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B. Public Participation and Meetings 
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No. ACTIVITIES 
DATE/ 
PLACE 

PARTICIPANTS ISSUES DISCUSSED/AGREEMENTS 

KUPANG PEAKER 2 

1 Coordination 
meeting 
 

11-10-16 
PLN UIP 
Office 

11 Persons:  
- DIVK3L of the 

PLN Head 
Office  

- Pusat  
- UIP Kupang  
- ADB 
PPTA Team 

1. Orientation on Project activities: 
- Civil works not yet implemented: pre-

construction at permitting stage for Kupang 
Peaker 2. 

- Permit & spatial planning already prepared 
for Peaker 1 

- Jetty for Peaker 1 & 2 
2. Land Acquisition Process 
- 52 has to be acquired for PLTU Timor, 

Kupang Peaker 1& 2 – 13 has for Peaker 2 to 
be financed by ADB - located in Dusun 
Panaf. 

- Land acquisition process in preparation 
stage; preparing determination location.  

3. Safeguard Document/UKL - UPL still in final 
stage, BPLHD revised the UKL-UPL document
4. Preparation of the site visit. 

2 Public 
Consultation  

12-10-16 
Church at 
Panaf Hamle

- 57 persons 
(includes 
heads of suku, 
hamlets, RW 
along with local 
community) 

1. Ethnographic, economic, health & 
environment description and history of Panaf 
Hamlet 
2. Vulnerable peoples of Panaf Hamlet 
3. Community Response and expectations on 
the proposed project   
- 4. The Land Acquisition Policy of the Suku 

Minfini 

3 Coordination 
meeting 

23-11-16  
PLN UIP 
Office.  

- PLN Pusat  
- UIP Kupang  
- PPTA Team 

- Land acquisition of the whole PLTMG will be 
implemented in December 2016. 

- PLN has held meetings with Local 
Government to discuss the Preparation of 
Land Acquisition Team and determination 
location for PLTMG on 24 November 2016 - 
50 Ha area to be acquired (see the 
attachment of PLN letter and land acquisition 
planning document).  

- Original PLN proposed determination 
submitted on 15 October 2015. 

- PLN prepared new site plan for PLTMG (see 
the attachment) that includes for buffer zone 
of 300 meters between residential area and 
project area. 

- PLN consented to the conduct of the IOL/SE 
survey for all of PLTMG area (50 Ha) and not 
only for Peaker 2 area which will be funded 
by ADB to avoid the misunderstanding 
between PLN and local people.  

- PLN will give the detailed measurement of 
the area to be acquired (especially for 
Peaker 2) after the preparation team 
conducts the field survey including the 
names of AHs. Preparation Team is based 
on UU No.2/2012 thus should conduct land 
identification to be acquired including the 
AHs and will conduct PCM for securing the 
agreement from Local People. 

- PLN confirmed the PLTMG area is 300 
meters from residential area, grave, and 
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No. ACTIVITIES 
DATE/ 
PLACE 

PARTICIPANTS ISSUES DISCUSSED/AGREEMENTS 

church base on Local People agreement. 
- The Peaker 2 area is 4 Ha and will be 

measured in detail by preparation team. PLN 
will send the detail area next week for 
completing the RCCDP document 

4 Coordination 
meeting 

22-11-16 
Nitneo 
Village.  

- Head of Suku 
Minfini 

- PLN UIP 
Kupang  

- PPTA Team 

- Head of Suku Minfini agreed for the conduct 
of IOL/SE Survey in Nitneo Village and 
Dusun Panaf Lifuleo Village 

- The area to be acquired is under authority of 
Head of Suku Minfini gives permission to 
tenants to work in the farmlands. Almost 
tenants are families residing in Dusun Panaf 
or Dusun 1 Nitneo Village. Persons from 
other villages may also be given permission 
to work in the farmland. 

- Head of Suku Minfini identified 22 tenants in 
the area to be acquired  

5 Public 
Consultation  

 
 

23-11-16 
Nitneo 
Village.  
 

- Head of Suku 
Minfini 

- 11 Tenants/ 
Families  

- PPTA Team 
-  

- The area to be acquired for PLTMG area is 
around 40 Ha with the position on the right 
side from residential area.  

- Local people propose the land price be Rp 
100,000/m2 if the land required is 40 Ha but 
if the area to be acquired is 50 Ha, local 
people proposes for the land price is Rp 
150,000/m2 or Rp 175,000/m2. 

- Local people will try to find other area in the 
east side from residential area that will be 
used as the farmland area, with land price 
cheaper than the previous land.  

- For the land acquisition process the head of 
Suku will sign the agreement. The family 
members will sign the agreement if required. 

- Customary land ceremonies will be observed 
at turnover. 

- Tenants who are still growing crops will be 
given time to vacate the land. Waiting period 
of 3 months from the transaction. 

- Independent appraiser will calculate the 
compensation for the crops. 

- The names of tenants and the total area to 
be acquired provided in Appendix 7.  

6 Coordination 
Meeting 

 
 

23-11-16 
BPN NTT 
Office 

- BPN NTT  
- PPTA Team 

- Head of tribe should provide information to 
the tenants in writing for the customary land 
status. 

- For the release of customary land there must 
be a description of the village head known to 
the head of district. 

- For land without certification - to be 
explained by the village head in the 
statement letter that the land belongs to 
someone. The statement letter should be 
signed by a tribe member (Anak Suku), 
marga representative (head of marga), and 
head of tribe. The statement letter will be 
acknowledged by Head of Village (Kepala 
Desa) and approved by Head of Sub-district 
(Camat). That statement letter shall include 
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No. ACTIVITIES 
DATE/ 
PLACE 

PARTICIPANTS ISSUES DISCUSSED/AGREEMENTS 

land area, information about land dispute (if 
any). 

7 Public 
Consultation 
Meeting  

24-11-16 
Lifuleo 
Village.  

 

 

18 Participants:  
- Head of Suku 

Minfini 
- 11 Tenants/ 

Families 
- PPTA Team 

- Suku Minfini consists of 3 Margas: Minfini, 
Saketu, & Tosi. 

- Suku Minfini is part of Suku Timor; part of 
Suku Dawan (also called Atoni). They stayed 
mainly in the three districts of Kupang, Timor 
Tengah Selatan (TTS), and Timor Tengah 
Utara (TTU).  

- Saketu tribe married with members of Suku 
Minfini, thus Marga Saketu grew in Dusun 
Panaf. 

- Dawan tribes have their own association with 
the name POT (Persehatian Orang Timor). 

- The plan needs to determine the boundaries 
that are clearly marked with large pillars 
around the border. Currently borders using 
only stone fences around the boundary. 

8 Meeting-
interview 
 

24-11-16 
Lifuleo 
Village 
 

- Head of Lifuleo 
Village 

- Head of Suku 
Minfini 

- PPTA Team 

- The release of rights for customary land 
should get advice from the village head and 
authorized by Head of Kecamatan. 

- The member of tribe (marga) should sign the 
waiver; as Minfini, Saketu, and Tosi. 

- Waiver validation must be attended by all 
members of tribe (Anak Suku), marga 
representative (head of marga), and head of 
tribe with complete minutes of waiver. 
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MINUTES OF MEETING 

PUBLIC CONSULTATION 
PLTMG KUPANG PEAKER-2 (50 MW) PROJECT DEVELOPMENT 

LIFULEO VILLAGE – KUPANG BARAT DISTRICT 
KUPANG REGENCY – NUSA TENGGARA TIMUR 

 

On the Monday, the twenty-nine of January in year of two thousand eighteen (29 – 01 – 2018), 
located at PNIEL Church in Panaf Hamlet, Lifuleo Village, Kupang Barat Subdistrict, Kupang 
District, East Nusa Tenggara Province, the Public Consultation activity related to EIA 
(Environmental Impact Assessment) Study and Land Acquisition/Resettlement and Customary 
Community Development (RCCDP) for PLTMG Kupang Peaker-2 (50 MW) Development Project 
has already held. 

The Public Consultation was attended by 72 participants from PT PLN (Persero), Asian 
Development Bank (ADB), PPTA Consultant, NTT Provincial Government Officials, Sub-District’s 
Head, Village Head, Community Leaders, Indigenous Leaders, and Project Affected Persons of 
the PLTMG Kupang Peaker-2 (50 MW) Development Project. 

The Proponent of the Project is PT PLN (Persero) Unit Induk Pembangunan (UIP) Nusa Tenggara 
that located at Jl. Yos Sudarso no. 2A, Mataram West Nusa Tenggara Province. 

Summary of the meeting as following:  

 Open remarks by PT PLN (Persero) and ADB representative: 

 PT PLN (Persero) explains project scope of PLTMG Kupang Peaker-2 and committed to 
increase the production power of electricity source that will be used for the benefit of the 
community to support the central government's program. Furthermore, PLN informs the 
purpose of public consultation and requests input as well from participants; 

 ADB discloses the scope and objectives of the project sector (Sustainable Energy Access 
in Eastern Indonesia Region), preparation of environmental impact assessment 
documents, Safeguard for land acquisition documents and customary community 
protection, safeguards requirements and objectives of ADB, and the purpose of public 
consultation. 

 PPTA Consultant (Environmental and Social Safeguard Experts), presented the key elements 
that covered by EIA and RCCDP documents. Presentation materials are distributed to all 
participants. 

 Questions, responses and suggestion during Public Consultation: 

 The community support the development plan of PLTMG Kupang Peaker-2. However, the 
community provides some views and suggestions related to the project's impact especially 
on safety, security, and environmental impacts that PLN needs to be considered and 
addressed: (i) the safety of residents, especially children who prone to accident due to 
traffic of vehicles carrying material and heavy equipment; to address this issue, PLN will 
placing significant traffic signs such as maximal speed only 20 km/hours; (ii) need road 
improvement towards the Project site, existing access road was pothole and muddy in 
some places; response from PLN, will pave access road to the Project ± 700 m and will 
collaborate with Dinas PU Bina Marga and village heads to carry out road improvement 
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up to the 2 km which is part of the Peaker 1 development; (iii) security of crops and 
livestock’s grazing land, the opening of village main gate (especially on rainy season) will 
impact to crops’ damage by livestock that hanging around; thus suggested to provide 
fences for the livestock. Respond to the suggestion, PLN will do further discussion with 
head of village to find better solution for crops and livestock. Subsequently, there is 
“Welcome Gate” that broken due to a truck that avoiding sharp turns, hence PLN will repair 
the gate, straightened and widened the bend; (iv) do not dispose wastewater to the coastal, 
Contractor and PLN should not dispose wastewater to marine that will impact to the 
fishermen and seaweed farming activities; (v) there should be an effort to minimize the 
impact of noise, especially in residential areas and churches; (vi) to mitigate the impact of 
dust, the head of Panaf Hamlet suggests that PLN needs to provide routine medical 
checkup for residents around the project. Therefore, PLN will provide routine medical 
examination services several times a year through the CSR program; 

 The community appealed the Project not to damage the traditional sites protected by the 
community, and to keep the environment sustainability; 

 Related to social aspects, some issues and expectations expressed by the community are 
encompass; (i) the presence of a jetty and the vessel traffic for the Project (transporting 
fuel for the plant) does not interfere residents who their livelihood in the sea (catching fish 
and seaweed farming) and how PLN overcame that condition? The comments: PLN 
declares that the activities of the village resident will be limited and currently the permit for 
the use of marine areas has been submitted to the Ministry of Marine Affairs and Fisheries; 
(ii) suggestion when land clearing on the pre-construction, or on the construction and the 
operation period, the PLTMG can recruits labor from the Minfini community. Moreover, 
children who have received training are expected to work in the Project. Respond on this 
suggestion, PLN will coordinate with Contractor regarding labor recruitment in accordance 
to the needs and expertise; (iii) PLN expected can provide community empowerment 
assistance that focuses on the development of agriculture and livestock, such as the 
provision of grazing areas for livestock that do not disturb the resident farm areas, the 
development of drilling wells for agricultural irrigation so they can planted other crops like 
chili, training of increasing agricultural production and processing of agricultural products 
for women specifically; (iv) PLN is expected to provide access to water from the well that 
drilled by PLN and utilized by construction activities of Kupang Peaker 1; the response is 
PLN will review whether the water can be used for public consumption; (v) one participant 
who is the community leader asked clarification on whether there will be an additional land 
acquisition for Kupang Peaker 2 construction. It was clarified by PPTA Consultant that the 
Peaker 2 will be built within the 50 Ha of the acquired land, no more land acquisition is 
needed. 

 Camat and ADB emphasize the importance of Roads Safety Management efforts by installing 
the roads safety and traffics signs, especially on road to be improved by Kupang Peaker 1 
and access road to the Project. Furthermore, need to implement road safety awareness in 
community and Project’s drivers. Hereinafter, the Sub-district head suggested instead of 
installing fence for the cattle, security guard can be assigned to guard the main gate, and the 
roads in Panaf Hamlet need to be widened and cattle grazing be noticed. 
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 Provincial Environmental Agency warned of potential impacts in the construction of Power 
Plants such as toxic and hazardous waste, emissions, air pollution and liquid waste. therefore, 
identification and handling of social and environmental impacts will be more appropriate if 
consultation is undertaken. The Environmental Agency representative gave statement as an 
institution witness, that consultation has implemented as required in the preparation of 
environmental documents. 

 
 
 
List of participants attached 
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PHOTOS DURING PUBLIC CONSULTATION 
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C. Marine Study 

  



 

Marine Environmental Assessment Report (Kupang 2 Peaker) 

Executive summary 

The Sawu Sea and its surrounding have been officially designated for a marine national park 
which aims mainly to protect and preserve fishery resources and the marine ecosystems to ensure 
sustainability of ecological functions. The construction and operation of power plant, if not properly 
managed may cause adverse environmental impacts on the area adjacent to its proposed site which 
is a utilization zone bordering protection zone for cetaceans. It was found that, in general, the 
habitats around the site (mangrove, sea grass, coral reef, shallow hard bottom and sandy beach) 
were in poor condition but comprised plenty of marine biota, especially in coral reef and shallow 
hard bottom. Terrestrial run off shall be minimized during the construction process (land clearing) to 
prevent the biodiversity loos in the near habitats. Waste water and hot water (if the power plant 
design provides for use of cooling water) discharge for the operation process also may cause stress 
that can impair physiological process of marine biotas and thus lead to a biodiversity loss. 
Biodiversity loss, ecosystem service failure, habitat degradation and fishery resource depletion are 
potential impacts of the power plant activities, if not properly mitigated. This may affect negatively 
the protected animals, such as dugong, sea turtles and dolphins as they are found to be swimming 
around and need the habitats as well as the fishery resources to feed. It is strongly recommended 
that the power plant shall evaluate the activities if the impacts meet the given criteria. Restoration 
shall be proceed if the impacts appear to exceed the capacity of nature to recover by itself (based on 
the monitoring data). In addition, it is strongly recommended to consult and discuss with BKKPN or 
the marine park authority regarding the various planning activities and the possible impacts on 
marine environment.  

 
I. Biodiversity and Action Plans 

Marine life comprises plenty of different groups of living creatures, including animals, plants 

and other organisms which live in the oceans (salt waters), brackish and coastal areas. Indonesia is a 

part of Coral Triangle Region, well known as the world’s highest marine biodiversity. The proposed 

power plant is in the eastern part of Indonesia which is more diverse in marine biodiversity 

compared to western part. In Sawu Sea and surroundings, approximately 500 species of coral, 336 

species of reef fish, 6 species of sea turtles, 7 species of sea grass, 6 species of mangrove are found 

(Directorate general of marine, coastal and small islands 

(http://kkji.kp3k.kkp.go.id/index.php/basisdata-kawasan-konservasi/details/1/75); Giyanto et al. 

2015). This condition obviously needs a good management conservation to sustain the marine life.   

According to the legal basis issued by the Ministry of Marine Affairs and Fisheries of Republic 

Indonesia (decree number KEP.38/MEN/2009 and 5/KEPMEN-KP/2014), the Sawu Sea and 

surroundings, including Kupang Regency, have been officially designated as a national marine 

reserve. This action plan is in accordance with the good conservation management strategy 

proposed by the International Union for Conservation of Nature (IUCN). In this case the national 

marine reserve of Sawu Sea is classified as category II of IUCN protected areas categories system, 

aiming to protect natural biodiversity along with its underlying ecological structure and supporting 

environmental processes, and to promote education and recreation.  To boost the management 

http://kkji.kp3k.kkp.go.id/index.php/basisdata-kawasan-konservasi/details/1/75


 

strategy, the Ministry then issued a decree (6/KEPMEN-KP/2014) which regulates the management 

plan and zonation system. It appears that the proposed site is situated in the utilization zone1. 

Furthermore, the strait which is approximately 1 km away in the front of the proposed site is 

designated to protect cetaceans (Figure 1). Thus, the power plant complex and the LNG delivery 

infrastructure must consider thoroughly the potential negative impacts that may result from the 

establishment and operation.    

 

 

 

 

 

 

  

 

 

 

 

 

 

Figure 1. Zonation system of national marine reserve of Sawu and its surroundings (Source: Ministry 

of Marine Affairs and Fisheries of Republic Indonesia). 

II. Marine Environment 

Priority Species and Associated Habitat 

Priority species can be identified as foundation species which play a major role in creating or 

maintaining a habitat that supports other species, such as corals, sea grass and mangroves. It can 

also be identified as protected species, such as cetaceans and reptils. In the Kupang Peaker site, 

there was found some types of habitat which can sustain marine life, including coral reefs, shallow 

hard bottom habitat (reef flat), sea grass meadow, sandy beach habitat and mangroves. The 

biodiversity of each habitat is different, thus any local and global stressors can have different impact 

levels. To assess the associated habitats, the observation was mainly focused on the priority species 

(coral, sea grass and mangrove), not only the biodiversity but also the abundance (coverage / 

density). Furthermore, reef fish community was also assessed to determine the biodiversity and the 

                                                           
1
 Zone mainly designated for ecotourism, research and education, and shipping route 



 

fish stock (especially targeted fish) in the location. In addition, diversity and abundance of plankton 

were also examined. There were the following methods applied during the observation:  

 line intercept transect (LIT) method for corals (50 meters) (English et al. 1997),  

 visual census (belt transect) 2 x 50 meters for reef fish community (Murphy & Jenkins 2010),  

 frame transect for sea grasses (30 x 25 cm) (Rahmawati et al. 2014)  

 block transect for mangroves (10 x 10 meters) (Dharmawan & Pramudji 2014) 

 plankton net for plankton (at 6 meter in depth) (Omori & Ikeda 1984)  

 random sampling for shallow hard bottom and sandy beach habitat.  

Study Area and Timeframe 

The study area was mainly focused on the coastal areas (including the reef flat and the 

slope) nearby the proposed site, especially in Tanjung Lampu, Penaf Village. There were the 

coordinates that show the positions of observation. The observation was carried from February 4 to 

8 in which west monsoon peaked.    

Table 1. Coordinates of sampling stations 

Name Object  Coordinate 

Latitude Longitude 

St 1 Coral reef 10o20’46.00’’ 123o27’21.35’’ 

St 2 Plankton 10o20’46.42’’ 123o27’18.39’’ 

St 3 Plankton 10o20’50.44’’ 123o27’13.89’’ 

St 4 Sea grass 10o21’15.66’’ 123o27’22.50’’ 

St 5 Shallow hard bottom 10o21’02.53’’ 123o27’17.61’’ 

St 6 Sandy beach 10o21’14.79’’ 123o27’23.04’’ 

St 7 Sandy beach 10o20’18.09’’ 123o27’52.91’’ 

St 8 Mangrove 10o21’26.62’’ 123o27’34.64’’ 

St 9 Mangrove 10o21’27.72’’ 123o27’39.17’’ 

St 10 Mangrove 10o20’54.66’’ 123o29’26.09’’ 

    

Desktop information 

There was some information collected from the internet, including the legal basis, physical 

oceanography of the area surrounding and references for cetaceans and sea turtles. In addition, 

interview with fishermen was also carried out to gain information relating to their activities and 

catches. 

 

 



 

Stakeholders Engagement on Biodiversity Values 

The central government, the Ministry of Marine Affairs and Fisheries, has actively 

participated in marine biodiversity conservation through the legal standing of the establishment of 

marine reverse of Sawu and its surroundings as well as its management strategies. In this case, the 

Directorate general of marine, coastal and small islands is responsible for the management 

strategies. It has a technical implementation unit, namely unit for national conservation area (BKKN) 

of Kupang, which implements the management strategies, conducts public supervision, and 

evaluates the systems. While, the local government, Nusa Tenggara Province, has a marine and 

fisheries department which implements any local government regulations which also support the 

national management systems, and focuses on the local fishery sector / production. Furthermore, 

the local government has a marine conservation council, cooperating with the Nature Conservancy, 

which accommodates the national management strategies as it involves some regencies, therefore 

any emerging issues relating to the conservation with the local regencies will be mediated by this 

council.   

Based on the interview with some villagers/fishermen in Tablolong village (Halidun, 

Salahudin, Hasanudin and Maliyasin), the local fishermen claimed that there was no any blast fishing 

and they used net and line fishing. They also released any sea turtles and even sharks caught in their 

nets. At an extreme case, they also found crocodiles hovering in their beach and reported to the 

authority to address the situation. To reduce fishing activities while attempting to increase their 

income, they also cultivate seaweed (Eucheuma cottonii) located in Air Cina beach.      

III. Marine Aquatic Environment 

Physiography 

The physical characteristics of the marine environment were collected from the Ministry of 

Marine Affairs and Fisheries (2011) and the Indonesian Agency for Meteorology, Climatology and 

Geophysics (BMKG) (http://peta-maritim.bmkg.go.id/beta/static/). The pictures (Fig 2a & b) indicate 

that the current direction nearby the proposed site is different between the monsoon seasons, 

flowing to eastward and to northward for west and east monsoon respectively. In this case, during 

the observation, recently west monsoon season, the current direction is heading to the southeast 

around the proposed site. The temperature is between 26 – 28 oC and difficult to distinguish 

between the surface and 25 meters in depth as it has the same color (Fig 2b & c). Likewise, the 

salinity ranges between 34 – 34.5 PSU (Practical Salinity Unit) (Fig 2d & e).   
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Figure 2. a) current direction during west monsoon season; b) current direction during east monsoon 
season; c) surface temperature; d) temperature at 25 meters in depth; e) surface salinity; f) salinity 
at 25 meters in depth 
 

 

 

 



 

Marine Resources 

Modified habitats were found in Air Cina and Tablolong, approximately 1.5 and 3 km 

northward respectively from the planned site. The locals seasonally cultivate seaweed, E. cottonii, 

using a mono line method in Air Cina. In Tablolong, there is a coral transplantation garden in the reef 

slope held by PT Panorama Alam Tropika which is currently not operating. In short, the modified 

habitats are unlikely to be impacted by the power plant (construction and operation) as it has a 

distance and different water current direction. However, it shall be taking into account if the water 

current direction changes to northward due to the changing season.         

 In the proposed site, it was found some types of natural habitat, including coral reef (in the 

slope), sea grass meadow, shallow hard bottom, and sandy beach (Fig 3). These habitats are 

sensitive and could be impacted by both construction and operation. It also has a natural habitat, 

mangrove, which has been slightly modified by the locals who created an access to go to the beach.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Available habitats nearby the proposed power plant 

Seagrass 

Based on the observation, the condition of sea grass habitat is categorized fair, having 

average 29.87 % sea grass cover (< 50%) (Rahmawati et al. 2014).  There were 7 species of sea grass 

found with different percentage (Table 2). All of the sea grass species found are categorized as least 

concern species according to IUCN red list. The main types of substrate are rock and sand. It was also 

found seaweeds, such as Boergenesia forbesii, Halimeda sp., Caulerpa racemosa and Galaxaura 

rugosa, and sponges (Haliclona cymaeformis and Carteriospongia foliascens). Sea grasses grow in 



 

this site because it is relatively sheltered but only spans around 50 meters to the reef crest with 5-10 

meters in width. This habitat shall be preserved as it sustains high biodiversity value and is essential 

for nutrient cycle in the sea.        

Table 2. Composition of benthic communities in seagrass habitat  

No Category Percent cover (%) 

1 SEAGRASS (SG) 29,87_ 

  
Cymodocea serrulata 0,933 

  
Cymodocea rotundata 3,867 

  
Enhalus acoroides 0,267 

  
Halodule uninervis 8,4__     

  
Halophila ovalis 1,867 

  
Syringodium isoetifolium 14,27 

  
Thalassia hemprichii 0,267 

2 CORAL (HC) 0 

3 ROCK (RK) 14,13_ 

4 SOFT CORAL (SC) 0 

5 SPONGE (SP) 0,27_ 

6 FLESHY SEAWEED (FS) 16,53_ 

7 OTHER BIOTA (OT) 1,07_ 

8 RUBBLE (R) 2,67_ 

9 SAND (S) 35,47_ 

 
Total 100___ 

 

 

 

 

 

 

 

 

 

Figure 4. Transect in seagrass meadow (left) and S. Isoetifolium on hard substrat (rock) (right).  

Shallow hard bottom (reef flat) 

It spans approximately 200 meters from the shoreline to the sea. Although it is mainly 

dominated by rock/hard substrate, It comprises many types of benthic communities, not only 

macroalgae, sponges, and ascidians, but also soft and hard corals. Transect was difficult to carry out 

as the current was strong due to the west monsoon season, therefore random sampling was the 

feasible option to do the observation. Approximately 23 species were found and no one of which is 



 

categorized as threatened species by the IUCN red list. Any changes in the condition of this habitat 

will affect protection level of shoreline from abrasion.     

Table 3. Benthic communities in shallow hard bottom 

No Benthos/Species 

I Sponge 

1 Carteriospongia foliascens  

2 Stylissa massa  

II Ascidian 

3 Lissoclinum bistratum  

III Macroalgae 

4 Acanthophora sp.  

5 Halimeda sp. 

6 Caulerpa rasemosa 

7 Galaxaura rugosa 

IV Soft corals  

8 Sarcophyton sp. 

9 Sarcophyton sp2 

V Hard corals 

10 Porites sp.  

11 Porites sp2 

12 Porites annae 

13 Porites lobata 

14 Porites rus 

15 Favia sp. 

16 Favites sp. 

17 Favites abdita 

18 Acropora gemmifera 

19 Acropora millepora  

20 Montipora sp.  

21 Goniastrea sp. 

22 Pocillopora verrucosa  

23 Montastrea magnistellata 

 

Sandy beach 

At glance, the sandy beach in the front of proposed site (Station 6) appears to have common 

white sand. However, the sand is mixed with fossil foraminiferal sand, having a rounded shape with 

diameter around 1mm. This can be used as an indicator for coastal environment, including coral reef 

health. In this case, when the environmental conditions is deteriorating, the ability of corals and 

other calcium carbonate-depositing biota/organisms will decline. It can be assumed that the recent 

environmental condition is good to sustain the life of calcium carbonate-depositing biotas. During 

the observation, there was no evidence found that the beach is a nesting ground of sea turtles; the 

long reef flat may hamper sea turtle to reach the beach.       

Figure 5. Favites sp. with C.rasemosa and 

L. bistratum (above), and G. rugosa 

(below). 



 

 

 

 

 

 

 

Figure 5. Sandy beach (left), fossil foraminiferal sand (middle), foraminifera under microscope lens 

The other site (Station 7) is Air Cina which has been used by the locals for macroalgae 

mariculture. This location is relatively sheltered, therefore the wave energy is weak. This place is a 

tourist destination and has been build some gazebos. The power plant shall consider the potential 

impact on the mariculture if the current direction is heading to this place.    

Mangrove forest 

Mangrove forest is mainly located in southeast of the proposed power plant. It spans 

approximately 4 km from Tanjung Lampu to the estuary area in Lifuleo village. It appears that, based 

on the density, mangrove habitat (St 8 and 9) nearby the proposed site is categorized “poor’’ and 

then the density becomes higher in Lifuleo village (categorized fair) as it is close to estuary area. 

Although it is categorized poor, the mangrove habitat is effective to protect the shoreline from 

abrasion.  

Table 4. Condition of mangrove habitat 

Station Substrate Species  Average 
basal area 

Density 
(trees/hectare) 

Category 
(Dharmawan & 
Pramudji, 2014)  

St. 8 rock and sand Pemphis acidula 60.9 cm 
530 poor 

Hisbiscus tiliaceus  54. 6 cm 
St. 9 Sand Avicennia marina 196.3 cm 130 poor 
St. 10 Sand Rhizophora stylosa  25.9 cm 

2750 fair Ceriops tagal 7.1 cm 

     

  

 

 

 

 

 

 

Figure 6. Condition of mangrove habitat in Tanjung Lampu, P. acidula (left) and A. Marina (right) 

 



 

 

Coral reef 

Coral reef habitat mainly occurs in the reef slope, approximately 200 meters westward of 

the proposed site, and spans following the contour of the land. The condition of the habitat is 

determined based on the percent cover of hard corals (Table 5). It appears that the condition of the 

coral reef is categorized “poor”, having 19.37% coral cover (≤25%) (Suharsono & Sumadhiharga 

2008). During the observation, the horizontal visibility was around 15 meters (Figure 7) and the 

current speed was moderate.   

Table 5. Percent cover of coral reef benthic communities 

No Category Percent cover 

1 Hard coral 19,37 

  
Acropora 8,8_ 

  
Coral branching 2,7_ 

  
Coral massive 5,7_ 

  
Coral encrusting 3,5_ 

  
Coral submassive 1,2_  

2 Dead coral with algae 20,63 

3 Soft coral 27,97 

4 Sponge 4,8_ 

5 Macroalgae 0 

6 Others 3 

7 Rubble 12,9_ 

8 Sand 11,33 

9 Silt 0 

10 Rock 0 

 
Total 

 
100__ 

    

Tabel 6. Benthic communities found in the coral reef habitat near the proposed site  

No Category/Species 

I Hard coral 

1 Acropora cerealis 

2 Acropora cytherea 

3 Acropora florida 

4 Acropora gemmifera 

5 Acropora insignis 

6 Acropora scale 

7 Acropora tenuis 

8 Acropora valida 

9 Astreopora myriopthalma 

10 Cyphastrea chalcidicum  

11 Cyphastrea sp. 

12 Echinophyllia echinoporoides 



 

13 Favia pallida 

14 Favia rotundata 

15 Favia speciosa 

16 Favia veroni 

17 Favites abdita 

18 Favites flexuosa 

19 Galaxea astreata 

20 Galaxea fascicularis 

21 Hydnophora microconos 

22 Leptastrea transversa 

23 Millepora alcicornis 

24 Montastrea curta 

25 Montastrea valenciennesi 

26 Montipora efflorescens 

27 Montipora floweri 

28 Montipora grisea 

29 Montipora informis 

30 Montipora peltiformis 

31 Montipora turgescens 

32 Pachyseris speciosa 

33 Platygyra sp. 

34 Pocillopora eydouxi 

35 Pocillopora verrucosa 

36 Porites lobata 

37 Porites lutea 

38 Seriatopora caliendrum 

39 Stylophora pistillata 

40 Stylophora subseriata 

41 Symphyllia agaricia 

42 Symphyllia valenciennesii 

43 Tubipora musica 

II Sponge 

44 Aplysilla sp. 

45 Callyspongia aerisuza 

46 Clathria basilana 

47 Haliclona fascigera 

48 Stylissa carteri 

49 Xestospongia sp. 

50 Xestospongia testudinaria 

III Soft coral 

51 Lobophytum sp. 

52 Nephthea sp. 

53 Sarcophyton spp. 

54 Sinularia sp. 

55 Xenia spp. 

IV Others 



 

56 Gorgonian  

57 Holothuria edulis (Holothurian) 

58 Polycarpa aurata (Ascidian) 

59 Thelenota ananas (Holothurian) 

 

Approximately 59 species (table 6) were found belonging to four categories in coral reef 

habitat nearby the proposed site.  Although the habitat condition is poor, it possesses high 

biodiversity of corals as well as other benthic communities. 

  

 

 

 

 

 

Figure 7. General condition of coral reef habitat  

Fish Resources 

Table 7. Reef fish found in coral reef habitat nearby the proposed site 

There were 30 species, belonging to 11 families, found in the coral reef habitat. Total reef 

fish abundance is 176 individuals/250m2. While total abundance of targeted fish (consumable fish) is 

81 individuals/250m2. This result is slightly higher than the average abundance of targeted fish in 

Rote and West Kupang, 77 ind/250m2(Giyanto et al. 2015). Thus the habitat condition shall be 

preserved to sustain fish stock in this area.  

Table 7. Reef fish found in coral reef habitat nearby the proposed site 

No Family/Species 
Abundance 
(ind/250m2) 

I Labridae 
 1 Bodianus axillaris 3 

2 Cheilinus sp. 1 

3 Gomposus varius 2 

4 Halichoeres marginatus 1 

5 Halichoeres melanurus  2 

6 Labroides dimidiatus 7 

7 Oxycheilinus sp. 2 

8 Thalassoma Hardwicke 5 

9 Thalassoma lunare 3 

10 Thalassoma lutescens 4 

II Acanthuridae* 
 11 Acanthurus pyroferus 4 

12 Acanthurus xanthopterus 30 

13 Ctenochaetus striatus 37 



 

III Aulostomidae 
 14 Aulostomus chinensis 1 

IV Chaetodontidae 
 15 Chaetodon kleinii 8 

16 Henoichus varius  1 

V Pomacentridae 
 17 Chrysiptera cyanea 12 

18 Chrysiptera rex 9 

19 Neopomacentrus violascens  4 

20 Pomacentrus moluccensis 6 

21 Pomacentrus nigromarginatus 13 

22 Pomacentrus sp. 2 

VI Scaridae* 
 23 Chlorurus sordidus 7 

VII Serranidae* 
 24 Epinephelus sp. 1 

VIII Lutjanidae* 
 25 Macolor niger 2 

IX Mullidae 
 26 Parupeneus indicus* 1 

27 Parupeneus trifasciatus* 2 

X Nemipteridae 
 28 Scolopsis bilineata* 3 

29 Scolopsis ciliata* 1 

XI Zanclidae 
 30 Zanclus cornutus 2 

*: targeted fish 

 

 

 

  

 

 

 

 

Figure 8. a small scooling fish of Acanthurus xanthopterus (left), and an Aulostomus chinensis (right)  

Sea water biota 

Based on the laboratory analyses, the abundance of zooplankton is 2983 ind/m3 and 3076 

ind/m3 at station 2 and station 3 respectively (table 8). It was found that Copepoda Nauplius, 

Paracalanus, Oithona dan Oikopleura were the dominant taxa with percentage > 10%. They, except 

Oikopleura, are essential in food chain as they are fed by small fishes. While, phytoplankton 



 

abundance is 123.582 cell/m3 and 80.719 cell/m3 at station 2 and 3 respectively. From those, 

Thalassiothrix, which is a diatome, was the dominant phytoplankton with percentage between 39.61 

– 47.45%. All phytoplankton play an important roles in carbon fixation and marine productivity.  In 

general, the environmental condition is good, not in stressful condition, and the biota found were 

the common types of Indonesian planktonic biota.      

Table 8. Sea water biota found nearby the proposed site  

T a x a KUPANG 

STATION 2 STATION 3 

ind/m3 % ind/m3 % 

Zooplankton      

I. Coelenterats   : a. Ctenophores - - - - 

  : b. Siphonophores 9 0,30 - - 

II. Annelida : a. Polychaeta 9 0,30 9 0,29 

III. Chaetognatha : a. Sagitta 88 3,01 71 2,30 

IV. Arthropoda Crustacea         

 A. Copepoda : a. Calanoida :     

     1. Acartia 203 6,93 327 10,63 

     2. Acrocalanus 27 0,90 53 1,72 

     3. Calocalanus - - 9 0,29 

     4. Centropages 203 6,93 309 10,06 

     5. Eucalanus 35 1,20 35 1,15 

     6. Pleurommama 9 0,30 35 1,15 

     7. Labidocera 9 0,30 9 0,29 

     8. Paracalanus 354 12,05 318 10,34 

     9. Parvocalanus 27 0,90 133 4,31 

   10. Temora 27 0,90 71 2,30 

   11. Tortanus - - 18 0,57 

   12. Pseudodiaptomus 71 2,41 97 3,16 

   b. Cyclopoida :     

     1. Corycaeus 150 5,12 124 4,02 

     2. Copilia 27 0,90 18 0,57 

     3. Oithona 389 13,25 451 14,65 

     4. Oncaea 44 1,51 9 0,29 

   c. Harpacticoida :     

     1. Euterpina 9 0,30 - - 

     2. Clytemnestra 62 2,11 62 2,01 

     3. Macrosetella 27 0,90 44 1,44 

     4. Microsetella 97 3,31 35 1,15 

   d. Copepods nauplius 504 17,17 574 18,68 

 B. Decapods : 1. Acetes zoea         

  2. Brachyuran zoea 9 0,30 - - 

  3. Brachyuran megalopa - - 9 0,29 

  4. Caridean larvae  27 0,90 9 0,29 

  5. Euphausidae zoea 18 0,60 - - 



 

 C. Cirripedia 1. Cirripeds nauplius 35 1,20 44 1,44 

  2.  Cirripeds cypris 18 0,60 18 0,57 

 D. Amphipoda  9 0,30 9 0,29 

V. Echinodermata 1. Ophiopluteus 9 0,30     

VI. Tunicata 1. Oikopleura 327 11,15 159 5,17 

  2. Fritillaria 88 3,01 9 0,29 

VII. Smaller groups 1. Creseis 18 0,60 9 0,29 

Total numbers  2.934 100 3.076 100,00 

Fitoplankton      

I Diatomae  a. Centrales:     

  1. Chaetoceros 45.515 36,83 16.203 20,07 

  2. Coscinodiscus 295 0,24 295 0,36 

  3. Pleurosigma 884 0,72 - - 

  4. Odontela 11.195 9,06 11.342 14,05 

  5. Rhizosolenia 884 0,72 3.093 3,83 

  6. Guinardia 1.768 1,43 2.209 2,74 

  7. Thalassiosira 736 0,60 - - 

  8. Thalassiothrix 49.197 39,81 38.297 47,45 

  b. Pennales:         

  1. Asterionella - - - - 

  2. Bacteriastrum 147 0,12 147 0,18 

  3. Nitzschia 4.566 3,69 0 - 

  4. Pseudonitzschia 5.303 4,29 5.745 7,12 

II Dinoflagellata 1. Ceratium 2.946 2,38 3.388 4,20 

  2. Pyrophacus 147 0,12 - - 

 Total numbers  123.582 100,00 80.719 100,00 

 

Marine mammals and reptiles 

During the observation, no marine mammals and reptiles were found emerging on the 

location and its surrounding. However, based on the interview with the locals, when the east 

monsoon occurs (June and October), whales usually appear in the southwest of the proposed site 

while dolphins swim passing the strait. Sea turtles are usually around the sea but do not nest at the 

proposed site. Previous studies found 21 marine mammals in the Sawu marine national park (table 

9) (Khan 2005; Mulyadi et al. 2008; Salim 2011; Yusron 2012). Blue whales migrate from the Ombay 

strait to Arafura Sea, while sperm whales from Hindian Ocean to Sawu Sea (Khan 2005). Although it 

appears that they do not migrate through the Rote Strait (in the front of the proposed site), there is 

still lack of information regarding the other whales’ migration routes. Therefore it has to be taken 

into account in case the whales use the strait to migrate from north to south and vice versa. In 

addition, the proposed construction and operation of the power plant must take into account the 

potential impact on dolphins and dugongs, as they use the strait to migrate and forage (Figure 9, 

adopted from the Ministry decree 6/KEPMEN-KP/2014).      



 

Table 9. Marine mammals in the Sawu marine national park 

No Common name Scientific name 

1 Sperm whale  Physeter macrocephalus 

2 Dwarf sperm whale Kogia sima 

3 Pygmy sperm whale Kogia breviceps 

4 Short finned pilot whale Globicephala macrorhyncus 

5 Orca Orcinus orca 

6 False killer whale Pseudorca crassidens 

7 Pygmy killer whale Feresa attenuate 

8 Melon headed whale Peponocephala electra 

9 Beaked whale Mesoplodon spp. 

10 Cuvier's beaked whale  Ziphius cavirostris 

11 Pygmy bryde's whale Balaenoptera edeni 

12 Blue whale Balaenoptera musculus 

13 Humpback whale Megaptera novaeangliae 

14 Spinner dolphin Stenella longirostris 

15 Pan-tropical spotted dolphin Stenella attenuata 

16 Rough-toothed dolphin Steno bredanensis 

17 Risso's dolphin Grampus griseus 

18 Bottlenose dolphin Tursiops truncates 

19 Fraser's dolphin Lagenodelphis hosei 
20 Indo-Pacific bottlenose 

dolphin 
Tursiops aduncus 

21 Dugong Dugong dugon 

   

 

 

Figure 9. Subset map of marine mammal distribution area (adopted from the Ministry decree 
6/KEPMEN-KP/2014)   

 
Based on the Sawu national park observation, they confirmed that six species of sea turtles (of 

7 species all the world) inhabit the marine park (table 10). Rocky shore area with small sandy beach 

in the proposed site is not their favor for nesting ground; no trace, holes and eggs found during this 



 

visit. However, the PLN shall take into account their appearance as the data confirm some of them 

were found in Kupang regency and information from the locals who have found them swimming 

around the proposed site (table 10).    

Table 10. Sea turtle in the Sawu marine national park  

No Species  Location (regency) 

1 Chelonia mydas Kupang, Rote Ndao, Sabu, Manggarai, Sumba and Timur Tengah 
Selatan 

2 Eretmochelys imbricate Kupang, Rote Ndao, Sabu, Manggarai, Sumba and Timur Tengah 
Selatan 

3 Lepidochelys olivacea  Timur Tengah Selatan 
4 Dermochelys coriacea Timur Tengah Selatan 
5 Natator depressus Rote Ndao and Sabu 
6 Caretta caretta Sumba 

 

Species and conservation concern 

Based on the observation result and literature study, most of species mentioned are 

categorized as least concerned species and data deficient, and some are near threatened and 

vulnerable species by IUCN. However, IUCN categorized two marine mammals (Balaenoptera 

musculus and Chelonia mydas) and one holothurian (Thelenota ananas) as endangered species, 

while a sea turtle (Eretmochelys imbricate) is classified as critically endangered species. According to 

the government decree of Republic Indonesia, number 7 year of 1999, it confirms that all cetaceans 

(Family Cetacea) as well as sea turtles living in Indonesian waters are protected species, meaning 

that any kinds of activity, especially trading and hunting, are strictly prohibited.   

 

 

 

 

 

 

 

Figure 11. Endangered species of holothurian (T. Ananas) in coral reef habitat nearby the proposed 
site 

 

 



 

IV. Ecosystem services 

Marine ecosystem around the proposed site is rich in biodiversity, especially hard corals, sea 

grasses, planktons and marine mammals and reptiles. The fish stock, based on observations of 

targeted fish in coral reef habitat, is with 81 individuals/250m2 or roughly 10-15 kg/250m2 higher 

than at average surroundings. The interviewed locals also confirmed that they sometimes fish using 

fishing line nearby the proposed site, especially in the reef slope areas, and could catch around 10-

20 kg of fishes for a trip. The observation did not find any indications that the sandy beach or the 

mangrove habitat nearby are nesting ground of sea turtles or crabs. Furthermore, lobsters or 

economically valued crustaceans were not found in the reef flat and coral reef habitat (slope area). 

However, the ecosystem service, especially coral reef, is in good condition as it can provide fish 

resources for local communities.    

V. National and International Protected Areas 

The Indonesian government has considered that marine resources shall be preserved and 

managed to sustain the ecosystem and biodiversity values which eventually can benefit societies in 

many aspects. The Sawu Sea and its surroundings are rich in biodiversity and a vital area for many 

migratory marine mammals. The government has declared that the sea to be a marine national park; 

aiming to protect and preserve fishery resources and the marine ecosystems to ensure sustainability 

of ecological functions, to manage the utilization of fishery resources and the ecosystem (as well as 

the service) in a sustainable manner, to preserve local wisdom in the management of fishery 

resources in and or around the marine conservation area, to increase the welfare of societies around 

the marine conservation area.  

The zonation system is one of the strategic plans that can maximize the management system 

to gain long term sustainable benefits by managing people activities. It is clear that the proposed site 

is located in the coastal area that is designated as utilization zone. Next to the utilization zone is a 

protection zone for cetaceans. According the ministry decree, there purposes of this zone include 

protection and preservation of habitats and fish population, tourism and recreation, research and 

education, shipping routes (especially for transportation), and “Keruga” local wisdom activities (once 

a year). While the main purpose of the protection zone for cetaceans is to protect marine habitats, 

fish population and cetaceans as well as their migration pathways. There are some sorts of activities 

that are permissible and prohibited in these zones (table 11).   



 

Table 11. Permissible and prohibited activities in utilization zone (U) and protection zone for 

cetaceans (P) of the Sawu marine national park 

 

No Activities 
Permissible 

in 

Permissible 
only with 

permit 
Prohibited 

U P U P U P 

1 Patrol activities Yes Yes     

2 Boat mooring Yes Yes     

3 Traditional house foundation Yes Yes     

4 National park infrastructures (mainly offices) Yes Yes     

5 National park infrastructures (docks and guard 
houses) 

Yes Yes     

6 Non-commercial photos, videos and films Yes Yes     

7 Shipping route for transportation Yes Yes     

8 Shipping (except the route for transportation)  Yes Yes     

9 Fishing and artisanal activities by local 
communities and low profile companies which do 
not require permit 

 Yes   Yes  

10 Fishing activities using vessels (< 5 GT) with 
permissible fishing device 

 Yes   Yes  

11 Macroalgae/seaweed mariculture  Yes   Yes  

12 Monitoring and non-extractive research   Yes Yes   

13 Monitoring and extractive research   Yes Yes   

14
  

Education 
  Yes Yes   

15 Infrastructure foundations (hotels, guest houses, 
and homestay) 

  Yes Yes   

16 Infrastructure foundation (permanent resort)   Yes Yes   

17 Beach recreation   Yes Yes   

18 Diving   Yes Yes   

19 Snorkeling   Yes Yes   

20 Kayaking    Yes Yes   

21 Surfing   Yes Yes   

22 Kite-surfing   Yes Yes   

23 Fish catching and releasing activities   Yes Yes   

24 Glass boat   Yes Yes   

25 Boat recreation   Yes Yes   

26 Whale and dolphin watching   Yes Yes   

27 Bird watching   Yes Yes   

28 Mangrove recreation   Yes Yes   

29 Cultural tourism   Yes Yes   

30 Tracking recreation   Yes Yes   

31 Commercial photos, videos and films   Yes Yes   

32 Fishing using lift net    Yes Yes  

33 Fishing using scoop net    Yes Yes  

34 Fishing using boat/raft lift net    Yes Yes  

35 Fishing using traditional device (pancing ulur, 
pancing tonda, pancing layang-layang, jermal, 
huhate)  

   Yes   



 

36 Spear fishing    Yes Yes  

37 Fishing using “bottom lampara”    Yes   

38 Harvesting using a 5-10 GT ship with permissible 
fishing device 

   Yes   

39 Holothurian mariculture    Yes   

40 Lobster mariculture    Yes   

41 Fishpond    Yes   

42 Facilities and services for adventure tourisms   Yes   Yes 

43 Jet skiing   Yes   Yes 

44 Fishing using set gill net (anchored)       Yes Yes 

45 Fishing using drift nets     Yes Yes 

46 Fishing using oceanic gill nets     Yes Yes 

47 Fishing using bamboo platform lift net     Yes Yes 

48 Harmful traditional fishing device (Bubu, Pancing 
ulur, Pancing tonda, Pancing laying-layang, Sero, 
Jermal, Rawai tuna, Rawai hanyut, Rawai tetap, 
Rawai Hiu, Hutahe) 

    Yes  

49 Harmful traditional fishing device (Bubu, Sero, 
Rawai Hanyut, Rawai Tetap, Rawai Hiu) 

     Yes 

50 Fishing using device that does not damage coral 
reefs (makameting) 

 Yes   Yes  

51 Traditional fish aggregating device for flying fishes’ 
eggs 

    Yes Yes 

52 Toxic chemical compounds, compressor and 
bombs 

    Yes Yes 

53 Capturing ornamental fishes     Yes Yes 

54 Capturing, injuring and killing protected biotas 
(mammals, crocodiles, mantas, sea turtles) 

    Yes Yes 

55 Traditional fish-aggregating device installation     Yes Yes 

56 Consuming and trading sea turtles’ eggs     Yes Yes 

57 Fishing practices by upscale companies     Yes Yes 

58 Fishing using large pelagic trawl ring by one big 
ship 

    Yes Yes 

59 Fishing using “bottom lampara”     Yes  

60 Harvesting using a 5-30 GT ship with permissible 
fishing device 

    Yes  

61 Pearl mariculture     Yes Yes 

62 Mariculture using floating net     Yes Yes 

63 Holothurian mariculture     Yes  

64 Lobster mariculture     Yes  

65 Fishpond     Yes  

66 ALKI III     Yes Yes 

67 Mangrove harvesting     Yes Yes 

68 Collecting dead and live corals     Yes Yes 

69 Collecting dead and live corals for Keruga (allowed 
for once a year in one day only) 

    Yes Yes 

70 Sand mining     Yes Yes 

71 Oil and gas seismic survey     Yes Yes 

72 Oil and gas mining     Yes Yes 

73 Sewage and garbage disposal     Yes Yes 



 

 
Some sorts of activities are strictly prohibited in those two zones, including destructive 

fishing methods, mangrove harvesting, hunting of protected animals, coral reef extraction 

(especially hard corals both dead and living), mining activities (oil, gas, and sand) and sewage and 

garbage disposal. In addition, the decree also mentions that the main infrastructures allowed are 

local houses, shipping routes, patrol office, guard house and jetty, resorts and hotels. Regarding this 

regulation, the power plant is strongly recommended to discuss and consult with the authority, 

especially the unit for national conservation area (BKKPN) or the marine national park authority, 

regarding the various planning activities and the possible impacts on marine environment.  

The IUCN II confirms that national parks shall focus on maintaining ecological integrity of the 

whole ecosystem and are permissible for resource use and visitation. Therefore it often has core 

zones in which human activities are strictly controlled. The core zones of Sawu marine national park 

is about 180 km westward of the proposed site. Although it has a long distance to the core zones, 

the power plant shall not neglect to take part in preserving the marine ecosystem surrounding as it 

is connected and integrated in a wider marine ecosystem.      

VI. Impact Assessment 

Construction 

It is likely that the power plant will be founded close to the beach. Land clearing for the 

foundation may result in terrestrial run off which could have adverse effects on marine 

environment, especially the sediment. Furthermore, dredging activities to build a jetty and to 

deepen the shipping channels can result in high turbid environment. Many studies have confirmed 

that such conditions have led to habitat degradation (Dodge & Vaisnys 1977; Lewis et al. 2001; 

Fabricius 2005; Erftemeijer & Lewis, 2006; Erftemeijer et al. 2012; Flores et al. 2012; Pollock et al. 

2014). In this case the priority species of benthos, especially hard corals, will be covered by the 

sediment and be dying if this chronic disturbance remains for months.  Furthermore the sediment 

will generate high turbidity environment which hampers photosynthesis process of symbiotic algae 

on corals’ tissue, thus the corals no longer rely on the symbiont to obtain food and became 

heterotrophic. Some corals may be resistant, especially massive corals, but others, encrusting and 

branching corals, may not survive. High turbid environment will also effect photosynthesis process of 

sea grass and will result in low growth rate. If this condition persists for months, some species may 

not survive. This also will occur in phytoplankton community which will decline both in diversity and 

abundance due to poor light intensity. Short term impact of the construction, if not properly 

mitigated, will be biodiversity loss in marine benthic communities, including the priority species as 

they settle permanently on substrates, and phytoplankton community (the most dynamic marine 

community). Long term impact will be habitat degradation as the priority species declines in 



 

abundance or coverage. Zooplankton community will decline in abundance and biodiversity as their 

food becomes rare.  

Operation 

 The power plant may discharge hot water (not fresh water) to release heat from the engine. 

The hot water discharge will affect the sea temperature surrounding. Furthermore the pipe line also 

will release heat to the water. This thermal anomaly will cause stress on benthic communities, in this 

case increasing temperature by 1-2oC for more than 5 weeks will lead to coral bleaching (Gates et al. 

1992; Brown 1997; Fit et al. 2001). The elevated temperature will cause pigment and protein 

detriment on benthic tissues and thus will result in reduced metabolism process, including 

photosynthesis. This also threats plankton communities in which only heat tolerant species will 

survive and will cause domination. Marine biodiversity loss will be the short term impact of such 

condition and could be a mass die-off of benthic communities and habitat degradation as long term 

impact.      

Impact on ecosystem service 

Biodiversity loss will reduce the complexity of ecosystem, in this case there may be a 

breakdown of the food chain. Thus, the ecosystem service may fall and not be able to continue if the 

habitat is totally degraded. For example, if the sea grass or coral reef habitat is degraded, the fish 

associated with sea grass or reef will gradually decline as they have difficulties to forage, breed, and 

seek protection from predation in their natal place. Furthermore, planktivorous fish also will decline 

in abundance as the plankton abundance drops due to thermal stress. Predatory fish, mainly 

carnivores and piscivores, will lose their prey and therefore will affect their abundance. In short, fish 

resource will decline as the habitat is degraded (bottom up effect).  

Impact on the marine park 

Biodiversity loss is a global issue and is inevitable due to climate change. However, marine 

biotas are able to adapt with the change, including by migrating (moving), reshuffling algae 

symbiont, and adjusting energy budget. Anthropogenic impacts are more severe and the effects are 

sometimes beyond the capacity of biotas to survive. If the changes are abrupt they have not 

sufficient time to adapt. Biodiversity loss indicates that the environment condition is deteriorating 

either in continuous or extreme way. Biodiversity loss, failure of ecosystem service, habitat 

degradation and fishery resource depletion are possible impacts of the power plant activities. This 

will affect negatively the existence of protected animals, such as dugong, sea turtles and dolphins as 

they are found to be swimming around and need the habitats as well as the fishery resources to 

feed. Although sea turtle and cetacean distributions do not relate to the local anomaly of 



 

temperature and salinity, any disruption on fish resource will impact on their feeding areas and 

migratory route.  

Fishery resource depletion will affect the neighbouring habitats in the national park. In this 

case water connects among habitats. When the resource are depleted, it cannot subsidize larva to 

the neighbouring habitats, thus will weaken habitat connectivity. This condition will hamper 

resilience process in this particular area if natural disturbance occurs. Furthermore, severely 

degraded habitats may not be able to recover as they cannot provide appropriate substrates for 

larval settlement.       

In short, the impact of power plant activities may affect fishery resources which are essential 

for sea turtles, dolphins and dugong as the area is designed for them. If severe habitat degradation 

occurs in the proposed site, it will affect habitat connectivity which is important for resilience 

process in those particular areas.    

VII. Environmental management and monitoring plan 

Mitigation 

Land clearing is part of construction activities which can cause terrestrial run off. The power 

plant must be founded far from the shoreline to ensure that the marine habitats are not affected 

directly by the power plant activities. The power plant shall bear in mind to prevent the soil 

materials from running off to the sea. Dredging for jetty construction will result in high turbid marine 

environment which is inevitable. These adverse impacts are likely to be temporary, but shall be 

taken into account if  

1. Water quality drops dramatically due to the sediment  (examined by measuring total 

suspended solid (TSS))  

2. Rapid increase in silt percentage in shallow hard bottom habitat or in coral reef habitat 

3. Decline in indicator species, especially Chaetodon fish and phytoplankton 

4. Mass die off of foundation species, specifically corals, no indications of recovery process 

5. No indications of benthic recruitment 

If the impact comes to the number four and five, thus can be suggested that the activities shall be 

strongly evaluated as the nature, by itself, cannot recover the deteriorated condition. Naturally, 

waves and current movements will carry away the sediment from the water column as well as from 

benthos surfaces. Blocks, walls or sheet piles around the construction areas have to be installed 

thoroughly to minimize the run off.  Dry season can be the best time to conduct the activities. 

Furthermore, peak east monsoon season can be good options as the waves and current are strong, 

therefore the sediment passing through will be easily flushed away. 



 

As the power plant will operate for a long period of time, it an effective treatment to cool 

down the hot water before eventually being discharged to the sea must be provided. Furthermore 

the pipe is strongly suggested to be covered by heat absorbent materials or cement to reduce the 

heat. The end of the discharge pipe has to be deep and far from the reef slope in which coral reef 

habitat mainly occurs. Furthermore the end of the pipe shall be in the area in which the current 

speed is maximum. The hot water discharge shall be evaluated if mass bleaching event/die off of 

benthic communities occurs within radius of 50 meters from the pipe end and there is no indication 

of benthic recruitment in the radius.    

Marine environment has an ability to recover from disturbances. However, if the 

disturbances are severe and continuous, there will be no chance for adaptation. The restoration can 

be proceed if 

1. Foundation species becomes extremely rare 

2. Habitats are severely degraded (thickly covered by sediment or broken into small 

pieces/rubble) and have no indications of recovery process 

3. No indications of recruitment of benthic communities   

The restoration is strongly suggested to be held in the neighboring sites which are less 

affected. Artificial reefs, and coral and mangrove transplantation could be feasible options for 

restoration. 

  

Monitoring 

Monitoring is certainly vital in environmental management system, providing a good 

understanding about the trend of ecosystem condition. The monitoring shall be carried out before 

and after (when it is undergoing) the construction and operation, and take place in sites nearby the 

power plant pipe or construction area and move away gradually. An unimpacted site can be used as 

a control to compare. Among the parameters to be investigated are the water quality (especially 

total suspended solid (TSS) and temperature by using data logger that can record the data for 

months in the sea), plankton abundance, coral cover, sea grass cover, benthic recruitment, 

mangrove density, fish abundance and diversity and benthic diversity. If those parameters, at least, 

remain stable before and after, in this case natural disturbances are excluded, this may indicate that 

the power plant have been successful in minimizing the impact on marine environment. The 

monitoring data also can indicate whether or not the activities shall be evaluated and restoration 

shall be proceed.  
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1. Scope of the Report 
PLN (Persero) intends to develop a new Dual Fuel Engine Power Plant - 
“Kupang 2 Peaker” - in a power plants complex planned to be installed in 
the Lifuleo Village, Penaf, West Kupang District, Kupang Regency, Nusa 
Tenggara Timur Province, Indonesia. The Kupang 2 Plant is planned to be 
fired with Liquefied Natural Gas (LNG) using high-speed diesel (HSD) as 
back-up fuel in case of reduced or interrupted Natural Gas supply. The net 
power capacities of the plant will be approximately 50 MW. The project 
completion is planned by PLN to take place in 2021/2022. 
 
Fichtner is providing Project Preparatory Technical Assistance (PPTA) on 
the basis of a sector loan directly to PLN in connection with the 
development of power generation capacity in Eastern Indonesia. 
 
The present report presents the Air Dispersion Calculation performed for the 
Kupang 2 Plant. The objective of the study is to assess the contribution of 
the air emissions of the Plant to the air quality in the area, and to indicate 
whether the national and international air quality standards are expected to 
be fulfilled or not. The assessment ultimately leads to the determination of 
the conditions required to fulfill these standards. The criteria pollutants CO, 
SO2, NO2, PTS and PM10 are subject of analysis in this context. 
 
The Air Dispersion Calculation is performed using the dispersion modeling 
software BREEZE AERMOD (version 7.12 from January 2017), based on a 
U.S. EPA (United States Environmental Protection Agency) Regulatory 
Model.  
 
In the context of PLN’s power generation program, the Kupang 2 PP is not 
critical and documentation has not yet been developed by PLN.  However, 
due to the expressed technical similarity of the planned neighboring 
Kupang 1 Peaker PP, technical data regarding this plant have been used as a 
basis for the assessment.  
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2. Project Site 
 

The selected site for the construction of the Kupang 2 Plant is located 24 km 
to the southwest of the center of the city of Kupang, in the Nusa Tenggara 
Timur Province (Figure 2-1). The site coordinates are approximately:  
 
 Northing: 8855320.00 m S;  
 Easting:  550427.00 m E;  
 Zone: 51L (WGS 84).  
 
The area is presently a green field where a Power Plants Complex is planned 
which will include: 
 
 Timor 1 Coal Fired Steam Power Plant - 100 MW 
 Kupang 1 Gas Fired Power Plant - 40 MW 
 Kupang 2 Gas Fired Power Plant - 50 MW (the Project) 
 
Although the present study focus on the impacts of the Kupang 2 PP on the 
air quality, it is necessary to consider as well the emissions of the future 
neighboring plants for a complete analysis.  
 
The village of Oisina is located in the direct vicinity of the project site. 
Other nearby villages are Tablolong, Tapa, and Tenau (Figure 2-1). 
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Figure 2-1: Location of the future Power Plants Complex, including Kupang 2 
(source of the topographic maps: URL 1 and URL 2) 
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3. Air Emissions and Air Quality Legislation  
In order to protect human health, vegetation and/or properties from the 
negative effects of air pollution, limits are imposed to:  
 the concentrations of the pollutants that are emitted from various sources 

- air emission limits; and to 
 the concentrations of the pollutants that are present in the atmosphere - 

air quality standards.  
 
In several countries these limits (or standards) are defined in the national 
laws/regulations, but there are also internationally accepted values like the 
ones from the World Bank Group Guidelines or the European Union 
Directives.  
 
The air emission limits represent the maximum concentrations that are 
allowed in the flue gas coming out of the source (a stack, in this case) and 
are given in mg of pollutant per normal m3 of dry flue gas (mg/Nm3). The N 
stands for “Normal conditions”: temperature of 0°C and atmospheric 
pressure of 101.3 kPa.   
 
The air quality standards (AQS) state the maximum concentrations that are 
allowed in the ambient air, in this case, in the airshed surrounding the power 
plant. The standards are presented in μg of pollutant per m3 of ambient 
(exterior) air (μg/m3). For gaseous pollutants, the results of the air quality 
monitoring shall be standardized at a temperature of 293 K (20°C) and an 
atmospheric pressure of 101.3 kPa. 
 
This chapter presents the national and international standards for air 
emissions and for air quality that are applicable to the PP15 Plant project. 

3.1 Air Emission Limits 

The national emission limits for stationary sources, including thermal power 
plants, were issued on 1 December 2008 and replaced the earlier 1995 
standards. The regulations include limits for the emissions of sulphur 
dioxide, nitrogen oxides (as nitrogen dioxide) and particulate matter for 
existing, in development and new power plants. Fuel types covered by the 
decree include coal, oil and natural gas. Power plants must meet these 
emission standards 95% of the time over 3 months (URL 3). 
 
Table 3-1 shows the national emission limit values applicable for boilers 
and for engines. Because these values consider “standard” conditions 
(temperature of the flue gas of 25 °C), Table 3-2 shows the values adapted 
to meet the “normal” conditions (0°C). A correction for the percentage of O2 
is also undertaken.  
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Pollutant 
ELV [mg/m3] for 
new engines * 

ELV [mg/m3] for 
new boilers ** 

Oil Gas Coal 

CO 540 500 NE 

SO2 600 150 750 

NO2  1,000 320 750 

TSP 120 30 100 
Dry gas, excess 
O2 content 5% 5% 7% 

Temperature 
flue gas 25°C 25°C 25°C 

ELV: Emission Limit Values | NE: Non-existent  
* Attachment IV B | **Attachment I B 

Table 3-1: Indonesian emission limits for emissions to air from stationary 
sources (Ministry of Environment Regulation No. 21 of 2008) 

 

Pollutant 

Adapted ELV 
[mg/m3] for new 

engines * 

Adapted ELV 
[mg/m3] for new 

boilers ** 
Oil Gas Coal 

CO 219 203 NE 
SO2 243 61 878 
NO2  405 130 878 
TSP 49 12 117 
Dry gas, excess 
O2 content 15% 15% 6% 

Temperature 
flue gas 0°C 0°C 0°C 

ELV: Emission Limit Values | NE: Non-existent  
* Adapted from Attachment IV B | **Adapted from Attachment I B 

Table 3-2: Adapted Indonesian emission limits for emissions to air from 
stationary sources (adapted from Ministry of Environment 
Regulation No. 21 of 2008) 

The International Finance Corporation (IFC, World Bank Group) defined 
guidelines for the emissions of facilities producing up to 50 MWth using 
engines, and for the emissions of facilities producing more than 50 MWth 

using coal boilers (Table 3-3).   
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Pollutant 
ELV [mg/Nm3] for combustion 
engines; facilities < 50 MWth 

ELV [mg/Nm3] for 
boilers; facilities > 50 

MWth 
Gas Liquid Coal 

CO NE NE NE 

SO2 NE 1.5 - 3 % S 400 - 1,500 

NO2 400 (dual fuel) 1,460 - 1,850 200 - 1,100 

TSP NE 50 - 100 30 - 50 
Dry gas, excess 
O2 content 15% 15% 6% 

Temperature flue 
gas 0°C 0°C 0°C 

NE: Non-existent  

Table 3-3: IFC emission guidelines for combustion engines up to 50 MW and 
boilers with more than 50 MW (IFC, 2007; IFC, 2008) 

Similarly to what has been requested in the FS for the Kupang 1 PP, it is 
expected that the FS and specifications for Kupang 2 demand the 
compliance with the national emission limit values. This scenario is 
assumed in the present study (see Section 4.4.2).  
 
It shall be stated that the national emission limit values are more strict than 
the IFC guidelines (2007, 2008), and that their fulfillment will require the 
installation of air emission reduction equipment for NOx, SO2 and 
particulate matter.  

3.2 Air Quality Standards 

The Air Quality Standards are defined according to the different levels of 
danger that the pollutants pose depending on the exposition period. This 
way, the standards are defined for different time frames, allowing the 
protection against the short term acute impacts, the medium term impacts 
and the long term impacts.  
 
IFC states that emissions from projects shall not result in pollutant 
concentrations in the ambient air that reach or exceed the relevant ambient 
air quality guidelines and standards by applying the national legislated 
standards or, in their absence, the World Health Organization (WHO) 
Guidelines or other internationally recognized sources like the U.S. EPA 
(United States Environmental Protection Agency) or the European Council 
Directives (ECD).  
 
The IFC recommends, in addition, that the emissions from a single project 
should not contribute with more than 25% of the applicable ambient air 
quality standards to allow additional, future sustainable development in the 
same airshed. This implies that even when a ground level concentration 
(GLC) of a certain pollutant respects the air quality standard, it shall be 
evaluated whether it is below or above 25% of that standard. This is also 
assessed in the present study.   
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Table 3-3 presents the national ambient air quality standards (NAAQS, 
established by the 1999 Government Decree No. 41) and the guidelines 
defined by WHO (2005) that are applicable to the project. The WHO 
provides interim targets (IT) in recognition of the need for a staged 
approach to achieve the recommended guidelines (GL).  
 
It is evident from the table that the national standards are generally less 
restrictive than the IT and GL defined by WHO.   
 

Pollutant Averaging 
period 

Air Quality Standards [μg/m³] * 
Indonesia NAAQS 
** WHO 

CO 
1 hour 30,000 - 

24 hours 10,000 - 

SO2 

10 minutes - 500 (GL) 

1 hour 900 - 

24 hours 365 
125 (IT1) 
50 (IT2) 
20 (GL) 

1 year 60 - 

NO2 

1 hour 400 200 (GL) 

24 hours 150 - 

1 year 100 40 (GL) 

PM10 

24 hours  150 

150 (IT1) 
100 (IT2) 
75 (IT3) 
50 (GL) 

1 year - 

70 (IT1) 
50 (IT2) 
30 (IT3) 
20 (GL) 

TSP 
24 hours 230 - 

1 year 90 - 
IT = Interim target; IT are provided in recognition of the need for a staged approach to 
achieve the recommended guidelines | GL = Guideline 
* 20°C and 101.3 kPa ** ADB, 2006 

Table 3-4: National Ambient Air Quality Standards and WHO Guidelines  
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4. Baseline Data 

4.1 Receptors data 

The air quality standards considered in this study are defined for protection 
of human health. Given this, the study will focus particularly on the analysis 
of the air quality effects in areas where human presence exists, namely the 
neighboring settlements and beaches (up to 10 km away - Figure 4-1). Eight 
locations have been selected as representative of these areas: 
 
 R1 = Directly at the site, village of Oisina. 

 Easting = 550782.00 m E 
 Northing = 8855895.00 m S 

 R2 = 200 meters away from the site, mangrove beach 
 Easting =  550349.00 m E 
 Northing =  8855054.00 m S 

 R3 = 1.5 km away from the site, sea weed beach 
 Easting =  550921.00 m E 
 Northing =  8857029.00 m S 

 R4 = 3 km away from the site, village of Tablolong 
 Easting = 553126.00 m E 
 Northing = 8857937.00 m S 

 R5 = 5 km away from the site, village of Tablolong, at the coast 
 Easting = 552443.00 m E 
 Northing = 8859716.00 m S 

 R6 = 6 km away from the site, village of Tuakdale 
 Easting = 555614.00 m E 
 Northing = 8858818.00 m S 

 R7 = 9 km away from the site, village of Tuakdale 
 Easting = 558559.00 m E 
 Northing = 8858898.00 m S 

 R8 = 8 km away from the site, village unknown 
 Easting = 554656.00 m E 
 Northing = 8861833.00 m S 

 
The location of the listed receptors (R) is shown in Figure 4-2.   
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Figure 4-1: Location of the sensitive receptors (source of the satellite image: Google Earth TM) 
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Figure 4-2: Closer view of the location of the sensitive receptors (source of the satellite image: Google Earth TM) (R = Receptor) 

R1 
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R3 
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4.2 Meteorological Data 

To conduct the Air Dispersion Calculation, meteorological data from 
monitoring stations located nearby the project site have been analyzed. The 
data available presented a very low level of coverage (ca. 20% missing 
data). Given this, a simulation of meteorological data with the Weather 
Research and Forecasting (WRF) model has been undertaken for the year 
2016. The WRF model is a next-generation mesoscale numerical weather 
prediction system designed for both atmospheric research and operational 
forecasting needs (URL 4).     
 
Figure 4-3 presents the windrose for the simulated year 2016. It shows that 
the prevailing winds blow from southeast (SE), while most of the receptors 
are located to the northeast (NE) of the plant (Figure 4-2). The windrose 
also indicates that the more frequent wind speed is around 5 m/sec, which is 
equivalent, in the Beaufort scale, to the level “gentle breeze”.   
 

 
Figure 4-3: Windrose for the year 2016 as simulated with the model WRF (wind 

blowing from) (source of the satellite image: Google Earth TM) 

4.3 Terrain data 

The project site is flat, and is surrounded by the ocean to the west and by 
scattered small hills with heights up to ca. 60 masl to the east (Figure 4-4). 
 
To account for the different heights above sea level of the sensitive 
receptors and the plants, DEM (digital elevation model) data were acquired. 
These allow a 3D representation of the terrain of the assessment area and a 
more accurate simulation of the pollutants’ distribution. Figure 4-5 shows 
the 3D representation of the area’s terrain.  
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Figure 4-4: Landscape surrounding the project site (Fichtner, Feb. 2017) 
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Figure 4-5:  3D representation of the terrain of the project area (for visualization 

purposes, the “z” axis is shown with an augmentation of 400%) 

4.4 Kupang 2 Data  

At the time of writing this report, no documentation associated with the 
Kupang 2 PP is available. This is because completion of the project is 
intended for 2021/2022, inferring that the project is not on PLN’s 
completion priority schedule.   
 
The planning of Kupang 1 PP (not available for financing under the ADB 
sector loan) is more advanced than that of Kupang 2, and the respective 
Feasibility Study was made available to Fichtner.  PLN has advised ADB 
and Fichtner that the Kupang 2 PP will be located adjacent to the Kupang 1 
PP (within the same boundary) and, while the respective outputs will be 40 
MW (Kupang 1) and 50 MW (Kupang 2), the facilities will for all intents be 
technically similar.   
 
Given the above, it has been considered that the information associated with 
the Kupang 1 PP may reasonably be used to carry out a broad technical 
assessment of the Kupang 2 PP.  The configuration of Kupang 2 PP 
described below is thus based on the Kupang 1 PP Feasibility Study.   

4.4.1 Configuration 

Based on the documents available for Kupang 1, Kupang 2 will technically 
be a standard project, applying state of the art gas engine power plant 
technology and state of the art balance of plant systems. Major technical 
challenges are not expected.  
 
The Kupang 2 PP will have dual fuel firing capability with the primary fuel 
being LNG. The LNG supplier will operate a LNG re-gasification and 
storage facility at the site and supply the terminal via medium capacity size 
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LNG tankers. The back-up fuel will be HSD, which will be provided via 
road tanker and stored at the site. 
 
The Kupang 2 PP will be operated in peaking mode supplying electric 
power to the local grid, primarily during times of high demand. This 
generally occurs typically daily over a 5 hours period between 17:00 and 
22:00.  
 
Based on the Kupang 1 Feasibility Study, the Kupang 2 PP will consist of 2 
groups of dual-fuel engines, with each group consisting of 2 to 6 units.  The 
plant will use one engine type only.  A single engine may thus have a 
capacity of minimum 4.1 MW and maximum 12.5 MW.  
 
For the purpose of this Air Dispersion Calculation, the following 
configuration is assumed: 
 
 2 groups of dual-fuel engines; 

 Each group will have 2 engines (total of 4 engines); 
 Each engine will have a capacity of 12.5 MW; 

 4 stacks (one per engine).  

4.4.2 Stack and Emission Data 

The Power Plant will operate 2 groups of engines, each one with 2 engines 
and associated to two stacks. Their location is shown in Table 4-1. 
 

 
 

Table 4-1: Location of the stacks of the Kupang 2 Power Plant 

The emitted pollutant’s concentrations are presented in Table 4-2 based on 
available engine technology and a combustion calculation. As a basis for the 
combustion calculation, HSD with 1.2% of sulfur (S) has been assumed to 
be used. The characteristics of the HSD have been consulted in the 
Feasibility Study for the Kupang 1 Peaker Plant.  
 
 
 
 
 
 
 

 

Easting [mm] Northing [mm] 

WGS 84, Zone 51 L 

Stack 1 550350 8855275 

Stack 2 550325 8855300 

Stack 3 550348 8855273 

Stack 4 550323 8855298 
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Parameter Value for 
HSD 

ELV [mg/Nm3] for oil 
* Source  

Nat. Inter.  

Concentration CO 
[mg/Nm³] dry, 15% O2 26.0 219 NE 

Estimated based 
on available 
technology 

Concentration SO2  
[mg/Nm³] dry, 15% O2 658.97 243 1.5 - 3 % S 

Based on a 
Combustion 
Calculation 

Concentration NO2 
[mg/Nm³] dry, 15% O2 1,834 405 1,460 - 1,850 

Estimated based 
on available 
technology 

Concentration TSP 
[mg/Nm³] dry, 15% O2 83 49 50 - 100 

Concentration PM10 
[mg/Nm³] dry, 15% O2 74.7 NE NE 

* At 0°C, 1 atm, and 15% O2; for engines, facilities producing up to 50 MWth 

Table 4-2: Concentration of the pollutants emitted by the Kupang 2 Peaker PP - 
based on available technology and a combustion calculation 

Table 4-2 shows that the pollutants concentrations are below the 
international emission limit values (ELVs) applicable, inclusive regarding 
the maximum amount of sulfur in the fuel. However, the national emission 
limit values are not respected, except for CO.   
 
The above shows that it is not possible to fulfill the national emission limit 
values for SO2, NO2 and TSP only with available engine technology. 
However, such fulfillment is a demand from the FS for Kupang 1, and it is 
assumed that the same will be demanded for Kupang 2. Given this, this 
ADC assumes the installation of air emission reduction equipment to 
achieve the compliance with the national ELVs. The result is shown in 
Table 4-3 below, and will be used as an input to this ADC.   
 

Parameter 
Value for 
HSD - Input 
for ADC 

ELV [mg/Nm3] for oil 
* Source  

Nat. Inter.  

Concentration CO 
[mg/Nm³] dry, 15% O2 26.0 219 NE 

Estimated based 
on available 
technology 

Concentration SO2  
[mg/Nm³] dry, 15% O2 243 243 1.5 - 3 % S 

Assuming 
fulfillment of 
national ELVs 

Concentration NO2 
[mg/Nm³] dry, 15% O2 405 405 1,460 - 1,850 

Concentration TSP 
[mg/Nm³] dry, 15% O2 49 49 50 - 100 

Concentration PM10 
[mg/Nm³] dry, 15% O2 44.1 NE NE 

* At 0°C, 1 atm, and 15% O2; for engines, facilities producing up to 50 MWth 

Table 4-3: Concentration of the pollutants emitted by the Kupang 2 Peaker PP 
(input for ADC) - based on the compliance with the national ELV 
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Table 4-3 shows that reductions in the emissions of certain pollutants will 
be necessary as follows: 
 
 For SO2, from 659 mg/Nm³ to 243 mg/Nm³: 63% reduction 
 For NO2, from 1834 mg/Nm³ to 405 mg/Nm³: 78% reduction 
 For TSP, from 83 mg/Nm³ to 49 mg/Nm³: 41% reduction.  

 
According to the IFC General EHS Guidelines (IFC, 2007), the market 
offers emission reduction equipment that is capable of achieving reduction 
percentages higher than the ones above. For SO2, wet gas desulfurization is 
commonly used internationally, and its reduction efficiency is above 90%. 
For NO2, methods such as selective catalytic reduction (SCR) or selective 
non-catalytic reduction (SNCR) can reach reduction efficiencies for oil fired 
plants of up to 90%. For TSP, the catalogue of measures is wide, from the 
lower cost cyclones to advanced electrostatic precipitators. The reduction 
efficiency of such equipments varies between 74 and almost 100%.   
 
The choice of the emission reduction equipment shall be made under a 
context of a detailed engineering study. The present ADC provides 
guidelines only, based on the limited amount of data available at present. 
 
In order to allow a comparison of the results with the air quality standards, 
the following percentage based on Ehrlich, C., et al (2007) is applied to the 
TSP emission rates: 
 
 The PM10 portion from combustion amounts to more than 90% of the 

total PM (particulate matter)/TSP emitted. 
 
Other characteristics of the stacks and the flue gas can be consulted in Table 
4-4 below. No information regarding the stack height has been disclosed to 
Fichtner. Given this, it has been reasonably estimated that a stack height of 
55 meters would be adequate.  
 

Parameter Value for HSD Source  

Number of stacks 4 Based on available data for 
Kupang 1 * 

Height of stacks [m] 55 Based on available 
technology 

Diameter of stacks (inner) [m] 1.82 Based on a Combustion 
Calculation 

Flue gas exit temperature [K] 640 Based on available 
technology Flue gas exit velocity [m/s] 20 

Actual* flue gas exit flow [m3/s] per 
stack 51.8 Based on a Combustion 

Calculation 

Emission rate CO [g/s] per stack 0.75 Based on available 
technology 

Emission rate SO2 [g/s] per stack 6.98 Assuming fulfillment of 
national ELVs Emission rate NO2 [g/s] per stack 11.64 
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Parameter Value for HSD Source  

Emission rate PM10 [g/s] per stack 1.26 

Emission rate TSP [g/s] per stack 1.40 
* Actual means at the actual conditions of temperature, pressure, moisture and O2 content 
of the flue gas | ** It is assumed that the same technology and configuration of Kupang 1 
will be adopted for Kupang 2 

Table 4-4: Other characteristics of the stacks and the flue gas from the Kupang 
2 Peaker PP 
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4.5 Data for other sources 

4.5.1 Timor 1 Coal Fired Steam Power Plant - 100 MW 

The Timor 1 coal fired PP will be located in the same complex as the 
Kupang 1 and Kupang 2 plants. It is expected that the plant will operate 
with two stacks, each one associated with one 50 MW boiler, whose 
location is shown in Table 4-3.  
 

 

Table 4-5: Location of the stacks of the Timor 1 PP 

The emitted pollutant’s concentrations are presented in Table 4-6 based on 
data from available technology, best practices for emission reduction 
equipment for coal fired power plants, and the assumption that the national 
ELVs will be respected.  
 

Parameter 

Value 
for 
coal- 
Input 
for 
ADC 

ELV [mg/Nm3] for 
coal * 

Source  
Nat. Inter.  

Concentration CO [mg/Nm³] 
dry, 15% O2 100 NE NE Based on available 

technology 
Concentration SO2  [mg/Nm³] 
dry, 15% O2 878 878 400 - 1,500 Assuming 

fulfillment of 
national ELV  Concentration NO2 [mg/Nm³] 

dry, 15% O2 878 878 200 - 1,100 

Concentration TSP [mg/Nm³] 
dry, 15% O2 50 117 30 - 50 

Based on an ESP * 
installation Concentration PM10 [mg/Nm³] 

dry, 15% O2 45 NE NE 

* At 0°C, 1 atm, and 6% O2; for boilers, facilities producing > 50 MWth | ESP = 
Electrostatic Precipitator 

Table 4-6: Concentration of the pollutants emitted by the Timor 1 PP 

Fichtner had access to the Feasibility Study undertaken for this plant (Rev. 
01, May 2016). The study contains some information regarding the coal 
specifications, the amount of coal consumed, and some other technical 
characteristics of the plant. However, several other data needed for the ADC 
had to be reasonably assumed and estimated (Table 4-7). 
 
  

 

Easting [mm] Northing [mm] 

WGS 84, Zone 51 L 

Stack 1 550250 8855630 

Stack 2 550215 8855640 
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Parameter Value for coal Source 

Number of stacks 2 Based on available data for 
Timor 1  

Height of stacks [m] 80 Based on available 
technology 

Diameter of stacks (inner) [m] 2.3 Based on a Combustion 
Calculation 

Flue gas exit temperature [K] 423.15 Based on available 
technology Flue gas exit velocity [m/s] 20 

Actual* flue gas exit flow [m3/s] per 
stack 86.3 Based on a Combustion 

Calculation 

Emission rate CO [g/s] per stack 7.0 Based on available 
technology 

Emission rate SO2 [g/s] per stack 61.0 Assuming fulfillment of 
national ELV Emission rate NO2 [g/s] per stack 61.0 

Emission rate PM10 [g/s] per stack 3.1 Based on an ESP installation 
** Emission rate TSP [g/s] per stack 3.4 

* Actual means at the actual conditions of temperature, pressure, moisture and O2 content 
of the flue gas | ** ESP = Electrostatic Precipitator 

Table 4-7: Other characteristics of the stacks and the flue gas from the Timor 1 
PP 

4.5.2 Kupang 1 Gas Fired Power Plant - 40 MW 

As described previously, it is assumed that the same technology and 
configuration of Kupang 1 will be adopted for Kupang 2, with the difference 
that the output capacity of Kupang 1 will be smaller (40 MW).  
 
The Power Plant will operate 2 groups of engines, each one with 2 engines 
and associated to two stacks. Their location is shown in Table 4-7. 
 

 

Easting [mm] Northing [mm] 

WGS 84, Zone 51 L 

Stack 1 550300 8855375 

Stack 2 550275 8855400 

Stack 3 550298 8855373 

Stack 4 550273 8855398 

Table 4-8: Location of the stacks of the Kupang 1 Peaker PP 

The emitted pollutant’s concentrations are presented in Table 4-9 based on 
the compliance with the national ELV, installation of air emissions 
reduction equipment, and data from available technology (see explanation 
provided for Kupang 2 above). 
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Parameter 
Value for 
HSD - Input 
for ADC 

ELV [mg/Nm3] for oil 
* Source  

Nat. Inter.  

Concentration CO 
[mg/Nm³] dry, 15% O2 26.0 219 NE 

Estimated based 
on available 
technology 

Concentration SO2  
[mg/Nm³] dry, 15% O2 243 243 1.5 - 3 % S 

Assuming 
fulfillment of 
national ELVs 

Concentration NO2 
[mg/Nm³] dry, 15% O2 405 405 1,460 - 1,850 

Concentration TSP 
[mg/Nm³] dry, 15% O2 49 49 50 - 100 

Concentration PM10 
[mg/Nm³] dry, 15% O2 44.1 NE NE 

* At 0°C, 1 atm, and 15% O2; for engines, facilities producing up to 50 MWth 

Table 4-9: Concentration of the pollutants emitted by the Kupang 1 Peaker PP 
(input for ADC) - based on the compliance with the national ELV 

Other characteristics of the stacks and the flue gas can be consulted in Table 
4-3 below. 
 

Parameter Value 
for HSD Source  

Number of stacks 4 Based on available data 
for Kupang 1  

Height of stacks [m] 55 Based on available 
technology 

Diameter of stacks (inner) [m] 1.62 Based on a Combustion 
Calculation 

Flue gas exit temperature [K] 640 Based on available 
technology Flue gas exit velocity [m/s] 20 

Actual* flue gas exit flow [m3/s] per stack 41.4 Based on a Combustion 
Calculation 

Emission rate CO [g/s] per stack 0.60 Based on available 
technology 

Emission rate SO2 [g/s] per stack 5.59 

Assuming fulfillment of 
national ELV 

Emission rate NO2 [g/s] per stack 9.31 

Emission rate PM10 [g/s] per stack 1.01 

Emission rate TSP [g/s] per stack 1.12 
* Actual means at the actual conditions of temperature, pressure, moisture and O2 content 
of the flue gas  

Table 4-10: Other characteristics of the stacks and the flue gas from the Kupang 
1 Peaker PP 
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4.6 Baseline Air Quality Data 

Air quality measurements have been undertaken in the area for the Initial 
Environmental Examination (in Bahara UKL-UPL) for Kupang 1 PP 
(PT.PLN, 2016).  Measurements have been undertaken in 6 locations: 
 
 two locations in Lifuleo (belonging to Oifina); 
 four locations within the proposed project site (office, engine area, access 

road and jetty). 
 
The UKL-UPL for Kupang 1 does not inform about the exact location of the 
monitoring points. Their approximate locations are shown in Figure 4-6. 
 

 
Figure 4-6: Approximate location of the baseline air quality data monitoring 
points (based on PT.PLN, 2016) 

The summarized results are shown in Table 4-12. The data for gases has 
been collected as one-hour averages only. However, the air quality 
standards are defined for different averaging periods, namely 10 minutes, 1 
hour, 8 hours, 24 hours and 1 year. Therefore, it is necessary to convert the 
1-hour measurement results into the other averaging periods. This is done 
by applying the multiplying factors shown in Table 4-11 to the measured 
values. 
 
  

Monitoring points 
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Averaging period Multiplying Factors - to convert 1 hr to other averaging 
periods 

10 mins 1.65 * 

8 hours 0.7 ** 

24 hours 0.4 ** 

Annual 0.08 ** 

Table 4-11: Multiplying factors for point sources to convert 1 hour 
concentrations to other averaging periods (*OME, 2008, and **EPA, 1992) 

 

Pollutant Averaging 
period 

Air Quality 
Measured and 

Calculated  
Results [μg/Nm3 ] 

Air Quality Standards [μg/m³] 

NAAQS WHO 

CO 
1 hour * 2827.7 30,000 - 

24 hours 7.1 10,000 - 

SO2 

10 minutes 29.2 - 500 (GL) 

1 hour * 17.7 900 - 

24 hours 7.1 365 
125 (IT1) 
50 (IT2) 
20 (GL) 

1 year 1.4 60 - 

NO2 

1 hour * 16.7 400 200 (GL) 

24 hours 6.7 150 - 

1 year 1.3 100 40 (GL) 

PM10 

24 hours N.A.  150 

150 (IT1) 
100 (IT2) 
75 (IT3) 
50 (GL) 

1 year N.A. - 

70 (IT1) 
50 (IT2) 
30 (IT3) 
20 (GL) 

TSP 

1 hour* 28.7   

24 hours  11.5 230 - 

1 year 2.3 90 - 

* Measured values; all other values are calculated using the factors shown in Table 4-3 

 

Table 4-12: Air Quality measured and calculated results in the project area 
(adapted from PT.PLN, 2016) 

The baseline pollutant concentrations are below the national standards for 
air quality, as well as the WHO guidelines and interim targets. Such results 
were expected given the characteristics of the site (sparsely populated and 
without industrial developments in the vicinity).  

Standard is not exceeded Standard is exceeded 
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4.6.1 Quality of the data 

The Consultant had no access to a description of the quality assurance and 
control procedures undertaken during the collection of the air quality data 
shown. There is therefore no guarantee that the data collection has been 
made according to reference techniques and methods. Given this, the data is 
used in this report only for illustrative purposes. 
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5. Air Dispersion Calculation 

5.1 Air Quality Model 

The Air Dispersion Calculation was performed using the dispersion 
modeling software BREEZE AERMOD, version 7.12 (January 2017), 
which predicts pollutant concentrations from continuous point, flare, area, 
line, volume and open pit sources. This steady-state plume model is a US-
EPA Regulatory Model.  
 
The simulations performed with BREEZE AERMOD for each of the 
pollutants TSP, PM10, CO, SO2 and NO2 result in worst case scenarios, that 
is, the software outputs the maximum concentrations expected to be found 
in the area due to the operation of the plants.  

5.2 Calculation Area  

A radius of 10 km around the center of emission has been considered as the 
calculation area. The first 1000 m of the grid have an increment of 55 m (the 
stack height) - this composes the Grid 1. The remaining assessment area is 
built with a 500 m increment - this composes the Grid 2 (Figure 5-1).  
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Figure 5-1: Assessment area and the grids used in the calculation (source of the 
second satellite image: Google Earth TM) 

 Receptors                        Stacks of the Plants ● ┼ 

GRID 1 

GRID 2 
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5.3 Calculation Scenarios  

The Kupang 2 Peaker is planned to burn Natural Gas as main fuel, and rely 
on HSD only as a back-up fuel. It is as well planned that the power plant 
will operate only during peak demand periods.  
 
Despite the above, the present Air Dispersion Calculation will simulate 
worst case scenarios where the Kupang 2 Peaker will run on a continuous 
basis with HSD. The same will be assumed for the neighboring plant 
Kupang Peaker 1. Timor 1 is planned to run continuously with coal, and this 
is also incorporated into the ADC.  
 
For the power plant complex altogether 3 scenarios are simulated: 
 
 one where only Kupang 2 is operating (Scenario A),  
 one where the other two planned plants are operating (future baseline 

scenario, or Scenario B); 
 and one where all plants are operating (future scenario, or Scenario C). 
 
 The following Section shows the results of the simulations.  

5.4 ADC Results 

This Section contains the results of the simulations performed with 
BREEZE AERMOD for each of the pollutants TSP, CO, PM10, SO2 and 
NO2 for all the different averaging periods for which the standards are 
defined. The results are presented in the form of:  
 
 Tables showing the maximum simulated ground level concentrations 

(GLC) in the assessment area (including the point of maximum 
concentration and the sensitive receptors). The respective comparison 
with the Air Quality Standards is made. The tables show in addition the 
percentage of the AQS which the maximum GLC represent.  
 

 Plot maps of the maximum simulated GLC as direct outputs from the 
model software.  

 
It is important to note that the results shown represent maximum GLC. 
The maximum GLC are expected in different times and locations for each 
scenario. This implies that there is not a direct correlation between the 
maximum GLCs simulated for the three scenarios.  
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5.4.1 CO - 1 hour AQS 

The WHO defined no AQS for CO. The comparison of the model results 
with the NAAQS (Indonesian standard) shows that this is respected 
throughout the entire assessment area (Table 5-1).  
 
Scenario B shows that, when considering only the future baseline conditions 
(future Kupang 1 and Timor 1 plants operating), the air quality standard for 
1 hr CO is respected; the same is valid for Scenario A (if Kupang 2 would 
be built separately). The results of Scenario C show that the cumulative 
impacts will not be significant in the area. 
 
The results also show that the maximum increment in the CO hourly mean 
derived from the operation of Kupang 2 is less than 25% of the NAAQS, 
which goes in line with the IFC recommendation. This means that a future 
sustainable development in the direct vicinity of the project is possible, 
when considering the CO 1 hr concentrations. 
 

Time 
period Areas 

CO maximum 
modeled GLC 

[μg/m³] 

Air Quality Standards 
[μg/m³] 

NAAQS 
WHO 

IT 1 IT 2 GL 

SCENARIO A - Only Kupang 2 

1 hour 

Point with 
max. conc. 

8.2 30,000 - - - 

% of the AQS 0.03% - - - 

R1 3.8 30,000 - - - 

R2 3.7 30,000 - - - 

R3 2.5 30,000 - - - 

R4 1.5 30,000 - - - 

R5 2.2 30,000 - - - 

R6 2.0 30,000 - - - 

R7 1.1 30,000 - - - 

R8 1.8 30,000 - - - 

SCENARIO B - Only Kupang 1 and Timor 1 

1 hour 

Point with 
max. conc. 35.5 30,000 - - - 

R1 16.2 30,000 - - - 

R2 16.9 30,000 - - - 

R3 8.4 30,000 - - - 

R4 9.1 30,000 - - - 

R5 13.0 30,000 - - - 

R6 9.7 30,000 - - - 

R7 6.8 30,000 - - - 
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Time 
period Areas 

CO maximum 
modeled GLC 

[μg/m³] 

Air Quality Standards 
[μg/m³] 

NAAQS 
WHO 

IT 1 IT 2 GL 

R8 10.3 30,000 - - - 

SCENARIO C - All plants 

1 hour 

Point with 
max. conc. 38.3 30,000 - - - 

R1 16.9 30,000 - - - 

R2 18.7 30,000 - - - 

R3 9.8 30,000 - - - 

R4 10.6 30,000 - - - 

R5 15.2 30,000 - - - 

R6 11.7 30,000 - - - 

R7 7.9 30,000 - - - 

R8 12.2 30,000 - - - 
 
 

Table 5-1: Maximum simulated 1 hr CO concentrations and comparison with 
the air quality standards 

The concentration plots (Figure 5-2) show that the absolute cumulative 
maximum of 38.3 μg/m³ is expected to be found within the power plant’s 
area.  

Standard is not exceeded Standard is exceeded 
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Figure 5-2: Maximum simulated 1 hr CO concentrations - cumulative effects - all plants (source of the satellite image: Google Earth TM) 
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  5-23  

5.4.2 CO - 24 hours AQS 

The WHO defined no AQS for CO. The results show that the national 24 hr 
AQS for CO is expected to be respected in the entire assessment area (Table 
5-2).  
 
Just like what was concluded for the 1 hr simulation, the results of Scenario 
C show that the cumulative impacts will not be significant in the area. They 
also show that the Kupang 2 Peaker will not contribute significantly for the 
cumulative 24 hr CO concentrations.  
 
Similarly to the results for the 1 hr concentrations, the maximum increment 
in the CO 24 hr mean derived from the operation of Kupang 2 represents 
less than 25% of the AQS, fulfilling therefore the IFC recommendation.  
 

Time 
period Areas 

CO maximum 
modeled GLC 

[μg/m³] 

Air Quality Standards 
[μg/m³] 

NAAQS 
WHO 

IT 1 IT 2 GL 

SCENARIO A - Only Kupang 2 

24 
hours 

Point with 
max. conc. 

2.2 10,000 - - - 

% of the AQS  0.02% - - - 

R1 0.9 10,000 - - - 

R2 0.7 10,000 - - - 

R3 0.6 10,000 - - - 

R4 0.3 10,000 - - - 

R5 0.2 10,000 - - - 

R6 0.1 10,000 - - - 

R7 0.1 10,000 - - - 

R8 0.2 10,000 - - - 

SCENARIO B - Only Kupang 1 and Timor 1 

24 
hours 

Point with 
max. conc. 6.7 10,000 - - - 

R1 4.3 10,000 - - - 

R2 5.0 10,000 - - - 

R3 2.1 10,000 - - - 

R4 1.1 10,000 - - - 

R5 1.1 10,000 - - - 

R6 0.7 10,000 - - - 

R7 0.8 10,000 - - - 

R8 0.9 10,000 - - - 
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Time 
period Areas 

CO maximum 
modeled GLC 

[μg/m³] 

Air Quality Standards 
[μg/m³] 

NAAQS 
WHO 

IT 1 IT 2 GL 

SCENARIO C - All plants 

24 
hours 

Point with 
max. conc. 7.6 10,000 - - - 

R1 4.3 10,000 - - - 

R2 5.5 10,000 - - - 

R3 2.7 10,000 - - - 

R4 1.4 10,000 - - - 

R5 1.3 10,000 - - - 

R6 0.9 10,000 - - - 

R7 0.9 10,000 - - - 

R8 1.1 10,000 - - - 

 
 
 

Table 5-2: Maximum simulated 24 hr CO concentrations and comparison with 
the air quality standards 

The maximum 24 hr concentration plots (Figure 5-3) show that the absolute 
cumulative maximum of 7.6 μg/m³ is found to the northwest of the power 
plant’s area.  
 
 
 
 
 
 

 

 

Standard is not exceeded Standard is exceeded 
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Figure 5-3: Maximum simulated 24 hr CO concentrations - cumulative effects - all plants (source of the satellite image: Google Earth TM) 
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5.4.3 SO2 - 1 hour AQS 

The WHO defined no 1 hour AQS for SO2. The results for the simulation of 
the maximum 1 hr SO2 concentrations (Table 5-3) show that the NAQQS is 
expected to be fulfilled throughout the entire assessment area.  
 
The results show additionally that there is a preponderant influence of the 
future Kupang 1 and Timor 1 for the cumulative effects (a comparison of 
the results of Scenarios B and C sustains this affirmation). 
 
The maximum 1 hr GLC as a result of Kupang 2’s operation represents less 
than 9% of the NAAQS, which goes in line with the IFC recommendation 
for future sustainable development in the area.  
 

Time 
period Areas 

SO2 maximum 
modeled GLC 

[μg/m³] 

Air Quality Standards 
[μg/m³] 

NAAQS 
WHO 

IT 1 IT 2 GL 

SCENARIO A - Only Kupang 2 

1 hour 

Point with 
max. conc. 

76.6 900 - - - 

% of the AQS 9% - - - 

R1 35.4 900 - - - 

R2 34.5 900 - - - 

R3 23.7 900 - - - 

R4 14.1 900 - - - 

R5 20.4 900 - - - 

R6 18.5 900 - - - 

R7 10.3 900 - - - 

R8 16.9 900 - - - 

SCENARIO B - Only Kupang 1 and Timor 1 

1 hour 

Point with 
max. conc. 312.0 900 - - - 

R1 141.7 900 - - - 

R2 149.2 900 - - - 

R3 74.4 900 - - - 

R4 79.8 900 - - - 

R5 114.2 900 - - - 

R6 85.3 900 - - - 

R7 59.7 900 - - - 

R8 91.0 900 - - - 
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Time 
period Areas 

SO2 maximum 
modeled GLC 

[μg/m³] 

Air Quality Standards 
[μg/m³] 

NAAQS 
WHO 

IT 1 IT 2 GL 

SCENARIO C - All plants 

1 hour 

Point with 
max. conc. 339.0 900 - - - 

R1 149.0 900 - - - 

R2 166.2 900 - - - 

R3 87.0 900 - - - 

R4 93.8 900 - - - 

R5 93.8 900 - - - 

R6 103.8 900 - - - 

R7 70.0 900 - - - 

R8 108.0 900 - - - 

 
 

Table 5-3: Maximum simulated 1 hr SO2 concentrations and comparison with 
the air quality standards 

It shall be noted that this ADC assumes that all plants will incorporate best 
available combustion and emission reduction technologies to comply with 
the national and international air emission limit values (see Sections 4.4 and 
4.5).  
 
The maximum 1 hr cumulative concentration plots of SO2 in the area 
(Figure 5-4) indicate that the absolute maximum of 339.0 μg/m³ is expected 
within the power plant site.  
 
 
 

Standard is not exceeded Standard is exceeded 
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Figure 5-4: Maximum simulated 1 hr SO2 concentrations - cumulative effects - all plants (source of the satellite image: Google Earth TM) 
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5.4.4 SO2 - 10 minutes AQS 

Table 5-4 shows the calculated 10 minutes averages of SO2. The calculation 
was made by multiplying the 1 hr averages with the factor shown in Table 
4-11 (1.65).  
 
There is no national AQS for 10 minutes averages. The results indicate that 
the WHO 10 minutes guideline is expected to be fulfilled in the whole area 
only in Scenario A (only Kupang 2).  The values at the receptors are, 
however, expected to comply with the WHO GL in all scenarios.   
 

Time 
period Areas 

SO2 maximum 
modeled GLC 

[μg/m³] 

Air Quality Standards [μg/m³] 

NAAQS 
WHO 

IT 1 IT 2 GL 

SCENARIO A - Only Kupang 2 

10 mins 

Point with 
max. conc. 

126.4 - - - 500 

% of the AQS - - - 25% 

R1 58.4 - - - 500 

R2 56.9 - - - 500 

R3 39.1 - - - 500 

R4 23.3 - - - 500 

R5 33.7 - - - 500 

R6 30.5 - - - 500 

R7 17.0 - - - 500 

R8 27.9 - - - 500 

SCENARIO B - Only Kupang 1 and Timor 1 

10 mins 

Point with 
max. conc. 514.8 - - - 500 

R1 233.8 - - - 500 

R2 246.2 - - - 500 

R3 122.8 - - - 500 

R4 131.7 - - - 500 

R5 188.4 - - - 500 

R6 140.7 - - - 500 

R7 98.5 - - - 500 

R8 150.2 - - - 500 

SCENARIO C - All plants 

10 mins 

Point with 
max. conc. 559.4 - - - 500 

R1 245.9 - - - 500 

R2 274.2 - - - 500 
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Time 
period Areas 

SO2 maximum 
modeled GLC 

[μg/m³] 

Air Quality Standards [μg/m³] 

NAAQS 
WHO 

IT 1 IT 2 GL 

R3 143.6 - - - 500 

R4 154.8 - - - 500 

R5 154.8 - - - 500 

R6 171.3 - - - 500 

R7 115.5 - - - 500 

R8 178.2 - - - 500 

 
 

Table 5-4: Maximum calculated 10 minutes SO2 concentrations and comparison 
with the air quality standards 

  

Standard is not exceeded Standard is exceeded 
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5.4.5 SO2 - 24 hours AQS  

The results for the maximum 24 hr SO2 concentrations show that, in 
Scenario A, the national and international AQS are foreseen to be complied 
with, with the exception of the WHO Guideline (GL) in the point of 
maximum concentration (within the power plants complex’ s limits). Still in 
Scenario A, even though the WHO IT 2 is respected, the absolute maximum 
GLC represents more than 25% of it. This goes against the IFC 
recommendation for a future sustainable development in the direct vicinity 
of the plant, and may hinder future developments in the area.  
 
When considering cumulative effects (Scenario C),  some exceedances are 
expected to the WHO Interim Target 2 (IT 2) and GL.  These standards are 
the strictest of all those considered and WHO recognizes the need to follow 
a staged approach in order to reach its more demanding standards.   
 
Still regarding Scenario C, the stringent WHO GL of 20 μg/m³ is expected 
to be exceeded at receptors R1 (village of Oisina), R2 (mangrove beach), 
and R3 (sea weed beach). Similarly to what was verified for the other SO2 
averaging periods, the influence of Kupang 2 for the cumulative effects in 
the area is much lower when compared to that of the two other planned 
plants.  
 
The NAAQS is expected to be respected in all scenarios throughout the 
entire assessment area. 

Time 
period Areas 

SO2 maximum 
simulated GLC 

[μg/m³] 

Air Quality Standards [μg/m³] 

NAAQS 
WHO 

IT 1 IT 2 GL 

SCENARIO A - Only Kupang 2 

24 
hours 

Point with 
max. conc. 

20.2 365 125 50 20 

% of the AQS 5.5% 16.2% 40.4% 101% 

R1 8.2 365 125 50 20 

R2 6.2 365 125 50 20 

R3 5.3 365 125 50 20 

R4 2.4 365 125 50 20 

R5 2.0 365 125 50 20 

R6 1.4 365 125 50 20 

R7 1.1 365 125 50 20 

R8 1.6 365 125 50 20 

SCENARIO B - Only Kupang 1 and Timor 1 

24 
hours 

Point with 
max. conc. 59.0 365 125 50 20 

R1 37.5 365 125 50 20 
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Time 
period Areas 

SO2 maximum 
simulated GLC 

[μg/m³] 

Air Quality Standards [μg/m³] 

NAAQS 
WHO 

IT 1 IT 2 GL 

R2 44.5 365 125 50 20 

R3 20.3 365 125 50 20 

R4 10.2 365 125 50 20 

R5 9.4 365 125 50 20 

R6 6.3 365 125 50 20 

R7 7.2 365 125 50 20 

R8 7.9 365 125 50 20 

SCENARIO C - All plants 

24 
hours 

Point with 
max. conc. 67.7 365 125 50 20 

R1 37.9 365 125 50 20 

R2 49.2 365 125 50 20 

R3 24.0 365 125 50 20 

R4 12.6 365 125 50 20 

R5 11.4 365 125 50 20 

R6 7.7 365 125 50 20 

R7 8.3 365 125 50 20 

R8 9.5 365 125 50 20 

 
 

Table 5-5: Maximum simulated 24 hours SO2 concentrations and comparison 
with the air quality standards 

The absolute maximum concentration of 67.7 μg/m³ is expected to be found 
to the northwest of the power plants complex, but still within it (

Standard is not exceeded Standard is exceeded 
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Figure 5-5). 
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Figure 5-5: Maximum simulated 24 hr SO2 concentrations - cumulative effects - all plants (source of the satellite image: Google Earth TM) 
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5.4.6 SO2 - Annual AQS 

There is no annual SO2 standard defined by the WHO. The simulation 
shows that the annual concentrations of SO2 are expected to be very low 
throughout the entire assessment area (Table 5-6).  
 

Time 
period Areas 

SO2 maximum 
modeled GLC 

[μg/m³] 

Air Quality Standards 
[μg/m³] 

NAAQS 
WHO 

IT 1 IT 2 GL 

SCENARIO A - Only Kupang 2 

1 year 

Point with 
max. conc. 

4.9 60 - - - 

% of the AQS 7.8% - - - 

R1 0.5 60 - - - 

R2 0.3 60 - - - 

R3 0.2 60 - - - 

R4 0.1 60 - - - 

R5 0.1 60 - - - 

R6 0.1 60 - - - 

R7 0.1 60 - - - 

R8 0.1 60 - - - 

SCENARIO B - Only Kupang 1 and Timor 1 

1 year 

Point with 
max. conc. 14.4 60 - - - 

R1 2.4 60 - - - 

R2 1.6 60 - - - 

R3 1.0 60 - - - 

R4 0.5 60 - - - 

R5 0.4 60 - - - 

R6 0.3 60 - - - 

R7 0.3 60 - - - 

R8 0.3 60 - - - 

SCENARIO C - All plants 

1 year 

Point with 
max. conc. 17.0 60 - - - 

R1 2.8 60 - - - 

R2 2.0 60 - - - 

R3 1.2 60 - - - 

R4 0.7 60 - - - 

R5 0.4 60 - - - 

R6 0.4 60 - - - 
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Time 
period Areas 

SO2 maximum 
modeled GLC 

[μg/m³] 

Air Quality Standards 
[μg/m³] 

NAAQS 
WHO 

IT 1 IT 2 GL 

R7 0.3 60 - - - 

R8 0.3 60 - - - 
 
 

Table 5-6: Maximum simulated annual SO2 concentrations and comparison with 
the air quality standards 

The concentration plots show that the maximum concentration is expected 
to be found to the northwest of the power plants complex, at the sea shore 
(Figure 5-6). 

Standard is not exceeded Standard is exceeded 
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Figure 5-6:  Maximum simulated annual SO2 concentrations - cumulative effects - all plants (source of the satellite image: Google Earth TM) 

 

R1 

R4 

R5 

R6 
R7 

R8 

R2 

R3 
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5.4.7 NO2 - 1 hour AQS 

Table 5-8 shows that the maximum modeled 1 hr NO2 GLCs are expected to 
be below the national and the international AQS throughout the entire 
assessment area for Scenario A. The cumulative effects (Scenario C) predict 
however that the WHO GL will be surpassed in the point of maximum 
concentration. When comparing Scenarios C and B, there is the indication 
that the other two power plants projected for the area will have a decisive 
influence on the cumulative effects.  
 
The effect of Kupang 2 is expected to represent more than 25% of the 
standards (i.e., 63.9% of the WHO GL and 31.9% of the NAAQS). This 
implies that a future development in the direct vicinity of the project may be 
hindered.  
 

Time 
period Areas 

NO2 maximum 
modeled GLC 

[μg/m³] 

Air Quality Standards [μg/m³] 

NAAQS 
WHO 

IT 1 IT 2 GL 

SCENARIO A - Only Kupang 2 

1 hour 

Point with 
max. conc. 

127.8 400 - - 200 

% of the AQS 31.9% - - 63.9% 

R1 59.1 400 - - 200 

R2 57.6 400 - - 200 

R3 39.4 400 - - 200 

R4 23.6 400 - - 200 

R5 34.1 400 - - 200 

R6 30.9 400 - - 200 

R7 17.2 400 - - 200 

R8 28.2 400 - - 200 

SCENARIO B - Only Kupang 1 and Timor 1 

1 hour 

Point with 
max. conc. 346.4 400 - - 200 

R1 148.0 400 - - 200 

R2 171.8 400 - - 200 

R3 82.7 400 - - 200 

R4 88.1 400 - - 200 

R5 126.2 400 - - 200 

R6 97.1 400 - - 200 

R7 65.9 400 - - 200 

R8 100.8 400 - - 200 
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Time 
period Areas 

NO2 maximum 
modeled GLC 

[μg/m³] 

Air Quality Standards [μg/m³] 

NAAQS 
WHO 

IT 1 IT 2 GL 

SCENARIO C - All plants 

1 hour 

Point with 
max. conc. 395.5 400 - - 200 

R1 168.2 400 - - 200 

R2 200.5 400 - - 200 

R3 109.7 400 - - 200 

R4 111.5 400 - - 200 

R5 160.3 400 - - 200 

R6 128.0 400 - - 200 

R7 83.1 400 - - 200 

R8 129.0 400 - - 200 

 
 

Table 5-7: Maximum simulated 1 hr NO2 concentrations and comparison with 
the air quality standards 

The maximum concentration plots show that the maximum cumulative GLC 
is expected to be found within the power plants complex area (Figure 5-7).

Standard is not exceeded Standard is exceeded 
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Figure 5-7: Maximum simulated 1 hr NO2 concentrations - cumulative effects - all plants (source of the satellite image: Google Earth TM) 

 
 

R1 

R4 

R5 

R6 
R7 

R8 

R2 

R3 
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5.4.8 NO2 - 24 hours AQS 

There is no WHO standard for 24 hr NO2 GLC. The results for the 
maximum 24 hr NO2 GLC show that the NAAQS is expected to be fulfilled 
in the area (Table 5-8). The cumulative impact is therefore for this pollutant 
not significant.  
 
The maximum GLC resulting from the operation of Kupang 2 represent less 
than 25% of the NAAQS, which allows respecting the IFC recommendation 
for a future sustainable development in the direct vicinity of the plant.  
 

Time 
period Areas 

NO2 maximum 
modeled GLC 

[μg/m³] 

Air Quality Standards 
[μg/m³] 

NAAQS 
WHO 

IT 1 IT 2 GL 

SCENARIO A - Only Kupang 2 

24 
hours 

Point with 
max. conc. 

33.7 150 - - - 

% of the AQS 22.5% - -  

R1 13.6 150 - - - 

R2 10.3 150 - - - 

R3 8.8 150 - - - 

R4 4.0 150 - - - 

R5 3.3 150 - - - 

R6 2.3 150 - - - 

R7 1.8 150 - - - 

R8 2.7 150 - - - 

SCENARIO B - Only Kupang 1 and Timor 1 

24 
hours 

Point with 
max. conc. 63.9 150 - - - 

R1 38.0 150 - - - 

R2 51.1 150 - - - 

R3 22.0 150 - - - 

R4 11.6 150 - - - 

R5 10.6 150 - - - 

R6 7.2 150 - - - 

R7 7.9 150 - - - 

R8 8.9 150 - - - 

SCENARIO C - All plants 

24 
hours 

Point with 
max. conc. 82.4 150 - - - 

R1 38.8 150 - - - 
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Time 
period Areas 

NO2 maximum 
modeled GLC 

[μg/m³] 

Air Quality Standards 
[μg/m³] 

NAAQS 
WHO 

IT 1 IT 2 GL 

R2 58.9 150 - - - 

R3 30.7 150 - - - 

R4 15.6 150 - - - 

R5 13.9 150 - - - 

R6 9.5 150 - - - 

R7 9.7 150 - - - 

R8 11.6 150 - - - 

 
 

Table 5-8: Maximum simulated 24 hours NO2 concentrations and comparison 
with the air quality standards 

Figure 5-8 shows the maximum GLC plots for the cumulative effects. The 
absolute maximum of 82.4 μg/m³ is expected to be found to the northwest of 
the power plants complex.

Standard is not exceeded Standard is exceeded 
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Figure 5-8: Maximum simulated 24 hr NO2 concentrations - cumulative effects - all plants (source of the satellite image: Google Earth TM) 
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5.4.9 NO2 - Annual AQS 

The predicted annual NO2 values in the project area are very low. The 
comparison with the applicable air quality standards (Table 5-9) reveals that 
none of them is expected to be exceeded.  
 
The maximum increment in the NO2 annual mean derived from Kupang 2’s 
operation represents less than 25% of the WHO and the national AQS.  
 

Time 
period Areas 

NO2 maximum 
modeled GLC 

[μg/m³] 

Air Quality Standards [μg/m³] 

NAAQS 
WHO 

IT 1 IT 2 GL 

SCENARIO A - Only Kupang 2 

1 year 

Point with 
max. conc. 

8.1 100 - - 40 

% of the AQS 8.1% - - 20.2% 

R1 0.8 100 - - 40 

R2 0.5 100 - - 40 

R3 0.3 100 - - 40 

R4 0.2 100 - - 40 

R5 0.1 100 - - 40 

R6 0.1 100 - - 40 

R7 0.1 100 - - 40 

R8 0.1 100 - - 40 

SCENARIO B - Only Kupang 1 and Timor 1 

1 year 

Point with 
max. conc. 16.3 100 - - 40 

R1 2.7 100 - - 40 

R2 1.9 100 - - 40 

R3 1.1 100 - - 40 

R4 0.6 100 - - 40 

R5 0.4 100 - - 40 

R6 0.4 100 - - 40 

R7 0.3 100 - - 40 

R8 0.3 100 - - 40 

SCENARIO C - All plants 

1 year 

Point with 
max. conc. 20.6 100 - - 40 

R1 3.5 100 - - 40 

R2 2.5 100 - - 40 

R3 1.4 100 - - 40 
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Time 
period Areas 

NO2 maximum 
modeled GLC 

[μg/m³] 

Air Quality Standards [μg/m³] 

NAAQS 
WHO 

IT 1 IT 2 GL 

R4 0.8 100 - - 40 

R5 0.5 100 - - 40 

R6 0.5 100 - - 40 

R7 0.4 100 - - 40 

R8 0.4 100 - - 40 

 
 

Table 5-9: Maximum simulated annual NO2 concentrations and comparison 
with the air quality standards 

Figure 5-9 shows the maximum GLC plots.  

Standard is not exceeded Standard is exceeded 
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Figure 5-9: Maximum simulated annual NO2 concentrations - cumulative effects - all plants (source of the satellite image: Google Earth TM) 
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5.4.10 PM10 - 24 hr AQS 

The results of the simulation of the maximum 24 hr PM10 concentrations 
indicate that the national and the WHO standards are expected to be in total 
compliance in the area (Table 5-10). The absolute maximum GLC resulting 
from the operation of Kupang 2 represent less than 25% of each of the 
standards, which fulfills the IFC recommendation for a future sustainable 
development in the area.  
 

Time 
period Areas 

PM10 
maximum 

simulated GLC 
[μg/m³] 

Air Quality Standards [μg/m³] 

NAAQS 
WHO 

IT 1 IT 2 IT 3 GL 

SCENARIO A - Only Kupang 2 

24 
hours 

Point with 
max. conc. 

3.6 150 150 100 75 50 

% of the AQS 2.4% 2.4% 3.6% 4.8% 7.2% 

R1 1.5 150 150 100 75 50 

R2 1.1 150 150 100 75 50 

R3 0.9 150 150 100 75 50 

R4 0.2 150 150 100 75 50 

R5 0.3 150 150 100 75 50 

R6 0.2 150 150 100 75 50 

R7 0.2 150 150 100 75 50 

R8 0.3 150 150 100 75 50 

SCENARIO B - Only Kupang 1 and Timor 1 

24 
hours 

Point with 
max. conc. 4.3 150 150 100 75 50 

R1 2.2 150 150 100 75 50 

R2 3.5 150 150 100 75 50 

R3 1.5 150 150 100 75 50 

R4 0.8 150 150 100 75 50 

R5 0.7 150 150 100 75 50 

R6 0.5 150 150 100 75 50 

R7 0.5 150 150 100 75 50 

R8 0.6 150 150 100 75 50 

SCENARIO C - All plants 

24 
hours 

Point with 
max. conc. 6.7 150 150 100 75 50 

R1 3.3 150 150 100 75 50 

R2 4.4 150 150 100 75 50 

R3 2.5 150 150 100 75 50 
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Time 
period Areas 

PM10 
maximum 

simulated GLC 
[μg/m³] 

Air Quality Standards [μg/m³] 

NAAQS 
WHO 

IT 1 IT 2 IT 3 GL 

R4 1.2 150 150 100 75 50 

R5 1.0 150 150 100 75 50 

R6 0.7 150 150 100 75 50 

R7 0.7 150 150 100 75 50 

R8 0.9 150 150 100 75 50 

 
 

Table 5-10: Maximum simulated 24 hr PM10 concentrations and comparison with 
the air quality standards 

It shall be noted that this ADC assumes that all plants will incorporate best 
available combustion and emission reduction technologies to comply with 
the national and international air emission limit values (see Sections 4.4 and 
4.5).  
 
The maximum cumulative concentration is expected to the northwest of the 
power plants complex area (Figure 5-10). 

Standard is not exceeded Standard is exceeded 
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Figure 5-10: Maximum simulated 24 hr PM10 concentrations - cumulative effects - all plants (source of the satellite image: Google Earth TM) 
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5.4.11 PM10 - Annual AQS 

The analysis of the results allows the conclusion that the expected annual 
mean values of PM10 are insignificant all over the assessment area (Table 
5-11 and Figure 5-11).   
 

Time 
period Areas 

PM10 
maximum 

simulated GLC 
[μg/m³] 

Air Quality Standards [μg/m³] 

NAAQS 
WHO 

IT 1 IT 2 IT 3 GL 

SCENARIO A - Only Kupang 2 

1 year 

Point with 
max. conc. 

0.9 - 70 50 30 20 

% of the AQS  1.3% 1.8% 3% 4.5% 

R1 0.09 - 70 50 30 20 

R2 0.06 - 70 50 30 20 

R3 0.03 - 70 50 30 20 

R4 0.02 - 70 50 30 20 

R5 0.01 - 70 50 30 20 

R6 0.01 - 70 50 30 20 

R7 0.01 - 70 50 30 20 

R8 0.01 - 70 50 30 20 

SCENARIO B - Only Kupang 1 and Timor 1 

1 year 

Point with 
max. conc. 1.1 - 70 50 30 20 

R1 0.2 - 70 50 30 20 

R2 0.1 - 70 50 30 20 

R3 0.07 - 70 50 30 20 

R4 0.04 - 70 50 30 20 

R5 0.03 - 70 50 30 20 

R6 0.02 - 70 50 30 20 

R7 0.02 - 70 50 30 20 

R8 0.02 - 70 50 30 20 

SCENARIO C - All plants 

1 year 

Point with 
max. conc. 1.8 - 70 50 30 20 

R1 0.3 - 70 50 30 20 

R2 0.2 - 70 50 30 20 

R3 0.1 - 70 50 30 20 

R4 0.06 - 70 50 30 20 

R5 0.04 - 70 50 30 20 

R6 0.04 - 70 50 30 20 



 

  5-51  

Time 
period Areas 

PM10 
maximum 

simulated GLC 
[μg/m³] 

Air Quality Standards [μg/m³] 

NAAQS 
WHO 

IT 1 IT 2 IT 3 GL 

R7 0.03 - 70 50 30 20 

R8 0.03 - 70 50 30 20 
 
 
 

Table 5-11: Maximum simulated annual PM10 concentrations and comparison 
with the air quality standards 

 
 

Standard is not exceeded Standard is exceeded 
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Figure 5-11: Maximum simulated annual PM10 concentrations - cumulative effects - all plants (source of the satellite image: Google Earth TM) 

 

 

R1 
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5.4.12 TSP - 24 hr AQS 

There is no international AQS for Total Suspended Particulates (TSP). The 
results of the simulation (Table 5-12) show that the 24 hr NAAQS is 
expected to be respected throughout the whole assessment area, just like 
what was concluded for PM10. 
 

Time 
period Areas 

TSP maximum 
simulated GLC 

[μg/m³] 

Air Quality Standards [μg/m³] 

NAAQS 
WHO 

IT 1 IT 2 IT 3 GL 

SCENARIO A - Only Kupang 2 

24 
hours 

Point with 
max. conc. 

4.1 230 - - - - 

% of the AQS 1.8% - - - - 

R1 1.6 230 - - - - 

R2 1.2 230 - - - - 

R3 1.0 230 - - - - 

R4 0.2 230 - - - - 

R5 0.3 230 - - - - 

R6 0.2 230 - - - - 

R7 0.2 230 - - - - 

R8 0.3 230 - - - - 

SCENARIO B - Only Kupang 1 and Timor 1 

24 
hours 

Point with 
max. conc. 4.7 230 - - - - 

R1 2.3 230 - - - - 

R2 3.9 230 - - - - 

R3 1.7 230 - - - - 

R4 0.9 230 - - - - 

R5 0.8 230 - - - - 

R6 0.6 230 - - - - 

R7 0.6 230 - - - - 

R8 0.7 230 - - - - 

SCENARIO C - All plants 

24 
hours 

Point with 
max. conc. 7.2 230 - - - - 

R1 3.6 230 - - - - 

R2 4.8 230 - - - - 

R3 2.8 230 - - - - 

R4 1.3 230 - - - - 

R5 1.1 230 - - - - 
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Time 
period Areas 

TSP maximum 
simulated GLC 

[μg/m³] 

Air Quality Standards [μg/m³] 

NAAQS 
WHO 

IT 1 IT 2 IT 3 GL 

R6 0.8 230 - - - - 

R7 0.8 230 - - - - 

R8 1.0 230 - - - - 

 
 

Table 5-12: Maximum simulated 24 hr TSP concentrations and comparison with 
the air quality standards 

Figure 5-12 show the maximum simulated GLC plots for the cumulative 
effects. 

Standard is not exceeded Standard is exceeded 
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Figure 5-12: Maximum simulated 24 hr TSP concentrations - cumulative effects - all plants (source of the satellite image: Google Earth TM) 
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5.4.13 TSP - Annual AQS 

Just like what was concluded for PM10, the annual TSP averages in the 
project area are expected to be insignificant (Table 5-13 and Figure 5-13).   
 

Time 
period Areas 

TSP maximum 
simulated GLC 

[μg/m³] 

Air Quality Standards [μg/m³] 

NAAQS 
WHO 

IT 1 IT 2 IT 3 GL 

SCENARIO A - Only Kupang 2 

1 year 

Point with 
max. conc. 

1.0 90 - - - - 

% of the AQS 1.1% - - - - 

R1 0.1 90 - - - - 

R2 0.1 90 - - - - 

R3 0.0 90 - - - - 

R4 0.0 90 - - - - 

R5 0.0 90 - - - - 

R6 0.0 90 - - - - 

R7 0.0 90 - - - - 

R8 0.0 90 - - - - 

SCENARIO B - Only Kupang 1 and Timor 1 

1 year 

Point with 
max. conc. 1.2 90 - - - - 

R1 0.2 90 - - - - 

R2 0.1 90 - - - - 

R3 0.1 90 - - - - 

R4 0.0 90 - - - - 

R5 0.0 90 - - - - 

R6 0.0 90 - - - - 

R7 0.0 90 - - - - 

R8 0.0 90 - - - - 

SCENARIO C - All plants 

1 year 

Point with 
max. conc. 2.0 90 - - - - 

R1 0.3 90 - - - - 

R2 0.2 90 - - - - 

R3 0.1 90 - - - - 

R4 0.1 90 - - - - 

R5 0.0 90 - - - - 

R6 0.0 90 - - - - 
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Time 
period Areas 

TSP maximum 
simulated GLC 

[μg/m³] 

Air Quality Standards [μg/m³] 

NAAQS 
WHO 

IT 1 IT 2 IT 3 GL 

R7 0.0 90 - - - - 

R8 0.0 90 - - - - 

 
 

Table 5-13: Maximum simulated annual TSP concentrations and comparison 
with the air quality standards 

 
 

Standard is not exceeded Standard is exceeded 
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Figure 5-13: Maximum simulated annual TSP concentrations - cumulative effects - all plants (source of the satellite image: Google Earth TM)
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6. Summary of the study and results  
In order to assess the impact on air quality derived from the activity of the 
future Kupang 2 Peaker Power Plant, an Air Dispersion Calculation was 
performed using the internationally recognized modeling software BREEZE 
AERMOD. The expected ambient air concentrations of CO, NO2, SO2, TSP, 
and PM10 were modeled. The comparison with national and international air 
quality guidelines/standards allowed understanding the contribution of the 
power plant for the degradation of the airshed in the area where it will be 
installed.  
 
The air quality standards considered in this study are the ones defined by the 
Government of Indonesia (NAAQS, established by the 1999 Government 
Decree No. 41); the air quality guidelines are those defined by the WHO 
(World Health Organization). It has in addition been assessed whether the 
emissions from the project contribute with more than 25% of the applicable 
ambient air quality standards (with the view to determine if the Power Plant 
project would allow additional, future sustainable development in the same 
airshed, as recommended by IFC). 
 
The project area is presently a green field where a Power Plants Complex is 
planned which will include: 
 
 Timor 1 Coal Fired Steam Power Plant - 100 MW 
 Kupang 1 Gas Fired Power Plant - 40 MW 
 Kupang 2 Gas Fired Power Plant - 50 MW (the Project) 
 
For the simulation, it has been considered that all plants will incorporate 
best available technologies for combustion and air emission reduction 
equipment. Only this way can the national and international air emission 
limit values be complied with.  
 
In the lack of further information, a stack height of 55 meters has been 
assumed for Kupang 1 and 2, and a stack height of 80 meters for Timor 1.  
 
Worst case scenarios have been simulated where the Kupang 2 Peaker 
would run on a continuous basis with HSD. The same was assumed for the 
neighboring plant Kupang Peaker 1. Timor 1 is planned to run continuously 
with coal, and this was also incorporated into the ADC. 
 
Some sensitive receptors were identified in the area, up to 10 km away from 
the future power plants complex, including beaches and villages.  
 
The following sub-chapters summarize the results of the study for each 
pollutant.   
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6.1 CO 

The concentration of CO in the flue gas of all power plants can be made 
compliant with the applicable ELVs just by using available technology. This 
means that no air pollution reduction equipment needs to be installed to 
control the emissions of this pollutant in none of the plants.   
 
The simulation of the GLCs confirms the above, as these are expected to be 
very low in all scenarios. All international and national air quality standards 
are foreseen to be fulfilled in the area.  
 
Both the maximum 1 hr and 24 hr GLCs derived from the operation of 
Kupang 2 represent less than 25% of all applicable air quality standards.  

6.2 SO2 

Using as a basis the amount of sulfur in the HSD (1.2%), combustion 
calculations were undertaken for the three plants to determine the 
concentration of SO2 in the flue gas. The results showed that it is not 
possible to fulfill the national emission limit values for SO2 only with 
available engine technology. Given this, this ADC assumed the installation 
of air emission reduction equipment to achieve the compliance with the 
national ELVs.  
 
The results for the simulation of the maximum GLC of SO2 show that all 
NAAQS (1 hour, 24 hour and annual) are expected to be fulfilled 
throughout the entire assessment area for all scenarios. Regarding the 
international standards, these are expected to be completely fulfilled only 
for Scenario A, i.e., when considering the sole operation of Kupang 2.  
 
The ADC shows that there is a preponderant influence of the future Kupang 
1 and Timor 1 for the cumulative effects (Scenario C).  
 
The maximum SO2 GLCs are found within the power plants site or at the 
nearby northwestern coast. For the sensitive receptors, only impacts 
regarding the stringent 24 hours WHO GL of 20 μg/m³ are expected to be 
felt at receptors R1 (village of Oisina), R2 (mangrove beach), and R3 (sea 
weed beach). 

6.3 NO2 

Like what was concluded for SO2, it is not possible to fulfill the national 
emission limit values for NO2 only with available engine technology. The 
installation of air emission reduction equipment to achieve the compliance 
with the national ELVs has been assumed for the ADC.  
 
The ADC shows that the maximum modeled NO2 GLCs are expected to 
comply with the NAAQS throughout the entire assessment area for all 
scenarios.  
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In regards to the international standards, the cumulative effects of the three 
power plants will not allow fulfilling the WHO 1hr GL within the power 
plant’s limits. Timor 1 and Kupang 1 will have a decisive influence on the 
cumulative effects. The WHO annual GL is expected to be complied with.  

6.4 PM10 and TSP 

The emissions of PM10 and TSP shall be controlled for all plants with air 
emissions reduction equipment. Just like in the case of the other pollutants, 
this will be necessary in order to comply with the national ELVs.  
 
The 24 hr and annual maximum concentrations of PM10 and TSP are 
expected to be kept well below all applicable AQS in the entire assessment 
area for all scenarios.  
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7. Conclusion 
The ADC assumed worse case scenarios, where both Kupang 1 and Kupang 
2 Peaker Plants would run continuously with HSD only.  
 
The results show that, if the Kupang 2 PP is designed under regard for the 
national emission limit values (which are more stringent than the IFC 
emission guidelines), the national Air Quality Standards for TSP, PM10, 
SO2, NO2 and CO are expected to be respected when considering the sole 
operation of this plant. 
 
When considering the cumulative effects of the three power plants, the 
national AQS will equally be respected if also Timor 1 and Kupang 1 are 
built under consideration of the national ELVs.   
 
With the power plants’ configuration and emissions assumed in this ADC, a 
full compliance with the WHO air quality guidelines and interim targets 
cannot be achieved.  
 
As a final note, it shall be mentioned that no planning data exists for 
Kupang 2 and therefore this ADC has been undertaken based on some 
assumptions, data from available technology and reasonable engineering 
estimations. 
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1 Introduction 
PT.PLN (Persero) intends to develop "Kupang 2 Peaker" power plant (Kupang 2) that 
will be located in a power plants complex in the West Kupang District, on Kupang 
Island in Eastern Indonesia. Kupang 2 will be a gas engine power plant of 
approximately 50 MW nominal output that will be operated in peaking mode, i. e. it 
will supply electric power to the local grid, primarily during times of high demand. 

Fichtner GmbH & Co. KG (Fichtner) is the owner's engineer for the project. In the 
context of the environmental study for the project the acoustic impact of Kupang 2 
and the two neighbouring plants in their state as currently planned is to be assessed. 
For this purpose, the present noise study has been prepared. It is based on the 
estimated sound emissions of the acoustically relevant components of all three power 
plants and determines the acoustic effect on the surrounding areas for the three 
plants separately and for all of them combined. A digital 3D acoustic model for sound 
propagation calculations is established and used to predict and simulate the sound 
field around the three power plants, i.e. the sound pressure levels in their 
surroundings, with the plants in their current state of planning. 

The resulting sound fields can then be verified by Fichtner for compliance with any 
acoustical requirements targeted for. In a subsequent step, if necessary, a noise 
control concept that ensures that these targets are met can be determined based on 
the results of the present study. 
 

2 References 
[1] Fichtner GmbH & Co. KG: WG: Angaben Schallquellen Kupang – Zur 

Abstimmung mit Fa. Müller-BBM. E-mail from Mr. Miller to Mr. Hantschk with a 
list of the main sound sources to be taken into account. 2017-03-30.  

[2] Telephone conference of 2017-03-30. Participants: Mr. Miller, Mrs. Sousa, Mr. 
Wiemann (Fichtner GmbH & Co. KG), Mr. Geisler, Mr. Hantschk, Mr. Kaufmann 
(Müller-BBM GmbH).  

[3] PT. PLN (PERSERO) KANTOR PUSAT: PLTMG KUPANG PEAKER (40 MW). 
GENERAL PLANT LAYOUT. Drawing No. 11001-00-G-55-MM-001-01-0. 
Rev. 0. 2015-01-29. 

[4] PT. PLN (PERSERO) KANTOR PUSAT: PLTMG KUPANG PEAKER (40 MW). 
GENERAL PLANT LAYOUT. Drawing No. 11001-00-G-55-MM-002-01-0. 
Rev. 0. 2015-01-29. 

[5] Fichtner GmbH & Co. KG: 2017-02-23_KupangDetail_Satellitenkarte.jpg. 
Satellite image, small section with layout overlay. Download: 2017-03-30. 

[6] Fichtner GmbH & Co. KG: 2017-02-23_KupangOverview.jpg. Satellite image, 
large section. Download: 2017-03-30.  

[7] Fichtner GmbH & Co. KG: short project description.docx. Download: 
2017-03-30.  

[8] Fichtner GmbH & Co. KG: AW: Kraftwerke Kaltim und Kupang. E-mail from 
Mr. Miller to Mr. Hantschk. 2017-03-30. 
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[9] Minister of Environment Regulation No. KEP. 48/MENLH/11/1996, Noise Quality 
Standards. 1996-11-25. 

[10] Fichtner GmbH & Co. KG: Attachment “Bidding document – Noise.pdf” to e-mail 
from Mr. Miller to Mr. Hantschk. WG: Schallquellen Ext. Anlage Tanjung Batu. 
2017-04-05. 

[11] Fichtner GmbH & Co. KG: AW: Angaben Schallquellen Kupang – Zur 
Abstimmung mit Fa. Müller-BBM. Attachment “Kupang – immission points.jpg” 
to e-Mail from Mr. Miller to Mr. Hantschk. 2017-04-04.  

[12] ISO 9613-2: Acoustics – Attenuation of sound during propagation outdoors – 
Part 2: General method of calculation. 1996. 

[13] Sechste Allgemeine Verwaltungsvorschrift zum Bundes-Immissionsschutz-
gesetz (Technische Anleitung zum Schutz gegen Lärm – TA Lärm) vom 
26. August 1998, GMBl 1998, Nr. 26, S. 503. 

[14] Cadna/A, version 4.6.155 (32 Bit), Datakustik GmbH. 
 

3 Site description 
"Kupang 2 Peaker" power plant will be located in a power plants complex near Lifuleo 
Village, Penaf, West Kupang District, Kupang Regency, Nusa Tenggara Timur 
Province on Kupang Island in Eastern Indonesia. The approximate site co-ordinates 
are 8855320.00 m S, 550427.00 m E in zone 51L (WGS 84). 

The plant will be a gas engine power plant of approximately 50 MW nominal output 
that will be operated in peaking mode, i. e. it will be supplying electric power to the 
local grid, primarily during times of high demand. Kupang 2 will comprise a total of six 
identical gas engines in two groups of three engines, each group sharing a common 
stack. The gas engines will have dual fuel firing capability with the primary fuel being 
Liquefied Natural Gas (LNG) and high-speed diesel (HSD) being used as a back-up 
fuel in case of reduced or interrupted natural gas supply. The engines and generators 
will be installed in a common building, most other plant equipment will effectively be 
installed in the open. 

Kupang 2 power plant will have two other power plants as immediate neigbours – 
power plants "Kupang 1" and "Timor 1". Timor 1 is planned as a steam turbine plant 
with a power output of 100 MW and will comprise two coal-fired boilers. Kupang 1 
and 2 are very similar – more or less Kupang 2 will be a copy of the 40 MW station 
Kupang 1 with its power output slightly increased to 50 MW by installation of six dual 
fuel gas engines (as opposed to five in Kupang 1). 

Non-industrial neighbours of Kupang 2 are the village of Oisina, located to the north-
east in the direct vicinity of the project site. Other nearby villages are Tablolong, 
Tapa, and Tenau. 

Figure A 1 on page 2 in Appendix A shows a satellite view of the area around the 
power plant complex with an overlay showing the planned locations of plants Timor 1, 
Kupang 1 and Kupang 2 and a layout with some of the equipment to be installed. 
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4 Nomenclature and reference levels 
In this document, the following nomenclature is used for sound levels: 

- A-weighted levels are marked by the index letter "A" (as in LA or LWA, for 
example) and the units [dB(A)]. 

- Levels given without the index letter "A" (as L or LW, for example) are linear 
(unweighted) levels and are marked by the units [dB]. 

Sound pressure levels in this study are relative to the reference factor 2 ⋅ 10-5 Pa; 
sound power levels are relative to the reference factor 1 ⋅ 10-12 W. 

Unlike its use in English language, the comma is used as the decimal separator in 
this report. 
 

5 Acoustic requirements and Noise Sensitive Receptors (NSRs) 
At present, specific acoustic requirements that Kupang 2 power plant has to comply 
with have not yet been finally defined by the authorities. As a guideline, it can be 
assumed that the limits defined in [9] and [10] will be applicable: 

1. Far-field limits (Noise Sensitive Receptors (NSRs)): 
The A-weighted sound pressure level at specific locations must not exceed the 
corresponding limit values as specified below. The given values are valid for 
both day time and night time. 

Location Limit 

Settlements and housing areas 55 dB(A) 

Industrial Areas 70 dB(A) 
 

2. Property limits / plant boundary (power plant fence): 
The A-weighted sound pressure level at the property limits / plant boundary 
must not exceed the corresponding limit values for day time and night time as 
specified below:  

Time Limit 

Day 70 dB(A) 

Night 60 dB(A) 
 

3. Near-field limits: 
The A-weighted sound pressure level at one meter distance from the surfaces of 
individual equipment or equipment packages including valves must not exceed 
85 dB(A). This requirement must be complied with at any point. 
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For industrial activities comparable to the operation of the three power plants Timor 1 
and Kupang 1 and 2 it is often the far-field limit which is the most stringent 
requirement for the plant as a whole. However, based on the information available at 
present, it is difficult to classify structures in the neighbourhood of the plants as 
settlements or housing areas as opposed to other usages (agriculture, workshops, 
industry etc.). Accordingly, the relevant Noise Sensitive Receptors (NSRs) in the 
neighbourhood of the three plants have not yet been defined. 

Therefore, the objective of the present study is to determine the expected iso-contour 
for 55 dB(A) and 70 dB(A) in the sound field predicted around Kupang 2 and the two 
neighbouring plants in their state as currently planned. Based on this result, as a first 
step the definition of the structures that qualify as relevant NSRs can be restricted to 
areas where the respective noise limit is exceeded. In a subsequent step, a noise 
control concept that ensures that all valid acoustic requirements are complied with 
can be determined, if necessary. 

As an indication, the sound pressure level of the noise received from the power 
plants complex in a particular operating scenario (see next section) has been 
calculated at the following specific points-of-interest (POIs) where satellite views 
show structures that may qualify as NSRs: 

- POI 1:  "Settlement" 

- POI 2:  "Mangrove beach" 

- POI 3:  "Sea weed beach" 

Figure A 2 on page 3 in Appendix A shows a satellite view of the area around the 
power plant complex and the POIs. 
 

6 Operating scenarios 
For the assessment of the acoustic impact of the three power plants as described 
above, the following operating scenarios will be simulated in this study: 

- Scenario (1) – Timor 1 power plant in operation 
(Kupang 1 and 2 off) 

- Scenario (2) – Kupang 1 power plant in operation 
(Timor 1 and Kupang 2 off) 

- Scenario (3) – Kupang 2 power plant in operation 
(Timor 1 and Kupang 1 off) 

- Scenario (4) – Timor 1, Kupang 1 and Kupang 2 power plant in operation 

For all scenarios simulations will be performed for the active power plant(s) in normal, 
failure-free operation. Special operating conditions such as start-up, shutdown, 
emergencies or by-pass operation are not taken into account in this study. 
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7 Sound sources and sound transmission paths 
7.1 General remarks 

The term "sound source" is used in this study mostly for items that directly generate 
and radiate sound. "Sound transmission paths" are items that do not generate sound 
directly by themselves, but are transmitting sound generated by other sources. 
Examples are the facades of buildings which, ultimately, radiate part of the sound 
generated by the equipment inside. 

Information on the layout and design of the three power plants, on the equipment to 
be installed and on the technical data of this equipment is very limited in the current 
stage. In the modeling process various assumptions had to be made as to the 
components of the power plants that will be installed, their location, elevation, 
properties and operating conditions and their relevance in terms of acoustic impact. 

Layout of the power plants and dimensions and geometry of the equipment planned 
to be installed have been assumed based on the information given in [1], [2], [3], [4] 
and [7]. 

For the components taken into account the A-weighted sound power levels, which 
determine the sound emission of the relevant sound sources and sound transmission 
paths, have been estimated (sometimes roughly) based on [1], [2], [7] and the 
general design data of the respective components (as far as available) as well as 
measurement results obtained from noise tests on similar components and our 
experience in similar projects. 

Note that modifications of the layout or geometry that do not lead to significant 
changes in the volume, the surface or the locations of equipment usually do not have 
a significant influence on the noise emissions of the equipment and the sound field 
around them. 
 

7.2 Input data and assumptions 

7.2.1 Timor 1 power plant 

For Timor 1 power plant the following individual sound sources and sound 
transmission paths have been considered in the sound emission and propagation 
calculations: 

1. Ship unloading units 

2. Coal belts 

3. Transfer towers 

4. Coal unloader to yard 

5. "System 1" (unspecified sub-unit) 

6. "System 2" (unspecified sub-unit) 

7. Cooling water intake pumps 

8. Coal milling building 

9. Coal milling building – ventilation openings 
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10. Boiler areas 

11. Electrostatic percipitators (ESP) 

12. Flue gas ducting – boiler to ESP 

13. Flue gas ducting – ESP to booster fans to stack 

14. Booster fans (forced draft units) 

15. Stack outlet opening 

16. Steam turbine building 

17. Steam turbine building – ventilation openings 

18. Main Transformers 

For these items the following specific notes apply: 

- Equipment inside the coal milling building (item 8) with sound emissions taken 
into account are the coal mills. 

- Equipment belonging to the boiler areas (item 10) with sound emissions taken 
into account are the primary combustion air fan, the boiler casing, the crude and 
diesel pumps and the feedwater pumps. 

- Equipment inside the steam turbine building (item 16) with sound emissions 
taken into account are the steam turbines and associated generators. 

 

7.2.2 Kupang 1 power plant 

For Kupang 1 power plant the following individual sound sources and sound 
transmission paths have been considered in the sound emission and propagation 
calculations: 

1. Water treatment plant 

2. Pump station 

3. Waste water treatment plant 

4. Air compressors 

5. Auxiliary cooling water intake pumps (sea water pumps) 

6. Fuel gas receiving station 

7. Fuel oil unloading pump 

8. Fuel oil transfer pump 

9. Generator transformers 

10. Town feeder transformer 

11. Substation control building – HVACs 

12. Central control room – HVACs 

13. Gas engine building 

14. Gas engine building – ventilation openings 
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15. Combustion air intakes 

16. Gas engine exhaust ducts outside 

17. Gas engine stack outlet openings 

18. Radiator coolers 

For these items the following specific notes apply: 

- Equipment inside the gas engine building (item 13) with sound emissions taken 
into account are the gas engines and the associated internal sections of the 
exhaust ducts. 

 

7.2.3 Kupang 2 power plant 

For Kupang 2 power plant the following individual sound sources and sound 
transmission paths have been considered in the sound emission and propagation 
calculations: 

1. Water treatment plant 

2. Pump station 

3. Waste water treatment plant 

4. Air compressors 

5. Auxiliary cooling water intake pumps (sea water pumps) 

6. Fuel gas receiving station 

7. Fuel oil unloading pump 

8. Fuel oil transfer pump 

9. Generator transformers 

10. Town feeder transformer 

11. Substation control building – HVACs 

12. Central control room – HVACs 

13. Gas engine building 

14. Gas engine building – ventilation openings 

15. Combustion air intakes 

16. Gas engine exhaust ducts outside 

17. Gas engine stack outlet openings 

18. Radiator coolers 

For these items the same specific notes as for Kupang 1 above apply. 
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8 3D acoustic calculation model – general remarks and calculation 
procedure 

8.1 Characteristics of acoustic sound emission 

A characteristic feature of a sound source is the spectrum of its sound power 
level LW. The sound power level in dB indicates the sound power W emitted by a 
sound source on a logarithmic scale, related to Wo = 10-12 Watt: 

LW = 10 log (W/Wo) dB. 

In practice, a frequency weighting of the levels is usually carried out according to the 
standardised A-weighting curve, so that the spectral sensitivity of the human ear is 
taken into account. This is marked by the letter A in the index:  

LWA in dB(A). 

LWA is called A-weighted sound power level. Its spectrum is given in octave bandwidth 
in this report. 
 

8.2 Characteristics of noise at points-of-interest (POI) 

Points-of-interest (POI) in the context here can be the POIs defined in section 5, but, 
in principle, also any other point in or around the power plants for which the sound 
pressure level received from the plants is to be calculated. For example, such POIs 
can be work places within the plant, points at the facility boundary or locations in the 
facilities’ surroundings. 

The noise at arbitrary POIs is described by the sound pressure level (or simply: 
sound level) L in dB, which indicates the sound pressure p caused by a sound source 
on a logarithmic scale, normalised by the reference pressure po = 2 ⋅ 10-5 N/m2: 

L = 20 log (p/po) dB. 

When using the A-weighting curve:  

LA in dB(A). 

LA is called A-weighted sound pressure level or A-weighted sound level. 
 

8.3 Sound propagation effects – meteorology 

The sound propagation conditions, which determine the A-weighted sound pressure 
levels caused by a sound source at a specific POI, can vary significantly depending 
on the meteorological situation – in particular, wind direction and velocity as well as 
the stability of the atmosphere have a pronounced impact. As a result, the sound 
pressure levels received at POIs at greater distances can differ accordingly. Usually, 
the highest A-weighted sound levels are measured if the wind blows towards the 
measuring position from the direction of the sound source. 
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This situation with moderate wind speeds also leads to the highest reproducibility of 
measurements, i.e. the smallest variance of the measured sound pressure levels at 
the POIs. Thus, the average downwind A-weighted sound pressure level LA(DW) 
(average downwind level according to [13]) can be determined by only a few 
measurements and is the suitable measuring quantity for determining the sound 
pressure levels caused by the plant at a POI. Such a situation is given when the wind 
direction deviates by at most 45° from the connecting line between sound source and 
measuring position. 

The A-weighted sound pressure level LA(LT), which is energetically averaged over a 
longer period, i.e. over all occurring wind directions (long-term average level accord-
ing to [13]), is smaller than the average downwind level LA(DW): 

LA(LT)  =  LA(DW) – Cmet. 

The meteorological correction Cmet, which can be calculated according to [13], de-
pends on the distance d between sound source and measuring position, on the 
height of the sound source and the receiver as well as on the local weather statistics 
for wind velocity and direction. The latter effects are accounted for by the factor Co 
(see [12]). If local weather statistics are available, they can be used as a basis for the 
calculation of the values of Co. If no weather statistics are at hand, the calculation is 
usually made with a constant value of Co = 2, which is independent of direction. 

According to TA Lärm [13] the long-term average level should be used for an acoustic 
assessment. However, as a conservative approach, the downwind level LA(DW) has 
been used in the calculations performed here, i.e. the meteorological correction Cmet 
has been set to zero. 
 

8.4 Calculation of the noise at the POIs 

If the acoustic emission of a sound source or part of a plant is known, the noise 
caused at a distance d can be calculated. The calculation method used by the acous-
tic model in this report is described in ISO 9613-2 [12]. Calculation was performed 
frequency-dependent in octave bandwidth. From the octave band spectrum LW of a 
sound power level of a sound source, the expected average sound pressure level in 
downwind direction Lf(DW) at a distance d of the sound source and at the octave 
band frequency f was calculated according to the following equation: 

Lf (DW) = LW + Dc - Adiv -  Aatm - Agr - Abar - Amisc 

with 

Dc directivity correction, 

Adiv attenuation due to geometrical divergence, 

Aatm attenuation due to atmospheric absorption 
(at 20 °C and 70 % relative humidity), 

Agr attenuation due to the ground effect, 

Abar attenuation due to a barrier, 

Amisc attenuation due to miscellaneous other effects. 
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Regarding the attenuation Agr due to the ground effect, [12] offers two methods:  

- General method: frequency-dependent calculation, taking into consideration the 
acoustic properties of the ground area in the vicinity of the sound source, in the 
vicinity of the POI and in between. This method can be applied for all types of 
noise and for nearly even ground. 

- Alternative method: calculation not depending on the frequency. This method 
can be applied for any type of ground if only the A-weighted sound pressure 
level at the reception point is of interest, if the sound propagation is mainly via 
porous ground, and if the sound is no pure tone. 

No attenuation due to ground effect has been considered in the calculations 
performed here, i.e. Agr has been set to zero. For the given situation and ground 
properties, this is a conservative approach. 
 

9 3D acoustic calculation model – model set-up 
9.1 General remarks 

In the following sections the most important model features are described in general 
terms and special aspects are pointed out. 

Calculation of the sound pressure levels at the POIs is made by computational sound 
propagation calculation for industrial noise emissions according to the procedure 
"Detaillierte Prognose" ("Detailed prognosis") in [13]. 

The sound propagation calculation program used [14] approximates curved elements 
by polygons and automatically splits up line and area sources into sub-units with 
dimensions that are small relative to the distances to the POIs so that they can be 
treated as point sources. 

In the sound propagation calculations, excess attenuation caused by 

- distance, 

- sound absorption in air, and 

- barrier effects (including diffraction around vertical edges) 

is taken into account. 

As a conservative approach, attenuation due to meteorology and ground effect is 
assumed to be zero in the model. 

Up to three reflections at the obstacles present in the model are considered. 
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9.2 Co-ordinates, topography and geometry 

An orthogonal co-ordinate system is used. The co-ordinate axes are shown in the 
frames of the sound pressure level contour plots on pages 2 to 9 in Appendix B. The 
locations of all items that are relevant from an acoustics point-of-view are entered for 
the calculations in x-, y- and h-co-ordinates. 

In particular, in the calculations performed these items are: 

- point, line and area sound sources, 

- obstacles and noise barriers, 

- contour lines of the topography, 

- POIs. 

Dimensions, geometry, location and arrangement of the three power plants and the 
associated equipment were assumed approximately as given in [1], [2], [3], [4] and 
[5]. The height of the POIs used in the calculations (i.e. the height of the horizontal 
sound field contour plots from section 10.2.2) is 1,5 m above the ground. 

For obstacles and barriers, the edges where sound diffraction may take place as well 
as the vertical surfaces where sound waves are reflected are taken into account. A 
reflection loss of 1 dB is assumed, which is a conservative assumption for most tech-
nical surfaces. 

The topography is taken from digital terrain model data. 
 

9.3 Sound sources 

All sound sources active (i.e. "on" or emitting noise) in the simulation for a particular 
operating scenario according to section 6 are specified in Table 1. 

Table 1.  Sound sources active (i.e. "on" or emitting noise) in the simulations for operating 
scenarios (1) to (4) according to section 6.  

Sound source *1 Active / inactive ("–") in 
Scenario (1) Scenario (2) Scenario (3) Scenario (4) 

Timor 1 power plant active - - active 

Kupang 1 power plant - active - active 

Kupang 2 power plant - - active active 

*1 for the individual sound sources and sound transmission paths taken into account for each 
power plant see sections 7.2.1 to 7.2.3. 
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Some groups of individual sound sources and sound transmission paths (see 
sections 7.2.1 to 7.2.3), for which no detailed information on the individual 
components is available, have been merged together into common area sound 
sources with corresponding overall sound emissions in the model. For such common 
sources the computed results do not resolve the sound field locally for the influence 
of the individual components of the source. 

The sound emitted from stack openings has a significant directivity, i.e. it is not 
radiated uniformly in all directions. Since the directivity of these sources cannot be 
properly predicted without detailed knowledge about the equipment design and 
process parameters, it has only approximately been accounted for in the 
computations presented in this report. 
 

10 Model calculations and results 
10.1 Operating scenarios 

Calculations have been performed for the operating scenarios (1) to (4) specified in 
section 6. 
 

10.2 Results 

10.2.1 Noise at the POIs 

The calculated A-weighted downwind sound pressure level spectra LA(DW) (see 
section 8.3) of the noise received at the POIs are listed in Tables 2 to 5 for the four 
operating scenarios. Note that LA(DW) with all excess attenuation due to meteorology 
and ground effect set to zero (see section 8.3) is the "worst case" calculation result, 
i.e. the results calculated with these effects taken into account are equal or lower 
than LA(DW). 

Table 2.  Calculated A-weighted downwind sound pressure level spectra LA(DW) at the POIs 
for operational scenario (1) (Timor 1 power plant in operation, Kupang 1 and 2 off). 

  A-weighted sound pressure level LA(DW) 
  [dB(A)] 
POI  31,5 63 125 250 500 1k 2k 4k 8k Total 

Scenario (1)           
POI 1 
Settlement 

 31,8 33,7 41,6 46,3 46,0 44,8 40,4 28,9 -*1 51,6 

POI 2 
Mangrove beach 

 28,5 29,7 36,6 40,0 38,8 37,4 32,4 20,4 -*1 44,9 

POI 3 
Sea weed beach 

 20,7 23,5 31,4 35,2 33,5 30,7 22,0 -*1 -*1 39,4 

*1 calculated levels < 0 dB(A) 
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Table 3.  Calculated A-weighted downwind sound pressure level spectra LA(DW) at the POIs 
for operational scenario (2) (Kupang 1 power plant in operation, Timor 1 and Kupang 2 off). 

  A-weighted sound pressure level LA(DW) 
  [dB(A)] 
POI  31,5 63 125 250 500 1k 2k 4k 8k Total 

Scenario (2)           
POI 1 
Settlement 

 33,9 40,0 35,9 40,5 41,1 49,7 48,2 35,6 -*1 53,1 

POI 2 
Mangrove beach 

 39,1 45,3 41,1 45,2 46,1 55,4 54,3 45,4 16,5 58,9 

POI 3 
Sea weed beach 

 23,2 29,2 24,8 28,0 26,8 32,7 26,0 -*1 -*1 36,8 

*1 calculated levels < 0 dB(A) 
 

Table 4.  Calculated A-weighted downwind sound pressure level spectra LA(DW) at the POIs 
for operational scenario (3) (Kupang 2 power plant in operation, Timor 1 and Kupang 1 off). 

  A-weighted sound pressure level LA(DW) 
  [dB(A)] 
POI  31,5 63 125 250 500 1k 2k 4k 8k Total 

Scenario (3)           
POI 1 
Settlement 

 34,0 40,2 36,0 40,4 41,1 50,2 48,3 35,1 -*1 53,3 

POI 2 
Mangrove beach 

 43,9 50,3 46,0 49,9 51,2 61,9 61,4 54,6 32,1 65,6 

POI 3 
Sea weed beach 

 21,3 26,8 22,6 27,2 25,7 30,0 23,0 -*1 -*1 34,6 

*1 calculated levels < 0 dB(A) 
 

Table 5.  Calculated A-weighted downwind sound pressure level spectra LA(DW) at the POIs 
for operational scenario (4) (Timor 1, Kupang 1 and Kupang 2 power plant in operation). 

  A-weighted sound pressure level LA(DW) 
  [dB(A)] 
POI  31,5 63 125 250 500 1k 2k 4k 8k Total 

Scenario (4)           
POI 1 
Settlement 

 38,1 43,6 43,5 48,1 48,2 53,6 51,6 38,8 -*1 57,5 

POI 2 
Mangrove beach 

 45,2 51,5 47,4 51,1 52,2 62,7 62,1 55,1 32,2 66,4 

POI 3 
Sea weed beach 

 26,6 31,9 32,7 36,5 34,9 36,1 28,8 0,3 -*1 42,1 

*1 calculated levels < 0 dB(A) 
 

A graphical representation of the results above can be found in Figures C 1 to C 4 on 
pages 2 to 5 in Appendix C. 

 M135768/01 HTK/DNK  
 2017-09-05  Page 15 



Revision 1   
   

   
   

   
   

   
   

   
   

   
 S

:\m
\p

ro
j\1

35
\m

13
57

68
\m

13
57

68
_0

1_
be

r_
2e

.D
O

C
X

:0
5.

 0
9.

 2
01

7 

10.2.2 Calculated sound fields 

The sound field around the three power plants has been computed by use of the 3D 
acoustic calculation model for all four operating scenarios considered. The results are 
presented here as sound field contour plots which show the calculated total A-
weighted sound pressure levels received from the power plants in contour lines of 
equal sound pressure level. 

In the contour plots that are presented on pages 2 to 9 in Appendix B, the grid 
resolution for the sound pressure field is 20 m in horizontal and vertical direction. The 
elevation chosen is 1,5 m above ground. 
 

11 Uncertainty 
The degree of detail that could be accounted for in the sound emission and 
propagation calculations is very limited because only very general data is available in 
the current planning stage for the three power plants modeled. Accordingly, the 
accuracy of the obtained results, is limited. 

The uncertainty for the results of a sound propagation calculation depends on the 
individual uncertainties of the sound emission data, the propagation calculation itself 
and the relative importance of all sources that contribute to the sound pressure level 
calculated at a specific POI. Consequently, the uncertainty of a predicted sound 
pressure level is generally different for every POI and every operating condition. 

For the calculations performed, these uncertainties have not been determined and no 
deductions or additions of any kind have been made to take them into account. In all 
given values, tolerances have not been added or subtracted, no safety margins have 
been included. 

 

 

  

  
Dr.-Ing. Carl-Christian Hantschk M.Sc. Marco Geisler  

Telephone  +49 (0)89 / 8 56 02 - 269 +49 (0)89 / 8 56 02 - 3004 

 

The results relate only to the investigated subjects. 
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Appendix A 

Site and layout plans 
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Figure A 1.  Satellite view of the area around the power plant complex with overlay showing the 
planned locations of plants Timor 1, Kupang 1 and Kupang 2 and a layout with some of the 
equipment to be installed [5]. 
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Figure A 2.  Satellite view of the area around the power plant complex: planned locations of plants 
Timor 1, Kupang 1 and Kupang 2 and points-of-interest (POIs) [11]. 
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Appendix B 

Sound field contour plots 

 M135768/01 HTK/DNK  
 2017-09-05  Appendix B, Page 1 



Revision 1   
   

   
   

   
   

   
   

   
   

   
 

 0
9.

 2
01

7 

 
Figure B 1.  A-weighted sound pressure levels at 1.5 m above ground around the plant in 5 dB increments for scenario 1 (Timor 1 in operation, 
Kupang 1 and 2 off), view showing the plant and the area around POIs 1 and 2.  
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Figure B 2.  A-weighted sound pressure levels at 1.5 m above ground around the plant in 5 dB increments for scenario 1 (Timor 1 in operation, 
Kupang 1 and 2 off), view showing the area around POI 3.  
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Figure B 3.  A-weighted sound pressure levels at 1.5 m above ground around the plant in 5 dB increments for scenario 2 (Kupang 1 in operation, 
Timor 1 and Kupang 2 off), view showing the plant and the area around POIs 1 and 2.  
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Figure B 4.  A-weighted sound pressure levels at 1.5 m above ground around the plant in 5 dB increments for scenario 2 (Kupang 1 in operation, 
Timor 1 and Kupang 2 off), view showing the area around POI 3.  
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Figure B 5.  A-weighted sound pressure levels at 1.5 m above ground around the plant in 5 dB increments for scenario 3 (Kupang 2 in operation, 
Timor 1 and Kupang 1 off), view showing the plant and the area around POIs 1 and 2.  
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Figure B 6.  A-weighted sound pressure levels at 1.5 m above ground around the plant in 5 dB increments for scenario 3 (Kupang 2 in operation, 
Timor 1 and Kupang 1 off), view showing the area around POI 3.  
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Figure B 7.  A-weighted sound pressure levels at 1.5 m above ground around the plant in 5 dB increments for scenario 4 (Timor 1, Kupang 1 and 
Kupang 2 in operation), view showing the plant and the area around POIs 1 and 2.  
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Figure B 8.  A-weighted sound pressure levels at 1.5 m above ground around the plant in 5 dB increments for scenario 4 (Timor 1, Kupang 1 and 
Kupang 2 in operation), view showing the area around POI 3.  

 M135768/01 HTK/DNK  
 2017-09-05  Appendix B, Page 9 



Revision 1   
   

   
   

   
   

   
   

   
   

   
 S

:\m
\p

ro
j\1

35
\m

13
57

68
\m

13
57

68
_0

1_
be

r_
2e

.D
O

C
X

:0
5.

 0
9.

 2
01

7 

 

 

 

 

 

 

 

Appendix C 

Diagrams 

 

 

 

 

 M135768/01 HTK/DNK  
 2017-09-05  Appendix C, Page 1 



Revision 1   
   

   
   

   
   

   
   

   
   

   
 S

:\m
\p

ro
j\1

35
\m

13
57

68
\m

13
57

68
_0

1_
be

r_
2e

.D
O

C
X

:0
5.

 0
9.

 2
01

7 

M135768 / Fichtner GmbH & Co. KG - Power station Kupang 2, Timor, Indonesia
3-D acoustic calculation model

Calculated A-weighted downwind sound pressure level LA(DW)
at the POIs
for operating scenario (1) (Timor 1 power plant in operation, Kupang 1 and 2 off)

LA(DW)
[dB(A)]

Frequency [Hz] 31,5 63 125 250 500 1k 2k 4k 8k Total

POI 1 - Settlement 31,8 33,7 41,6 46,3 46,0 44,8 40,4 28,9 51,5
POI 2 - Mangrove beach 28,5 29,7 36,6 40,0 38,8 37,4 32,4 20,4 44,9
POI 3 - Sea weed beach 20,7 23,5 31,4 35,2 33,5 30,7 22,0 39,4
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Figure C 1.  
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M135768 / Fichtner GmbH & Co. KG - Power station Kupang 2, Timor, Indonesia
3-D acoustic calculation model

Calculated A-weighted downwind sound pressure level LA(DW)
at the POIs
for operating scenario (2) (Kupang 1 power plant in operation, Timor 1 and Kupang 2 off)

LA(DW)
[dB(A)]

Frequency [Hz] 31,5 63 125 250 500 1k 2k 4k 8k Total

POI 1 - Settlement 33,9 40,0 35,9 40,5 41,1 49,7 48,2 35,6 53,1
POI 2 - Mangrove beach 39,1 45,3 41,1 45,2 46,1 55,4 54,3 45,4 16,5 58,9
POI 3 - Sea weed beach 23,2 29,2 24,8 28,0 26,8 32,7 26,0 36,8
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Figure C 2. 

 M135768/01 HTK/DNK  
 2017-09-05  Appendix C, Page 3 



Revision 1   
   

   
   

   
   

   
   

   
   

   
 S

:\m
\p

ro
j\1

35
\m

13
57

68
\m

13
57

68
_0

1_
be

r_
2e

.D
O

C
X

:0
5.

 0
9.

 2
01

7 

M135768 / Fichtner GmbH & Co. KG - Power station Kupang 2, Timor, Indonesia
3-D acoustic calculation model

Calculated A-weighted downwind sound pressure level LA(DW)
at the POIs
for operating scenario (3) (Kupang 2 power plant in operation, Timor 1 and Kupang 1 off)

LA(DW)
[dB(A)]

Frequency [Hz] 31,5 63 125 250 500 1k 2k 4k 8k Total

POI 1 - Settlement 34,0 40,2 36,0 40,4 41,1 50,2 48,3 35,1 53,3
POI 2 - Mangrove beach 43,9 50,3 46,0 49,9 51,2 61,9 61,4 54,6 32,1 65,6
POI 3 - Sea weed beach 21,3 26,8 22,6 27,2 25,7 30,0 23,0 34,6
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Figure C 3. 
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M135768 / Fichtner GmbH & Co. KG - Power station Kupang 2, Timor, Indonesia
3-D acoustic calculation model

Calculated A-weighted downwind sound pressure level LA(DW)
at the POIs
for operating scenario (4) (Timor 1, Kupang 1 and Kupang 2 power plant in operation)

LA(DW)
[dB(A)]

Frequency [Hz] 31,5 63 125 250 500 1k 2k 4k 8k Total

POI 1 - Settlement 38,1 43,6 43,5 48,1 48,2 53,6 51,6 38,8 57,5
POI 2 - Mangrove beach 45,2 51,5 47,4 51,1 52,2 62,7 62,1 55,1 32,2 66,4
POI 3 - Sea weed beach 26,6 31,9 32,7 36,5 34,9 36,1 28,8 0,3 42,1
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Figure C 4. 
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F. Noise control for power plants, Short overview of basic principles 
and examples 
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Short overview of basic principles and examples 

Noise control for power plants
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Noise control in general

2
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Overview noise control

- Enclosures
- Silencers 
- Absorption
- Barriers
- Arrangement of sources
- Elastic mountings
- Acoustic insulation
- Damping coatings
- etc. 

- Application of
low-noise methods

- Use of low-noise
machines

- Hearing protection 
- Recreation zones
- Breaks in a calm 
environment

Noise control

Secondary noise control

= Noise control along the
propagation path between
source and receiver

Modify sound transmission to 
the receiver

Primary noise control

= Noise control directly at the
source

Modify sound generation 
mechanism so that less sound 
is generated and/or emitted

Individual noise control

= Noise control directly at the
receiver

Modify sound received at the 
receiver

© Müller-BBM, htk 2017/06 / 75

Primary noise control

4
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Cooling fans

� Less sound generation =
lower sound emissions by 
acoustically optimized cooling fans

Primary noise control - Example

Cooling tower fan ≈ 1970

Modern low-noise fan

© Müller-BBM, htk 2017/06 / 756

Primary noise control - Example

Fan design Level decrease 
compared with 

radial fans

Radial fan

Axial fan

Axial fan with 
external drive

Semi-axial fan 5 to 10 dB

16 to 20 dB

19 to 23 dB

Electric drives

� Less sound generation =
lower sound emissions by 
acoustically optimized 
cooling fan design

Noise control
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Primary noise control - Example

Low-noise control valves

� Sound emission reduction by 
pressure multi-staging

Multi-stage relief

Noise control

© Müller-BBM, htk 2017/06 / 75

Secondary noise control

8
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Enclosure types

� Full enclosures

� Partial enclosures

9

Secondary noise control - Enclosures

Noise control

© Müller-BBM, htk 2017/06 / 75Noise control 10

Secondary noise control - Full enclosures



Overview on noise control for power plants 26.06.2017

© Müller-BBM, htk 2017/06 6

© Müller-BBM, htk 2017/06 / 7511

Secondary noise control - Full enclosures - Example

� For punching machine

Noise control

© Müller-BBM, htk 2017/06 / 7512

Secondary noise control - Full enclosures - Example

� For power plant turbine

Noise control
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Secondary noise control - Partial enclosures - Example

� For recirculation air blower

Noise control

© Müller-BBM, htk 2017/06 / 7514

Secondary noise control - Partial enclosures - Example

Partial enclosure

� For combustion air fan

Noise control
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Secondary noise control - Partial enclosures - Example

� For punching machine

Noise control

© Müller-BBM, htk 2017/06 / 75Noise control 16

� Many different types and designs, depending on application 
and acoustic requirements

� Most important types

� Absorption silencers

� Resonator silencers

� Blow-off silencers

� Main applications in power generation

� Gas turbine air intakes

� Stacks and by-pass stacks

� Ventilation systems (HVACs, enclosures and boiler houses, etc.)

� Combustion air and flue gas fans

� Blow-down systems, safety vents

� Cooling towers and condensers

Secondary noise control - Silencers
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Absorption silencers

� Splitter silencer for HRSG stack and by-pass stack

By-pass
stack

Noise control 17

Secondary noise control - Silencers - Example

Main HRSG
stack

© Müller-BBM, htk 2017/06 / 75

Absorption silencer

� Splitter silencer 
for gas turbine exhaust

From gas turbine exhaust

Splitters

Noise control 18

Secondary noise control - Silencers - Example
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Absorption silencer

� Combustion air fan enclosure with openings for cooling air 
access provided with splitter silencers

Noise control 19

Secondary noise control - Silencers - Example

Air intake silencer

Air outlet
silencer

© Müller-BBM, htk 2017/06 / 75Noise control 20

Resonator silencer

� Splitter silencer 
for gas engine exhaust

Secondary noise control - Silencers - Example

Example: Sound pressure level in a 
exhaust resonator silencer
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Blow-off silencer

� Combined expansion-absorption 
silencer for HRSG start-up / safety 
vents, blow-down systems etc.

Secondary noise control - Silencers - Example

Casing

Absorption unit

Expansion unit

© Müller-BBM, htk 2017/06 / 75Noise control 22

Secondary noise control - Acoustic insulation

Casing

Absorption unit

Expansion unit

To be avoided: 
spacers,

structure-borne sound 
"bridges"

Rivets or screws

Cladding

Pipe
Porous layer

Retaining banding Overlap

Vibro-acoustic sealEnd cap

Mineral wool

Damping layer

Weather-proof sheathing
(sheet steel)

Pipe

� Principle (piping insulation / lagging)
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Piping insulation / lagging

� Elastic spacers for outer cladding
= avoiding structure-borne sound transmission from pipe to 
cladding

Secondary noise control - Acoustic insulation - Example

Casing

Absorption unit

Expansion unit

Insulation layer
(e.g. mineral wool)

Outer cladding

Elastic
support Pipe wall

Resilient pad

Resilient pad

© Müller-BBM, htk 2017/06 / 75Noise control 24

Piping insulation / lagging

� Damping layer 
to increase 
loss factor

Secondary noise control - Acoustic insulation - Example

Casing

Absorption unit

Expansion unit

Damping layer
glued to inner side

of cladding
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Piping insulation / lagging

� Elastic pipe 
mounts for
structure-borne 
sound insulation

Secondary noise control - Acoustic insulation - Example

Casing

Absorption unit

Expansion unit

Elastic mounts

© Müller-BBM, htk 2017/06 / 75Noise control 26

� Sound level reduction at reveiver

� Depends on geometry (height of barrier: the higher, the better -
distance of source and receiver from barrier: the closer the better)

� Depends on frequency (less effective for lower frequencies)

� Caution: barriers also reflect sound from the source
sound level on source side may even increase !

Secondary noise control - Sound barriers and screens


	XII. Annexes
	A. Maps of the project site and the investigation area
	1. Wider project area
	2. Project area of influence
	3. Project site
	4. Project layout plan

	B. Public Participation and Meetings
	C. Marine Study
	D. Air Dispersion Study
	E. Noise Emission Study
	F. Noise control for power plants, Short overview of basic principles and examples

	Annex 1_Maps.pdf
	Map 1
	Map2_Overview
	Map3_Detail
	Map 4 - New Layout PLTMG Kupang Peaker 2  (40MW)

	Annex 4_FICHT-#18287418-v1-FICHT-#18258454-v1-ADC_Draft_Report_Kupang_2_2017-04-19.PDF
	Disclaimer
	Table of Contents
	List of tables
	List of figures
	List of abbreviations and acronyms
	1. Scope of the Report
	2. Project Site
	3. Air Emissions and Air Quality Legislation
	3.1 Air Emission Limits
	3.2 Air Quality Standards

	4. Baseline Data
	4.1 Receptors data
	4.2 Meteorological Data
	4.3 Terrain data
	4.4 Kupang 2 Data
	4.4.1 Configuration
	4.4.2 Stack and Emission Data

	4.5 Data for other sources
	4.5.1 Timor 1 Coal Fired Steam Power Plant - 100 MW
	4.5.2 Kupang 1 Gas Fired Power Plant - 40 MW

	4.6 Background Air Quality Data

	5. Air Dispersion Calculation
	5.1 Air Quality Model
	5.2 Calculation Area
	5.3 Calculation Scenarios
	5.4 ADC Results
	5.4.1 CO - 1 hour AQS
	5.4.2 CO - 24 hours AQS
	5.4.3 SO2 - 1 hour AQS
	5.4.4 SO2 - 10 minutes AQS
	5.4.5   SO2 - 24 hours AQS
	5.4.6 SO2 - Annual AQS
	5.4.7 NO2 - 1 hour AQS
	5.4.8   NO2 - 24 hours AQS
	5.4.9 NO2 - Annual AQS
	5.4.10 PM10 - 24 hr AQS
	5.4.11 PM10 - Annual AQS
	5.4.12 TSP - 24 hr AQS
	5.4.13 TSP - Annual AQS


	6.   Summary of the study and results
	6.1 CO
	6.2 SO2
	6.3 NO2


	Annex 5_Noise Study_rev01_m135768_01_ber_2e.pdf
	1  Introduction
	2 References
	3 Site description
	4 Nomenclature and reference levels
	5 Acoustic requirements and Noise Sensitive Receptors (NSRs)
	6 Operating scenarios
	7 Sound sources and sound transmission paths
	7.1 General remarks
	7.2 Input data and assumptions
	7.2.1 Timor 1 power plant
	7.2.2 Kupang 1 power plant
	7.2.3 Kupang 2 power plant


	8 3D acoustic calculation model – general remarks and calculation procedure
	8.1 Characteristics of acoustic sound emission
	8.2 Characteristics of noise at points-of-interest (POI)
	8.3 Sound propagation effects – meteorology
	8.4 Calculation of the noise at the POIs

	9 3D acoustic calculation model – model set-up
	9.1 General remarks
	9.2 Co-ordinates, topography and geometry
	9.3 Sound sources

	10 Model calculations and results
	10.1 Operating scenarios
	10.2 Results
	10.2.1 Noise at the POIs
	10.2.2 Calculated sound fields


	11 Uncertainty




