two met masts for
— data gathering for at least one
year to cover both the northern
and southern part of the wind farm

Land use and permitting

. Assess the land use /
ownership in greater detail

« Consulting the authorities
about the willingness and
possibility to issue approvals
and permits

. Approach relevant landowners
in order to achieve an
agreement on the land

Grid connection and PPA

« Verify the suitability of Probolinggo substation to facilitate the wind farm’s grid connection
« Align with PLN on the PPA conditions and tender process set-up

Geology and seismicity
« Conduct geotechnical soil investigations and soil stability analyses, as input for the wind turbine
foundation design and crane hardstand design
. Calculate the maximum expected peak ground acceleration to mitigate the earthquake risk
« Deeper examination of the liquefaction risk by examining the soil characteristics and local
hydrogeology

0 Ty Environment, flora, and fauna
. Involve (potentially) affected stakeholders early in the wind farm development, to identify and
mitigate specific objections from each stakeholder

« Conduct a biodiversity baseline study and risk assessment and mitigation measures as part of
ESIA

Transport
. Conduct a port survey to ensure that the Port of Surabaya is suitable for offloading and storing
a% the wind turbine components
. Execute a LiDAR-study on the topography and determine bridge/viaduct dimensions to determine
the optimal transport route and infrastructure layout
. Determine the current strength of the bridges to be crossed

Disclaimer

No rights can be derived from any of the presented information and results. Verification and validation through physical surveys, measurements,
design, calculations, and stakeholder consultations are required.
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DISCLAIMER

This booklet and underlying wind farm prospectus have been written with due care based on assessments conducted by four
experienced parties in the wind energy sector (Pondera, Witteveen+Bos, Quadran, and BITA). However, aside from a two-
day site visit to the area, the assessments have been executed through a desk study based on publicly available data and
information. The nature and accuracy of the data and information used for the report largely determines the accuracy and
uncertainties of the recommendations and outcomes of this report. Furthermore, verification and validation through physical
surveys, measurements, design, calculations, and stakeholder consultations are required to determine the definitive techno-
economic viability of the wind farm. Therefore, no rights can be derived from any of the presented information and results.
For some sites, developers have already initiated follow up studies and therefore might come to different considerations and
conclusions based on their acquired data. The use of this wind farm prospectus is limited to informing the Indonesian
government, developers, and investors about the indicative potential of the presented location for wind energy development.
The authors of this report are not responsible for any consequences that may arise from the improper use of the report.

This document is produced as part of the Southeast

'!IE'EEEI%FFIDN g@\& Asia Energy Transition P_artnership's ‘Wind IIEnergy
PARTNERSHIP Y Development in Indonesia: Investment Plan' Project

v in South East Asia



