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FOREWORD
This report has been prepared by Castlerock Consulting for the Government of Indonesia
and the Asian Development Bank (ADB) under ADB Technical Assistance (TA) No. 8287INO: Scaling-Up Renewable Energy Access in Eastern Indonesia.
This TA supports the Government of Indonesia’s Sumba Iconic Island (SII) initiative, which
by 2025 aims to:


Increase the electrification ratio on the island of Sumba from a current level of
some 30% of households to 95%, and



Increase the share of electricity produced from renewable resources on Sumba
from some 15% to 100%.

The SII initiative is a multi-stakeholder undertaking led by the Directorate General of New
& Renewable Energy and Energy Conservation within the Ministry of Energy and Mineral
Resources, in partnership with Hivos, a Netherlands-based non-governmental
organization (NGO); the provincial government of Nusa Tenggara Timur; the four
kabupaten of Sumba; Perusahaan Listrik Negara (PLN), the Indonesian national utility;
and other government ministries and NGOs.
This report fulfils the requirements for Deliverable B, described in the terms of reference
for the assignment as “resource surveys of various renewables applicable for Sumba,
including energy demand analysis and willingness to pay”. The report presents primary
and secondary renewable resource data for Sumba compiled over the period May 2013 to
May 2014, and addresses comments received on an initial draft report circulated in July
2014. The report focuses on renewable energy resources suitable for grid supply, and the
willingness to pay for electricity.
This report also serves to characterize renewable resources for use in the Homer model
for generation expansion planning on Sumba. Homer modelling analysis and results will
be presented separately as part of the Mid-Term Report. This Deliverable B report does
not recommend the development of specific renewable resources, but rather only
characterizes the resource potential on Sumba. The analysis of the Mid-Term Report will
then propose a specific development plan based on least-cost principles taking into
account the available resources. Those results can then be used by SII stakeholders as
inputs to development of the SII Road Map. In addition, information presented in this
Deliverable B report regarding the current development status of each of the resources
described herein can serve as a baseline against which future development progress can
be monitored.
The Castlerock team gratefully acknowledges the inputs and support provided Dr. Dadan
Kusdiana, Director, and the staff of the Directorate of Bioenergy in the Directorate General
of New and Renewable Energy and Energy Conservation; counterparts in the Mining &
Energy Services and the Regional Development Planning Agencies within the four
kabupaten of Sumba; and Dr. Pradeep Tharakan of the ADB.
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RINGKASAN EKSEKUTIF
Ruang Lingkup Laporan
Perencanaan energi untuk Pulau Sumba di masa mendatang memerlukan informasi dan
pengetahuan mengenai sumber daya energi yang ada, maupun kemauan rumah tangga
membayar untuk energi tersebut, dengan mempertimbangkan kendala pendapatan
mereka. Laporan ini mempertimbangkan secara teknis potensi sumber air (arus sungai,
waduk dan pompa air), biomassa, energi surya, dan energi bayu untuk memenuhi
kebutuhan listrik Pulau Sumba di masa mendatang, dan menilai kemauan untuk
membayar dari rumah tangga untuk energi listrik tersebut.
Temuan-temuan pada laporan ini akan bermanfaat antara lain untuk:


Karakterisasi sumber energi terbarukan yang tersedia di Sumba sebagai input bagi
pengembangan pembangkit yang paling murah (least cost) yang bertujuan untuk
mengoptimalkan kombinasi dari beberapa sumber energi untuk memenuhi
kebutuhan pembangkit listrik pada masa mendatang di Sumba;



Untuk memperbarui dokumen tentang kondisi saat ini di Sumba guna
pengembangan sumber-sumber energi yang tersedia sebagai bagian dari
kombinasi biaya yang termurah (least-cost mix); dan



Untuk menentukan kemauan membayar dari rumah tangga untuk energi listrik,
sebagai input dalam mendesain harga dan mekanisme subsidi, terutama untuk
rumah tangga yang akan dilayani oleh pembangkit listrik non-jaringan (off-grid).

Sumber-Sumber Daya yang Tersedia
Gambar ES.1 pada halaman berikut merangkum temuan-temuan pokok sesuai dengan
karakteristik masing-masing sumber daya yang tersedia di Sumba:


“Potensi teknis” menunjukkan kapasitas maksimum yang tersedia untuk digunakan
pada tahun 2025. Ini bukan merupakan jumlah pembangkit yang dijustifikasi
secara ekonomi, namun kapasitas maksimum yang secara teknis bisa
dimanfaatkan. Gambar ini akan menyajikan input rencana pengembangan
pembangkit yang termurah yang akan menentukan sumber daya dan jumlah
kapasitas masing-masing yang secara ekonomi layak untuk dikembangkan.
Rencana biaya terendah (least-cost plan) dan rekomendasi untuk pengembangan
sumber daya akan disajikan dalam Mid-Term Report.



“Kendala” menggambarkan kendala terhadap potensi secara teknis.
o “Ketersediaan sumber daya” artinya sumber daya yang secara fisik atau
alamiah terbatas di Sumba;
o “Sistem pengoperasian” artinya meskipun secara fisik tersedia sumber
daya mungkin tidak terbatas namun secara teknis berpotensi sebagai
kendala dikarenakan harus memelihara kestabilan jaringan. Ini biasanya
terjadi pada sumber daya untuk pembangkit yang secara alamiah
bervariasi dari detik ke detik atau dari menit ke menit. Jumlah pembangkit
yang dapat diperkenalkan relatif atau tergantung jumlah beban pada
jaringan. Diasumsikan bahwa target Pulau Ikonik adalah untuk mencapai
95% rasio elektrifikasi pada tahun 2025, perkiraan beban puncak pada
ii
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malam hari menjadi 52 MW, beban pada siang hari 30 MW dan total
penjualan listrik dari jaringan adalah 286 GWh. Ini adalah 4 hingga 5 kali
dari tingkat permintaan dan penjualan listrik saat ini;


“Catatan Penting” menggambarkan pertimbangan pokok dari penilaian secara
teknis termasuk sumber daya yang tersedia secara musiman.

Lokasi berbagai sumber daya sesuai dengan batas administrative, jaringan saat ini dan
yang diusulkan, dan sebaran populasi penduduk dapat dilihat pada web GIS yang
tersedia pada alamat: http://castlerockasia.com/sumba/sii.html.
Gambar ES.1: Rangkuman potensi secara teknis berbagai sumber energi yang tersedia
untuk penyediaan listrik jaringan di Sumba.

Sumber Daya

Potensi
Teknis

Kendala

Catatan Penting
Meskipun sumber daya tambahan
dapat ditemukan, dari analisa
menunjukkan bahwa semua lokasi
RoR yang signifikan (> 1 MW) telah
diidentifikasi untuk pembangunan.
Sumber daya musiman.
Hanya ada 11 daerah aliran sungai
(DAS) di Sumba dengan luas > 200
km2. Lokasinya telah diidentifikasi
dimana 3 dari 4 terbesar yang ada di
dekat jaringan.
Sumber daya musiman.
Pengkajian lebih lanjut perihal potensi
penyimpanan air & pengukuran sungai
perlu dilakukan untuk hal ini.
Sebuah lokasi yang potensial telah
diidentifikasi dekat bendungan irigasi
Kambaniru. Namun, evaluasi
penyimpanan air yang dipompa
merupakan hal yang kompleks dan
memerlukan upaya terpisah.

Tenaga air nonbendungan (Runof-River
(RoR) Hydro)

7.1 MW

Ketersediaan sumber
daya

Tenaga air
dengan
bendungan
(Storage Hydro)

Lihat
gambar
ES.2

Ketersediaan sumber
daya;
geoteknik,
topografi, dampak
ekonomi & sosial

Tenaga air
dengan
bendungan &
pompa (Pumped
Storage
Hydro)

Memerlukan
investigasi
lebih lanjut

Tenaga sel surya
(Solar PV)

10 MW

Ketersediaan sumber
daya; faktor-faktor
yang sama untuk
tenaga air dengan
bendungan diatas,
serta kebutuhan untuk
dua waduk.
Sistem pengoperasian

Tenaga Bayu
(Angin)

10 MW

Sistem pengoperasian

Biomassa

10 MW

Ketersediaan sumber
daya

Instalasinya dengan sistem SCADA.
Penyimpanan energi bisa
membesarkan kontribusi ini.
Instalasinya dengan sistem SCADA.
Sumber daya musiman. Penyimpanan
energi bisa membesarkan kontribusi
ini.
Diharapkan dapat menemukan lokasi
ladang angin yang paling tepat untuk
memulai akuisisi data kelas investasi
sebelum akhir September 2014
Hanya hutan perkebunan yang dapat
menghasilkan cukup biomassa yang
dapat memberikan kontribusi yang
berarti bagi kebutuhan energi di
Sumba. Namun, keamanan bahan
bakar, produktivitas biomassa, dan
keakraban teknologi tetap menjadi
perhatian.
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Gambar ES.2: Rincian potensi secara teknis untuk penyimpanan hidro di tiga lokasi.

Lokasi dan
ketinggian
bendungan
Praikalala , 50 m
Kadahang, 50 m
Kambiniru, 50 m
Kambiniru, 87.5 m

GWh yang
tersedia dari
waduk1

% penjualan
bulanan listrik di
Sumba2

Produksi puncak
tertinggi bulanan,
MW3

0.9
2.8
3.1
17.4

23%
71%
77%
435%

6.7
10.1
12.3
22.6

Analisis tersebut menyarankan bahwa Sumba memiliki potensi sumber energi terbarukan,
musim yang mempengaruhi sumber daya akan merupakan tantangan untuk mencapai
target 100% energi terbarukan.
Kemauan Membayar Rumah Tangga (Willingness to Pay)
Data tahun 2012 dari survey sosial ekonomi nasional (SUSENAS)4 digunakan untuk
menganalisis kemauan membayar listrik rumah tangga di Sumba. Analisis ini meneliti
perilaku aktual rumah tangga ("mengungkapkan preferensi") daripada preferensi
dinyatakan untuk menentukan harga yang rumah tangga bersedia membayar untuk
berbagai jumlah listrik. Ini ditentukan dengan terlebih dahulu menilai jumlah uang rumah
tangga menghabiskan untuk berbagai tingkat pelayanan energi (misalnya pencahayaan,
komunikasi, hiburan, memasak dll) dan kemudian memperkirakan permintaan diturunkan
untuk berbagai bahan bakar (termasuk listrik) dengan memperhatikan biaya bahan bakar
dan efisiensi konversi. Dikarenakan pendapatan rumah tangga (atau lebih khususnya
jumlah pengeluaran rumah tangga) juga merupakan faktor penting dari pola konsumsi
energi, analisis ini dipilah berdasarkan kelas biaya pembelanjaan.
Gambar ES.3 menunjukkan hasil kurva permintaan bagi belanja rumah tangga kelas
pembelanjaan yang rendah (bottom two quintiles), rata-rata rumah tangga, dan
pembelanjaan yang tinggi (top two quintiles) untuk Sumba.

1

Asumsi (i) ketinggian bendungan seperti yang diatas, (ii) permukaan tepi waduk tegak lurus
setinggi 10 m sebagai rentang operasi waduk (iii) efisiensi pembangkit 85%, dan (iv) beda tinggi
(head) diasumsikan dari ketinggian bendungan dikurangi separuh rentang operasi waduk.

2

Asumsi tingkat penjualan listrik saat ini ~4 GWh per bulan, atau 48 GWh per tahun. Pada tahun
2025, penjualan listrik meningkat 5 kali sesuai dengan target the Iconic Island 95% Rasio
electrifikasi tercapai. Perkiraan beban ini akan didiskusikan kembali pada Mid-Term Report.

3

Asumsi beda tinggi (head) sama dengan ketinggian bendung (karena waduk mendjadi penuh
pada saat musim hujan), efisiensi pembangkit 85% dan aliran air sungai didasarkan pada tinggi
muka air yang tertinggi pada pengukuran hydrology masing-masing sungai seperti disajikan pada
Appendix A.
4

SUSENAS dilaksanakan setiap tahunnya secara nasional oleh Badan Pusat Statistik (BPS).
Tahun 2012 adalah tahun terbaru dimana data SUSENASnya tersedia secara penuh. Ukuran
sampel data untuk Sumba adalah untuk 1,899 rumah tangga. Secara statistik hasil ini mewakili
tingkat kabupaten sehingga tingkat kepercayaan dalam hasil yang disajikan di sini adalah tinggi.

iv
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Gambar ES.3: Kurva Permintaan Rumah Tangga untuk Jaringan Listrik berdasar
kelas pembelanjaan. (WTP = willingness to pay, kemauan untuk membayar listrik)
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Hasil dari analisis tersebut bisa dijelaskan sebagai berikut:


Pada harga umum listrik yang tersambung jaringan, rumah tangga mengkonsumsi
listrik (ditandai dengan  pada Gambar ES.3) dekat dengan batas kemampuan
rumah tangga untuk membayar peralatan yang memerlukan listrik, seandainya
misalnya listrik digratiskan maka rumah tangga ini tidak akan memakai listrik lebih
banyak;



Sementara kemauan membayar untuk kWh pertama listrik lebih mahal dibanding
tariff listrik jaringan saat ini, batas ini dengan cepat akan dicapai seperti pada
sistem SEHEN. Sistem SEHEN menyediakan sekitar 2 kWh per bulan sebagai
kebutuhan dasar, meskipun harganya Rp 35,000 per bulan namun tetap akan
melebihi kemauan membayar rumah tangga pada kelompok berpenghasilan lebih
rendah. Rumah tangga di kategori ini adalah yang paling sering ditemukan di
daerah di mana SEHEN adalah pilihan elektrifikasi yang paling murah.



Program-program bermaksud untuk memasok listrik ke pada rumah tangga di
mana solusi off-grid akan lebih murah dari pada pengembangan jaringan harus
mempertimbangkan batas kemauan membayar pada saat membuat mekanisme
pemulihan biaya produksi (cost recovery) atau penyediaan subsidi guna
meyakinkan kemampuan keuangan program. Sepanjang rumah tangga di daerah
terpencil akan masuk dalam kelas belanja yang rendah, temuan untuk rumah
tangga tersebut dijadikan sebagai rujukan.

v
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EXECUTIVE SUMMARY
Scope of this Report
Planning Sumba’s energy future requires knowledge of energy resources on the island, as
well as the willingness of households to pay for that energy, taking into account the
constraints of their available income. This report considers the technical potential for
hydro (run-of-river, storage and pumped hydro), biomass, solar photovoltaics (PV), and
wind to meet Sumba’s future electricity needs, and assesses the willingness to pay (WTP)
of households for this electricity.
The findings of this report will be used as follows:


To characterize renewable resource availability on Sumba as an input to the leastcost generation expansion analysis, which will determine the economically optimal
mix of resources to meet future power demand on Sumba;



To update and further document existing conditions in Sumba that should be taken
into account for the development of resources that are shown to be part of the
least-cost mix; and



To determine household WTP for electricity, as an input for the design of pricing
and subsidy mechanisms, particularly for households to be served by off-grid
solutions.

Resource Availability
Figure ES.1 on the next page summarizes the principal findings of the assessment with
respect to the following characteristics of each of the resources available on Sumba:


“Technical potential” represents the maximum capacity available for use in 2025.
This is not the amount of generation that is economically justified, but the
maximum amount that is technically available for utilization. These figures will
serve as inputs to the least-cost generation expansion plan, which will determine
the resources and amounts of capacity for each that are economically justified to
develop. The least-cost plan and recommendations for resource development will
be presented in the Mid-Term Report.



“Limitation” describes the nature of the constraint to the technical potential.



o

“Resource availability” means that the resource is physically limited on
Sumba;

o

“System operation” means that although physical availability of the
resource may be unlimited, the technical potential is constrained by the
need to maintain grid stability. This is typically an issue with resources for
which generation naturally varies second-to-second or minute-to-minute.
The amount of such generation that can be introduced is relative to the
total load on the network. Assuming that the Iconic Island target of 95%
electrification is achieved by 2025, evening peak demand is forecast to
increase to 52 MW, daytime demand to some 30 MW and total sales to
reach 286 GWh. This is 4 to 5 times current levels of demand and sales;

“Notes” describe key considerations in the assessment of technical potential, as
well as whether the resource is available seasonally.
vi
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The location of these various resources relative to administrative boundaries, the existing
and proposed network, population distribution, etc. may be seen in a web-based
geographical information system (web GIS) available at
http://castlerockasia.com/sumba/sii.html.
Resource

Run-of-River
(RoR) Hydro

Storage Hydro

Pumped Storage
Hydro

Technical
Potential

7.1 MW

See Figure
ES.2

Warrants
further
investigation

Limitation

Notes

Resource availability.

Resource availability;
geotechnical,
topographical, social &
economic impacts.
Resource availability;
same factors as storage
hydro, plus need for two
reservoirs.

Solar PV

10 MW

System operation.

Wind

10 MW

System operation.

Biomass

10 MW

Resource availability.

Though additional resources may be
found, analysis indicates that all
significant (>1 MW) RoR sites have
already been identified for development.
This is a resource with large seasonal
variability.
There are only 11 watersheds on Sumba
> 200 km2. Sites have been identified on
3 of the largest 4 that are near the grid.
Large seasonal variability. Further
assessment of storage hydro potential &
river gauging are called for.
A potential site has been identified near
the Kambaniru irrigation weir. However,
pumped storage evaluation is a complex
undertaking requiring a separate effort.
Assumes installation of a SCADA system.
Storage systems could boost this
contribution.
Assumes installation of a SCADA system.
Moderate seasonal varaibility. Storage
systems could help boost this
contribution. Met mast at most promising
location expected to start investmentgrade data acquisition by end of
September 2014.
Only forest plantations can produce
enough biomass for a meaningful
contribution to Sumba’s energy needs.
However, fuel security, biomass
productivity, and technological familiarity
remain concerns.

Figure ES.1: Summary of the technical potential for various renewable energy resources
available for grid supply on Sumba.

This analysis suggests that while Sumba has substantial renewable resources,
seasonality of these resources will remain a challenge to achieving the Iconic Island target
of 100% renewable energy supply.
Household Willingness to Pay
Data from the 2012 Indonesian National Socio-Economic Survey (SUSENAS)5 was used
to assess household WTP for electricity in Sumba. This analysis examines the actual

5

SUSENAS is conducted nationwide annually by the Badan Pusat Statistik (BPS). 2012 is the
most recent full year available for SUSENAS data. Sample size of that dataset for Sumba is 1,899
households. These results are statistically representative at the kabupaten level, so there is a high
degree of confidence in the results presented here.

vii
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Site

Storage,
GWh6

% of monthly power
consumption on Sumba7

Potential peak month
power production, MW8

Praikalala, 50 m dam
Kadahang, 50 m dam
Kambaniru, 50 m dam
Kambaniru, 87.5 m dam

0.9
2.8
3.1
17.4

23%
71%
77%
435%

6.7
10.1
12.3
22.6

Figure ES.2: Details on the technical potential for storage hydro at three sites.

behavior of households (“revealed preferences”) rather than stated preferences to
determine the prices that households are willing to pay for different amounts of electricity.
It determines this by first assessing the amount of money households spend for different
levels of energy services (e.g. lighting, communications, entertainment, cooking etc.) and
then estimates the derived demand for various fuels (including electricity) by taking into
account fuel costs and conversion efficiencies. Because household income (or more
specifically, total household expenditure) is also an important determinant of household
energy consumption patterns, this analysis has been carried out by household
expenditure class.
Figure ES.3 shows the resulting demand curves for low expenditure households (bottom
two quintiles), average households, and high expenditure households (top two quintiles)
for Sumba.
WTP Low Income
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Figure ES.3: Household demand curves for grid electricity by expenditure class.

6

Assuming (i) height of the dam as indicated, (ii) the sides of the reservoir are perpendicular to the
surface within a 10 m operating range, (iii) total plant efficiency of 85%, and (iv) head is taken at
dam height minus half the operating range.

7

Assuming current level of ~4 GWh of sales per month, or 48 GWh per year. By 2025, sales could
increase by a factor of 5 if the Iconic Island target of 95% electrification ratio is achieved. This load
forecast is discussed further in the Mid-Term Report.

8

Assuming a head equal to the height of the dam (as the dam will likely be full during the wettest
month), 85% total plant efficiency, and river flow based on the highest flow month from the notional
hydrology for each site provided in Appendix A.

viii
Government of Indonesia / ADB – October 2014

Executive Summary…
These results suggest the following:


At prevailing grid electricity prices, households are consuming electricity (marked
by  in Figure ES.3) close to the limits set by their ability to pay for the appliances
that consume electricity, i.e. even if electricity were free, households would not
consume much more;



While WTP for the first kWh of electricity is much higher than current grid tariffs,
the limit can be quickly reached, as with SEHEN systems. SEHEN systems
provided a couple kWh per month for the most basic needs, but even at a price of
IDR 35,000 per month it exceeds the WTP of households in lower income groups
for that level of service.



Programs intended to reach households for which grid extension is more costly
than off-grid solutions will have to take these WTP limits into account when setting
cost recovery or subsidy mechanisms to ensure the financial viability of the
programs. Since most households in remote areas will be in the lower expenditure
classes, findings for low expenditure households should provide the reference.

ix
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1.

RUN-OF-RIVER HYDRO POWER

1.1

APPROACHES TO RUN-OF-RIVER HYDRO RESOURCE ASSESSMENT

1.1.1

Nature of mini-hydro resources

The run-of-river (RoR) hydropower potential of a specific location is defined by two
factors, namely: (i) the availability of a constant water source that can be harnessed
without detrimentally affecting other users, and (ii) a drop in elevation between the point
where the water can be extracted and the point at which it is returned to the original
source.
The size of an available water source depends on the hydrology of the specific location.
This is defined by the area, rainfall and run off characteristics of the catchment area
supplying the water source.
The drop in elevation or head for RoR hydro schemes is created by the natural
geographical condition of the site in question. This is a fundamental difference with
reservoir (storage) schemes where the elevation drop is created by the construction of a
dam structure.
The hydraulic potential of a given site depends on these two factors, both having an equal
influence on the power that can be generated. This means proportionally changing either
the discharge or the head will have the same effect on the total power generated.
Ignoring seasonal fluctuations, the constant or slow varying nature of river stream flow
(i.e. 24 hours a day) is a major advantage that hydropower has over other forms of
renewable energy such as solar and wind which are dependent on energy sources that
can vary in very short time frames. This characteristic means RoR hydropower is an
attractive source of base load energy for grid networks and systems. The seasonal flow
fluctuations depend on the climatic conditions of the location whereby more water is
available during the wetter periods (rainy season) compared with the dry periods (dry
season).
1.1.2

Common assessment methodologies

There are several methodologies that may be used to estimate the potential energy
production of any RoR hydro location, with varying degrees of accuracy. These are
discussed below.
Desk Study
Assessing hydraulic resources for larger hydro schemes usually starts with a desk study
of pre-selected areas using topographical maps and other available information such as
archived stream flow and rainfall data. Since the advent of readily available satellite
imagery (such as Google Earth®) and geographical information system (GIS) technology,
the process of preliminary site identification of suitable locations has been made
significantly easier.
Although a desk study can provide an initial indication of a site’s suitability, the sensitivity
of the parameters involved implies that direct on-site visual observation as a means of
verification is essential very early in the site identification process.

1-1
Government of Indonesia / ADB – October 2014

1. Run-of-River Hydro Power. . ..
Site Survey
During an initial site identification visit, preliminary head and flow measurements are taken
in order to estimate the hydraulic potential of the site. Head measurement can be
effectively carried out using the traditional water level approach or by using more
sophisticated surveying instruments such as a clinometer or laser rangefinders. The
accuracy of results from these methods is sufficient as a preliminary assessment. If the
project progresses a more detailed topographical survey of the project area will be carried
out.
Hydrological Assessment
The correct sizing of a hydropower scheme requires a careful study of the hydrology of
the area to ensure the scheme is sized to harness the available water resources as
efficiently as possible. To achieve this it is necessary to derive a Flow Duration Curve
(FDC) that indicates the stream flow availability against a percentage of time over a one
year period. The FDC is used as reference for defining both an appropriate design flow for
the power plant and also for assessing multi year flood flows and the implications these
will have on design aspects of the scheme9.
The hydrology of a particular site can be determined by actual measurement of stream or
river flows, or by application of a hydrological model, which estimates stream flows based
on other factors such as rainfall, soil type and land cover in the catchment area.
Stream Flow Analysis
Considering the importance of the FDC, the more comprehensive the hydrological data is,
the more representative the FDC will be. The safest and most reliable means of assessing
stream flow discharge for a given river is where archived stream flow measurements from
river gauging stations exist over a reasonable number of years10. Unfortunately in
Indonesia, even where gauging stations exist, many are poorly maintained and
measurements not reliably archived therefore the accuracy of data derived from these
sources needs to be carefully assessed. There are no river gauging stations in Nusa
Tenggara Timur11.
Besides the presence of permanent gauging stations that are usually the property of the
government, temporary gauging stations established by potential developers or local
authorities are a good way to derive accurate stream flow data. The installation of a
temporary gauging station as early as possible where there is a serious intent to develop

9

The optimum point on the FDC can vary from project to project depending on the specific
operational characteristics of the scheme; however, a point between 30-50% exceedance is most
commonly applied for run of river schemes.

10

Obviously, the more historical data that exists the better. However, data for periods of >5 years is
deemed satisfactory and >10 years ideal. Such data, however, is only normally available for larger
rivers where for strategic reasons gauging stations have been installed. For example, large rivers
supplying major irrigation networks or rivers supplying large hydropower plants will normally have
one or more gauging stations on the river.
11

See http://www.editoria.u-tokyo.ac.jp/projects/awci/6th/GEOSS-AP_bali_100311/pdf/D2_WG2_S3/D2_WG-2_S3-7_MULYANTARI_Public%20Works_Geoss_Bali.pdf and
http://www.zaragoza.es/contenidos/medioambiente/onu/1050-engres2_strengthening_hydrometeorological_services_southeast_asia_indonesia.pdf
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a site should be a priority. Although ideally multiyear stream flow data should form the
basis for an engineering design, even data collected over 1 year can be valuable
especially when used as a comparison media against other assessment methods. Water
level loggers are available and can be relatively easily installed on rivers enabling the
water depth to be recorded regularly over a period of weeks, months or years. Via a
means of correlation with actual flow measurements taken at specific times of the year
(i.e. at times of differing water depths), the logged water level data collected can
subsequently be correlated to the known stream flow volumes for these water levels.
On-site stream flow measurement should be carried out regularly and records kept. These
measurements should be conducted at different times of the year in order to create a
valuable reference data on seasonal stream flow fluctuations. Depending on the size of
the stream flow and geography of the river, there are a number of approaches that can
provide accurate results if conducted carefully. The most commons methods are:
1. Flow Current Meter
2. Salt Gulp Method (conductivity method)
3. Measuring Weir
Each of these methods can produce results of satisfactory accuracy; however, all require
careful and diligent application.
Hydrological Models
For situations where there is no historical reliable stream flow data existing, as is the case
in Sumba, it is necessary to adopt alternative methods of hydrological assessment to
enable the creation of an FDC. There are a number of methods developed by hydrologists
over the years that essentially use the parameters of rainfall and temperature to calculate
evapo-transpiration and subsequently monthly run-off coefficients. By equating these
coefficients with the catchment area of a location, average monthly discharge rates can be
predicted.
1.1.3

Assessment methodology used in this assignment

The process of assessing the hydrological potential of mini hydro sites in Sumba is
complicated by the fact that there exists no reliable historical stream flow data.
Consequently it is necessary to adopt an alternative hydrological model relying on mean
annual rainfall data, size of catchment area and run-off coefficients that exist and is
accessible for Sumba.
Turc Hydrological Model
A method of determining annual evapo-transpiration using rainfall and temperature was
developed by Turc12 in 1954 and is commonly used in tropical regions as a means to
derive a flow duration curve where accurate stream flow data is unavailable.

12

A short history of the development of the Turc-Mezentsev water balance formula, from
Andréassian, Vazken; Lebecherel, Laure, EGU General Assembly 2013, held 7-12 April, 2013 in
Vienna, Austria, p.12907
In the 1950s, a formula linking long term average evaporation to long-term average precipitation
and potential evaporation was almost simultaneously proposed in France and in the Soviet Union.
However, because Turc and Mezentsev published in French and Russian respectively, their work
received limited attention, and the formula they proposed is often given different names. Lucien
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The Turc method follows the principle that if rainfall and temperature are known for a
particular water basin then corresponding evapo-transpiration values and subsequently
run-off values can be calculated. The relatively constant temperature of tropical equatorial
regions therefore conveniently lends itself to the application of the Turc method as a
means of alternative hydrological assessment.
Via a process of correlation with actual stream flow measurements collected in Papua
New Guinea and Malaysia over a number of years, Turc calculated monthly flow duration
coefficients for the two regions. Thus if the catchment area, annual rainfall, mean annual
temperature and run off coefficient for a particular area is known, using the Turc equation,
a flow duration curve can be derived.
For the purposes of this assessment the mean annual rainfall for each location is
estimated based on the rainfall chart for Sumba shown below.

Figure 1: Mean annual rainfall chart for Sumba (Paul Meiser et al., Directorate of Geology,
Bandung, 1965).

For the ten run of river sites deemed feasible based on information gathered during this
assignment, individual catchment areas were derived using GIS technology, as shown in
the following figure. This figure also shows all watershed catchment areas of 200 km2 or
more on the island.

Turc, a French soil scientist, worked at the Versailles soil science laboratory of the French National
Agronomical Research Institute. For agronomic purposes, he was interested in developing a
formula to estimate actual evapo-transpiration from precipitation and temperature data. Since
lysimeter data were scarce at that time, he had the idea to derive such a formula from a catchment
water balance. With the help of the hydrologist Maurice Pardé, he assembled a set of data on 254
catchments from all over the world. He derived long-term average actual evapo-transpiration (E)
from estimates of long-term average precipitation (P) and long-term average discharge (Q). Then,
Turc looked for a mathematical function linking two non-dimensional terms: the aridity index (the
ratio of precipitation P and potential evapo-transpiration E0) and the evapo-transpiration rate (the
ratio of E and E0). He proposed the following formulation: E/P=1/[1+(P/E0)**n]**(1/n) in which n is
an exponent to estimate. Turc graphically looked for the most convenient value for n, and
concluded that the best fit was "with n=3, or may be n=2" (Turc, 1954, p.563). Meanwhile, based
on a set of 35 catchments of the Siberian plateau, Mezentsev suggested using the value of 2.3 for
parameter n, which is within the range of values suggested by Turc.
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Figure 2: The catchment areas (km2) highlighted for each of the existing and projected RoR
mini hydro sites on Sumba (also included in Appendix A).

For the purposes of this assessment, the Turc approach has been applied producing a
FDC for each site13. The data sheets including the FDC, design capacity and projected
energy production for each site are included in Appendix A.
Plausibility Check
As a plausibility check for this approach, the results were compared with data collected
from other sources. This comparison data included:




The results of actual stream flow measurements made during the inception
mission in May 2013, follow up missions conducted between May 2013 to May
2014 and reliable measurements derived from other sources.
Data extrapolated from the actual production figures of the Lokomboro A mini
hydro scheme in West Sumba that has been in operation since 1996.
The design data of projects currently under construction that were deemed
sufficiently reliable.

Actual stream flow measurements were conducted at the Soru, Kanangar, Harunda and
Kadahang locations. The results of these measurements are sufficiently close (+/- 10%) to
the flow projected by Turc for the relevant month of the year, indicating a satisfactory level
of consistency of the approach adopted.

13

Turc only derived flow duration coefficients for Papua New Guinea and Western Peninsula
Malaysia. However, these are sufficiently representative for tropical Indonesia. For this assessment
the Papua New Guinea coefficients were used which produce a slightly lower output than the
Malaysia coefficients.
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In the case of Lokomboro mini hydropower plant, only production data from the first unit
(Lokomboro A) operating since 1996 is extensive and consistent enough to derive any
clear production pattern. Although somewhat incomplete, the production figures from this
unit indicate a discharge close enough to the results of Turc and therefore further support
the plausibility of the results derived from Turc being used for the other sites.
1.2

THE MINI HYDRO POWER RESOURCE IN SUMBA

1.2.1

Climate

Compared with many other regions of Indonesia, Sumba’s hydraulic resources are
relatively limited. The islands climate is characterized with having a very distinct and long
dry season when discharge levels of Sumba’s rivers decreases drastically. This extreme
seasonal factor strongly influences the overall hydrology of the region. Climatically,
Sumba is divided into two distinct halves. The east is dry and hot with a prolonged dry
season. Although having a lower level of rainfall, it nonetheless possesses a significant
water basin fed primarily from the Mt. Wanggemeti-Laiwanga forest catchment area in the
south of the island. The western part of the island is distinctly wetter and its land more
fertile with the wet season lasting for up to five months of the year. Consequently the most
attractive RoR hydropower sites are located predominantly in the Western part of the
island.
1.2.2

Geography

Besides the climatic divide of east and west, the geographical divide between north and
south is defined by a number of mountain ranges spread over the length of the island. In
the east, the close proximity of the Wanggemeti mountain range to the south coast means
that the rivers flowing northwards possess significantly larger catchment areas than those
flowing south. The resultant large rivers (e.g. Kambaniru, Kadahang, Mondu,) are the
main source of water for agriculture and other uses in Sumba Timur. These large rivers in
the east also provide by far the best conditions for creating a storage reservoir hydro
scheme as discussed in the next chapter. Catchment areas of the Kadahang, Lowa
(Praikalala site), Kambaniru (Kulungawa site) and Mondu rivers as shown in Figure 2 are
possible locations for a future reservoir / storage scheme. More details on the potential
storage / reservoir options are provided in Chapter 2, Storage Hydro.
1.2.3

Assessment of potential sites

Ten mini-hydropower sites suitable for grid connection have been identified and are at
some stage of development, as discussed further in Section 1.4.1. In addition, as part of
this study a desk analysis was undertaken to identify other potential sites. In the first step
of the analysis, the GIS was used for an automated search to locate sites on rivers
characterized by (i) an upstream watershed of at least 200 km2, and (ii) a change in
elevation of at least 25 m over 1 km of river. Based on the hydrology of other sites in
Sumba, such as Lokomboro, this represents a capacity of at least 1 MW.
No previously unidentified sites with these characteristics were found, so the criteria were
relaxed to an upstream watershed of at least 100 km2 and change in elevation of at least
25 m over 2 km of river.
Two such locations were identified for which site reconnaissance was deemed justified.
The sites were in Sumba Tengah and Sumba Timur. As part of the hydro mission
conducted in April 2014, the site in Sumba Timur, Maubokul, was visited. Difficult access
to the site in Sumba Tengah meant it was not possible to visit this site during the mission.
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A separate reconnaissance mission will be necessary for this site, though the difficulty in
accessing the site suggests that the cost of transmission access alone may render the
project infeasible. The findings of the reconnaissance visit to Maubokul as well as
additional information about the Sumba Tengah site are summarized below.
Desa Maubokul, Kec. Pandawai, Sumba Timur
Maubokul is reached via a relatively good 25 km stone track which heads inland from the
main coastal road approximately 10 km east of Waingapu. A desk assessment over an
approximate 10 km section of the river upstream and downstream of Maubokul indicated a
relatively rapidly descending river in places (rapids) that could potentially be harnessed for
a RoR hydro power plant.

Figure 3: The river at Maubokul has relatively good access via a stone track. The final 4 km
descent to the river is passable only on foot. The sub-district town of Pandawai does not
have PLN electricity.
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At the time of the visit, according to local reports the wet season was gradually tailing off
therefore the flow in the river had already decreased significantly from wet season levels.
These reports were consistent with the hydrological data compiled for this region. Two
separate flow measurements were taken using the conductivity method with the average
result being 950 l/sec. The measurements were consistent with the visual estimates made
indicating an acceptable level of accuracy. Correlating these measurements with a
hydrograph for this area indicates the flow would likely decrease to approximately 300
l/sec at the height of the dry season.
Based on Google Earth imagery, the topography of the section of the river upstream and
downstream of Maubokul could have enough drop in elevation to support RoR hydro
development. The low stream flow, however, make it unlikely that harnessing this potential
would be financially viable. The relatively long distance from the PLN grid further
decreases their relative attractiveness.

Figure 4: The river section upstream and downstream at Maubokul descends sufficiently to
create possibilities for RoR development. The stream flow was measured at 950 l/sec during
the reconnaissance visit, deeming the site unattractive for consideration as a grid
connected scheme.

Although there are a number of hamlets located sufficiently close to the river that could
theoretically be supplied from a stand-alone hydro scheme, the steep sided river banks
and violent flood flows that characterize rivers of this type in this area would make it
difficult to harness the rivers potential. It is deemed very unlikely that viable projects could
be found at this location therefore further follow-up activities for this site are not
recommended.
Location downstream of Soru, Sumba Tengah
The location (specific name unknown) identified in Sumba Tengah is approximately 12 km
inland from the coastal town of Lenang. No direct road access exists to the site and
interviews with PLN representatives revealed they have so far not conducted any
preliminary reconnaissance. However, the site of Soru, which has already been
earmarked for development by PLN (possibly in 2015), is located on the same river
approximately 15 km upstream. Hydrology applied for the Soru scheme can therefore be
used as a reference when assessing potential. Assuming similar hydrology to Soru and
the favorable topography based on GIS and Google Earth imagery analysis, the section of
river clearly has potential for possible RoR hydro development. Although access is difficult
due to the absence of a road, the distance of only 12 km to the town of Lenang suggests
that the site could be interesting, possessing similar potential to that of Soru. Further more
detailed reconnaissance is therefore recommended for this site.
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Figure 5: The location is approximately 12 km inland from the coastal town of Lenang, but
has no road access. It is downstream of the planned 400 kW Soru site.

1.2.4

Potential Mini Hydropower Capacity

On the basis of the analysis carried out for the identified RoR sites deemed suitable for
future development (but excluding the potential site downstream of Soru), the total
maximum capacity that could be expected by 2025 is approximately 7.8 MW with output
decreasing to below 2 MW during the height of the dry season (September, October) as
indicated in the table in Figure 6. Full site-by-site details used to develop this table are
given in Appendix A.
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kW
jan
feb
mar
apr
may
jun
jul
aug
sep
oct
nov
dec

2015
4,027
4,124
3,912
3,284
3,049
2,548
2,283
2,010
864
997
2,784
3,514

2016
4,027
4,124
3,912
3,284
3,049
2,548
2,283
2,010
864
997
2,784
3,514

2017
4,027
4,124
3,912
3,284
3,049
2,548
2,283
2,010
864
997
2,784
3,514

2018
4,027
4,124
3,912
3,284
3,049
2,548
2,283
2,010
864
997
2,784
3,514

2019
4,027
4,124
3,912
3,284
3,049
2,548
2,283
2,010
864
997
2,784
3,514

2020
6,588
6,726
6,386
5,438
5,145
4,520
4,190
3,806
1,803
2,080
4,814
5,777

2021
6,588
6,726
6,386
5,438
5,145
4,520
4,190
3,806
1,803
2,080
4,814
5,777

2022
6,588
6,726
6,386
5,438
5,145
4,520
4,190
3,806
1,803
2,080
4,814
5,777

2023
6,588
6,726
6,386
5,438
5,145
4,520
4,190
3,806
1,803
2,080
4,814
5,777

2024
6,588
6,726
6,386
5,438
5,145
4,520
4,190
3,806
1,803
2,080
4,814
5,777

2025
6,875
7,013
6,673
5,678
5,366
4,702
4,351
3,946
1,863
2,149
5,015
6,052

Figure 6: Maximum monthly generation from RoR mini hydro plants for 2015 - 2025.

1.3

MINI HYDRO UTILIZATION ON SUMBA

1.3.1

Constructability

The type of mini hydropower project locations assessed and deemed viable for further
development in Sumba are conventional run of river (RoR) schemes in the 200 -1,500 kW
size range. They will have conventional engineering design and equipment demands.
The flow rates and head characteristics of these sites do not demand any special
approaches to construction techniques or subsequent operation and maintenance
procedures. Different from other types of renewable energy projects, RoR mini
hydropower knowhow and technology is relatively well established in Indonesia and has
been successfully applied in the development of numerous such projects throughout the
archipelago including some on the island of Sumba. Given this backdrop, design and
construction of the envisaged projects can be satisfactorily undertaken using
predominantly local know-how, expertise and following standardized procedures.
Because of its constant nature, RoR mini hydropower projects are operated to provide
base load power to the grid network. This characteristic makes operational aspects of the
projects fairly straightforward. Provided the output of the respective scheme represents a
relatively small percentage of the total grid capacity (which is the case on Sumba), the
power plant can be operated to harness the maximum amount of available flow. This is
normally achieved with the adoption of an intelligent control system that matches the
output of the power plant with the available stream flow.
1.3.2

Operability & Grid Penetration

Small island grids supplied by multiple scattered generating units such as on Sumba are
more prone to grid disturbance than large grid networks supplied by a number of large
power plants. Consequently, the mini hydropower plants supplying the Sumba grid will
likely be required to disconnect from the grid relatively frequently14 compared with similar
power plants interconnected with the Java- Bali grid for example. Whilst it is normal
practice that the schemes are designed to handle such occurrences, disconnection from
the grid still represents a form of emergency situation and results in additional stress
being placed on the power plant. This factor needs to be given special attention both in

14

For example power plants connected to the Java- Bali grid will likely rarely need to disconnect
whereas the situation in Sumba may require almost daily disconnections. This of course has
obvious implications on the lifetime of some of the power plant components.
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the design and selection of specific components and the operational procedures applied in
order to minimize the impact on the plant as a result of PLN grid failure.
From the perspective of network operations, there is no technical limit to the penetration of
RoR hydro capacity on the grid, expressed as a percentage of total capacity. The
contribution of the resource to serving Sumba’s power demand is limited only by the
availability of the resource. Certainly all hydro potential that has been identified can be
utilized on the Sumba grid.
1.3.3

Operation & Maintenance

The main operational and maintenance tasks associated with these types of projects are
ensuring flow from the intake to the forebay tank, and into the penstock pipe, remains
constant and undisturbed and that the electro-mechanical equipment is properly operated
and maintained following a strict schedule. Depending on the size and type of civil
structures, periodic maintenance and repair work will be required to secure a reliable and
constant supply of stream flow for the power plant15 over the long term. Normally such
repairs will be planned in combination with service and maintenance schedules of the
electro-mechanical equipment in order to minimize plant down time.
In general, provided the projects are carefully designed, properly constructed following
accepted engineering standards and adopt a proper operation and maintenance regime,
mini hydropower projects are very reliable and can operate for many years with minimal
disturbance and down time. The prevalent conditions of Sumba compared with other
areas in Indonesia do not pose any specific reliability issues, with the exception of PLN’s
grid reliability and capacity to receive power produced by the small embedded power
plants continuously, and the maintenance of upstream water catchments. As described
earlier, the implications of frequent tripping and disconnection from the grid need to be
carefully considered at design stage, as well as land use status and management of the
upstream catchment areas.
1.3.4

Environmental & Social Considerations

The relatively benign nature of run of river mini-hydropower projects (MHPs) mean that
the negative environmental impacts of projects in this size range are manageable and far
outweighed by the benefits derived by having access to an energy source. Most
environmental concerns arise at the development stage, when roads are built,
construction camps established, heavy equipment brought to the site (together with fuel
and lube oil), and canals or penstocks put in place. These can be addressed through
standard environmental safeguards and practices.
The potential for triggering negative social impacts, however, needs to be carefully
assessed. In this context the issue of water conflicts is by far the most critical. In a region
such as Sumba where water resources are extremely limited, domestic and agricultural
requirements (irrigation) will almost always take preference over energy generation. Given
this, it is critical that detailed and in depth assessment of potential water conflicts are
carried out as part of the project preparation activities. Addressing this issue
comprehensively at an early stage will help reduce social conflicts later in the project cycle
that can become complicated and expensive and can ultimately undermine the long-term
sustainability of the project in question.

15

In particular the length of the headrace channel or water conduit is critical as this component is
often the most labour intensive to keep well maintained and functional.
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1.4

MINI HYDRO GENERATION DEVELOPMENT PROGRAM

1.4.1

Contribution to Future Generation Needs

For the purposes of this assessment, only schemes deemed likely to supply the grid
network by 2025 have been considered as part of the generation development program.
These schemes were identified and included in the assessment based on information and
data derived from various sources during the inception mission and subsequent follow-up
visits made under this assignment.
The automated GIS analysis indicates that, with the exception of the potential site
downstream of Soru, all significant hydro (> 1 MW) locations on Sumba have been
developed or planned for development16. Whilst it remains possible that additional sites
could be found in the future, the current list of sites assessed reflects the most apparent
and feasible prospects based on information available as of May 2014.
The status of the ten RoR mini hydropower schemes projected to be completed by 2025 is
as follows:





Completed and operational
Under construction (advanced)
Under construction (early)
Preliminary stage

3
2
1
4

Based on the notional hydrology for each site presented in Appendix A, the future
electricity production of these hydro power plants is shown in Figure 7.

Figure 7: Projected RoR grid-connected hydro production in 2025, by month.

16

Hivos also previously sponsored an assessment of hydro prospects on Sumba by PT Entec
Indonesia, Small Scale Hydro Power for Grid Connection on Sumba Island, Indonesia - Initial Site
Assessment Report, December 2011. Among RoR hydro sites examined by that study that had not
already been identified for development, only the Maidang site was recommended for follow-up
investigation. PLN now intends to develop that site; see for example Figure 8 below. Apart from
having identified some potential sites not covered in the Entec study, the findings of this study are
largely consistent with those of the Entec study.
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The exact schedule for these capacity additions between now and 2025 is not fixed. Since
mini hydropower projects require access to a specific water source and acquisition of land
normally owned by multiple parties including government, project preparation is often
complicated. Project gestation periods therefore can be long and are difficult to accurately
estimate.
Of the ten earmarked RoR projects, five are either already operational or at a relatively
advanced stage of construction therefore it can be assumed that these will all be
completed and operational by 2015.
Of the remaining five projects, three are earmarked to be developed by PLN and two by
independent power producers (IPPs), one of which (Harunda) started construction in early
2014. Construction is expected to take a minimum of two years. The remaining four
projects are still at a preliminary planning stage and whether they progress to the
development stage will depend on a number of factors. Based on information derived from
PLN in May 2014, it is unlikely that any of these will advance to implementation stage prior
to 2016. In the case of Maidang, the future of this proposed scheme is also very
dependent on whether a larger storage scheme is developed at the Kulungawa site (refer
to Section 2 on Storage Hydro).
For the three schemes to be developed by PLN, a budget has to be proposed and
approved in the year prior to disbursement, and construction of projects in this size range
must normally be completed within a period of 1 to 2 years. This implies that once budget
approval has been secured, a relatively guaranteed completion date can be estimated.
Land acquisition and securing the necessary approvals is normally less problematic for
state-owned enterprises such as PLN, at least on the scale required for mini-hydro
projects.
For the private developers, the preparation process may be more arduous and
consequently require a longer period. Nevertheless, for the purposes of projecting a time
line for the completion of all 10 projects in this assessment, the same overall period of
time from preliminary preparations through to commissioning has been taken. Figure 8
illustrates an indicative time frame for planning, construction and operation, and Figure 9
shows the corresponding trajectory of total installed RoR hydro capacity on the island.

Figure 8: Indicative time line for the implementation of the envisaged RoR mini hydropower
projects
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Figure 9: Projected increase in installed capacity of RoR mini hydropower plants over the
period 2014 to 2025.

The time frame from initial preliminary preparations through to commissioning is assumed
to be four years. For the purpose of creating the time line, this process has been divided
into three main stages, namely:




Preliminary preparation (1 year)
Detailed preparation (1 year)
Construction (2 years)

Each of these stages is discussed in turn below.
1.4.2

Preliminary preparation

This stage comprises initial site identification and collection of preliminary site data and
information. This would include exploratory activities addressing land acquisition,
obtaining principle approval to establish and operate business from local government,
building license, water rights and other legal obligations and requirements as defined by
central, provincial and kabupaten authorities.
The preliminary stage will also include carrying out a pre-feasibility study (pre-FS)
comprising preliminary topographical & hydrological study, engineering design and bill of
quantity facilitating an indicative overview of the financial attractiveness of the project. The
results of the pre-FS will facilitate a decision on whether to proceed further with the project
or not.
For projects developed by PLN other factors may also be considered. These include the
projects capacity to contribute to the overall improvement of the supply system and the
potential social benefits of expanding the outreach of the grid to rural communities
currently not having access to electricity.
1.4.3

Detailed preparation

Detailed project preparation requires the completion of a full feasibility study (FS). This will
comprise a detailed topographical, hydrological and geological survey of the earmarked
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site. Providing there are no serious technical issues encountered that threaten the viability
of the project, the FS will lead into preparation of a detailed engineering design (DED) and
bill of quantity (BoQ).
In parallel with preparation of the FS, more concrete follow-up of the key administrative
tasks already explored at preliminary stage will be made. For IPPs this will prioritize
concluding a power purchase agreement with PLN and the finalization of the land
acquisition process, both of which are necessary to secure a loan from an Indonesian
bank.
Other administrative requirements such as initiating the environmental impact and
management study (UKL/UPL or AMDAL), securing a power generation license (IUPTL),
securing local business license (SIUP) etc. are initiated at this stage. In addition, the
tender documents for the project sub-components are also prepared and supply contracts
negotiated. These contracts are also typically required to obtain debt financing, which is
also secured at this stage. Once financial close is achieved, initiation of contracting and
subsequent construction can start promptly.
1.4.4

Construction

For mini hydropower projects in this size range (i.e. < 2 MW), a normal period of
construction is two years. The relatively standardized technical requirements both for the
civil structures and the procurement of equipment mean that the process of tendering and
contracting can be completed in a relatively short space of time. However, there is always
a potential for delays resulting from events like landslides, floods, social resistance etc.,
which are more likely to occur if earlier preparation has been lacking.
1.5

NEXT STEPS

The inherent nature of mini hydropower project development, whereby a multitude of
factors both technical and non-technical can influence realization of the planned projects,
means that frequent status monitoring of projects at all stages of development is essential.
This is particularly critical on a relatively small system such as Sumba whereby the
number and diversity of generation facilities is critical to the planning and operation of the
network. Because the contribution from mini hydropower does and will continue to
represent a significant portion of the system capacity, it is important to maintain an up-todate overview of the performance of both operating schemes and status of pipeline
projects.
In view of this, a systematic approach to monitoring and regular updating of the relevant
data and information needs to be established and applied.
1.5.1

Performance and production monitoring of operational schemes

Given the scarcity of historical hydrological data in Sumba, stream flow projections based
on alternative hydrological models still have a relatively high margin of error. The
presence of a number of mini hydropower projects already in operation provides a
valuable means of verification for both stream flow and plant performance figures currently
used in the overall system projections for Sumba. Through systematic monitoring of
production, this data can be extrapolated to provide approximate discharge figures.
Through a process of correlation these figures will provide a valuable reference for
verification of stream flow estimates at other locations. Latest by 2015, production
monitoring should be possible at Lokomboro A, B and C (units 1-7), Wanakaka and Umbu
Wangu.
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1.5.2

Status monitoring of the project pipeline

The remaining project pipeline still carries an element of uncertainty. While completion of
projects where construction has actually started can be estimated more accurately, even
these projects can face major unexpected delays (e.g. as in the case of Wanakaka, which
should have commissioned in the first half of 2013). It is not uncommon for hydro projects
to reach an advanced stage of preparation only for an unexpected event to delay
completion of the project. This can be failure to reach financial closure, unsolvable land
acquisition issues, unanticipated geotechnical issues, or any of a multitude of other factors
that can come into play. Considering this, regular status updates based on dialogue with
the respective developers should be conducted to maintain an accurate overview on the
actual status of the planned projects. This will facilitate periodic updates of the 2015-2025
mini hydropower installed capacity projections within the SII road map.
1.5.3

Provision of technical assistance

Related to the pipeline projects, under certain circumstances it may be prudent or
necessary to mobilize specific technical assistance or support for the project to advance.
For example this could include facilitating more detailed hydrological assessment where
the existing data is insufficiently conclusive, or the provision of value engineering for
specific projects at the design stage. The extent to which technical assistance can be
mobilized will depend on the availability of support programs willing to provide this
required input.
1.5.4

Site survey downstream of Soru

As noted earlier, the potential hydropower site downstream of Soru should be investigated
further. However, given the size of the catchment area and potential head, it is unlikely
this would provide more than 1 MW additional hydro capacity, and more likely half of that.
Nonetheless, some basic financial analysis and sensitivity analysis may be applied to this
project to assess whether the project is prospective, and if so, it could then be presented
at the Investor Forum planned for later in the assignment.
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STORAGE HYDRO

2.1

OPTIONS FOR ENERGY STORAGE

Storage is a critical component of the generation mix whenever renewables such as wind
and solar are connected to a grid. Due to the inherent variability of these resources,
reliance on them without complementary storage can result in periods when insufficient
generation is available to meet load. Load matching can be undertaken in a number of
ways:
1. Demand side
management (DSM) in
which loads can be curtailed
to the degree where
generation may then match
the load. Generally this form
of controllable load is based
around storage devices
such as hot water systems
or refrigeration.
2. Storage Hydro is the most common form
of storage system and involves water
retained behind a dam and released as
demand requires. The ability of this
generation to vary output in short time
frames and thereby follow the demand of
the grid, and the fact that it is a renewable
in itself, makes this an ideal solution to
complement other renewables. However,
the re-filling of this storage is subject to
natural processes such as rainfall, and
consequently is unable to absorb excess
power that may be produced by other
renewable generation on the network.
3. Pumped Storage is similar to storage
hydro except that the resource is created
by using excess energy from the grid to
pump water from a lower to an upper
reservoir. The upper reservoir is filled
during times when excess energy is
available. It is then released and used in
generation during times of generation
shortage. Pumped storage has the
advantage of utilizing otherwise excess
power, but at greater complexity and cost.
4. Other forms of storage systems are available such as batteries, flywheels,
capacitors, and compressed air systems (CAES). Some are more suitable for
shorter time frame support whereas others are designed for longer periods. The
diagram below indicates some of the technologies available.
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Source: Sandia National Laboratory, DOE/EPRI 2013 Electricity Storage Handbook in Collaboration with
NRECA, Report SAND2013-5131, July 2013.

While many forms of energy storage have been installed, apart from regular storage hydro
which depends on inflows from upstream, pumped hydro systems are by far the most
widely used, fully controllable systems, with more than 127,000 megawatts (MW) installed
worldwide.
DSM typically offers the most cost effective mechanism of load matching, but given that
peak demand on Sumba is driven almost entirely by residential lighting and that the use of
fluorescent and compact fluorescent lighting is already widespread, the potential on
Sumba is limited.
Compressed air energy storage (CAES) installations are the next largest, followed by
sodium-sulfur batteries. All remaining energy storage resources worldwide total less than
85 MW combined, and consist mostly of a few one-off installations, often pilot projects.
These forms of storage are not considered further.
2.2

NATURE OF STORAGE HYDRO RESOURCES

Storage hydro is established by damming a river, thereby creating a reservoir to retain the
energy for use as required to meet demand.
Through the presence of a storage reservoir, the hydropower plant can be dimensioned to
optimize the available flow facilitating the generation of relatively large outputs for limited
time periods. A larger dam of course can extend these periods, up to the point of providing
seasonal coverage of power needs.
This is particularly relevant in the context of Sumba’s load curve where peak hour (early
evening) demand is significantly higher than load during daytime hours, and where other
resources such as run-of-river hydro and wind are seasonal. Additionally the presence of
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a power plant with storage capacity would facilitate a much easier, more stable and
efficient operation and management of the overall Sumba electricity grid.
In the Sumba situation, if a 100% renewable target is to be met the storage system must
be capable of producing enough energy to displace all of the diesel generation that would
otherwise be required to meet demand over that provided by other renewable sources of
energy. To provide system reliability commensurate with the needs of the customers, the
storage system must be capable of tolerating dry years and have as a minimum an N-1
system reliability standard17. The establishment of more than one storage hydro plant is
likely required to replace future diesel plants, and would also enhance grid stability and
system reliability.
2.3

RESOURCE MATCHING

A fundamental requirement for a pumped storage scheme is that excess energy
generation is available from the grid. The efficiency of replenishing the upper reservoir
also needs to be considered as the benefits of pumped storage come at a cost. The best
that can be achieved is as shown below with a total conversion in the order of 77%.
Evaporation and leaching may reduce the efficiency further. These two considerations are
key to determine the ability of the pumped storage to meet daily system needs.

Figure 10: Overall operating efficiency of a pumped storage hydro scheme

In the case of storage hydro plants, seasonal considerations might also apply. Questions
such as the following must be answered:
1. What is the likely plant factor to be?
2. Will the station be used for peak load lopping and/or seasonal supply?
3. Will the station be used for frequency management faced with possible large
variations created by significant wind or grid connected solar on the network?
4. Will there be a need for the station to operate in an island mode at times?
5. What are the hydrological restrictions on the site?

17

“N-1 redundancy” is a design criterion to ensure a system continues to operate in the event of
any one component failure. PLN applies this standard on its smaller grids.
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2.4

THE STORAGE HYDRO RESOURCE IN SUMBA

2.4.1

Assessment methodology used in this assignment

In addition to the methodology described in the previous chapter to estimate the hydrology
for run-of-river hydro, storage hydro analysis requires further geographical assessment of
river valleys and contour lines to identify possible locations for either storage or pumped
hydro options. In addition, geological and geotechnical considerations are more complex,
since the construction of a dam, the ability of the reservoir to hold water, and the ability of
surrounding soil to tolerate daily and seasonal variations in reservoir level must be
assessed. Pumped storage is more difficult in that both a suitable upper and lower
reservoir within close proximity must be found.
Preliminary geographical assessment of the island indicated a number of locations
warranting further investigation. These were identified based on data derived from digital
elevation maps, the project GIS facility, historical rainfall records, Google Earth imagery
combined with site visits and information gathered from local authorities familiar with the
respective locations.
2.4.2

Pumped Storage

A possible site for a pumped storage facility has been identified near the Kambaniru
irrigation diversion weir. This irrigation off-take services 1,440 hectares of agricultural area
in the sub-district of Waingapu, the capital of East Sumba. The diversion weir was
constructed in 1992. Although only a diversion structure, it does retain some storage
upstream that may serve as a lower reservoir resource for a pumped storage scheme.

Figure 11: The Kambaniru irrigation diversion weir. Figure 12: The upstream shallow
reservoir created by the weir could potentially function as a lower reservoir for a pumped
storage hydro.

A possible site has been identified within 3 km of the dam that could be used as an upper
reservoir. The figures below indicate the location in relationship to the dam. The area that
has been identified is shown in blue and has a surface area of 52.5 ha. The surface of the
upper reservoir at full level is approximately 100 meters above the river.
On the basis that the area as detailed was utilized with an average operating range of 15
meters then approximately 1.4 GWh of storage would be available18. That is equivalent to

18

Assuming an average head of 92.5 m and total plant efficiency of 70%.
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nearly 2 days of Sumba power consumption as forecast for 2025. (The power demand
forecast will be presented in the Mid-Term Report).

Figure 13: Possible Pumped Storage upper reservoir near Kambaniru River.

Figure 14: Possible Pumped Storage upper reservoir near Kambaniru River (greater detail).

Further in-depth study and analysis is required to assess possible sites on the island and
the economics of installing this form of storage. However, apart from a site that can make
use of the existing Kambaniru dam, any other pumped storage site on Sumba would
require construction of two dams19. This would significantly increase the cost. It is not

19

There is one pumped storage plant in the world, a 30 MW plant located in Japan, which uses the
ocean as the lower reservoir. However, use of ocean water is technically challenging, and not
considered here.
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clear whether the existing Kambaniru dam would be a suitable lower reservoir; this
requires further analysis of the amount of storage available, the maximum rate of filling the
lower reservoir that can be accommodated, etc.
While further analysis of pumped storage hydro is warranted, it is not considered further
within this report due to the complexities of such analysis and the effort that would be
required to determine whether this form of storage holds promise on Sumba.
Development of pumped storage and other hydro storage schemes would not be
incompatible or mutually exclusive; both options could have a role together in Sumba’s
energy future.
2.4.3

Storage Hydro

A storage reservoir is created by the construction of a dam thereby inundating the
upstream river valley. The reservoir can be dimensioned to optimize the available flow
facilitating the generation of relatively large outputs for target time periods. This is
particularly relevant in the context of Sumba’s load curve where peak hour (early evening)
demand is significantly higher than load during daytime hours, and where the availability
of other renewable resources is seasonal. Additionally the presence of a power plant with
storage capacity facilitates easier, more stable and efficient operation and management of
the overall Sumba electricity grid.
The exact design of a storage hydro can only be carried out when all design parameters
have been accurately and carefully assessed. A previous assessment of storage hydro
potential considered two sites, one on the Kambaniru River, the other on the Mondu
River20. The Kambaniru River is considered further in this study, while the Mondu River is
not considered here due to the relatively small size of its catchment area (under 250 km2)
and the need for tunneling to construct the project.
As part of this assignment, three sites have been identified based on GIS interrogation
looking for geographical features that could support the construction of a dam with terrain
for a retained reservoir behind. The simulation has been made based on notional dam
heights of 37.5 m and 50 m. The dam sites selected have then been visited to confirm
they provide suitable characteristics, and the hydrological data then derived from the Turc
model.
The reservoirs have been modelled within the GIS using digital 1:25,000 topographic
maps from Badan Informasi Geospasial (BIG). The areas inundated and the populations
of project affected people based on the number of dwellings identified are detailed in the
following table.
Dam Height = 37.5 m
Location

River

Catchment
Area (km2)

Praikalala

Lowa

295.36

Res. Vol.
(m3)

6,926,096

Res. Surface
Area (m2)

533,038

Dam Height = 50 m
Est.
affected
population

0

Res. Vol.
(m3)

14,859,389

Res. Surface
Area (m2)

871,041

Est.
affected
population

0

Kadahang

Kadahang

516.62

39,880,328

2,023,556

35

65,904,333

2,707,443

35

Kulungawa

Kambaniru

877.13

20,631,491

1,306,703

248

47,758,662

2,937,989

580

Figure 15: Simulated reservoirs at three locations for 37.5 m and 50 m dam height.

20

PT Entec Indonesia, Small Scale Hydro Power for Grid Connection on Sumba Island, Indonesia Initial Site Assessment Report, study sponsored by Hivos, December 2011.
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The following diagrams detail the three schemes identified and show the reservoir areas
and dam location for the two dam heights assumed. Figure 16 shows the locations of
these sites in Sumba, and the following figures provide detailed views of each. Higher
dam heights would provide substantially larger surface area (which is more important than
total volume of the reservoir, since energy capacity is determined by the operating range
at the surface of the reservoir), particularly at the Kulungawa site. Increasing the dam
height at that site to 87.5 m would result in a surface area of some 9.1 km2. This would
provide substantial seasonal storage, but would greatly increase the cost of the dam as
well as the number of people affected. It is not considered further at this time, but may be
assessed in further detail later in the project as discussed in Section 2.8.

Figure 16: The three possible hydro sites as identified are ideally located with regard to load
distribution across the island

Figure 17: The simulated reservoirs at Praikalala – 37.5m head on the left and 50m head on
the right. (Dam location in red and North up)
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Figure 18: The simulated reservoirs at Kadahang – 37.5m head. (Dam location in red and North
up)

Figure 19: The simulated reservoirs at Kadahang – 50 m head. (Dam location in red and North
up)
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Figure 20: The simulated reservoirs at Kulungawa – 37.5 m head on the upper left, 50 m
head on the upper right, and 87.5 m below (with contours of the smaller reservoirs visible.
The scale of the lower figure differs from the upper two. Dam location in red and North up.

2-9
Government of Indonesia / ADB – October 2014

2. Storage Hydro. . ..
2.5

PRELIMINARY RECONNAISSANCE FINDINGS

In April 2014, preliminary reconnaissance visits were conducted to the three locations in
Sumba Tengah and Sumba Timur to explore the possibility for the creation of one or more
storage hydros. The locations were selected for initial reconnaissance based on the size
of their respective catchment areas, their average rainfall characteristics and the
topographical nature of the locations. Prior to the site visits, their potential suitability was
verified via discussions with local PLN personnel who had also visited these locations.
2.5.1

Praikalala, Sumbah Tengah

The Praikalala site is located at the end of a steep valley section of the Lowa river just
prior to where it enters the flat lower coastal plain leading towards the town of Mamboro,
Sumba Tengah. The findings of the reconnaissance survey indicate the site has potential
for a possible storage scheme having a relatively high stream flow and favorable
upstream topography that appears to support the creation of a small storage reservoir.

Figure 21: The steep sided valley at Praikalala appears to provide favorable conditions for
establishing a storage reservoir (left photo). The catchment area feeding the Lowa river
(right photo) is an area having the highest rainfall characteristics in Sumba.

Access to the site is initially via a tarmac road from the town of Mamboro with the final 15
km via a stone / earth track. Vehicles very rarely travel this route therefore at certain times
of the year the road is badly overgrown and vehicle access somewhat restricted. From the
end of the road, access to the river (see below) is a 1 hour walk and a steep decent to the
river confluence. An initial survey of the area close to the river confluence was made
during the reconnaissance visit, as indicated in Figure 22.
Prior to the field trip discussions were held with Bpk. Sulaiman from PLN who informed
that the location was tentatively earmarked for a RoR scheme in the 1 to 2 MW size
range, however, was also of the opinion that the location also has potential for a larger
power plant if a dam was constructed. Aerial images taken from Google Earth indicate the
relatively steep sided valley section of the river extends back approximately 7 km as far as
the village of Pogulaba which was also visited as part of the reconnaissance, as shown in
Figure 23.
Further exploratory reconnaissance would be required over the length of this twisty river
section to explore possible locations for a dam. Nevertheless the downstream option of
building a dam as close to the end of the valley section as indicated appears to be the
most attractive as it would also capture a number of tributaries that flow into the Lowa
river just prior to entering the lower Mamboro plains.
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Figure 22: Relatively good access exists into the site, with only the final descent
inaccessible by vehicle. Access “track” shown in yellow (left photo). The simulated
inundated area for a 37.5 m high dam located at the lower part of the valley (right photo).

Figure 23: The steep sided river section extends approximately 7 km upstream as far as the
village of Pogulaba.
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Figure 24: Looking down the valley from above the river confluence to where the land
flattens out as the river weaves its way down through the lower plains entering the sea at
the coastal town of Mamboro.

Hydrology for the site was developed in the same way as for the run-of-river sites. The
resulting FDC is shown in Figure 25. Details are provided in Appendix A.

Figure 25: Indicative Flow Duration Curve (FDC) for Praikalala created from historical rainfall
data and by adopting the Turc hydrological analysis methodology.
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Figure 26: The simulated reservoir with a dam height of 37.5m and reservoir area of 533,038
m2

2.5.2

Kadahang, Sumba Timur

The Kadahang river flows via a long relatively straight steep sided valley before
descending to the lower plains prior to entering the sea on the north coast of Sumba
approximately 30 km West of Waingapu. It has the second largest catchment area on the
island after the Kambaniru river. Due to its expansive catchment, the river has relatively
good hydrology. This factor combined with the favorable topography of the river valley,
easy access and uninhabited nature of the area make the Kadahang river an interesting
candidate for the possible development of a storage reservoir hydropower plant.

Figure 27: The relatively steep sided section of the river valley extends approximately 9 km
upstream from the potential dam to the village of Prailangina. Figure 28: The Kadahang
River just prior to the road bridge at Kadahang. The discharge was estimated at between 10
– 15 m3 / sec at the time of the reconnaissance visit (end of April 14).

Access to the Kadahang site is very easy with a tarmac road leading almost to the top of
the valley bank. Extending vehicle access further into the valley would not be difficult. The
valley is relatively uninhabited with very few agricultural activities going on along the
length of the river. Via a relatively good stone track, the road extends a further 12 km to
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the village of Prailangina. From this village it is possible to view the river at the point
where the river valley starts to narrow and where the inundation would reach with a 37.5m
high dam structure.

Figure 29: Arial google earth view of the access to the Kadahang river section that could
potentially be dammed. Figure 30: Arial view of the simulated inundated area with a 50m
high dam. The reservoir would extend back as far as the village of Prailangina.

During the reconnaissance visit the top of a water fall (dry at time of visit) was accessed.
This waypoint is shown on the Google Earth image and is at an elevation of approximately
70 m above the river bed. The width of the valley at this point is 185 m. The top of the
valley is approximately 200 m from the river surface with a valley width of >400m.

Figure 31: Google Earth image of the relatively steep sided valley section of the Kadahang
River.
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Figure 32: Looking downstream to the coast from a potential dam location. Beyond this
point the valley levels out as it approaches the coastline.

Hydrology for the site was estimated using the same methodology as for the run-of-river
sites. The resulting FDC is shown in Figure 33. Further details are provided in Appendix
A.

Figure 33: Indicative Flow Duration Curve (FDC) for Kadahang created from historical
rainfall data and by adopting the Turc hydrological analysis methodology.
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Figure 34: The simulated reservoir with a dam height of 37.5m and reservoir area of
2,023,556 m2

2.5.3

Kulungawa, Sumba Timur

The hamlet of Kulungawa is located in the Desa Maradamundi approximately 10 km
upstream from the Kambaniru irrigation diversion weir. The Kambaniru River has the
largest catchment on the island of Sumba. The presence of year round water for irrigation
results in the lower plains between Kulungawa and Waingapu being a major agricultural
area with a variety of crops including wet rice being grown year round. These agricultural
activities extend upstream as far as and beyond Kulungawa where the river valley
gradually narrows creating the possibility for the development of a storage reservoir
hydropower plant.

Figure 35: The lower section of the Kambaniru River a few kilometers before the large
irrigation diversion weir. The relatively flat terrain eliminates any possibility for the creation
of a reservoir. Figure 36: The Kambaniru River where vehicle access ends. Approximately 5
km upstream from where the river valley begins to narrow creating possibilities for a
reservoir.
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Vehicle access into the upstream area of the Kambaniru river is possible as far as the
lower hamlets of Desa Maradamundi. From where the road ends, the reconnaissance
team proceeded a further 4 km by foot to the hamlet of Kulungawa where the river valley
narrows and the possibility of creating a storage reservoir exists. Downstream of this
point, there is no possibility due to the unfavourable topography of the area (broad valley).

Figure 37: Access becomes increasingly difficult to the upstream areas of the Kambaniru
River. The “track” (yellow) shows the access covered on the reconnaissance visit. The
waypoint indicated as “Dam Position” is the first place on the river where the valley is
narrow enough to consider the option of a dam. Figure 38: The river becomes significantly
narrower at the dam position point in the hamlet of Kulungawa.

The twisty, steep-sided terrain continues upstream approximately 6 km to the village of
Maidang. At Maiding a tributary joins the main river. The area just downstream of this
confluence has also been surveyed as a possible RoR location and is included in the list
of projected RoR projects to be developed. Upstream of this location the valley widens
out, with farms on the flood plain.

Figure 39: Google Earth image of the relatively steep sided valley section of the Kambaniru
River and possible inundated area.
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Figure 40: Looking upstream from just prior to the bend before the Dam Position waypoint
in Kulungawa.

Hydrology for the site was estimated in the same manner as for the run-of-river sites. The
resulting FDC is shown in Figure 41. Details are provided in Appendix A.

Figure 41: Indicative Flow Duration Curve (FDC) for Kambaniru River created from historical
rainfall data and the Turc hydrological model.

Because of the way the upstream river valley flattens out, increasing the dam high results
in a much larger reservoir surface area than at other locations. Figure 42 shows the 1.3
km2 inundation resulting from a 37.5 m tall dam. In comparison, an 87.5 m high dam
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would inundate some 9.1 km2, as shown in Figure 20. This would, however, displace a far
larger population.

Figure 42: The simulated reservoir with a dam height of 37.5m and reservoir volume of
1,306,703 m2.

2.6

OTHER FACTORS FOR STORAGE HYDRO ASSESSMENT

2.6.1

Constructability

Dam engineering and construction are established disciplines that are well-represented in
Indonesia. Certainly there will be logistical challenges for site access and the movement
of heavy equipment and large amounts of materials to the site, but these are ultimately
cost rather than technological issues.
On the other hand, soil characteristics at the site will be a major determinant of
constructability. The durability and impermeability of the soils forming the impoundment
and the abutments and foundation of the dam will be important geotechnical
considerations. Given the prevalence of limestone and other carbonate rocks on Sumba,
excessive leaching, poor soil integrity and the existence of caverns and other potential
sources of water loss are major risks to a storage hydro project. These risks must be
assessed early on, starting with the preliminary site visits.
In addition, project design must take into account extreme events that storage schemes
may encounter. These include the occurrence of floods, droughts, earthquakes and
slumping.
Finally, upstream watershed management will be another important factor. There have
been cases in Indonesia and elsewhere in which degradation of the upstream watershed
has seriously compromised the operation of the dam due to siltation. The construction of a
dam must be predicated on the basis of upstream watershed management mechanisms
that will prevent large increases in sediment loads.
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2.6.2

O&M

Run of the river hydro sites already exist on the island and the skills required for the
operation and maintenance of storage schemes does not differ significantly from those
already available.
The skill set that is missing is that related to the operational aspects of storage schemes
integrated into a grid system fed from a number of other generation types. Institutional
strengthening will be required along with the introduction of “smart grid” tools for energy
dispatch, resource planning and management and operational communication with PLN
Area Sumba.
2.6.3

Grid Integration

Storage hydro plants complement other forms of generation due to their ability to respond
quickly to changes in system frequency. Their ability in this area may be restricted more
by the hydrological restraints that may apply to the schemes. Rapid changes in river flows
downstream of stations generally cannot be tolerated either due to land use reasons or
because of the risks of accelerated river bank erosion. Typically storage hydro stations
play a wide range of roles that may include the provision of spinning reserve as well as
the water needs of downstream users. Executing this role will require grid management
skills and tools that currently do not exist on Sumba.
Generally, storage hydro offers high reliability, provided that the considerations under
Section 2.6.1 “Constructability” have been properly addressed.
There is no limit to the amount of storage hydro that can be applied to the grid, subject of
course to the load to be served. Unlike run of the river schemes, the ability of a storage
system to throttle or increase to meet the load makes it an ideal solution for Sumba.
During high flow periods (flood flows) storage stations have the ability to spill water if the
storage system is already full. The limitations to storage hydro development on Sumba will
be driven more by cost, social impacts and the identification of suitable locations.
2.6.4

Environmental and Social Considerations

Of all renewable energy sources, storage hydro can have some of the most adverse
environmental and social impacts. Blocking natural water flows disrupts the aquatic
ecosystem, and the flooding of previously dry areas may destroy terrestrial wildlife
habitats and significantly change the landscape. Land use undertaken in the area, such as
for agriculture or habitation, may be displaced. Project affected people are a major
concern.
Pumped schemes may also increase the water temperature and stir up sediments at the
bottom of the reservoirs, which may cause deterioration in water quality. It may also trap
and kill fish. There is a risk that the natural aquifer levels around the reservoirs may be
disrupted thereby accelerating pollution of water sources due to increased absorption of
contaminants. Technologies exist to mitigate some of these ecological impacts. These
should be considered during the design and impact assessment stage.
On the other hand, there can be advantages that come from the schemes such as the
assistance that can be provided to irrigation from the reservoirs that are created. Fish
farming and tourism as examples can create opportunities for displaced residents.
Other impacts that require consideration include the following:
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1. What impact will the interruption of sediment flow have on the downstream
environment?
2. Will upstream migrating fish stocks (if any) be affected?
3. Will the variance in river flows downstream of the station impact on habitation or
environmental factors?
4. Will stratification of the water due to reduced flows impact on water oxygen levels
and thence aquatic life?
5. Is there a risk of dam failure that could have catastrophic consequences on
downstream communities?
The adverse impacts of hydroelectric facilities can be minimized through good design and
development practices. A facility must adequately protect or mitigate its impacts in the
following areas: livelihoods and well-being of affected people, river flows, water quality,
fish passage and protection, watershed protection, threatened and endangered species
protection, cultural resource protection, and recreation. Hydroelectric projects that meet
these criteria could make a large contribution towards Sumba’s renewable target. Best
practice guidelines are available to identify, measure and mitigate these risks throughout
the project lifecycle21.
2.7

STORAGE HYDRO GENERATION DEVELOPMENT PROGRAM

Preliminary identification of three potential storage hydro sites has been carried out,
including site visits conducted in April 2014. However, the permitting, tendering, design
and construction phases for a storage hydro scheme are lengthy. Commissioning of one
or more schemes might be possible by 2020 but only if further studies and planning were
to start now (2014/15).
2.7.1

Plant Sizing

For the other renewable energy resources considered for Sumba, the potential of the
resource is limited by either the ability of the grid to absorb the output (solar and wind) or
the availability of the resource itself (RoR hydro and biomass). Storage hydro is different
in that the available energy from this resource depends upon a number of factors that
determine the feasibility and sizing of a dam, including hydrology, topography, geology,
and social and environmental considerations.
Once the amount of available energy has been determined by the siting and sizing of a
dam, the ability of the dam to store energy allows the generation capacity to be sized so
as to yield greatest value. The energy that is stored can be released for short periods at
high power, or longer periods at lower power. Moreover, decisions about sizing and
associated operation of a storage hydro plant depend not only on how the plant best fits
within the least-cost generation expansion plan (a capital investment decision), but also
the need for spinning reserve, load following, frequency maintenance etc. (a grid
operations decision). Such analysis goes beyond the scope of the current report.

21

For example, the International Hydropower Association publishes the Hydropower Sustainability
Assessment Protocol, which covers the entire hydro development cycle, from early stage
assessment through to operation. See http://www.hydrosustainability.org/DocumentLibrary.aspx#.U6QBh28p-So
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This resource assessment therefore develops only preliminary energy storage scenarios
for the three potential sites that have been identified. These scenarios will be subject to
further study of the factors that determine the siting and sizing of a dam. The sizing of
storage hydro generation capacity for Sumba against these preliminary storage scenarios
will be investigated as part of the least-cost generation expansion planning conducted with
the Homer model, which will be presented in the Mid-Term Report.
Referring to information presented in Section 2.4.3 regarding the surface area of a
reservoir at each site corresponding to the dam height stated below, the potential energy
storage and potential peak month power production for each site is as shown below in
Figure 43.
Storage,
% of monthly power
Potential peak month
23
power production, MW24
GWh22 consumption on Sumba
Praikalala, 50 m dam
0.9
23%
6.7
Kadahang, 50 m dam
2.8
71%
10.1
Kambaniru, 50 m dam
3.1
77%
12.3
Kambaniru, 87.5 m dam
17.4
435%
22.6
Figure 43: Comparison of energy storage and maximum power production at
various sites and dam heights.
Site

The storage figure assumes that a dam of the stated height is feasible at each location. It
represents the amount of energy that could be produced from a full dam with no inflows.
The potential peak month power production represents the maximum power production
possible for the month with the highest river flow. Actual plant capacity could be higher or
lower depending on whether the plant is to be operated as a peaking or base load plant.
These figures are presented only to compare the relative sizes of these potential sites,
and as an input to the least-cost generation expansion analysis to be presented in the
Mid-Term Report. They also indicate that (i) overall, the Kambaniru site offers the greatest
storage and highest potential peak month power production, and (ii) unless it were
feasible to construct a very high dam at Kambaniru, storage hydro on Sumba is unlikely to
provide seasonal coverage.
2.7.2

Acquisition and Verification of Hydrological Data

Accurate hydrology is singularly the most critical factor in determining the viability and
attractiveness of a hydropower plant. Unfortunately there is little hydrological data existing
for rivers in Sumba and consequently most discharge estimates are derived from historical
rainfall data recorded at a meteorological stations located at the two airports on the island.
As a means of complementing the limited existing stream flow data currently available, the

22

Assuming (i) the sides of the reservoir within a 10 m operating range are perpendicular to the
surface of the reservoir, (ii) total plant efficiency of 85%, and (iii) the head is taken at dam height
minus half the operating range, since hydro power production is a linear function of head.

23

Assuming the prevailing level of ~4 GWh of sales per month, or ~48 GWh per year. By 2025,
sales could increase by nearly a factor of 5 if the Iconic Island target of 95% electrification ratio is
achieved. This load forecast is discussed further in the Mid-Term Report.
24

Assuming a 50 m head (as the dam will likely be full during the wettest month), 85% total plant
efficiency, and river flow based on the highest flow month from the notional hydrology presented in
Appendix A.
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installation of one or more temporary gauging stations would provide a valuable resource
not only for the specific site where the gauging station is built, but also for other areas with
similar climatic conditions on the island.
Whilst establishing river gauging stations would help the evaluation of potential RoR sites,
it is essential when considering the option of building a storage hydro on the island given
the magnitude of investment required. In view of this, as part of the storage site
reconnaissance of 3 rivers deemed potential reservoir locations carried out in April 2014,
their suitability for the installation of a gauging station was also assessed, as described
below.
Praikalala, Sumba Tengah
A preliminary site exploration and discussions with PLN representatives familiar with the
area were conducted to identify a suitable location for the installation of a data logging
device and periodic stream flow measurements25. A position downstream from the
potential reservoir site just prior to an irrigation intake was selected as a candidate.

Figure 44: The steep sided valley at Praikalala appears to provide favorable conditions for
establishing a storage reservoir (left photo). Approximate location of the irrigation intake in
relation to the Praikalala site that could be suitable for the installation of a water level datalogging device (right photo).

The exact position of the data logger housing and location for stream flow measurement
would require further site visits to the location. Due to part of the stream flow entering the
irrigation intake at this point, it is not possible to position the gauging station any further
downstream from this point.
Kadahang, Sumba Timur
There is a road bridge crossing approximately 2 km upstream from where the river enters
the ocean. Slightly upstream from the bridge the river narrows sufficiently for current
meter stream flow measurements to be made. Trees are located either side of the river
that will likely allow for suspension of a current meter if necessary. The location also lends
itself to the installation of a data logging facility. The riverbed is relatively flat with a regular
cross section therefore accurate stream flow measurement with a current meter would be
possible.

25

The most challenging part of a successful gauging station is identifying a place which facilitates
the regular measuring of the stream flow at different times of the year in order to be able to create
the reference curve based on data from the logging device.
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A second candidate location for Kadahang is further upstream where the Harunda MHP
(RoR) is currently under construction by an IPP. Being on the same river further upstream
(approx. 25 km), results from measurements taken in Harunda could be correlated
relatively easily to provide discharge levels at Kadahang. The advantage of this approach
is that it would represent a cost effective method of accurately monitoring river discharge
directly at a power plant location. As construction only started in April 2014 at the site, the
installation of such a facility would also be of interest to the private developer. Given the
relatively small cost of such a device, the private developer may be willing to cover part of
the cost of establishing the facility. Moreover, they would have engineers regularly on site
enabling frequent stream flow measurements26 and monitoring of the data logger.

Figure 45: A suitable location for installation of a data logger and for conducting stream
flow measurements just before the main road bridge crossing was identified at Kadahang. If
required, a current meter could be suspended between trees located on each side of the
river.

During a site visit made on the 30th April 14, a stream flow measurement was taken using
the conductivity method giving a result of 10.5 m3 / sec. This measurement was
consistent with a measurement made further downstream on the Kadahang River a few
days earlier. The perceived accuracy of these readings indicates that the conductivity
method could be adopted for the stream flow measurements made at this site.

Figure 46: Construction of the Harunda MHP located on an upstream section of the
Kadahang River was started in April 2014. Installation and operation of a gauging station
here could be carried out in cooperation with the project developer.

26

Experience shows it is normally the regular stream flow measurements and not the installation
and reading of the data logger that presents the biggest challenge of establishing an accurate and
functioning gauging station facility. In the case of Harunda, this problem would be minimized
through the regular presence of engineers on site for the next 2 years.
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Kulungawa, Sumba Timur
Measuring stream flow on a river the size of Kambaniru is a challenging task. The only
viable method that can be used is a current meter, but the width of the downstream
sections of the Kambaniru river make the suspension of a current meter difficult. The
upstream areas where the river runs through narrow canyon would be more suitable in
this respect, but access becomes increasingly difficult complicating the process of regular
stream flow measurement and monitoring and collection of logged data. Additionally the
risk of flood damage to the data-logging device increases in narrow river sections where
violent flood flows can occur.
The most promising location on the Kambaniru may be the upstream mouth of the canyon
near the village of Maidang. Maidang offers reasonable access, proximity to the canyon
where a storage hydro project may be sited, availability of residents who could be trained
to take readings and check the installation, and a narrowing river width that would allow
placement of a current meter to be optimized.

Figure 47: Approximately 10 km upstream from the Kambaniru irrigation weir, the river
valley narrows creating more favorable conditions for a possible storage reservoir. Erection
of a gauging station data logger also becomes more feasible, particularly at the upstream
mouth of the canyon near the village of Maidang.

This review indicates that possible gauging station sites are available at each candidate
river. Given that the Kambaniru offers the largest watershed on Sumba, and a topography
that could accommodate perhaps the largest reservoir on the island, it has been selected
as the candidate for the gauging station. An RFP for the construction of temporary
gauging stations on the Kambaniru is included in Appendix B. Responses to this RFP
were received in mid-August, 2014. However, the budget for the river gauging activity
under this assignment is being reallocated to other tasks, as the operating/measurement
period would extend well beyond the end of the assignment. Efforts are underway to
identify other development partners that may be willing to finance this activity.
If it proceeds, the installation of a gauging station on the Kambaniru should be discussed
further with the provincial Public Works Service (Dinas PU) in the capital Kupang. In an
initial discussion held in March 2014, Dinas PU was receptive to installation of a gauging
station, and indicated it would support this effort27. Further discussion with Dinas PU are

27

Contact has been made with representatives from PU in Jakarta (Bpk. Hasanudin) and Kupang
(Bpk. Jayadi), who indicated their willingness to support with the provision of hydrological data
where it exists.
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recommended, possibly leading to a joint field visit with representatives from PU to select
the most suitable location, with a view towards handing the facility over to the provincial
government at the completion of the project.
2.8

NEXT STEPS

Without the availability of storage systems the integration of a large amount of renewables
on the Sumba grid is going to be difficult if not impossible. Storage hydro offers the best
prospects for a renewable storage system on Sumba, but a number of activities are
required to establish the feasibility of such a system.
As a first step, reconnaissance to three locations identified as potentially having storage
possibilities was conducted in April 2014. The findings from these reconnaissance visits
were sufficiently positive to warrant further detailed follow up measures as a next step.
These follow up measures include the following:
1.

Meet with the Bupati of Sumba Timur, PLN NTT and Area Sumba, and Dinas
PU to explain the storage hydro concept, and confirm their support for further
studies and the river gauging station, including provision of any necessary
permits. Among other things, discuss with the Bupati the possibility to tender the
izin lokasi for the Kulungawa site to ensure the most qualified developer (in the
event this would not be a PLN project).
This meeting took place in August 2014. The Bupati expressed the willingness
of the local government to support further studies, and requested a formal
written request as a basis for providing an official supporting letter.

2.

Engage a contractor to carry out the river gauging as described in the RFP
provided in Appendix B. While of course more gauging sites are better than
fewer, as a practical matter it is unlikely that funding will be available for more
than one. As the Figure 43 indicates, the Kambaniru River offers potentially far
more energy storage than that available at the next best site, Kadahang. As
highlighted above, there are of course other factors that must be considered
before anyone starts building a dam, but if it is only possible to measure at one
site, then that should be the largest site, since that is where the greatest
investment might take place, which in turn requires the best hydrology.
Moreover, given that Kambaniru is by far the largest watershed on Sumba with
the greatest diversity of soil types, plant cover and microclimates, the
hydrological profile that is generated can serve as an upper bound for
hydrological availability at smaller watersheds in eastern Sumba (like
Kadahang) per unit area of watershed. Conversely, extrapolating from
Kadahang to Kambaniru would not be as accurate.
Between the draft and final versions of this report, it was recognized that the
river gauging activity described in Appendix B would last longer than the ADB
funding under this assignment would be available. Consequently, the budget for
that activity has been reallocated, and funding is now being sought from other
development partners.

3.

Engage a contractor to carry out a preliminary storage hydro assessment as
described in the RFP provided in Appendix C. This includes the following tasks:
a. Conduct desk studies of the identified locations using detailed
topographical maps (1:25,000). Within the areas deemed suitable, potential
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dam sites should be pinpointed in readiness for more detailed
reconnaissance visits.
b. Based on the results of the desk studies, follow-up with land and river
based reconnaissance visits to the most promising locations. This
reconnaissance where possible should use boats28 to navigate portions of
the river where the possible dam sites and subsequent reservoir areas
have been identified. This would facilitate a much more accurate
assessment and verification of the desk study findings especially
considering that land access to these locations is difficult. Expertise
participating in these reconnaissance visits should include a geologist in
order to gain a preliminary impression of the suitability of the terrain and
prevalent land material for the construction of a dam and reservoir.
Since the preparation of the draft version of this report, the budget for this
activity is also being reallocated to other activities since no responsive bids
were received. As with the river gauging, efforts are underway to identify other
development partners that may be interested to support this.
4.

Assuming favourable findings from the above activities, conduct a market
sounding of private developers as part of the Investment Forum planned for the
first quarter of 2015 about the potential interest in a storage hydro project, and
the issues that must be addressed in project preparation to make the project
attractive to the private sector.

5.

For those sites deemed suitable based on the findings of (3) above, undertake
pre-feasibility studies (pre-FS) comprising more detailed geotechnical,
engineering and financial studies. The results of the pre-FS will facilitate a
decision on whether to proceed further with the project or not.

28

During the first reconnaissance to Kulungawa, when interviewed regarding possible foot access
from Kulungawa upstream to Maidang, local villagers informed that this is not possible due to the
narrow gorge. However, Maidang itself is readily accessible by car.
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SOLAR

3.1

APPROACHES TO SOLAR RESOURCE ASSESSMENT

Assessing a solar generation investment requires information on how much solar energy
is received at the candidate location on a daily, monthly and annual basis. The time
resolution of the data is dependent on the application; for example in smaller systems with
battery storage, a daily estimation of solar energy is typically required to assess the ability
to meet consumer loads and also have sufficient surplus to charge a battery set at the
same time. Seasonal variations matter in this situation. Other larger investments may be
more interested in annual rates of return on an array, or may need information on
matching the output of a solar array to a specific load pattern or tariff structure.
Solar resources are typically assessed using third-party global insolation data that is
available from a number of organizations. NASA, SolarGIS, 3Tier and Meteonorm are four
commonly accessed providers of global datasets. Data on the resource is generally
required for at least a full calendar year, and the level of refinement of data is dependent
on the accuracy required by the resource developer for the stage of investment planning.
Information on solar insolation for solar PV requirements is typically presented as watts
per square meter (W/m2), with 1,000 W/m2 being taken as the insolation expected on a flat
surface, perpendicular to the sun, on a clear day and at sea level.
For pre-feasibility assessments, monthly averaged data is frequently used to provide an
approximation of the resource, and to support early ‘go - no go’ decision making. Data is
provided as an average of the kilowatt-hours that would be received on an average day
for that month.
For more detailed assessments, such as those needed for higher levels of investment or
more refined studies of daily cycling and energy storage impacts, hourly data over the
year is required to give higher resolution on when specific solar resources can be
expected. These datasets must then be reviewed in context with an onsite assessment to
determine whether there are local conditions that are not taken into account by a global
model, such as shading from trees or buildings. Ideally, data is gathered onsite using a
standard pyranometer.
It is noted that a pyranometer is installed on one of the solar mini-grid systems in Sumba
Tengah funded by the Ministry for Development of Disadvantaged Regions (Kementerian
Pembangunan Daerah Tertinggal, KPDT) but the power supply has not been connected
so the instrument is currently not recording. In addition, a pyranometer has been specified
for the met mast to be installed at Hambapraing for wind resource assessment, so that
ground-measured solar data should be forthcoming within the next few months.
3.1.1

Nature of solar resources

Solar resources are reasonably consistent on a regional basis but are impacted locally by
shading from terrain, trees or buildings that are generally not reflected in the datasets
provided by third party globalised data providers.
Solar resources in Sumba are good, with an average annual solar insolation of 5.54
kWh/m2/day. Annual variation is present, but not pronounced, with annual lows of 4.75 to
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4.87 kWh/m2/day experienced in June and July, and highs of 6.38 to 6.65 kWh/m2/day
experienced in September and October29. Monthly variations are shown in Figure 48.

Figure 48: Sumba annual solar energy availability

The consistency of the resource is of benefit when designing systems as there is a
reduced need to accommodate large seasonal swings in solar PV production.
3.1.2

Common Assessment Methodologies

Assessing solar PV resources is generally done using one of two methods, and is
influenced by the size of the expected array and investment. A designer may gather data
on site using a pyranometer and data logger to gain actual readings, or data is obtained
from a specialist third party provider. Generally monthly average data is available at no
cost; however more detailed hour by hour data is sold on a per use basis.
Smaller arrays may not justify the time or expense of detailed solar resource studies, and
are likely to be required to be built in a fixed location and hence are more likely to be
influenced by the physical characteristics of the site such as shading from trees or terrain.
This is best determined by a coarse global resource study using monthly average data,
and then corrected with an onsite assessment of the impact of localized impacts that
cannot be avoided, or only partially modified (such as tree pruning).
Larger scale investments in PV justify greater investment in a study of both the resource
itself, and the physical attributes of the location. The larger investment frequently affords
the opportunity to also move the site, by purchasing land in a different location.

29

NASA Global solar database https://eosweb.larc.nasa.gov/cgi-in/sse/sse.cgi?skip@larc.nasa.gov
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In the case of Sumba, it would be recommended to purchase a dataset for hourly solar
resources for a full year, as with a 100 km by 100 km area, the same dataset can be used
for both small scale and large scale installations, though both would still require onsite
evaluations to verify localized effects. However at this early stage of the project, while the
broader parameters of how the project can be approached are defined, a monthly dataset
that is then extrapolated into an hourly dataset by the HOMER model is regarded as
acceptable.
Given the time required for large scale investments to be made, it would be recommended
to install two pyranometer recording instruments early in the program so that real,
empirical data can be accumulated to then compare with the datasets purchased in the
future. This will both ensure that there are no significant variations in the data values from
the solar GIS systems, and also ensure that there are no localized variables that are not
allowed for in the dataset, such as shading, terrain or other factors that may influence the
accuracy of the data set used to produce a final technical design and financial projection.
3.1.3

Assessment methodology used in this assignment

In the case of Sumba, the assessment has been conducted using a NASA generated
dataset based on an average day for each given month. Using the renewable energy
modeling package HOMER, an algorithm is applied to the dataset to produce an
extrapolated hourly dataset that is sufficiently accurate to meet the resolution needed at
this stage of the investment cycle.
3.2

THE SOLAR RESOURCE IN SUMBA

To provide an indicative assessment of the solar resource in Sumba, a 1 MWp PV array
was simulated on the SolarGIS PV assessment tool. The result is shown below:

Figure 49: SolarGIS simulation data for 1MWp PV array

The model shows monthly expected power outputs ranging between 113 MWh and 162
MWh per month over the year for a 1 MWp installation. Over the course of a full year, a 1
MWp array will produce a total of 1,674 MWh (19.1% plant factor).
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Figure 50: PV insolation for Sumba broken into components. (Ref SolarGIS PV planning
tools)

The above chart shows the solar radiation resources in Sumba broken into its two primary
components of direct and diffuse inputs. Direct refers to the radiation that is received by
the PV panel directly, whereas diffuse refers to the component of the total energy received
at a given spot that is scattered as light passes through the atmosphere. The last reflected
component is an almost insignificant component of the total energy and accounts for
energy that is reflected off other surfaces onto the point in question. These three
components make up the total energy received for a given spot. The chart above shows
the components that can be expected for Sumba.
3.3

SOLAR UTILIZATION ON SUMBA

PV array construction is now well developed and engineering, procurement and
construction (EPC) contractors are able to deliver complete turnkey packages according
to a given set of specifications and design parameters. However, the long-term success of
these projects depends on proper design, thorough construction supervision and
subsequent institutional arrangements for operation and maintenance. In addition, land
acquisition or access should be addressed from the outset to ensure timely project
implementation.
The utilization of solar takes the following forms: grid connected, isolated mini-grids and
individual household systems. The first two are discussed further below, while the third
was discussed at length in the Inception Report. Trips reports are provided in Appendix D.
3.3.1

Grid Connected Systems

Sumba has considerable potential for utility scale solar energy generation, given the
availability of insolation and land that may be of limited use for agriculture (due to a lack of
irrigation). The demand for energy is present, and current costs for diesel generation
provide a financial incentive to encourage other forms of generation such as solar PV.
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However, the utilization of this resource is naturally limited to daylight hours and the
absence of bad weather that reduces solar availability. Expanding the amount of solar PV
on the network to increase its utilization beyond daytime loads would require a parallel
investment in pumped storage hydro capacity to absorb the surplus energy available from
the grid when solar production is high but consumer demand is lower. Given the level of
current and future demand on Sumba this would require considerable investment. As
discussed in Chapter 2, storage of this type considered further in this study.
Even if grid connected solar is sized for daytime loads, the integration of this resource into
the electricity network will require careful coordination with other generation resources to
maintain power reliability and quality, and achieve the expected benefits.
In particular, penetration of solar on the network (in terms of percentage of total system
generation capacity) will be limited by the need to maintain voltage and frequency stability.
This may require careful manual balancing of solar inputs to consumer demand, or the
use of automated controls to either reduce solar inputs, or direct surplus solar generation
(if any) to dedicated loads such as pumped storage, battery storage or other ‘always
available’ loads such as ice making for fisheries etc.
The lack of an automated coordination system on Sumba, such as system control and
data acquisition (SCADA) system, constrains the potential penetration of solar on the grid.
Using only the manual (cellphone) coordination system presently employed, operators are
only able to control a much lower penetration if they are not to risk to avoid destabilizing
other generation resources such as diesel.
The 400 kWp pilot project at Bilacenge prepared by the Agency for Assessment and
Application of Technology (Badan Pengkajian dan Penerapan Teknologi, BPPT) was
designed to test how such grid integration can take place. That system was described in
detail in the Inception Report; it includes a flow battery, a control system, communications
to diesel generators, and the PV arrays. However, the project has faced a number of
problems with different components, and integrated operation has not yet taken place.
Insolation data was previously requested from BPPT, but pyranometer data is not
available.
Following Minister of Energy and Mineral Resources Regulation 17/2013, grid-connected
solar PV can only be installed on the basis of a tender organized by the Government. One
grid-connected system has been tendered for Sumba – a 1 MW system in Sumba Timur –
which was awarded earlier this year to PT Buana Energi Surya Persada. The company is
currently completing land acquisition in the Hambapraing area. Originally the project had
been considere for Laiport, but by placing both potential wind and PV generation in that
area, PLN will limit the need to strengthen the grid to the Hambapraing – Waingapu line.
3.3.2

Isolated Mini-Grids

Solar construction on Sumba to date has focused on the extension of electrical services to
remote communities via solar mini-grids or individual solar home systems. In general, the
solar mini-grids visited during this assignment offered reasonably reliable power but
suffered from avoidable errors in the implementation process. The technical solution that
was put forward often did not align with the actual requirements of the community. This
resulted in dissatisfaction with overall performance, reluctance or refusal to pay for the
power consumed, and confusion over what the community is expected to do in terms of
system management and operation. Data on other systems indicates a high failure rate,
due to either shoddy design and construction, or the lack of institutional mechanisms to
ensure sustainable operation.
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During the field study, it was noted that in some cases the systems supplied were only
designed to power half the houses in the village, or discussions over how communities
were to operate the savings plan were only commenced after the installation was
completed, resulting in an inability of communities to participate in or compromise on how
the system could be managed sustainably.
It is important to meet with, discuss and listen to the views and expectations of the
community before any work is initiated on site. Funding agencies must be prepared to fulfil
at least the minimum requirements of the community. For example, if the community has
50 households, but the funder has funding for only 30, then the project should not proceed
as it has a high likelihood of disappointing the community and ending in failure.
While the solar mini-grids visited in the course of this assignment were mostly operational,
government data on the overall stock of such projects in Sumba indicates a high failure
rate. For example, of the 30 installations carried out under the Program Nasional
Pemberdayaan Masyarakat (PNPM), 26 were reported to be out of service as of late
2013. The two central reasons of system failure are a lack of community coordination
resulting in a failure of system management and no maintenance revenues plus a failure
to match community needs with the equipment provided, and ensure that equipment is
understood, able to be serviced and appropriate for the installation. Figure 51 on the
following page summarizes the status of all PV mini-grid and grid-connected systems on
Sumba.
Nonetheless, with better preparation and project design, solar mini-grids remain a
promising technology for Sumba. Under certain circumstances these systems are less
costly than grid extension; the relative economics of grid extension versus mini-grids is
covered by the Network Planner analysis to be presented in the Mid-Term Report.
Moreover, these systems may be designed such that at a future date they could become
part of an expanded island-wide grid system. Finally, while none of the sites reported
safety or reliability issues with their distribution systems, it is evident that the networks
constructed did not follow consistent construction standards or guidelines, and this may
compromise future system reliability or more critically, system safety.
Through Permen ESDM 3/2014, EBTKE has established technical requirements and
standards covering these systems. Energising Development Indonesia (EnDev) is a
technical assistance program funded by a multi-donor group that is working with EBTKE
to, among other things, review experience with PV mini-grids developed by EBTKE and
improve implementation capacity, standards and specifications based on this field
experience30. However, these standards and specifications only apply to systems funded
by EBTKE. Systems provided by PNPM, KPDT and the Pemda may follow different
standards.
In addition, PLN is planning a roll-out of hybrid diesel/PV mini-grids under the Thousand
Islands program covering eastern Indonesia. This program is financed by KfW and World
Bank. A map of the proposed locations for Sumba is shown in Figure 52. These
installations are as large as 300 kWp each.

30

EnDev has not reviewed any projects on Sumba. EBTKE has implemented only four PV projects
on Sumba, and these were initiated prior to Permen 3/2014 and Permen 10/2012.
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Figure 51: PV Mini-grids on Sumba
No
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42

Desa
Wendewa Barat
Makatakeri
Matawaikajawi
Ngadu Bolu
Tanambanas
Dewa Tana
Tarona
Wano Kaza
Zala Kadu
Palamoko
Dikita
Kananggar
Ramuk
Praihambuli
Lailara
Kiritana
Maulumbi
Kombapari
Watumbaka
Watumbaka
Pakahembi
Mauramba
Kambatabundung
Kataka
Matawai Katinga
Kadahang
Napu
Mbatapuhu
Pamburu
Pamburu
Tamma
Lambakara
Kukitalu
Praingkareha
Billa
Tapil
Pinduharani
Kayuri
Rindi
Hanggaroru
Haikatapu
Kabaru

43 Maidang
44
45
46
47
48
49
50
51
52
53
54

Maubokul
Kiritana
Maulumbi
Pala Kahembi
Mahubokul
Kuta
Winumuru
Praihambuli
Ngadulanggi
Tandula Jangga
Bilacenge

Kecamatan
Mamboro
Katikutana
Umbu Ratu Nggay
Umbu Ratu Nggay
Umbu Ratu Nggay
Umbu Ratu Nggay
Barat
Tana Righu
Tana Righu
Tana Righu
Lamboya
Tana Righu
Paberiwai
Pinupahar
Nggoa
Katala Hamulingu
Kambera
Kambera
Lewa
Pandawai
Pandawai
Pandawai

Kabupaten

Central
Sumba

5 kWp

West
Sumba

East
Sumba

Kahaungu Eti

Haharu

East
Sumba

Pakunga Lodu

Tabundung

Rindi

Kambata
Mapambuhang
Kambera
Pandawai
Kanatang
Paberiwai
Nggoa
Kodi Utara

Unit Capacity
(kWp)
5 kWp
5 kWp
5 kWp
10 kWp
5 kWp

SBD

Financed by

No of Households

ESDM
ESDM
KPDT
KPDT
ESDM

41
34
31
65
40

Year
Operational
2012
2011
2012
2012
2013

KPDT

32

2013

Operational

2012
2012
2012
2012
2013
2011
2011
2012
2012
2013
2013
2012
2008
2007
2013
2011
2010 ‐ 2011
2009
2012
2009
2011
2011
2011
2011
2010
2013
2011
2009
2010
2010
2010
2011
2010
2009
2009
2010

Operational
Operational
Operational
Operational
Planned
Operational
Operational
Operational
Operational
Planned
Planned
Planned
Out of Service
Out of Service
Unlikely to proceed*
Operational
Out of Service
Out of Service
Out of Service
Out of Service
Out of Service
Out of Service
Out of Service
Out of Service
Out of Service
Out of Service
Out of Service
Out of Service
Out of Service
Out of Service
Out of Service
Out of Service
Operational
Out of Service
Out of Service
Operational
7 HH: Out of Service
26 HH: Operational
Operational
Under Construction
Out of Service
Out of Service
Out of Service
Out of Service
Out of Service
Out of Service
Out of Service
Out of Service
Operational**

5 kWp
APBD
34
5 kWp
APBD
34
10 kWp
KPDT
60
6 kWp
APBD
40
5 kWp
KPDT
30
5 kWp
KPDT
50
5 kWp
KPDT
43
5 kWp
KPDT
52
10 kWp
KPDT
62
5 kWp
ESDM
40
10 kWp
ESDM
103
5 kWp
KPDT
32
5 kWp
KPDT
33
2 x 5 kWp
KPDT
32
3,500 kWp
Bakrie Power
Grid connected
No data available
PNPM
30
No data available
PNPM
60
No data available
PNPM
46
No data available
PNPM
26
No data available
PNPM
No data available
No data available
PNPM
No data available
No data available
PNPM
No data available
No data available
PNPM
No data available
No data available
PNPM
No data available
No data available
PNPM
25
No data available
PNPM
126
No data available
PNPM
203
No data available
PNPM
No data available
No data available
PNPM
No data available
No data available
PNPM
No data available
No data available
PNPM
10
No data available
PNPM
1 for 11 HH, 1 for 15 HH
No data available
PNPM
20
No data available
PNPM
2 units for 30 HH each
No data available
PNPM
30
No data available
PNPM
17
One unit for 7 HH
No data available
PNPM
One unit for 26 HH
No data available
PNPM
22
No data available
PNPM
22
No data available
PNPM
20
No data available
PNPM
20
No data available
PNPM
15
No data available
PNPM
No data available
No data available
PNPM
No data available
No data available
PNPM
No data available
No data available
PNPM
No data available
No data available
PNPM
No data available
500 kW
BPPT
Grid connected

2011
2011
2013
2011
2011
2009
2011
2011
2011
2011
2011
2012

Current Status
Operational
Operational
Operational
Operational
Operational

Sources of Data :

Notes:

1. Dinas Pertambangan dan Energy Kabupaten Sumba Barat Daya
2. Dinas Pertambangan dan Energy Kabupaten Sumba Barat
3. Dinas Pertambangan dan Energy Kabupaten Sumba Tengah
4. Dinas Pertambangan dan Energy Kabupaten Sumba Timur
5. Badan Pemberdayaan Masyarakat dan Desa Kabupaten Sumba Timur

* The developer had been seeking permits for this project on the
basis of direct appointment, but new regulations require tendering.
** There have been several periods where the system has been Out
of Service. Associated components, such as a flow battery, are not
operating.

Financing Agencies :
ESDM
KPDT
APBD
PNPM

Kementrian Energi dan Sumber Daya Mineral / Ministry of Energy and Mineral Resources
Kementrian Pembanguan Daerah Tertinggal / Ministry for Development of Disadvantaged Regions
Anggaran Pendapatan dan Belanja Daerah / Regional Budget for Revenues and Expenditures (annual budget for kabupaten)
Program Nasional Pemberdayaan Masyarakat / National Program for Community Empowerment
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Figure 52: Sumba sites for PV/diesel hybrid systems under PLN’s Thousand Island
program. The blue lines mark the existing 20 kV grid, and the green squares
indicate locations of the specific projects.
3.3.3

Construction

An inspection of existing solar PV installations in Sumba has shown a wide range of
construction quality. Different funding agencies do not follow uniform construction
standards or approaches to equipment selection and installation. Most project sites visited
used different makes and models of solar panels, inverters and batteries, leading to
greater risk of future difficulties in meeting the service and support, spare parts and
product expertise needed to maintain installations going forward.
In the case of projects prepared by independent power producers (IPPs), the IPP will
manage its own construction quality, and make sure that items such as array frames,
inverters and PV are constructed to correct engineering and safety standards.
In the case of design/build solar contracts (such as in the case of mini-grids until now),
care is required in the oversight of the contractor to ensure that national standards are
correctly followed. In the case of Sumba, a set of construction standards are required that
ensure in all cases, construction build quality is adequate to deliver the expected outputs
of the project. This needs to cover both components and the physical construction on site.
Qualified contractors following a clear construction design document based on national or
international standards should have no issues delivering an acceptable build quality.
Operations and Maintenance
Operations and maintenance requirements of the array depend on the nature of the
installation. Larger grid connected arrays require relatively straightforward O&M, but
nonetheless require trained staff due to the lethal voltages involved and specific training
required on items of equipment such as inverters and protection devices.
Off-grid installations are frequently much smaller, but require a wider range of operations
and maintenance skills, as they also involve a wider range of components and activities
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including batteries, distribution, inverter/chargers, plus the social management aspects
including network and consumer management, financial management, and other aspects
of infrastructure management such as logistics and parts and service access.
Unfortunately it is usually the remote sites with the least capacity that face the more
difficult O&M tasks associated with management of isolated off-grid solar installations.
3.3.4

Operation with the Grid

Operation of solar on the grid should be largely automatic and require little operator input,
if any at all. On-grid arrays remain on standby during the night, and enter a wake-up mode
when sufficient solar energy is present to bring the array direct current (DC) voltage up to
a preset level. The inverter then tests the grid quality (voltage, frequency and impedance),
and if within specification, the inverter will invert the DC power from the array, synchronize
with the grid and start feeding power into the network. The inverter will generally take the
maximum power from the array and feed all of it to the grid throughout the day before
returning to a sleep mode in the late afternoon when available solar energy is too low to
maintain operation.
Where the quantity of solar on the grid meets a significant percentage of the total network
load, care is required to ensure that the solar arrays do not destabilize the network. When
solar penetration exceeds 25% of the presented load, additional control technology is
typically required to ensure that the solar inputs to the grid are kept stable and following
the primary generator on the network. This generally requires additional components on
the solar side to permit automated communication and control between the various
generation inputs to the network and reduce the quantity of solar generated power to the
network if total presented loads are too low.
3.3.5

Operation in the Sumba environment

Operation of the PV in the Sumba environment should pose no significant problems
compared to other physical operating environments, however the high humidity and
frequent close proximity to the coast means that corrosion minimization must be a factor
in any system design. Stainless steel fixtures, marine grade aluminum or galvanized steel
must be used. Likewise the consistently high ambient temperatures need to be factored
into the component selection process. These requirements can be addressed through
good specifications and supervision. Indeed the requirements under Permen ESDM
3/2014 are a step in this direction. Of greater concern are the availability of trained
personnel, and the financial and technical sustainability of these systems.
3.4

SOLAR GENERATION DEVELOPMENT PROGRAM

The utilization of PV on the Sumba grid is defined firstly by the size of the demand. Solar
PV has traditionally been maximized at around 25% of the load, to ensure that the
variations introduced into the network by a solar generation resource do not destabilize
the network. The installation of inverters and communications equipment that introduce
‘intelligence’ into the solar generation resource and ensure it is constrained to a ‘following’
status that never starts to lead the base generation on the network can increase this limit
to 60%.
This 60% limit is taken to include all non-dispatchable technologies such as wind as well
as solar. This requires a SCADA system to tie the various generation components
together, and ensure that generation resources that are inherently unpredictable in terms
of output are adequately controlled.
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It is possible to expand solar PV and wind generation beyond a combined 60% of the
minimum daytime system load if additional investment is made in storage assets. Large
format batteries or pumped storage hydro can be incorporated to utilize excess power
generated by the solar during daylight hours, in order to release this back into the grid as
required. On small micro-grid systems with adequate storage and where all generation
can be centrally controlled (not just monitored and able to receive communications),
installed PV capacity can substantially exceed system peak demand. However, as
discussed in Chapter 2, battery storage is expensive and still at a demonstration stage at
present, while the potential for pumped storage is unclear.
Currently daytime load on the Sumba system is around 7 MW, and by 2025 it is expected
to increase to around 30 MW if the Iconic Island electrification ratio targets are achieved.
60% of this load is approximately 18 MW. The upper limit for grid-connected PV is taken
to be 10 MW, so as to accommodate up 10 MW of windpower, as discussed in the
following chapter.
3.5

NEXT STEPS

The following measures can be taken to improve solar resource utilization on Sumba:
1. Install solar pyranometer sensors
The evaluation of the solar resource in Sumba, particularly when considering large scale
commercial investments, needs to be verified with on-the-ground monitoring, and then
referenced to the solar GIS database to ensure local factors that may not have been
accounted for are corrected. Ideally these sensors should be installed at the exact location
of the planned solar PV arrays, so as to capture site-specific factors such as terrain
shading, localized weather conditions and any other factors not allowed for on the
database.
2. Establish standardized procedures for development of off-grid solutions
The procedures for assessing a community, both technically and socially, needs to be
defined and procedures developed to avoid the mistakes made on previous projects.
These procedures should address basic technical issues, such as the size of the
community and number of consumers and potential productive uses of power from the
system. The technical data gathered is required to ensure the physical design of the
system is adequate to meet the current and preferably medium term demands of the
community. The procedures need to also discuss the issue of maintenance and consumer
payments before any work is done on site. If community agreement cannot be reached,
the project generally should not proceed as the likelihood of failure is high.
3. Develop and apply equipment standards
Many of the sites visited in Sumba use different makes and models of equipment, with a
varying degree of quality. Building on Permen ESDM 3/2014, minimum standards of
capacity, quality and performance should be set for all government-financed projects (not
just EBTKE projects). In addition, PLN has also established a set of PV standards. If
possible, creating a shortlist of approved equipment will improve standards, reduce
maintenance and training costs and assist to achieve sustainable, reliable project
outcomes. Care needs to be taken to avoid anticompetitive behavior, but this is
achievable.
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4. “Future proof” rural energy systems
The adoption of minimum standards will ensure that as the Sumba grid is expanded into
rural areas, the need for rework/reconstruction to allow them to connect to the national
power network is avoided. This is particularly true for mini-grid distribution systems.
5. Conduct pilot programs to test and demonstrate the above recommendations
The ADB intends to conduct PV mini-grid pilot projects on Sumba to demonstrate
measures that can be taken throughout the project lifecycle to improve system
performance and sustainability. Design of these projects will be included in the Mid-Term
Report.
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WIND

4.1

APPROACHES TO WIND RESOURCE ASSESSMENT

A preliminary wind resource assessment was performed for three locations in Sumba
using the 3Tier wind prospecting tool. Such a preliminary wind resource assessment in a
region with low quality long-term meteorological measurements has an uncertainty of +/50% in estimating Annual Energy Production (AEP). The results of that preliminary
assessment are presented in Appendix H of the Inception report.
Uncertainty is reduced through on-site measurements and micro-scale modeling of wind
in the area of interest. Subsequent to the Inception Report, siting and installation of a 60
meter met-mast with full instrumentation for wind measurement has commenced. The
Inception Report identified Tanjung Sasar as a leading candidate for this installation, but
additional data regarding wind resources and the existence of heritage sites at Tanjung
Sasar has resulted in selection of Hambapraing for placement of the met mast.
4.1.1

Nature of wind resources

Wind power is generated by converting kinetic energy of wind into electrical energy using
a Wind Turbine Generator (WTG). The theoretical amount of wind energy that may be
captured by a WTG is proportional to:
a) air density,
b) swept area of the WTG rotor, and
c) cubic power of wind speed.
Wind speed has the largest influence on energy production. For example, an increase of
wind speed of 10% will result theoretically in a more than 30% increase in energy.
Influences of air density and swept area on energy production are linear.
In nature, wind speed is never constant; it is a statistical quantity with a Weibull
distribution. The implications are that energy generated by a WTG is variable in secondto-second, hour-to-hour, day-to-day and other longer timeframes. Inertia of turbines
dampens the short variability (second-to-second), however minute-to-minute and other
longer-term variability are issues that a grid must manage.
As long as the penetration of wind capacity is less than 5% to 10% of peak load, the
variability of wind energy is akin to the natural variability in load in any grid system, and is
managed through inertia and more actively managed through governors of conventional
thermal power plants in the grid.
For higher level of wind energy penetration (higher than 10% of peak load), dynamic
properties of spinning reserves and all the other generators on the grid must be analyzed.
Most grid codes limit wind energy ramp rates per minute to less than 10% of peak load
and this is sufficient for safe operations. Mitigating factors that reduce variability are:
a) as the size of wind farm increases the variability of energy output decreases, and
b) as the geographic diversity of wind farms increases the variability of energy output
decreases.
For smaller capacity grids, automated governor control systems may be required on the
thermal power plants to manage variability in wind energy input into the grid.
A common myth is that a diesel plant runs inefficiently and requires more maintenance
when a wind power plant is put on the grid because of the variability of wind. However, the
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fact is that diesel plants in smaller grids are designed to follow the load, whose variability
is not significantly different from the variability of wind energy. Even in extreme cases, the
additional cost to diesel power plants is about US 1 cent or lower per kWh. For example if
the cost of energy from a diesel plant is USD 0.35 per kWh, in an extreme case (higher
than 20% wind penetration) due to wind energy variability, the cost may go up to USD
0.36 per kWh. Replacing this expensive energy with wind energy at a cost of USD 0.20
per kWh is still an attractive proposition; the additional cost of 1 cent to 80% of energy is
more than covered by the cost savings of 15 cents to 20% of energy.
4.1.2

Common Assessment Methodologies

Wind resource assessment methodologies may be categorized into three levels.
Level 1 Methodology:
Level 1 is used for prospecting for wind rich areas, in the absence of on-site wind data.
On-line wind data sources like 3Tier may be used to assess these wind resources. 3Tier
relies on re-analysis wind data and a meso-scale numerical weather model for predicting
wind speeds. 3Tier has provided color wind resource maps and time series hourly wind
data for the past 30+ years. In regions that have few meteorological measurements and
the quality of weather data is not high, the accuracy of annual energy production is +/50%. The purpose of Level 1 wind resource assessment is to identify regions with high
wind potential where onsite measurements should be conducted.
Level 2 Methodology:
Level 2 wind resource assessment is used for proving the financial viability of a wind
project. Results from this assessment are used by financiers to assess the investment
worthiness of a wind project. This assessment typically takes 18 to 24 months for wind
projects less than 10 to 20 MW, and 24 to 36 months for projects over 20 MW.
Internationally accepted methodologies for conducting Level 2 wind resource assessment
involve four steps:
 Onsite wind measurement for at least one full year. Detailed configuration of metmasts used for wind measurement is described in the bidding document.
 Micro-scale modeling of wind resources using linearized models like WAsP. In this
model the following inputs are used: Measured wind data at multiple heights and
multiple locations, GIS model with elevation and surface roughness and turbine
model. The produces a generalized wind climate at the site, a wind resource map
which contains the computed wind energy density in each cell of a region, annual
energy production for each location of wind turbine and wake losses.
 Long-term correction of AEP. The AEP estimate in the previous step is based on
measured wind data for the duration of measurement. Like rainfall and other
weather elements, wind is cyclical. Therefore, in this step, measurement timeframe
in the overall cycle is identified, and then the computed AEP is corrected in order
to estimate the long-term average annual energy production.
 Estimation of losses and uncertainty. Assessment is not complete without
estimating site specific AEP losses due to factors like turbine availability, grid
availability, balance of plant, turbine power curve performance, electrical losses,
curtailment and others. An assessment should also be accompanied by an
estimation of uncertainty associated with the AEP estimate. Factors that influence
uncertainty are: wind measurement, long-term corrections, wind model algorithms,
power curve uncertainty, and year-to-year variability.
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Level 3 Methodology:
In cases with extremely rugged terrain and other unusual circumstances Computational
Fluid Dynamics (CFD) are used to model wind resources. WAsP modelling assumes
laminar flow of wind with no separation of boundary layer. For complex terrain with steep
slopes, a non-linear model like CFD is used for spatial extrapolation of wind, from which
the AEP is computed.
4.1.3

Assessment methodology used in this assignment

Level 1 methodology has been used to assess the wind resource on Sumba. The reason
is that no onsite wind measurement data is available for the island of Sumba31. A turbine
power production curve for a 500 kW turbine is used to convert the wind speed data to
hourly energy production. Later, after at least a full year of operation of the met mast,
Level 2 data will be available for Hambapraing.
4.2

THE WIND RESOURCE IN SUMBA

The wind resource in Sumba belongs to the Class II category, according to data from
3Tier. The following characterizes the wind resource in Sumba:
 The level of uncertainty associated with location and intensity of wind resource is
high. Three published sources of wind resource from the US-based National
Renewable Energy Laboratory (NREL), AWS Truepower and 3Tier were
examined. The data available from these sources is contradictory, as discussed in
the Inception Report.
 Class II wind regime is considered marginal. For a financially viable project in such
a wind regime, the tariff should be USD 0.20 per kWh or higher, and large rotor
turbines should be used to capture energy from larger swept areas.
 The highest wind occurs from May to September. The 3Tier data does not indicate
a meaningful diurnal pattern. The elevation of potential wind turbine locations is
not high, so air density should have minimal impact. Other parameters that are
likely to impact energy production are turbulence intensity and shear. These
parameters can be estimated after one year of onsite wind measurements.
Both the 3Tier and AWS Truepower data indicate that the best resource near load centers
and the transmission network is located on the northern side of Sumba near the center of
the island eastwards, and that within that area, Tanjung Sasar and Hambapraing offer the
most promising locations. Figure 53 shows the data from both of these sources.
Work recently carried out by Winrock32 entailed a more detailed study of these candidate
sites, with a view towards identifying a suitable location for a 60 m tiltable met mast that
will provide investment-grade wind resource data. Both sites offered estimated annual
average wind speeds of 6 to 7.5 m/s according to the data from AWS Truepower.

31

In fact, Hivos has commissioned Winrock to conduct wind measurement at Hambapraing to use
in cooperation with Sewatama. (See the location labelled “Existing Met Mast” in Figure 54). More
than one year of data has been collected, but has not been made available due to commercial
confidentiality. In addition, at the time of this report the UNDP-funded program WHyPGEN has
compiled 10 months of wind measurements at Laipori. Prior to the preparation of this report, it was
not known that this data was available. WHyPGen has indicated its willingness to share this data.
32

Winrock International, Site Screening Report, May 2014, Selected Potential Wind Park Sites in
East Sumba, Nusa Tenggara Timur Province, Indonesia.
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Figure 53: AWS Truepower (left) and 3Tier (right) wind resource maps for Sumba, with the
figures to the right showing details of Tanjung Sasar (northern peninsula) and Hambapraing
(southern peninsula)

The Winrock analysis evaluated the suitability of these candidate sites according to five
criteria. Results are summarized in Figure 54:
 Estimated capacity factor
 Distance to the PLN grid
 Estimated area available
 Access and infrastructure
 Potential wind farm size
 Current land use and ownership
4.3

WIND UTILIZATION ON SUMBA

There have been previous wind turbine installations on Sumba. A small community
system is operating in Sumba Timur. In addition, a number of off-grid pilot projects were
installed 10 to 15 years ago for specific functions like ice-making, but none of these
projects remain in operation.
There have not been any grid-connected projects, though an Indonesian company,
Sewatama, has plans to install a 400 kW turbine at Hambapraing as an initial pilot project.
In the absence of a wind-specific regulatory framework for pricing, progress has been
slow. EBTKE is in the process of preparing such regulations. It is expected that once a
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Figure 54: Location of the sites assessed by Winrock for erection of a 60 m met mast, and
site evaluation results.

regulatory framework has been adopted, development can follow forthwith, in Sumba and
elsewhere in Indonesia.
However, conditions in Sumba will influence turbine selection. A wind turbine of size 500
kW is assumed for converting the wind resource into electricity. Although larger turbines,
1.5 MW and higher in capacity, offer the highest efficiency, highest quality and lower cost
per kW, a 500 kW turbine is chosen for the following reasons:





With a planned wind capacity of 10 MW in Sumba, installed in a phased manner, a
turbine of size 500 kW to 1,000 kW is ideal because it implies 10 to 20 turbines.
Although modern wind turbines are very reliable, a turbine may be unavailable
because of scheduled or unscheduled maintenance, or problems with the local
grid. Ten to twenty turbines ensure that such outage amounts to between 5% and
10% of the total energy production of a wind farm.
The turbine components are of manageable size compared to larger turbines,
therefore the logistics is easier to manage.
The crane required to install the turbine (60 to 100 tons) is more readily available
compared to a 500 to 600 ton crane.
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A logistics study must be performed to evaluate options for shipping to Sumba, off-loading
at a port on the island and transporting to site. At this time, constructing a temporary port
close to the wind plant site and constructing a short road to the site is judged to be the
most cost effective method.
Wind energy is a variable source of generation. Therefore, it is imperative that a system
impact study be performed to assess the impact of a wind plant on grid operations.
Studying the impact on the grid will result in requirements to upgrade transmission,
substations, automated control systems for diesel and protection equipment, and will
result in requirements to develop tools and methodologies to dispatch wind energy and
regulate the production of energy from diesel generation and other sources.
4.4

WIND GENERATION DEVELOPMENT PROGRAM

Widely accepted wisdom holds that wind capacity of 10% or less of peak load causes
minimal impact on a large grid. Several studies by NREL, US Department of Energy, grid
operators in Denmark and Germany, and others have concluded that wind capacity of
30% is feasible in most large grids with small increase in cost (less than 1 US cent per
kWh). For the purposes of this analysis, wind capacity of 25% of total installed capacity on
grid is used as the target for wind development.
Since the current installed capacity is about 12 MW, according to the above, 1,000 kW of
wind energy capacity may be added with minimal impact on the grid. After this initial
experience, wind capacity may be added until reaching 25% of peak system demand in
2025, when peak demand is expected to reach on the order of 40 MW. Although the peak
level of load is considered, there may be a need to assess the impact on an hourly basis
due to the variable load profile presented over any given day.
It is estimated that the uptake of wind projects will have the following trajectory (the
numbers indicate incremental increase in wind capacity):
 By end of 2015: 500kW
 2016 to 2020: 4,500kW
 2021 to 2025: 5,000 kW
The installation of 500 kW by 2015 is predicated on the commissioning of the Sewatama
wind project. Small wind projects require at least 24 months from start of measurement to
project commissioning; larger projects require 36 months. Civil works for the Hambapraing
met mast commenced in the second half of July 2014, and measurements are expected to
start in September 2014. The earliest date for commissioning of subsequent wind projects
would be 2017, assuming data from the met mast confirms an investment grade resource
and a wind-specific regulatory framework are in place by the end of 2015.
4.5

NEXT STEPS

The next step is completion and commissioning of the met-mast at Hambapraing and
subsequent data compilation and analysis. The TOR for the met mast can be found in
Appendix E. (The original TOR identified Tanjung Sasar as the expected location, but for
the reasons outlined in the Winrock report, the site has been moved to Hambapraing).
In addition, WHyPGen will be contacted to determine whether the data they have
collected over the past 10 months can be made available.
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Taking into account the above data, and progress made in defining a regulatory regime for
wind power in Indonesia, it may be possible to conduct a wind power market sounding as
part of the SII Investor Forum scheduled for early 2015.
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5.

BIOMASS

5.1

APPROACHES TO BIOMASS RESOURCE ASSESSMENT

The approach and methodologies used for a biomass resources assessment depend on
the type of biomass being considered. With respect to Sumba, three sources of biomass
are considered: (i) forestry plantations and (ii) agricultural residues.
The type of biomass potential being investigated determines the assessment
methodology, and thereby determines the data required. Potential is generally
distinguished by four types:
1. Theoretical potential: The theoretical potential of biomass, expressed in
joules of primary energy, estimates the maximum theoretical amount of
biomass available for bioenergy production which is contained in unharvested
and unprocessed biomass.
2. Technical potential: The technical potential of biomass, expressed in joules of
primary energy, is defined as the fraction of the available theoretical biomass
potential which it is technologically possible to harvest. Issues such as land
use competition relative to other biomass use, as well as environment and nontechnical constraints, are also taken into account in determining technical
potential.
3. Economic potential: The economic potential of biomass is the actual
technical potential of biomass that is economically attractive to utilize.
4. Implementation potential: The implementation potential of biomass is the
fraction of the economic potential which can be implemented while taking into
account policy, institutional, and social constraints, among others.
Four different approaches are generally used for assessing biomass resources for energy
utilization. These approaches in turn determine methodology and how available data is
used. These four approaches are:
1.

Resource-focused assessment: The simplest and most common approach
for assessing biomass resource is a resource-focused assessment, which
considers the biomass resource base and the competitive use of the biomass
with a particular focus on the biomass energy supply side. Theoretical or
technical potential estimates of biomass resource availability are typically the
primary considerations in a resource-focused assessment.

2.

Demand-driven assessment: A demand-driven assessment provides an
analysis of the competitiveness of biomass-based energy systems compared
to conventional fossil fuel based energy systems, including comparisons to
other renewable energy systems. This approach focuses more on economic
and implementation biomass potential than on theoretical and technical
potential.

3.

Integrated modelling assessment: Integrated modelling typically assesses
policy options for climate change mitigation. This approach models
mathematical correlations between the socio-economic drivers of economic
activity and energy use which lead to emission impacts on the environment.
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Feasibility and impact assessment: The goal of a feasibility and impact
assessment is to evaluate the impact of biomass energy policy on matters
such as food security and climate change, as opposed to the first three
approaches which estimate biomass energy potential.

4.

5.1.1

Nature of biomass energy resources

Two main categories of biomass are considered:
 Woody biomass from fuelwood plantations
 Agricultural residues.
a.

CHARACTERIZATION OF BIOMASS

Good quality biomass is necessary in order to increase the efficiency of any power plant
to be developed. Biomass quality is determined by its calorific value, which in turn
depends on the biomass material’s bulk density, moisture content, and quantity. The
material’s calorific value will determine which method of biomass-based power production
is preferable for that particular material, as detailed in the following table.
Source

Wastes

Rice
Maize
Coconut
Cassava
Candle nut
Plantation Forest

Rice husk
Maize cob
Coconut shell
Cassava stalk
Nut shell
Wood chips
(Lamtoro Gung)
Bagasse

Sugarcane

Calorific value
(kJ/kg)
14,204
17,300
17,000
17,990
17,000
19,250

Preferred energy
route
Gasification
Combustion
Combustion
Combustion
Combustion
Gasification

17,476

Combustion

Figure 55: Energy characteristics of various waste types

A survey of secondary data conducted in the course of this assignment has compiled data
on the types of biomass available on Sumba Island. Biomass sources from forest energy
plantations and agricultural wastes (rice husk, maize cobs, coconut shells, candle nut
shells and bagasse) are considered, as follows.
b.

FOREST ENERGY PLANTATION: WOOD FROM LAMTORO GUNG TREE
(LUCEANA LEUCOCEPHALA)

Lamtoro Gung (Indonesian: Petai Cina; English: horse tamarind or leed tree / leucaena) is
a type of shrub plant from the fabaceae – mimosoideae family (leguminosae). Lamtoro
Gung is particularly well suited for energy plantations in Indonesia, where the plant grows
wildly across the country. Lamtoro Gung trees have been used as shade, to prevent
erosion, and as fuel. This plant is preferred for wood fuel, and would be the primary
candidate for any biomass fuel plantation in Sumba. The species does best on calcareous
soils, such as those found on Sumba.
This wood is relatively dense for a quick growing plant (various sources cite density of
500-640 kg/m3) and the water content of wet wood is between 30 to 50%, depending on
its age. Lamtoro Gung wood is estimated to have a calorific value of 19,250 kJ/kg
(equivalent to 4,597 kcal/kg).
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Harvested branches of Lamtoro Gung wood are sun dried to a moisture content of around
15-20%. For gasification purposes, branches are downsized to about 2.5 cm diameter and
cut into 5-8 cm long pieces, and then dried to a water content of less than 15%. It can also
be used in boilers. The average productivity of the plant can reach as high as 36
tons/ha/year, although 15 to 30 tons/ha/year is more typical33. Appendix F summarizes
several sources on Lamtoro Gung productivity.
The first harvest of the plant occurs after 12 to 18 months of transplanting. The wood is
obtained from an energy plantation, so the percentage of the wood availability is therefore
assumed to be approximately 90% of the theoretical potential. A biomass gasification
system would require about 1.5 tons of Lamtoro Gung wood chips to generate 1 MWh of
electricity. A boiler system would be less efficient.
c.

AGRICULTURAL RESIDUES

i.

Rice (Oryza Sativa) husk

Rice is a major crop cultivated in paddy field in all regencies in Sumba, though particularly
concentrated in the Sumba Barat Daya regency with one or two harvests per year. Rice
harvesting in Sumba peaks during three months (May to July). A medium rice harvest
occurs in six months (January to September), while a small harvest occurs in another
three months (October to December).
Rice husk is a by-product of the process of extracting grains of rice, with 20% rice husk
being produced from a given amount of rice milled (i.e., every 1 ton of paddy will generate
200 kilograms of rice husk). At present, rice husk in Sumba is utilized for chicken farming
needs, as well as for fertilizer in rice fields after being burned or mixed with soil.
Most of the rice milled in Sumba today is milled at small rice mills scattered all over the
island. Rice milling units generally require diesel fuel to produce hulled rice, using a range
of 10 to 20 liters of diesel fuel per ton of rice milled. The percentage of rice husk
availability which can be collected from rice milling units is assumed to be around 50% of
its theoretical potential.
A grid-connected rice husk power plant design in Sumba would need to consider rice husk
sources, availability, location, and technical characteristics. Rice yield would need to be
considered specifically for each regency, depending on the strains planted there. The
energy content of rice husk in terms of Lower Heating Value (LHV) is approximately
14,204 kJ/kg (equivalent to 3.95 kWh/kg), with a moisture content normally less than 10%.
Rice husk has very low bulk density characteristics at approximately 110 kg/m3 – 160
kg/m3 (depending on the moisture content) and an average calorific value of 12.5 MJ/kg.
Additionally, rice husk contains 16-22% ash, of which 90-96% is composed of silica

33

Lamtoro Gung typically yields 20 to 60 m3/ha/yr (~12 to 36 t/ha/yr assuming 0.6 t/m3); see for
example http://www.tropicalforages.info/key/Forages/Media/Html/Leucaena_leucocephala.htm,
http://www.worldagroforestrycentre.org/treedb2/AFTPDFS/Leucaena_leucocephala.pdf,
http://www.fs.fed.us/global/iitf/pubs/gtr_so088_1992.pdf,
http://www.tropicalgrasslands.asn.au/Tropical%20Grasslands%20Journal%20archive/PDFs/Vol_23
_1989/Vol_23_01_89_pp28_34.pdf,
http://www.worldagroforestry.org/units/library/books/PDFs/07_Agroforestry_a_decade_of_develop
ment.pdf#page=298, http://www.fao.org/ag/agp/AGPC/doc/gbase/data/pf000158.htm. Other
sources indicate productivity of about 30 t/ha/yr, e.g.
http://wgbis.ces.iisc.ernet.in/energy/HC270799/RWEDP/acrobat/fd45.pdf.
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(silicon dioxide, SiO2). Due to the low bulk density of rice husk, the transportation distance
from the rice husk to a power plant would need to be considered.
Assuming that a biomass gasification system would require 1.5 to 2.0 kilograms of rice
husk in order to generate 1 kWh of electricity, 1 ton of paddy milled would produce
enough rice husk to yield approximately 100 kWh of electricity.34
ii.

Bagasse

Bagasse is the fibrous residue obtained from crushing and extracting juice from a
sugarcane stalk. Sugarcane typically yields about 70 t/ha, and one ton of sugarcane can
yield approximately 250-300 kilograms of bagasse. The composition of bagasse varies
with the variety and maturity of the sugarcane, as well as with the harvesting methods
used and the efficiency of the sugar mill in processing the sugarcane, but here the
quantity of bagasse is assumed to be 30% of the original amount of sugarcane35,36. The
properties of bagasse are outlined in the table below.
Water content
Fibre content
Soluble solids
Average Density
Low-heat value37
High-heat value38

46-52 %
43-52 %
2-6 %
150 kg/m3
17.8 MJ/kg
18.3 MJ/kg

Figure 56: Properties of Bagasse (Source: SYNERGY: CDM for Sustainable Africa- Capacity
Building for Clean Development Mechanism in Sub-Saharan African Countries)

The processing of sugarcane into sugar requires a considerable amount of electrical and
thermal energy. Therefore, typically about 80% of bagasse produced is consumed by the
factory for sugarcane processing39.
Wilmar, a large international plantation and agricultural processing company, proposed a
25,000 ha (and potentially larger) sugarcane plantation in Kodi Utara, Kodi, Kodi Bangedo
and Kodi Belakar of Sumba Barat Daya Regency40. Excess electricity from the processing
operations could be sold to the grid during the dry season, when sugar processing takes
place. Once all 25,000 ha had been operational, annual bagasse production would be
around 525,000 tpy. Of this, 80% would have been used in sugar processing, and 20% or
105,000 tpy would be available for production of electricity for sale to the grid.

34

Assuming use of biomass gasification technology (fuel consumption of 2 kg rice husk/kWh)
http://www.tempo.co/read/news/2013/10/10/092520873/PTPN-X-Optimalkan-Ampas-Tebuuntuk-Bioetanol
36
Hariyanto, Case Study Indonesian sugar industry : PRODUCTIVITY GAINS FROM EFFICIENT
WASTE TO ENERGY SCHEMES, German-Indonesian Renewable Energy Days, Intercontinental
Hotel Mid Plaza, Jakarta, 24th-26th Oct, 2011
37
Low-Heat Value (gross calorific value) is the maximum energy that can be derived from a fuel. It
is the heat evolved when all the products of combustion have cooled to atmospheric temperature
and pressure.
38
High-Heat Value (net calorific value) is the heat evolved when all the products of combustion
have cooled so that the water remains in gaseous form.
39
Gunung Madu Plantation cases data (2002)
40
http://www.indonesiafinancetoday.com/read/23488/Wilmar-Berminat-Buka-Perkebunan-Tebu-diNTT
35
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Assuming that 3 tons of bagasse could produce 1 MWh, the total annual production of
electricity for the grid could reach approximately 35,000 MWh. Assuming an 80% capacity
factor for the plant (i.e. year-round operation) suggests a plant capacity of about 5 MW. If
the plant were only operated during the driest 6 months of the year to help compensate for
the decline in hydro power, this could increase to about 10 MW.
Wilmar had planned for approximately 7,000 ha to be operating as a sugarcane plantation
by 2016. However, since initiation of the project in 2011 until 2013, only about 600 ha had
been secured, with 97 ha planted and approximately 135 ha of land still undergoing land
clearing and preparation.
The project has subsequently been cancelled for the following reasons:
1. Wilmar was unable to obtain the necessary permits from the central
government.
2. Land acquisition had been slow due to the attitude of the local people (i.e.,
owners of the land).
3. The land that had been freed is not located in one contiguous area.
4. People currently live on the land that had been acquired.
5. Some land owners (particularly in Noha village) had been requesting
compensation of Rp 6.000.000/ha effective one year after land handover.
As a result, bagasse is not considered further as a source of biomass energy for Sumba.
iii.

Maize (“Zea Mais”) Stalks and Empty Cobs

Maize, the cob of which can be used for energy generation, is also cultivated in all
regencies of Sumba Island, although different varieties with different yields may dominate
different kabupaten, so that maize yield would need to be assessed according to each
kabupaten.
Maize production is largely centered in the Sumba Barat Daya regency, with one ton of
maize assumed to produce 27% maize cob. Maize cob has a typical bulk density of
approximately 300 kg/m3, and the average calorific value of maize stalk and maize cob is
17.3 MJ/kg41. Based on the calorific value of the cob, generating 1 MWh power would
require about 1.5 tons of maize cob. However, the scattered availability of maize across
Sumba makes it impractical as a feedstock for a biomass power plant. Using maize for
energy generation would also compete with other general uses such as for animal feed
and household fuel (in replacement of firewood). It is therefore not considered further.
iv.

Cassava

Cassava is cultivated in three of Sumba’s four regencies, namely Sumba Barat, Sumba
Barat Daya, and Sumba Tengah, although cassava yield according to transplanted or high
yielding variety would need to be considered in each regency for any energy purposes.
Biomass waste generated from the cassava plant is sourced from the cassava stalk,

41

http://www.academia.edu/1211417/A_review_on_biomass_as_a_fuel_for_boilers
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particularly during the ‘topping’ process at harvest.42 Cassava stalk has a calorific value of
high heating value (HHV) of 17.58 MJ/kg and low heating value (LHV) of 17.99 MJ/kg43.
At this calorific value, approximately 1.5 tons of cassava stalk would be needed to
generate 1 MWh of electricity. However, due to its scattered availability across Sumba,
collecting cassava stalks for power generation may be impractical. It is therefore not
considered further.
v.

Coconut (Cocos Nucifera)

Coconut is available in most parts of Sumba Island, with highest production in Sumba
Barat Daya regency. Coconut shell and fiber make up 15% and 28%, respectively, of a
typical coconut’s composition by weight. Coconut fiber and shell are already sometimes
used by local communities in Sumba as fuel, indicating that coconut’s availability for
collection would be about 50%. The calorific value of the coconut fiber and coconut shell
is 12 MJ/kg and 17 MJ/kg, respectively. Generating 1 MWh of electricity using gasification
technology would require approximately 1.5 tons of coconut shell.
vi.

Candlenut Shell

Candlenut availability is scattered across many farms in Sumba. A candlenut’s shell-to-nut
ratio is approximately 67%, i.e. 0.67 kilograms of shell per kilogram of whole nut. The net
calorific value of candlenut shell is 17 MJ/kg, with conversion efficiency for gasification
process (fuel to electricity) estimated to be 20%. However, due to own-use of candlenut
shell and the logistical challenges of collecting from dispersed sites, this source of
biomass is not considered further.
5.1.2

Common Assessment Methodologies

Several methodologies exist to assess biomass energy potential, depending on the type
of potential to be determined. The following are some of the most commonly used
methodologies:
i.

Estimating theoretical and technical biomass energy potential

This methodology uses a comparable resource-focused approach. Through this approach,
the theoretical maximum biomass potential is estimated, from which biomass potential is
then reduced after considering biomass demand for other purposes. Two methodologies
exist with respect to the spatial level, namely Statistical Analysis and Spatially Explicit
Analysis. In the Statistical Analysis, biomass energy potential is estimated from field
surveys and studies, assumed biomass yield per hectare, technical expert judgment, or
other references, combined with the assumed fraction of available land for biomass
energy production. Meanwhile, a Spatially Explicit Analysis includes spatially explicit data
on the availability of land combined with calculations such as energy crop yields.

42

The waste generated from cassava tubers is assumed to be calculated as stalk = (Q)(RPR)(1RSR), where Residue to Product Ratio (RPR) is 0.88 and Return to Soil Ratio (RSR) value of
0.593. (http://thescipub.com/pdf/10.3844/ajassp.2010.698.701)
43
http://www.asian-energyjournal.info/Abstract/Fast%20pyrolysis%20of%20agricultural%20residues%20from%20cassava%2
0plantation%20for%20bio-oil%20production.pdf
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ii.

Estimating economic and implementation biomass energy potentials

Several ways exist to estimate economic and implementation biomass energy potentials,
both of which are referred to as ‘economic potentials’ but which differ in how they estimate
competition with other energy sources and biomass use.
Cost-supply analysis begins with an estimate (assumed) of biomass availability (energy
crop or plantation forest residues) while also accounting for biomass demand for other
purposes, environmental limitations, and other technical limitations. The result of this
estimate is then combined with calculated biomass production costs and transportation
costs. An optimal biomass production chain is obtained after further considering spatial
data regarding biomass availability and the location of the proposed biomass energy
project.
Energy economics and energy system models follow energy supply and demand,
including bioenergy, by investigating economic and non-economic correlations.
iii. Estimating feasibility or the economic, environmental or ecological impacts of
biomass energy
The methodologies applied are similar to the methodologies used to estimate theoretical,
technical, and economic/implementation potentials. A comparison is carried out of the
supply and demand of biomass. The demand is based on various bioenergy policies,
while the supply is based on a statistical analysis of supply and demand.
iv. Methodologies used in integrated assessment models
The methodologies described above (i-iii) can be combined in a variety of ways to
generate integrated assessment models.
v.

Methodologies used in review assessments

Methodologies used in review assessments review the results of other biomass energy
potential assessments. Models or results may be reviewed and apply these models using
the same set of input parameters, or the same data may also be compared.
5.1.3

Assessment methodology used in this assignment

A secondary approach has been considered in undertaking the survey for this
assignment. In a secondary approach, information is collected from sources such as a
country’s Ministry of Agriculture, government censuses, and other governmental officials.
The methodology used to estimate the theoretical-technical biomass potential (hereby
referred to as “technical biomass potential”) follows a resource-focused statistical method.
Analysis applied in this report is the statistical analysis as the data used for the analysis
begins with statistics regarding cultivated area of crops (ha), crop yields (tons/ha) and
crop production with some assumptions on specific product-to-residue ratio of the crops
and crop technical availability (i.e., accessibility to biomass resource for use as feedstock
for energy generation).
Residue generated from agriculture cultivation considered in this report includes primary
agricultural residues (maize stalk, coconut fiber and shell, cassava stalk) and secondary
agricultural residues (rice husk and bagasse).
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The overall approach of assessing biomass resource availability for this study was first to
estimate the theoretical maximum quantity of material generated from agricultural practice
(i.e., from maize, cassava, coconut, and rice) in each regency in Sumba Island, based on
2011 statistical data obtained from the Agriculture Plantation Agency and Forestry Agency
of each regency. This information was considered along with BPS data. The amounts of
agricultural residue generated annually could be calculated based on the annual average
area harvested, yield values of respective biomass, and assumed residue generation
factors of each biomass considered. However, in this case, annual residue generation
was calculated based on the data crop production from 2011.
5.2

BIOMASS ENERGY RESOURCES IN SUMBA

Following the above methodology, estimation of biomass energy resources in Sumba
considers the actual or potential biomass yield, the portion of that yield available for
energy supply, the calorific value of that fuel, and the conversion efficiency to electricity.
The figure below summarizes the current production of key crops and associated residues
in Sumba.
Type of
crop

Total (tons)
Sumba Barat
Production Waste

Sumba Barat Daya
Production Waste

Sumba Timur
Production Waste

Sumba Tengah
Production Waste

Rice
20,660
4,132 76,045
16,111 43,062
8,612 18,466
3,689
Cassava44 17,674
6,330 110,448
39,558 7,340
2,629
Maize
10,018
2,705 96,462
26,044 30,009
8,102 10,017
2,729
Coconut
2,257
339
5,286
793
2,167
325
247
37
** Assumed wastes generation: rice husk (20% from rice), only from corn cob considered (27% from maize),
coconut shell (15% from a coconut fruit)

Figure 57. Potential biomass and estimated waste generated for energy generation
according to the official statistic data (Agency of Agriculture Plantation of each regency;
Forestry Agency of each regency; and BPS data 2011)**

The following assumptions were made to define the percentage of residues which could
be used for energy generation.
Agricultural Assumed yield
crops
(productivity)
(tons/ha)45
3.5
Rice
3.6
Maize
1
Cassava
1
Coconut
Sugarcane

70

Assumed residue
generation (%)

Assumed availability of
residue (%)

Rice husk 20%
Maize cob (27%)
Cassava stalk (%)
Coconut shell (15%),
coconut fiber (28%)
Bagasse (30%)

Rice husk (50%)
Unavailable46
Unavailable25
50% of shell
Unavailable

Figure 58. Assumed residues generation and availability

44

Usable cassava stalk = (Q)(RPR)(1-RSR), In this study, the RPR value of 0.88 and the RSR,
value of 0.593 http://thescipub.com/pdf/10.3844/ajassp.2010.698.701
45
Based on the data from Agency of Agriculture Plantation of Sumba Barat Daya Regency 2011,
except for bagasse, which is stated as the global average.
46
Corn and cassava are not typically processed at centralized locations in Sumba, making
collection of residue more difficult. Hence, any energy production figure for these fuels would be
highly speculative; they are not considered further.
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Rice husk and bagasse are actually categorized as secondary agricultural residues since
they are generated and collected at enterprises which process agricultural crops. The
parameters that affect the quantity of these residues are the processed volumes of
agricultural crops and the amount of residue produced per tonne of a given crop.
Figure 60 summarizes the heat rates assumed for these various fuels. However, given
there is less than 750 tons of coconut shell available in Sumba, this source if biomass is
not considered further, along with corn cobs, cassava sticks and bagasse.
Type of Biomass
residue
Rice husk
Corn cob47
Coconut shell
Wood chips
(lamtoro gung)
Cassava stalk48
Bagasse

Average calorific
value
12.5 MJ/kg
17.3 MJ/kg
17 MJ/kg
19.250 MJ/kg

Required biomass
waste (tons) per MWh
1.5-2
1.5
1.5
1.5-2

HHV 17.58, LHV
17.99 MJ/kg
17.8 MJ/kg LHV

1.5
3 (t of sugarcane)

Figure 59. Estimated biomass waste required for 1 MWh electricity generation

5.2.1

Potential electricity production from rice husk

Rice husk is biomass residue generated from rice mills, so the presence of rice husk is
generally concentrated in rice mills. Rice husk is thus relatively easier to collect than other
agricultural crop residues such as corn cob, cassava stalk or coconut shells, which are not
typically generated in a centralized location and are thus more difficult to collect.
Although rice husk has an average calorific value of 12.5 MJ/kg, which is lower than other
residues considered (corn cob, coconut shell, cassava stalk), its availability and its
collection method are preferred over the other mentioned residues. However, its lower
calorific value means that a larger amount of rice husk is required to generate the amount
of same power as other residues. It also means that transporting rice husk is more
expensive per unit energy.
Consequently rice husk would be utilized close to its source. Sumba Barat Daya produces
the most rice of all four kabupaten on Sumba. Figure 60 shows that in that kabupaten rice
husk availability is about 8,000 tons per year, and total electricity potential is about 7,600
MWh/yr. Even if this energy potential was utilized over 6 months of the year (assuming
80% capacity factor during those 6 months), the total capacity would be about 2 MW – but
spread across dozens of sites.
While there may be scope for small rice husk gasifiers to meet local off-grid energy needs,
in light of the above, it is unlikely rice husk can provide a significant contribution to
Sumba’s future power needs.

47

http://www.academia.edu/1211417/A_review_on_biomass_as_a_fuel_for_boilers
http://www.asian-energyjournal.info/Abstract/Fast%20pyrolysis%20of%20agricultural%20residues%20from%20cassava%2
0plantation%20for%20bio-oil%20production.pdf
48
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Regencies
Sumba Barat
Daya

Theoretical potential of Rice
Husk (tons/year)
16,111

Technical potential Rice
husk (tons/year)
8,055

Figure 60. Theoretical and technical potentials of Rice Husk as agricultural residue in
Sumba Barat Daya

5.2.2

Potential electricity generation from woody biomass

Forest biomass potentials were assessed for a total area of planned plantation forest land,
particularly in Sumba Timur (two locations identified of 36,000 ha and 19,200 ha)49 and
Sumba Tengah (6,350 ha). These locations were identified through discussions with the
Pemda and are shown in the map below, with description of the locations provided in
Figure 61.

Location
Sumba Timur
(Candidate 1)
Sumba Timur
(Candidate 2)
Sumba Tengah
(Candidate 3)

Desa
Kecamatan Kabupaten Forest Savannah
Meu
Kahaungu Eti Sumba
37%
60%
Rumba
Timur
Rakawatu Lewa
Sumba
9%
90%
Timur
Soru
Umbu Ratu
Sumba
8%
90%
Nggay
Tengah

Farmland/Plantation
3%
1%
2%

Figure 61. Location and description of candidates for forest energy plantations in Sumba.

49

There are three locations recommended by Forest Service of Sumba Timur as indicated in the
table with areas of 36,000 ha, 19,000 ha and 3000 ha. The new Head of District Forestry Office has
the recommendation which was withdrawn by the former of the Head of District Forestry Office of
Sumba Timur. Therefore, only two locations are presented in this report.
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The amount of Lamtoro Gung wood generated annually was calculated based on the
estimated annual average area harvested and assumed yield values of the plantation as
noted previously and as described in Appendix F (30 tons/ha/year). Technical availability
(accessibility to biomass resource to use it as feedstock for energy generation) was
assumed to be 90%. The source and availability of wood chips for each location is
described in the table below.

Kabupaten
Sumba Timur
(Candidate 1)
Sumba Timur
(Candidate 2)
Sumba Tengah
(Candidate 3)

36,000

Wood
productivity
(tons/year)
1,080,000

Technical
potential
(tons/year)
972,000

Protected Forest

19,00050

570,000

513,000

Production Forest

6,35051

190,500

171,450

Production Forest

Potential
Area (ha)

Type of land

Figure 62. Potential development of energy plantation in Sumba

Indonesian forestry laws and regulations allow the use of Protected Forests (Hutan
Lindung) and Production Forests (Hutan Produksi) for uses like forest energy plantations.
The only forest lands that are prohibited from any other use are Nature Reserves (Cagar
Alam) and Core Zones of National Parks (Zona Inti Taman Nasional). Protected Forests
and Production Forests can be used for industrial or commercial timber plantations,
community forest plantations or ecosystem services and non-forestry activities such as
renewable energy, right-of-way for electricity grid lines, etc52.
The process of using Protected and Production forests for these purposes is through
application to the Ministry of Forestry. For example, in Candidate 1, an area of 500 ha was
converted to community forest based on Decision of the Ministry of Forestry (Surat Kuasa)
110/Menhut-II/2009. The Forestry Office of Sumba Timur is proposing additional
conversion of 2,754 ha at this location from protected forest to community forest.
5.3

BIOMASS UTILIZATION ON SUMBA

Currently there is no biomass power generation on Sumba except for a 30 kW gasifier
system that was installed at a rice mill near Lewa in December, 2013, as a pilot project by
MEMR. A site visit in June 2014 found that the gasifier was only being used intermittently
due to the shortages of feedstock and the convenience of using diesel generation when
power was needed on short notice.

50
51

52

The Forest Service of Sumba Timur Regency
The Forestry and Plantation Agency of Sumba Tengah

Law 41/1999 on Forestry contains the following provisions. Minister of Forestry Regulation
P.38/Menhut-II/2012 provides further details:
Article 24: Forest area utilization can be made to all forest areas except natural
conservation forest as well as core zone and forest zone in national park.
Article 26: (1) Utilization of protected forest in form of area utilization, environmental
service utilization and collection of non-timber forest produce.
Article 38: (1) Use of forest area use in the interest of development beyond forestry
activities can only be made in production forest area and protected forest area

5-11
Government of Indonesia / ADB – October 2014

5. Biomass
A 1 MW system syn gas/gas engine system had been planned for Umbu Wangu by PLN
with plantation land provided by the Pemda, but the project has been postponed while the
following issues are addressed:
 Access to the site: a bridge must be constructed, and discussions are on-going
about which party should pay for it;
 Technology: there is no gasifier operating in Indonesia that is greater than 100
kW. PLN is not comfortable with the technical risks in moving directly to a large
scale plant. PLN would first like to see operation of a 300 kW bamboo waste
fueled gasifer in Bangli.
 Price: The cost of the unit is greater than PLN had originally anticipated.
 Fuel availability and security:
o The Pemda has provided an Memorandum of Understanding to provide
the land for plantation forestry, but there is no guarantee of fuel supply
from any party.
o There is only 120 effective plantation hectares, when according to PLN’s
calculation 460 ha are required.
The analysis in the preceding section indicates that power generation from lamtoro gung
wood appears promising. There are several types of technologies that can generate
electricity from woody biomass, as follows:


In direct combustion, biomass is burned to produce a hot flue gas which is used
directly for heat, or used in a boiler system to generate steam. The steam can be
used for heat or to generate electricity with a steam turbine.



In gasification, biomass is converted to a combustible gas which is then burned
directly for heating or drying purposes, or in a boiler to produce steam. A Biomass
Integrated Gasifier Gas Turbine (BIG-GT) is particular type of gasifier power plant,
operating in a combined Brayton/Rankine cycle, using woodchips as fuel.

Direct combustion technology is simpler, lower cost, more flexible in fuel moisture and
size, and more mature (proven) than gasification. The drawbacks of direct combustion are
its higher emissions and less efficient conversion process than gasification. Moreover, it
requires water for steam turbine power generation. With gasifier technologies it is possible
to convert biomass into a producer gas, which can be burned in simple or combined-cycle
gas turbines at higher efficiencies than the combustion of biomass to drive a steam
turbine. These characteristics are summarized in the table below.
Strengths

Weaknesses

Direct
Combustion

•
•
•
•
•

Proven, simple, lower-cost technology
Equipment is widely available,
complete with warranties
Fuel flexibility in moisture and size
Lenders comfortable with technology

Gasification

•

Lower NOx, CO, and particulate
emissions
Potential for more efficient conversion
process when generating power
Virtual elimination of water needs if
generating power without a steam
turbine

• Greater NOx, CO, and particulate
emissions
• Inefficient conversion process when
generating power alone—some
advanced designs are improving
efficiency
• Requires water if generating power
with a steam turbine
• Technology is in the development
and demonstration phase
• Need fuel of uniform size and with
low moisture content

•
•

Figure 63. Strengths and weaknesses of the principal biomass conversion technologies.
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Based on the descriptions above and the limitation of water availability in Sumba,
gasification technology is assumed at this point as the conversion technology of biomass
into electricity. There are different types of gasifiers as described in the table below. The
selection of a particular gasifier technology depends principally on fuel type and size
required.
Biomass
Conversion
Technology
Fixed bed
(updraft)

Biomass fuel
type

Particle
size

Chiped wood, rice
husks

6-100 mm

Downdraft,
moving bed
gasifiers
Circulating
fluidized bed,
dual vessel,
gasifer

Chipped wood

<50 mm

Wood chipped

6-50 mm

Moisture Average
content
Capacity
range (MW)
<20%
5 – 90 MWth
+ up to 12
MWe
<15%
~25 – 100
kW
15-50%

~5 – 10

Figure 64: Feedstock requirements for biomass power generation technologies

Specific properties of each biomass type will determine its performance as a fuel in
gasification plants. The most important properties relating to gasification are moisture
content, ash content, elemental composition, and volatile matter content.
a) Moisture content: The gasification process prefers a relatively dry biomass
feedstock because a higher quality gas is produced (i.e., higher heating value,
higher efficiency and lower tar levels). The process requires the water content
of biomass to be low (<15 per cent) for proper operation.
b) Ash content: The chemical composition of ash in biomass affects the melting
behaviour of the ash. Ash melting can cause slagging and channel formation in
gasification reactors.
c) Elemental composition: Biomass elemental composition will influence the
heating value of the gas and the emission levels. The biomass bulk density and
morphology, together with the heating value, will determine the energy density
of the gasifier feedstock, i.e. the potential energy available per unit volume of
the feedstock.
d) Volatile matter content: The amount of volatiles has a major impact on the tar
production levels in gasifiers (depending on the type of gasifiers).53
Further assessment of the most suitable technology for Sumba should be conducted
during pre-feasibility studies.
The combined technical potential from these three candidate sites is 1,656,450 t/yr. At a
heat rate of 2 kg of wood chip per kilowatt-hour of electricity production, this resource

53

http://www.iafbc.ca/funding_available/programs/livestock/documents/LWTI-1_FR_App3.pdf
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could generate 828 GWh/yr. Assuming an 80% capacity factor, this would be enough to
support 118 MW of biomass generating capacity.
By 2025, the evening peak load on Sumba is likely to be on the order of 50 MW and the
daytime base load on the order of 30 MW. (These figures will be confirmed in the MidTerm Report based on analysis from Network Planner and Homer). 30 MW would
therefore likely represent an upper bound of gasifier generating capacity in 2025 based on
demand. Though gasifiers can provide some load following and peak service, base load
operation is likely to be the most cost effective utilization of the technology.
Though the technical potential for electricity generation from biomass is large, due to (i)
the expected electricity demand on Sumba in the future, (ii) the absence of experience in
developing a large biomass power plant in Indonesia, (iii) the challenges associated with
securing fuel supply, and (iv) uncertainty regarding the area of forest plantation land that
will become available and its actual productivity yield, it is assumed here that any biomass
gasification capacity would be added in 1 to 4 MW increments, up to a total of 10 MW by
2025.
Based on the yield assumptions used previously, 10 MW of gasifier generating capacity
could be supplied by approximately 8.5% of the 61,350 ha of the candidate area, or
approximately 5,200 ha. Alternatively, even if (i) only half of 61,350 ha were actually made
available, (ii) only 20% of the available land could be cost-effectively planted (due to
topography and access), and (iii) productivity were on the order of 15 t/ha/year, there
would still be enough biomass available to support 6 MW of biomass generation.
5.3.1

Constructability

A common gasifier unit consists of the following unit operations:









Fuel pretreatment (drying, sizing, densification)
Gasifier + ash container
(Multi) cyclone
Tar cracker
Scrubber + demister
Gas/air mixing device
Compressor
Gas engine/generator set

The primary equipment components, such as the gasifier and the gas engine, are not
locally fabricated in Indonesia, so they would need to be imported from abroad. However,
constructing the plant, particularly civil engineering, and equipment installation could be
performed locally under supervision from the manufacturer.
Constructing a gasification plant would required at least 120 working days, depending on
the scale of the plant. The type of the gasifier to be used will be specified later in this
project.
5.3.2

O&M

Operation and maintenance (O&M) is the fixed (fixed O&M) and variable costs (variable
O&M) associated with the operation of a biomass-fired power generation plant. O&M is
assumed to be equivalent to 5% of the initial capital expenditure (capex) per year. The
costs involved include:
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5.3.3

i.

Fixed O&M: Fixed O&M costs consist of labour, scheduled maintenance,
routine component/equipment replacement (for boilers, gasifiers, feedstock
handling equipment), and insurance.

ii.

Variable O&M: Variable O&M includes non-biomass fuels costs, ash
disposal, unplanned maintenance, equipment replacement and incremental
servicing costs (assumed to be about 3.7 USD/MWh)54.

Capital Cost

The total initial investment cost (capex) consists of:


Equipment (prime mover (power generation technology) and fuel
conversion system),



Fuel handling and preparation machinery (fuel preparation and handling is
assumed to be 6% to 20% of the total investment cost)55



Engineering and construction costs, and planning.

This is assumed to amount to between USD 3,000 to 3,500 per kW of capacity for
gasification56. The cost of the prime mover, feedstock conversion technology (gasifier) and
feedstock preparation and handling machinery is assumed to account for 75% of the
capital costs. This capex cost does not include grid connection, distribution systems and
transmission line costs.
5.3.4

Operability and maximum grid penetration

There are few limits on the ability to integrate biomass and/or biogas generation into the
grid system. Where plant operation is in the form of a gas engine, as with a gasifier, the
ability to assist the grid in frequency management is high. There are some gasifiers that
can provide power on demand almost like a diesel set, but these are typically smaller
units57. However, even with a larger unit, responsiveness is better than with a biomass
boiler. There is essentially no limit for grid penetration of gasifier units.
5.3.5

Reliability in the Sumba environment

Biomass generation is similar in operation to a diesel plant in that its operation is generally
reliable if operated and maintained in a proper manner.
The availability factor for a biomass boiler is 80-85%58, while that for gasification is 80%.
‘Ankur’ Biomass Gasifiers generally have an annual availability factor of 80% (or more), if
operated and maintained according to the manual and instructions.59

54

http://www.irena.org/DocumentDownloads/Publications/RE_Technologies_Cost_AnalysisBIOMASS.pdf
55
http://www.irena.org/DocumentDownloads/Publications/RE_Technologies_Cost_AnalysisBIOMASS.pdf
56
http://www.irena.org/DocumentDownloads/Publications/RE_Technologies_Cost_AnalysisBIOMASS.pdf
57
http://www.gekgasifier.com/products/product-overview
58
Source: Rick Tidball, Joel Bluestein, Nick Rodriguez, and Stu Knoke: “Cost and Performance
Assumptions for Modeling Electricity Generation Technologies”
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5.3.6

Environmental and Social Considerations

Biomass use through gasifiers is associated with positive environmental effects, including
the carbon neutral characteristic of the fuel, low sulphur oxide emissions (acid rain), and
low nitrogen. Moreover, the production and use of gasifiers can create jobs in all areas of
the fuel supply chain, as well as in manufacturing and agricultural services. The jobs
created will occur in small and medium scale industries and rural areas.
However, biomass gasification systems produce solid (residue ash), liquid and gaseous
wastes which could pollute the environment. Inadequate control of the waste streams
could lead to detrimental impact on the environment. The magnitude of this problem
depends on the biomass fuel and the gasification technology used.
Liquid effluents can be highly toxic and untreated disposal of such effluent can lead to the
contamination of drinking water and other potentially negative impacts. Some gasifiers are
already equipped with dry gas clean-up systems, which drastically reduce the quantity of
liquid effluent produced.
5.3.7

Fuel security

Two important issues must be considered:
1. Biomass availability would mainly depend on rainfall, harvesting effectiveness,
and plant productivity. Further investigation is necessary to reduce the
uncertainty in productivity.
2. Contracted supply dealing with distributed biomass suppliers. Failure to lock-up
sufficient supplies of biomass from various sources will hinder project finance
and implementation.
In this particular case, it may be useful to set up a Pemda-owned company (badan usaha
milik daerah, BUMD) to organize the fuel production and serve as the contractual
counterparty for fuel supply.
5.4

BIOMASS GENERATION DEVELOPMENT PROGRAM

Based on the foregoing discussion, the following program is considered achievable on
Sumba. By 2025, total installed capacity would reach 10 MW.
before 2015
Resources

Location

Capacity
(kW)

2015 - 2019
Location

Lamtoro
Gung

Sumba
Timur

Lamtoro
Gung
Lamtoro
Gung

Sumba
Timur

Capacity
(kW)
1,000

2020 - 2024
Location
Sumba
Timur

Capacity
(kW)
4,000

1,000
Sumba
Tengah

4,000

Figure 65: Biomass implementation program for Sumba

59

Source: “The Indonesian Palm Power Biomass To Power Project In Sei Dadap, Under
Development By Indonesian Clean Power Ventures Pty Ltd”
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Three recent developments relevant to this development program are:


EBTKE has budgeted for a 1 MW biomass gasifier pilot program on Sumba for
2015. The feasibility study is to be conducted this year (2014). This ADB technical
assistance will be available to provide specialist inputs for EBTKE’s preparation of
the project.



The license for a 41,000 ha industrial forest plantation (hutan tanaman industry,
HTI) in Sumba Tengah has recently been transferred to a new operator, PT Tunas
Inti Lestari. The existence of a commercial plantation operator might open new
opportunities to establish secure fuel supply. The Ministry of Forestry has
suggested approaching this firm to discuss possibility of contracting supply from
them.



In addition, both Pemda Sumba Tengah and Sumba Timur have expressed their
support for the development of biomass generation projects in their respective
kabupaten, and have indicated their willingness to establish BUMD companies for
management, harvesting and supply of fuel wood to power generation projects.

5.5

NEXT STEPS

To investigate possibility of utilizing wood chipped from Lamtoro Gung, the next step is to
prepare a pre-feasibility study for the sites identified. The results of such a study are
expected to provide the basis for an investment opportunity to be presented to the private
sector at the Investor Forum planned for October 2014. This pre-feasibility study would
include the following:


Specific location of the generators and fuel supply, with maps, photographs, and
discussion of accessibility



Productivity, availability, price and supply chain of fuel to the generator, including
guarantee of fuel supply, taking into account the recent developments noted
above.



Assessment of generation technology (e.g. boiler or gasifier)



Sizing of the different generation options and energy production profile over the
year



Water requirements for each option, and source of water (if relevant)



Point and cost of grid interconnection, including transmission lines



Cost assumptions for each option (fuel, equipment, transmission, O&M, land, etc.)



Revenue assumptions, including tariff paid for power



Financial analysis, including net present value (NPV) and internal rate of return
(IRR) of the various options



Sensitivity analysis of NPV and IRR on key parameters



Local impacts, including:
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o

Environmental

o

Social, e.g. job creation, benefits to fuel suppliers, etc.

Risks for successful project development and operation, and risk mitigation
strategies
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6.

WILLINGNESS TO PAY

6.1

INTRODUCTION

The previous chapters describe the supply of renewable energy resources on Sumba.
Household welfare improves only when households can make use of this supply. The
amount of energy that households will consume, and the welfare they will derive, depends
on the price of that energy.
Planning of Sumba’s energy future therefore requires not only knowledge of energy
resources on the island, but also the willingness of households to pay for that energy,
taking into account the constraints of their available income. This chapter addresses
householders’ willingness to pay (WTP) for electricity, which can help define service levels
and delivery mechanisms for achieving the Iconic Island goals that are affordable and
sustainable.
6.1.1

Objective

As demonstrated elsewhere60, recent studies on Sumba Island have helped establish the
rationale for providing access to electricity to help improve the quantity and quality of
energy needed for household lighting, cooking, entertainment, and communication. These
studies provide information on: socio-economic conditions61, issues that have arisen from
current use of solar PV systems62, and possible mechanisms for organization and supply
of renewable energy63.
This analysis complements those existing studies by quantifying householders’ demand
for energy services as “revealed” by their actual behaviour, as distinct from surveys of
stated preferences. The purpose of this analysis is to assess how individual household
demand for energy is changed by electrification, and based on that to determine the prices
that householders are willing to pay for the benefits associated with electricity supply. This
analysis takes into account both the limitations on demand imposed by individual
household PV systems as well as the unrestricted demand allowed by the grid.
6.1.2

Approach

Households consume energy, whether electricity or other forms of energy, to produce
energy services such as lighting, cooking, entertainment and communication. The demand
for energy is therefore derived from the demand for these household energy services.
A household’s willingness to pay for these services depends on the price for / cost of
these services and the household’s level of income. Households in the same income
category will typically consume different forms of energy, each at a different price, to meet
their individual demands for energy services, depending on the availability and
convenience of those various energy sources. This diversity of consumption patterns

60

For example, see World Bank Independent Evaluation Group, The Welfare Impact of Rural
Electrification: A Reassessment of the Costs and Benefits, The World Bank, 2008.
61
JRI Research, Socio-Economic-Gender Baseline Survey, report prepared for Hivos, February
2013.
62
Stefanus Makambombu, Studies on SHS and “SEHEN” in Sumba Island, report prepared for
Hivos, 2012.
63
S. Craine, Village Infrastructure Angels, Final Short Fieldwork Report for Village Electrification
Options on Sumba Island, report prepared for Hivos, September, 2013.
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reveals that the cheaper the unit price of the delivered services, the more energy services
a household will consume. For example, a household may be willing to pay a relatively
high price for a service like basic lighting, but a lower price for other services that are more
of a convenience than a necessity, such as entertainment.
The relationship between the price and quantities of energy services consumed by a
household is defined by a demand function. For a given price of energy services,
households within a certain income category will typically consume a certain level of
services. As prices for these services decrease, households will consume more of these
services. This phenomenon is described as “diminishing marginal utility”, since
households will typically only pay less for the next unit of consumption because it is not as
valuable as the previous unit.
The following considerations were taken into account to formulate electricity demand
functions for households on Sumba:
1. The Source of Input Data. This approach entails the construction of a demand curve
based on data from the Indonesian National Socio-Economic Survey (the SUSENAS),
a household income and expenditure survey conducted by the Badan Pusat Statistik
(BPS). This survey has been conducted annually since 1963 (in its present form of
core and consumption modules since 1992), and captures actual household energy
consumption and expenditure patterns.
Data from the 2012 SUSENAS was used for this analysis, as that is the most recent
year for which an entire year’s data is available. This data is also contemporaneous
with data and observations from the other studies referenced in this report.
The SUSENAS sample has been designed to yield statistically significant results at the
kabupaten level. Analysing this data for all four kabupaten of Sumba together
therefore provides a high degree of statistical confidence in the results. The total
SUSENAS sample for Sumba in 2012 was 1,899 households. Both core and
consumption modules of the SUSENAS 2012 questionnaire are attached as Appendix
G.
SUSENAS collects data on income as well as expenditure. In this analysis,
expenditure has been chosen as the indicator of household economic status since:
For a given household, income is typically more volatile year-to-year compared to
expenditure patterns, which are more stable and better reflect the impact of changes
in household behaviour like accruing savings or taking on debt. Expenditures are
therefore supposed to better reflect “long-term” or “permanent” income and are from
this point of view considered to be a better measure of economic well-being;
Income is often misreported for a number of reasons, whereas expenditure is built up
from purchase of individual goods and services;
2. Energy Services are Produced by a Variety of Energy Sources. Demand for
electricity is derived from the production of energy services (lighting, heating,
entertainment, and communications etc.). However, the SUSENAS does not directly
measure consumption of energy services. The approach therefore involved quantifying
households’ energy consumption by fuel (kerosene, firewood, electricity supply and
other) using data from the SUSENAS and other sources, and then converting energy
consumption into demand for energy services using information and assumptions
about the efficiency of commonly used household appliances, as described in
Appendix H.
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Household total demand for energy services was evaluated by summing up
consumption of the different types of energy used by households in order to “capture”
the impact of electrification on possible substitution of one form of energy by another –
by evaluating households’ total demand for energy and energy services for both
electrified and unelectrified households.
3. The Need for an Energy Services Demand Curve. A conventional approach for
assessing WTP would be to determine electricity consumption as a function of
electricity price and other parameters such as household expenditure. However, this
presupposes there is sufficient variation in electricity prices to enable the derivation of
a demand curve. On Sumba, electrified households within a given income category all
pay roughly the same price for grid electricity. In effect, a conventional approach only
allows the derivation of electricity demand as a function of household income or
expenditure among households that use electricity, since electricity price is effectively
constant. It is therefore not possible to derive WTP for electricity on Sumba with a
conventional approach64.
If instead energy services rather than electricity consumption are considered, it is
possible to derive a demand curve on the basis of variation in the prices for those
services, since households use different fuels with different prices and conversion
efficiencies to provide those services. For example, the price of lighting service with
kerosene is higher than the price of lighting services using electricity due to the
relatively poor conversion efficiency of kerosene to kilolumens. By disaggregating the
analysis by household income or expenditure group allows one to control for income or
expenditure, and thereby more clearly identify the price households are willing to pay
for energy services. This can be worked backwards to determine the corresponding
price of electricity that households would be willing to pay for different levels of
electricity consumption65.
4. No Distinction between Rural and Urban Households. So as to simplify the
analysis, obtain the maximum variation in demands and prices for energy services,
and preserve the statistical integrity of the results (as rural/urban differentiation is only
statistically valid with SUSENAS data at the provincial level), this analysis does not
distinguish between rural and urban households. This leads to some observations that
at first glance may seem questionable.

64

This problem is not unique to Sumba. There are conventional econometric approaches available
to estimate a demand curve for some commodity Q = f(income, prices) when there is sufficient
variation in prices. However, in most places around the world there is insufficient price variation for
electricity within populations of interest to allow the use of such methods. In other words, it is
impossible to estimate a demand curve as a function of price when all consumers pay the same
price. For further explanation of the approach applied here, refer to Appendix H of World Bank
Independent Evaluation Group, The Welfare Impact of Rural Electrification: A Reassessment of the
Costs and Benefits, The World Bank, 2008.
65

An additional aspect that has not been considered here is how the initial cost of an electricity
connection and the up-front cost of electric appliances can affect electricity WTP. As a practical
matter the impact of these factors cannot be analyzed here based on the SUSENAS data because:
(i) it is unknown which households had to pay for electricity connections and which received them
free as part of the Government’s Program Listrik Hemat dan Murah, which pays for connections
and basic interior wiring; (ii) it is unknown when households received their connections, or for
unelectrified households, whether they would be able to get a connection even if there were willing
and able to pay for one; and (iii) there is no comprehensive data in SUSENAS on the stock of
energy-using appliances in each household, or the cost of those appliances.
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For example, SUSENAS data shows that on average, wealthier households without
access to electricity pay significantly higher prices for kerosene than other households.
This is explained by the fact that high income households that don’t have access to
electricity are generally located in rural areas where there is no PLN network
(otherwise they would connect). Kerosene prices are higher in rural areas due to
additional transport costs. This conclusion is supported by the observation66, “outside
town kerosene is scarce and generally reserved for lighting only, and much less for
cooking than in urban areas.” However, substitution between wood and kerosene is
effective as the high income households without access to electricity use considerably
more firewood than other households.
5. Treatment of Unmetered Households. Estimating the demand for energy services
requires, among other things, information on the amounts of various energy sources
consumed by the household and the prices paid for these various sources of supply. It
also requires that there are no technical limitations to consumption, so that
consumption patterns are determined solely by economic factors, e.g. prices and
household income.
The SUSENAS data indicates that 6% of all households receive unmetered electricity
from PLN. Some of these cases are likely to be SEHEN (Super Ekstra Hemat
Energi)67 users, while others might obtain PLN grid electricity from a neighbour with a
metered connection. A review of electricity expenditure for households within this class
indicates that 60% paid less than IDR 20,000 per month for supply, which suggests
they are not SEHEN customers, since a SEHEN costs IDR 35,000 per month. In the
absence of metered consumption, the SUSENAS data includes an estimate of
electricity consumption, so that prices can be inferred68.
In addition, 14% of all households receive electricity from an unmetered non-PLN
source. Many of these cases likely represent solar home system users, while others
could be supplied by small village gensets or PV mini-grids. The non-PLN electricity
consumers that receive supply from PV systems typically do not pay for electricity.
Households that rely on PV systems, whether individual or mini-grid, face technical
(rather than financial) limitations on their consumption. Because SUSENAS does not
indicate whether unmetered households receive their supply from PV systems (either
individual or mini-grids), it is unclear whether any particular household in this group
faces technical limitations on consumption that distort its consumption patterns.
Based on the above observations, households using unmetered electricity were
treated as follows:


Unmetered households with PLN supply were retained within the electrified
household group for the purposes of analysis because:
o

66

Households in this group paid for electricity, and hence prices could be
inferred based on SUSENAS consumption estimates; and

World Bank, Clean Stove Initiative – Indonesia: Draft Report East Sumba District, 2012.

67

SEHEN are individual household photovoltaic electricity systems supplied by PLN, comprising a
14 Wp system with three 3 W lamps.
68

2012 SUSENAS Consumption Module, item IV.2.237.
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o



Load-limited households (i.e. those supplied by SEHEN) represent only
about 4% of households electrified with PLN supply69. This relatively
small representation is unlikely to significantly distort results.

Unmetered households with non-PLN supply were excluded from the electrified
household group because most of them do not pay for electricity and have loadlimited consumption.

As discussed further in Section 6.4.2 below, a separate analysis was also conducted
to estimate WTP for SEHEN electricity supply.
In addition to the above issues, this analysis is subject to: (i) statistical margins of error
resulting from the use of the SUSENAS sample, (ii) the uncertainties or inaccuracies
arising from placing different energy services (e.g. heat for cooking and electricity for
lighting) on a common value scale of energy service, and (iii) limited information on the
type and efficiency of energy using appliances. However, the dominance of firewood and
kerosene in unelectrified houses and the massive impact of electrification on consumption
of energy services has produced results that are relatively insensitive to variations in these
assumptions.
6.2

REVIEW OF PREVIOUS SURVEY WORK

This section reviews findings of two reports commissioned by Hivos, a Netherlands based
non-governmental organization and founding partner of the Sumba Iconic Island Initiative.
The reports were prepared under the ‘Iconic Island” initiative umbrella. They are:
(i)

Socio-Economic Gender Baseline Survey, February 2013, by JRI Research
(the “Baseline Study”), and

(ii)

Final Short Fieldwork Report for a Village Electrification Options on Sumba
Island, September 2013, by S. Craine of Village Infrastructure Angels (the
“Electrification Study”).

The review focuses on aspects of those Hivos reports relevant to this WTP analysis.
6.2.1

Socio-Economic Gender Baseline Survey (the Baseline Study)

The stated objectives of the Baseline Study were to establish a reliable database on
socio-economic and gender aspects that could serve as a basis for monitoring and
evaluation or as a benchmark for future assessment of the outcomes of the Iconic Island
initiative.
The survey was conducted in 2012 and covered all four kabupaten on Sumba. JRI
Research used a structured questionnaire to gather data from 580 householders randomly
selected from Sumba’s estimated total of 132,000 households. A “booster study” was
added later to obtain information from 61 households using SEHEN sets supplied by PLN.

69

Based on the SUSENAS data, of households with PLN supply, about 19% are unmetered. Of
these, 60% have electricity expenditure less than the IDR 35,000 per month that is associated with
SEHEN. It is assumed that of the 40% remaining, half use SEHEN. By this reasoning, about 4% of
PLN households have SEHEN. This is much lower than the 42% reported by PLN for April, 2013,
but most SEHEN were rolled out in Sumba during late 2012 and early 2013.

6-5
Government of Indonesia / ADB – October 2014

6. Willingness to Pay
Although the survey took a structured approach using clustered random sampling, it is not
clear from the description in the report exactly what sample frame was used, or the how
the raw data was weighted (if at all) to develop conclusions.
The socio-economic survey conducted as part of the Baseline Study covered many of the
same topics as the SUSENAS, but with a further focus on: (i) defining occupations and
behaviours including gender aspects, and (ii) investigating householders’ opinions on
performance and costs of the SEHEN program. The final report contains useful descriptive
information as well as high-level statistics that give an overview of socio-economic
conditions, local habits and practices, and information on the use of energy. Noteworthy
findings are consistent with the SUSENAS data and include the widespread use of
firewood for cooking (98%) with consumption averaging around 12.1 kg per day per
household, the widespread use of kerosene for lighting (51%), and the limited use of
kerosene for cooking (9%).
The conclusions with respect to SEHEN are that “only 60% of householders consider that
SEHEN have a price commensurate with the quality / quantity of lighting (good value for
money).” This finding is consistent with the WTP analysis presented in this chapter, which
indicates a similar ratio of SEHEN users who derive a positive net benefit from SEHEN.
6.2.2

Final Short Fieldwork Report (the Electrification Study)

The Electrification Study describes itself as an options evaluation study. It identifies the
location of all households (and other buildings) in the kabupaten of Sumba Tengah
(Central Sumba), and their current energy supply status. The field work report includes a
proposal for electrification activities in central Sumba (rather than a range of options) and
possible costs. This could be a starting point for consultation and discussions of
development ideas, but is not a fully-fledged feasibility study.
Reference is made to data from BPS, but the report does not use this or other survey data
to derive a willingness to pay for electricity.
6.3

DETERMINING HOUSEHOLD WILLINGNESS TO PAY (WTP)

6.3.1

Methodology

This section describes the development of the functions used to estimate the demand for
energy services in general. In the following section, this methodology is adapted to
estimate WTP for SEHEN.
The SUSENAS documents householders’ consumption and expenditure of the different
sources of energy used on Sumba (kerosene, firewood, electricity, etc.) to produce energy
services such as: light for illumination, heat for cooking food, and electricity to operate
electrical appliances for communications or entertainment. This analysis then determines
the level of energy service provided by consumption of each type of energy based on
typical conversion efficiencies. These “revealed preferences” were then used to formulate
demand curves for energy services by household income category. The point on the
demand curve that corresponds to the quantity of energy services consumed by a
household with SEHEN supply can then be identified and use to determine the WTP for
the services provided by a SEHEN, which can be converted into WTP for electric kilowatthours, expressed in IDR/kWh.
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The most important benefits from electrification are improved quality and increased
quantity of lighting (measured in kilolumen-hours) from the replacement of kerosene
lighting. This analysis assumes that when a household is electrified, electricity replaces
kerosene almost entirely for lighting, other than for small amounts used in emergencies
and for lighting situations where there is no household wiring.
For cooking, the SUSENAS (and other studies) show that 90% of consumers use firewood
as the main fuel for cooking regardless of their income and expenditure level, although
there are indications that kerosene is important in urban settings for boiling water for
coffee and tea, because of its convenience.
Only in the highest expenditure quintiles with access to electricity does the ownership of
electrical appliances (other than the ubiquitous mobile phone) exceed 5% - namely for the
highest two quintiles with access to electricity the ownership data is: refrigerators (25%),
cable TV (14%), computers (25%) and water heaters (19%)70. Purchase of rice cookers is
increasing; the analysis assumes that rice cookers account for the 0.6% of households
that report using electricity for cooking71.
Information on energy use for all five expenditure ranges (quintiles) has been taken from
the SUSENAS 2012 and is summarized in Appendix I. The raw data is divided into two
sets of households; the first set comprises households that don’t have access to
electricity, while the second set is for households that are supplied with electricity by
PLN72.
These two sets were selected to define the demand function for energy services because:
(i) the availability of documented data on householders’ use of energy (quantities of
energy consumed, and the prices paid for each type of energy), and (ii) the condition that
household demand for energy services is a continuous function dependent on price /
affordability rather than the technical constraint imposed by the fixed capacity of solar
electricity sets73.
The following figure summarizes the household energy consumption and expenditures by
the two sets of consumers. Note that average consumption and unit costs within each
category of household (as defined by expenditure quintile and electrification status) have
been reported as averages over all households in the category, not just over users in the
category.

70

2012 SUSENAS Core Module, items VII.B.4.d,e,f and h and VIII.3 for computers.

71

2012 SUSENAS Core Module, item VI.15.1, which identifies electricity as the main source of
energy for cooking.
72

The electrification status of a household is determined by 2012 SUSENAS Core Module item
VI.14.a, which asks the source of lighting.
73

This latter condition could not be fully achieved, since unmetered PLN households were included
as discussed in Section 6.1.2. However, households supplied by PLN include only an estimated 4%
supplied by SEHEN hence the influence of SEHEN on the results is minimal.
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Average Monthly Energy Consumption
Consumption

Unit

Unit Cost

Energy Services (Q)

HH's Price (P)

Expenditure

IDR / Unit

kilo-lumen hour
equivalents / month

IDR / kilo-lumen hour or
equivalent

IDR / month

3.5
0.6
0.6
5.0
10
1.6
0.2
0.3
4
6
106
18.0
0.9
26.6
4.5
10.0
167
41
1.4
0.3
0.9
3.9
10.0
58

5,281
11,045
2,024
423
2,922
6,378
11,045
3,317
423
2,494
631
1,311
11,045
2,024
423
12
942
486
5,287
11,045
2,024
423
8
589

18,720
6,296
1,204
2,110
28,330
10,119
2,748
995
1,744
15,606
66,630
23,542
10,113
11,696
1,899
119
115,357
20,130
7,487
3,132
2,474
1,657
76
35,060

Appliances
Units / month

Upper 2 Quintiles
without Access

Kerosene lighting
Other
Kerosene cooking
Firewood cooking

litre kerosene
number
litre kerosene
kg

6,021

litre kerosene
number
litre kerosene
kg

4,975

765
3,899

0.2

kWh
litre kerosene
number
litre kerosene
kg
kWh

34.3
1.8
5.0
0.6
318
0.1

kWh
litre kerosene
number
litre kerosene
kg
kWh

589
4,124
630
4,124
5
589

3.1
10.0
0.2
405

630
6,021
5.2

Total
Lower 2 Quintiles
without Access

Kerosene lighting
Other
Kerosene cooking
Firewood cooking

2.0
5.0
0.2
334

550
4,975
5

Total
Electricity for light
Kerosene lighting
Other
Upper 2 Quintiles PLN
Kerosene cooking
Grid Connected
Firewood cooking
Electric(Rice) Cooker

87.3
6.0
16.1
3.0
364

630
3,899
5
765

Total
Electricity for light
Kerosene lighting
Other
Lower 2 Quintiles PLN
Kerosene cooking
Grid Connected
Firewood cooking
Electric(Rice) Cooker
Total

Figure 66: Households' Average Demand for Energy Services
Notes:
1. Energy services quantity (Q) combines lighting (kilo-lumen hours) and hours of
service from “other appliances” onto a common scale (kilo-lumen hours
equivalent). The division of kerosene between cooking and lighting has been
estimated after taking into account the observations of the Baseline Survey and
the assumption that the overall level of household expenditure on cooking is
relatively stable. The assumptions regarding the efficiency of appliances used to
convert purchases of kerosene, wood etc. into energy services are summarized in
Appendix G. The efficiency of energy services produced using kerosene has been
taken as identical for both cooking and lighting, since use of pressurized kerosene
appliances is rare.
2. Firewood is widely used and remains the most cost effective and most commonly
used fuel for cooking regardless of household socio-economic circumstances,
notwithstanding the energy inefficiencies of the local rudimentary stone stoves.
3. For households with PLN supply, WTP for services produced by electricity and
therefore the derived WTP for electricity within the overall average mix of actual
energy expenditures can be taken directly from the above table. The WTP for the
electricity consumed by low income households is IDR 589/kWh and for high
income households IDR 765 IDR/kWh.
4. The above table contains the price and quantity coordinates that were used to
develop demand functions by household expenditure quintile using the equation
shown below in Section 6.3.2. For the upper two quintiles the points are
characterized by the following price and quantity coordinates: (2922,10) and (942,
167). The first set of coordinates is for demand for energy services from
households without access to electricity, while the second corresponds to the
demand for energy services from households supplied with electricity by PLN.
Similarly the lower two quintiles are characterized by the coordinates (2494,6) and
(566,63).
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Figure 66 shows that when households are electrified the household consumption of
energy services (Q) increases by a factor of 10 to 15 times depending on household
income. This massive increase in consumption is achieved with an increased, but less
dramatic 2 to 4 fold increase in total energy expenditure and is the result of a significant
drop in the overall average price of energy services. Even if different assumptions are
used to allocate energy and value to the different services, the overall expenditures clearly
demonstrate the dramatic impacts of electrification. Households are actually prepared to
increase their expenditure on energy (and find new sources of income if necessary) in
order to gain the benefits that relatively low priced electrical energy and efficient electrical
appliances provide.
6.3.2

Quantifying Household Demand

Household willingness to pay (WTP) measures the value placed by householders on the
composite energy services consumed within the household. The graphical representation
of the demand function for an energy service is subject to some debate, but is generally
accepted as concave74 as illustrated in the following figure. The figure shows graphically
how consumption of energy services (for lighting, TV, etc.) that are summarized in Figure
66 are affected by the price of energy purchases and how overall consumption is
increased by electrification. The selected form of the demand curve in this analysis is
described by the function75:
P = (A – lnQ)/-B
where P = price, Q = quantity, and A and B are constants

The key characteristics and the reasons for selecting this particular form are:
i.
ii.
iii.
iv.
v.

The demand function is negatively sloped with respect to price.
The demand for energy services has an upper bound that depends on the
householders’ stock of energy consuming equipment / appliances.
Willingness to pay rises exponentially as demand falls.
The parameter “A” depends on income, and other variables.
This form of the demand function readily lends itself to calculating the economic
benefits of electrification.

74

World Bank / ESMAP, A New Slant on Slopes, February 2011.
Peter Choynowski, Measuring Willingness to Pay for Electricity, ERD Technical Note Series No.
3, ADB, 2002.
75
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4,000
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energy services
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Figure 67: Average Household Demand for Energy Services
The rectangular area bound by P0Q0 is the average household’s expenditure on energy
services prior to electrification, while the area P1Q1 represents the average electrified
household’s expenditure. The area bound by the curve and Q0 and Q1 is the household’s
benefit from increased consumption of energy services and can be calculated by
integrating the demand function between Q0 and Q1
The demand curve is downward sloping as consumers are willing to pay highly for their
initial energy service requirements, but pay less for each additional unit. As household
income increases the demand curve moves outward, with the intersection of the demand
curve with the horizontal axis (the abscissa) dependent on the householders’ stock of
electrical appliances. This income effect is shown in Figure 68, which presents demand
curves by expenditure quintile.
6.4

ESTIMATING WTP FOR ENERGY SERVICES

6.4.1

Demand Curves by Household Income

The constants A and B in the demand function can be solved using the two data points
(firstly without electricity and secondly with electricity) for the price (p) and quantity (q) for
each quintile (see Figure 66). The following demand function is for the average of total
energy services used by all households in the middle household expenditure quintile.
P = (5.77 – lnQ)/1.365-3
The following figure illustrates the demand curves developed from the functions calculated
from the information in Figure 66 for high, middle, and low income households.
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4,500

WTP Low Income

WTP ‐ Average Income

WTP ‐ High Income

Consumption ‐ Low Income

Consumption ‐ Average Income

Consumption ‐ High Income

WTP energy services:
IDR / kilolumen hour

4,000
3,500
3,000

Consumption without access to electricity

2,500
2,000
1,500
Consumption with PLN grid supply

1,000
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0
0
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Energy Services : kilolumen hours per household per month

Figure 68: Demand Curves for High, Average, and Low Income Households
Note: The high Income curve is based on the average values for households from the two
highest expenditure quintiles as shown in Figure 66, low income is the average for
households in the two lowest expenditure quintiles. The middle case is the average of the
upper and lower income cases.

Low income households have the steepest demand curve and therefore consumption is
significantly more sensitive to increase in price relative to higher income households, i.e.
demand in lower income households is less price elastic than in higher income
households.
6.4.2

WTP for SEHEN

The WTP for SEHEN may be estimated by determining the level of energy services
provided by a SEHEN, and then referring to the demand curve for all PLN households to
determine the WTP corresponding to this level of service. The level of service is estimated
based on the following assumptions: (i) SEHEN supply is load limited and is only sufficient
for lighting plus incidental cell phone charging, (ii) a SEHEN provides 65.7 kilolumenhours equivalent of lighting and cell phone charging per month (about 3 hours lighting per
night) for an average user, and (iii) wood and kerosene used for cooking are consumed in
the same quantities and at the same prices as by households with access to the PLN grid
(on the basis that SEHEN output is insufficient to enable cooking).
The following figure illustrates the demand function developed following the above
approach. It shows: (i) the demand curves for the average of energy services consumed
by households in low, average, and high income households, (ii) marks consumption of
energy services by households that have SEHEN electricity by vertical pointers ()76, and

76

The energy service levels indicated on the x-axis include not only the service provided by the
SEHEN, but those from other energy sources as well. Consequently, even though SEHEN service
is assumed to be fixed across income categories, total energy services consumed vary by income

6-11
Government of Indonesia / ADB – October 2014

6. Willingness to Pay
(iii) on the right vertical axis summarizes a household’s willingness to pay for the use of a
SEHEN system.

4,500
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Consumption ‐ Low Income

Consumption ‐ Average Income

Consumption ‐ High Income

WTP energy services:
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4,000

WTP SEHEN, 52,612

IDR / month

3,500
3,000

WTP SEHEN, 38,505
35,000

2,500
2,000
1,500

WTP SEHEN, 16,338

Actual demand 2012

1,000
500
0
0

50
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150

200

250

300

350

400

450

Energy Services : kilolumen hours per household per month

 = actual demand for energy services in 2012 by grid connected households.

Figure 69: WTP for SEHEN
The adjustments referred to above enabled the development of estimates of the total
quantity and price of energy services consumed by households with SEHEN. The WTP for
SEHEN energy service is one of the components of WTP for energy services and is
displayed on the right hand vertical axis and compared with the tariff for SEHEN of 35,000
IDR per month.
Households with average or higher income were willing to pay IDR 35,000 per month or
more in 2012 for the services provided by SEHEN. However, households in the lower two
income quintiles were only willing to pay IDR 16,338 per month for a SEHEN – well below
the then-prevailing monthly subscription. The conclusion is that SEHEN units are not
regarded as good value by low income households, which are the largest market for
SEHEN since the majority of high income households already have electricity. This
conclusion is consistent with the widespread SEHEN payment defaults reported by PLN,
and indicates that the demand function is a reasonable representation of consumers’
WTP.
6.4.3

WTP for Grid Electricity

Actual WTP for the consumption of available energy services used by households with
access to unconstrained electricity supply (i.e. from the grid) are shown on Figure 69
demand curves by the coordinates marked by the symbol “”.

category. The SEHEN-specific WTP was determined by working backwards from the total
consumption of energy services defined to “goal seek” the SEHEN WTP that enables total energy
services to intersect the respective demand curve.
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For low income households connected to the PLN grid, the WTP for electricity as derived
from the SUSENAS data is IDR 589/kWh based on Figure 66. The WTP for energy
services (marked by  on the low income demand curve) almost coincides with the WTP
for energy services from household with a SEHEN indicating that lighting from a SEHEN
has similar value to a grid connection for low income households – indicating that
electricity is used only for modest amounts of lighting in these households.
The WTP for electricity from high income households connected to the grid is likewise
taken from Figure 66, and is estimated to be IDR 765/kWh. The intersection of the WTP
pointer for energy services on the demand curve (marked by  on the high income
demand curve) shows that: (i) high income households consume around double the
energy services of low income households, and (ii) that availability of grid supplied
electricity significantly increases consumption of electricity services above that of SEHEN
users – as is to be expected.
The SUSENAS data show in Figure 66 provides the first of two sets of coordinates
needed to define a demand function for electricity as distinct from a demand curve for
energy services. The second set of points characterizing WTP for electricity is the
estimate for WTP for SEHEN developed in the previous section.
However, given that the original demand curves are for consumption of total energy
services rather than electricity, the trade-offs between use of electricity to substitute for
other forms of energy to meet demand for energy services when energy prices and
incomes are changed means quantitative conclusions need to be treated cautiously.
Nevertheless the following figure shows electricity WTP by using the two WTP for
electricity coordinates and the same type of function as for energy services.
WTP Low Income
70,000

WTP ‐ Average Income

WTP ‐ High Income

WTP IDR / kWh
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50,000
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0
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70

80
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Electrical Energy: kWh per household per month

Figure 70: Electricity Demand Curve – WTP

The average household consumption indicated by this analysis is consistent with (i.e.
within 15% of) PLN sales data, which indicates an average consumption per household of
77 kWh/month on Sumba.
These results suggest the following:
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At prevailing grid electricity prices, households are consuming electricity (marked
by ) close to the limits set by their ability to pay for the appliances that consume
electricity, i.e. even if electricity were free, households would not consume much
more;



While WTP for the first kWh of electricity is much higher than current tariffs, these
limits can be quickly reached, as with SEHEN systems. These systems provided a
couple kWh per month for the most basic needs, but even at a price of IDR 35,000
per month it exceeds the WTP of households in lower income groups.



Programs intended to reach households for which grid extension is more costly
than off-grid solutions will have to take this into account when setting cost recovery
or subsidy mechanisms to ensure the financial viability of the programs. Since
most households in remote areas will be in the lower expenditure classes, findings
for low expenditure households should provide the reference.
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A: HYDRO SITE RESOURCE DATA
APPENDIX A: HYDRO SITE RESOURCE DATA
Notional hydrology is provided on the following sheets for the following sites:
1. Lokomboro A
2. Lokomboro B
3. Lokomboro C
4. Wanakaka
5. Wanakaka II
6. Harunda
7. Umbu Wangu
8. Soru
9. Kananggar
10. Maidang
11. Praikalala
12. Kadahang
13. Kulungawa
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Streamflow+/+Production+datasheet+5+Minihydro+Power+Projects,+Sumba

24/09/2014
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2.2

1

5%
10%
20%
30%
40%
50%
60%
70%
80%
90%
100%

1.77
1.48
1.19
1.04
0.96
0.87
0.79
0.7
0.63
0.57
0.26

0.36
0.16
0.12
0.12
0.10
0.10
0.10
0.11
0.12
0.12
0.05

sep
0.26
++++++++++1,289
++++++++++++++++51
++++++++36,880
++++++++31,459

oct

6000+

PLTMH+/+MHP:+Lokomboro+B

+/- [l/s]
4959
1785
793
595
595
496
496
496
545
595
595
248

nov
dec
total++
0.30
0.87
1.19
++++++++++1,488 ++++++++++4,314 ++++++++++++5,901
++++++++++++++++59 +++++++++++++171 +++++++++++++++234
++++++++43,973 ++++++123,407 +++++++174,425 ++++1,704,769
++++++++37,509 ++++++105,266 +++++++148,784 ++++1,454,168
maximum+possible+production ++++3,461,321
overall+capacity+factor
49%
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+50,000++
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month)

10909
8777
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5157
4760
4314
3917
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nov+ dec+
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Streamflow+/+Production+datasheet+5+Minihydro+Power+Projects,+Sumba

24/09/2014

mean
temperature [°C]

PLN

%+discharge
100%

max+available+streamflow

10909

mean+discharge+(turc)
discharge+5+set$scenario
net+Head
Gravity
overall+efficiency
Power
Name+plate+capacity
PLN+purchase+tariff+(2013)
Investment+/+kW
Total+investment+(approx)
O&M+@+...%+revenue+(I)

4959
10000
5.4
9.81
0.75
397
400
853
+++++++++++++++2,500
++++++++++993,263
145,416,780

month
turc+coefficient+(Papua) factor
available+streamflow+(Q)
l/sec
actual+power+(P)
kW
actual+production
kWh
Sales+revenue+(x1000)+
IDR

75%

50%

10000

l/sec
5000 l/sec
meters

7500

397

kW
kW
kWh
US$/kW
US$
IDR

10%

jan+
1.77
++++++++++8,777
+++++++++++++349
++++++259,439
++++++221,301

feb+
2.20
++++++++10,909
+++++++++++++397
++++++257,454
++++++219,608

mar
1.48
++++++++++7,339
+++++++++++++292
++++++216,932
++++++185,043

hydrograph))

apr
1.04
++++++++++5,157
+++++++++++++205
++++++147,521
++++++125,836

12000+

may
0.96
++++++++++4,760
+++++++++++++189
++++++140,713
++++++120,028

jun

jul

0.79
++++++++++3,917
+++++++++++++156
++++++112,059
++++++++95,587

0.70
++++++++++3,471
+++++++++++++138
++++++102,603
++++++++87,520

aug
0.63
++++++++++3,124
+++++++++++++124
++++++++89,364
++++++++76,227

l)/)sec)

+6,000++

0%

2.2

1

5%
10%
20%
30%
40%
50%
60%
70%
80%
90%
100%

1.77
1.48
1.19
1.04
0.96
0.87
0.79
0.7
0.63
0.57
0.26

0.36
0.16
0.12
0.12
0.10
0.10
0.10
0.11
0.12
0.12
0.05

sep
0.26
++++++++++1,289
++++++++++++++++51
++++++++36,880
++++++++31,459

oct

6000+

PLTMH+/+MHP:+Lokomboro+C

+/- [l/s]
4959
1785
793
595
595
496
496
496
545
595
595
248

nov
dec
total++
0.30
0.87
1.19
++++++++++1,488 ++++++++++4,314 ++++++++++++5,901
++++++++++++++++59 +++++++++++++171 +++++++++++++++234
++++++++43,973 ++++++123,407 +++++++174,425 ++++1,704,769
++++++++37,509 ++++++105,266 +++++++148,784 ++++1,454,168
maximum+possible+production ++++3,461,321
overall+capacity+factor
49%

+150,000++

+50,000++

0+

month)

10909
8777
7339
5901
5157
4760
4314
3917
3471
3124
2826
1289

4959

+200,000++

2000+

nov+ dec+

discharge

740

+250,000++

+2,000++

oct+

211.45
standard
deviation

+100,000++

aug+ sep+

1510

annual runoff
[mm]

coeffizients for
PNG

4000+

jul+

2250

percentage
exceedance

+4,000++

+5++
jan++ feb++ mar+ apr+ may+ jun+

1959

+300,000++

8000+

+8,000++

t=
annual evapotranspiration [mm]

monthly)energy)produc8on)

ﬂow)dura8on)curves)

10000+

+10,000++

27

mean discharge
[l/s]

l/sec

+12,000++

l/sec)

catchment area
[km2]

kWh)

Developer

mean annual
rainfall [mm]

+5++
0%+

20%+

40%+

60%+
%)exceedence)

80%+

100%+

120%+

jan++ feb++ mar+ apr+ may+ jun+ jul+ aug+ sep+ oct+ nov+ dec+
month)

Streamflow+/+Production+datasheet+5+Minihydro+Power+Projects,+Sumba

IPP
100%

max+available+streamflow

1934

mean+discharge+(turc)
discharge+5+set$scenario
net+Head
Gravity
overall+efficiency
Power
Name+plate+capacity
PLN+purchase+tariff+(2013)
Investment+/+kW
Total+investment+(approx)
O&M+@+...%+revenue+(I)

879
1300
152
9.81
0.75
1454
1600
853
+++++++++++++1,500
+++++2,180,763
678,114,898

(I)+5+West+Sumba
month
turc+coefficient+(Papua) factor
available+streamflow+(Q)
l/sec
actual+power+(P)
kW
actual+production
kWh
Sales+revenue+(x1000)+
IDR

+2,500++

%+discharge
75%

50%

1300

1454

kW
kW
kWh
US$/kW
US$
IDR

10%

jan+
1.77
++++++++++1,556
++++++++++1,454
++1,081,658
++++++922,655

feb+
2.20
++++++++++1,934
++++++++++1,454
++++++942,090
++++++803,602

mar
1.48
++++++++++1,301
++++++++++1,454
++1,081,658
++++++922,655

hydrograph))

l/sec)

l)/)sec)

+1,500++

1959

mean annual
rainfall [mm]
catchment area
[km2]

2250
37.48

annual evapotranspiration [mm]
annual runoff
[mm]

1510
740

1.04
+++++++++++++914
++++++++++1,022
++++++736,031
++++++627,834

may
0.96
+++++++++++++844
+++++++++++++944
++++++702,060
++++++598,857

jun

jul

0.79
+++++++++++++694
+++++++++++++777
++++++559,100
++++++476,913

0.70
+++++++++++++615
+++++++++++++688
++++++511,919
++++++436,667

aug
0.63
+++++++++++++554
+++++++++++++619
++++++445,865
++++++380,323

2.2

1

1.77
1.48
1.19
1.04
0.96
0.87
0.79
0.7
0.63
0.57
0.26

0.36
0.16
0.12
0.12
0.10
0.10
0.10
0.11
0.12
0.12
0.05

sep
0.26
+++++++++++++229
+++++++++++++256
++++++184,008
++++++156,959

oct

discharge

1934
1556
1301
1046
914
844
765
694
615
554
501
229

879
+/- [l/s]
879
316
141
105
105
88
88
88
97
105
105
44

nov
dec
total++
0.30
0.87
1.19
+++++++++++++264 +++++++++++++765 ++++++++++++1,046
+++++++++++++295 +++++++++++++855 ++++++++++++1,170
++++++219,394 ++++++615,718 +++++++870,262 ++++7,949,764
++++++187,143 ++++++525,208 +++++++742,334 ++++6,781,149
maximum+possible+production ++12,665,872
overall+capacity+factor
63%

monthly)energy)produc8on)

ﬂow)dura8on)curves)
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mean
temperature [°C]

IPP

%+discharge
100%

max+available+streamflow

1032

mean+discharge+(turc)
discharge+5+set$scenario
net+Head
Gravity
overall+efficiency
Power
Name+plate+capacity
PLN+purchase+tariff+(2013)
Investment+/+kW
Total+investment+(approx)
O&M+@+...%+revenue+(I)

469
740
110
9.81
0.75
599
600
853
+++++++++++++2,000
+++++1,197,801
266,339,757

month
turc+coefficient+(Papua) factor
available+streamflow+(Q)
l/sec
actual+power+(P)
kW
actual+production
kWh
Sales+revenue+(x1000)+
IDR

75%

50%

740

l/sec
370 l/sec
meters

555

599

kW
kW
kWh
US$/kW
US$
IDR

10%

jan+
1.77
+++++++++++++830
+++++++++++++599
++++++445,582
++++++380,081

feb+
2.20
++++++++++1,032
+++++++++++++599
++++++388,088
++++++331,039

mar
1.48
+++++++++++++694
+++++++++++++562
++++++417,969
++++++356,528

hydrograph))

may
0.96
+++++++++++++450
+++++++++++++364
++++++271,115
++++++231,261

jun

jul

0.79
+++++++++++++371
+++++++++++++300
++++++215,908
++++++184,170

0.70
+++++++++++++328
+++++++++++++266
++++++197,688
++++++168,628

aug
0.63
+++++++++++++295
+++++++++++++239
++++++172,180
++++++146,870

t=
annual evapotranspiration [mm]
annual runoff
[mm]

2250
20

percentage
exceedance

coeffizients for
PNG

standard
deviation

0%

2.2

1

5%
10%
20%
30%
40%
50%
60%
70%
80%
90%
100%

1.77
1.48
1.19
1.04
0.96
0.87
0.79
0.7
0.63
0.57
0.26

0.36
0.16
0.12
0.12
0.10
0.10
0.10
0.11
0.12
0.12
0.05

sep
0.26
+++++++++++++122
++++++++++++++++99
++++++++71,058
++++++++60,613

oct

discharge

1032
830
694
558
488
450
408
371
328
295
267
122

1959

1510
740
469
+/- [l/s]
469
169
75
56
56
47
47
47
52
56
56
23

nov
dec
total++
0.30
0.87
1.19
+++++++++++++141 +++++++++++++408 +++++++++++++++558
+++++++++++++114 +++++++++++++330 +++++++++++++++452
++++++++84,724 ++++++237,772 +++++++336,070 ++++3,122,389
++++++++72,269 ++++++202,820 +++++++286,668 ++++2,663,398
maximum+possible+production ++++5,217,621
overall+capacity+factor
60%
monthly)energy)produc8on)

ﬂow)dura8on)curves)

+500,000++
+450,000++
+400,000++
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PLTMH+/+MHP:+Wanakaka+II
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mean discharge
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Developer

mean annual
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catchment area
[km2]
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mean
temperature [°C]

Developer

IPP

mean annual
rainfall [mm]

%+discharge
100%

max+available+streamflow

18159

mean+discharge+(turc)
discharge+5+set$scenario
net+Head
Gravity
overall+efficiency
Power
Name+plate+capacity
PLN+purchase+tariff+(2013)
Investment+/+kW
Total+investment+(approx)
O&M+@+...%+revenue+(I)

8254
4000
47.5
9.81
0.75
1398
1400
853
++++++++++++++++++++2,000
++++++++++++2,795,850
965,254,996

month
turc+coefficient+(Papua) factor
available+streamflow+(Q)
l/sec
actual+power+(P)
kW
actual+production
kWh
Sales+revenue+(x1000)+
IDR

75%

catchment area
[km2]

50%
l/sec
2000 l/sec
meters

3000

1398

kW
kW
kWh
US$/kW
US$
IDR

10%

jan+
1.77
++++++++14,610
++++++++++1,398
++1,040,056
++++++887,168

feb+
2.20
++++++++18,159
++++++++++1,398
++++++905,855
++++++772,695

mar
1.48
++++++++12,216
++++++++++1,398
++1,040,056
++++++887,168

hydrograph))

1.04
++++++++++8,584
++++++++++1,398
++1,006,506
++++++858,550

may
0.96
++++++++++7,924
++++++++++1,398
++1,040,056
++++++887,168

jun

jul

0.79
++++++++++6,521
++++++++++1,398
++1,006,506
++++++858,550

0.70
++++++++++5,778
++++++++++1,398
++1,040,056
++++++887,168

0%

2.2

1

5%
10%
20%
30%
40%
50%
60%
70%
80%
90%
100%

1.77
1.48
1.19
1.04
0.96
0.87
0.79
0.7
0.63
0.57
0.26

0.36
0.16
0.12
0.12
0.10
0.10
0.10
0.11
0.12
0.12
0.05

aug
0.63
++++++++++5,200
++++++++++1,398
++1,006,506
++++++858,550

sep
0.26
++++++++++2,146
+++++++++++++750
++++++539,998
++++++460,618

oct

+10,000++
+8,000++

4000+

+2,000++

2000+
apr+ may+

jun+

jul+

month)

PLTMH+/+MHP:+Harunda

aug+

sep+

oct+

nov+

dec+

2971
1321
990
990
825
825
825
908
990
990
413

nov
dec
total++
0.30
0.87
1.19
++++++++++2,476 ++++++++++7,181 ++++++++++++9,822
+++++++++++++865 ++++++++++1,398 ++++++++++++1,398
++++++643,844 ++1,006,506 ++++1,040,056 ++11,316,002
++++++549,199 ++++++858,550 +++++++887,168 ++++9,652,550
maximum+possible+production ++12,178,723
overall+capacity+factor
93%

+600,000++
+400,000++
+200,000++

0+
feb++ mar+

8254

+800,000++

8000+

+4,000++

+/- [l/s]
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7181
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+12,000++
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standard
deviation

14000+

+14,000++

351.97
coeffizients for
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+16,000++
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annual runoff
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percentage
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ﬂow)dura8on)curves)
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Streamflow+/+Production+datasheet+5+Minihydro+Power+Projects,+Sumba

24/09/2014

mean
temperature [°C]

PLN

%+discharge
100%

Max+available+streamflow

5630

Mean+discharge+(turc)
discharge+5+set$scenario
net+Head
Gravity
overall+efficiency
Power
Name+plate+capacity
PLN+purchase+tariff+(2013)
Investment+/+kW
Total+investment+(approx)
O&M+@+...%+revenue+(I)

2559
1500
20
9.81
0.75
221
220
853
++++++++++++++2,000
+++++++++441,450
149,647,305

month
turc+coefficient+(Papua) factor
available+streamflow+(Q)
l/sec
actual+power+(P)
kW
actual+production
kWh
Sales+revenue+(x1000)+
IDR

75%

50%

1500

l/sec
750 l/sec
meters

1125

221

kW
kW
kWh
US$/kW
US$
IDR

10%

jan+
1.77
++++++++++4,530
+++++++++++++221
++++++164,219
++++++140,079

feb+
2.20
++++++++++5,630
+++++++++++++221
++++++143,030
++++++122,004

mar
1.48
++++++++++3,788
+++++++++++++221
++++++164,219
++++++140,079

hydrograph))

1.04
++++++++++2,662
+++++++++++++221
++++++158,922
++++++135,560

may
0.96
++++++++++2,457
+++++++++++++221
++++++164,219
++++++140,079

jun

jul

0.79
++++++++++2,022
+++++++++++++221
++++++158,922
++++++135,560

0.70
++++++++++1,791
+++++++++++++221
++++++164,219
++++++140,079

aug
0.63
++++++++++1,612
+++++++++++++221
++++++158,922
++++++135,560

l)/)sec)

+2,000++
+1,000++

1000+

+5++
jan++ feb++ mar+ apr+ may+ jun+

month)

aug+ sep+

oct+ nov+ dec+

1510

annual runoff
[mm]

109.13

percentage
exceedance

coeffizients for
PNG

standard
deviation

0%

2.2

1

5%
10%
20%
30%
40%
50%
60%
70%
80%
90%
100%

1.77
1.48
1.19
1.04
0.96
0.87
0.79
0.7
0.63
0.57
0.26

0.36
0.16
0.12
0.12
0.10
0.10
0.10
0.11
0.12
0.12
0.05

sep
0.26
+++++++++++++665
++++++++++++++++98
++++++++70,496
++++++++60,133

oct

discharge

5630
4530
3788
3045
2662
2457
2226
2022
1791
1612
1459
665

740
2559
+/- [l/s]
2559
921
409
307
307
256
256
256
282
307
307
128

nov
dec
total++
0.30
0.87
1.19
+++++++++++++768 ++++++++++2,226 ++++++++++++3,045
+++++++++++++113 +++++++++++++221 +++++++++++++++221
++++++++84,053 ++++++158,922 +++++++164,219 ++++1,754,365
++++++++71,698 ++++++135,560 +++++++140,079 ++++1,496,473
maximum+possible+production ++++1,922,956
overall+capacity+factor
91%
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+80,000++
+60,000++
+40,000++
+20,000++
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2250
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t=
annual evapotranspiration [mm]

monthly)energy)produc8on)

ﬂow)dura8on)curves)
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PLTMH+/+MHP:+Umbu+Wangu
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+5,000++
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mean discharge
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Developer

mean annual
rainfall [mm]
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Streamflow+/+Production+datasheet+5+Minihydro+Power+Projects,+Sumba
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mean
temperature [°C]

PLN

%+discharge
100%

max+available+streamflow

3152

mean+discharge+(turc)
discharge+5+set$scenario
net+Head
Gravity
overall+efficiency
Power
Name+plate+capacity
PLN+purchase+tariff+(2013)
Investment+/+kW
Total+investment+(approx)
O&M+@+...%+revenue+(I)

1433
2250
24
9.81
0.75
397
400
853
+++++++++++++2,000
++++++++794,610
177,281,677

(I)+5+West+Sumba
month
turc+coefficient+(Papua) factor
available+streamflow+(Q)
l/sec
actual+power+(P)
kW
actual+production
kWh
Sales+revenue+(x1000)+
IDR

75%

50%

2250

l/sec
1125 l/sec
meters

1688

397

kW
kW
kWh
US$/kW
US$
IDR

10%

jan+
1.77
++++++++++2,536
+++++++++++++397
++++++295,595
++++++252,142

feb+
2.20
++++++++++3,152
+++++++++++++397
++++++257,454
++++++219,608

mar
1.48
++++++++++2,120
+++++++++++++374
++++++278,549
++++++237,603

hydrograph))

apr
1.04
++++++++++1,490
+++++++++++++263
++++++189,423
++++++161,578

3500+

+3,500++

may
0.96
++++++++++1,375
+++++++++++++243
++++++180,681
++++++154,121

jun

jul

0.79
++++++++++1,132
+++++++++++++200
++++++143,889
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Terms of Reference
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Government of Indonesia / ADB – October 2014

Installation of a River Gauging Station in Sumba
Terms of Reference

1. Introduction
The “Sumba Iconic Island” initiative was launched by the Indonesia Government in 2012
and targets the replacement of diesel powered generation facilities with renewable sources
on the island of Sumba, NTT. These sources include hydro, wind, solar and biomass.
Specifically related to the island’s hydraulic potential, there already exist a number of micro
and mini hydropower schemes developed by the Indonesian Government1, PLN and
private investors. These schemes operate either as stand-alone projects for isolated village
electrification (off-grid) or to supply power to the PLN medium voltage grid network (ongrid). To date, all hydropower development in Sumba has been exclusively “run of river”
type schemes with all individual generator units <1 MW in size.

2. Background
As part of the ADB’s Technical Assistance project titled “Scaling Up Renewable Energy
Access in Eastern Indonesia” (ADB TA 8287-INO), between May 2013 and June 2014,
Castlerock Consulting carried out an “Energy Resources & Demand Analysis” for Sumba.
This analysis forms the basis for the preparation of a comprehensive energy system plan
with the long-term goal to substitute diesel generation with renewable sources and provide
sustainable energy access to the population adopting a least-cost recovery approach.
Accurate hydrology is singularly the most important factor in determining the feasibility of a
specific location for the development of a mini hydropower plant. Unfortunately, historical
stream flow data available for rivers in Sumba is virtually non-existent. Currently the only
means of stream flow analysis is by using rainfall data in combination with specific
hydrological models. Although these are in most cases sufficient for initial screening, they
are inadequate for the purposes of feasibility studies or detailed engineering design.
Moreover, as part of the Iconic Island initiative currently on-going in Sumba, the
development of one or more small-scale reservoir storage hydropower stations is a
possibility. This would, however, require reliable stream flow data.

3. Objective of the Assignment
The objective of this assignment is to establish an annual flow duration curve (FDC) for a
hydropower site near the village of Kulungawa on the Kambineru River in Kabupaten
Sumba Timur. This is likely to be a storage / reservoir mini hydropower project. The
prospective site is located as shown in the Google Earth screen shots on the following
page. The target area for installation of the river gauging station is within the red rectangle,
which is about 17 km straight line distance from the Waingapu airport. However, to facilitate
access it may be necessary to select a location up to 4 km downstream or 7 km upstream
of this area (distance following the river).
Accurate stream flow data collected for a particular river is also valuable information for
subsequent regional analysis and therefore relevant for other projects within the vicinity of
the gauged river.
Based on these considerations, it is intended to carry out detailed hydrology of the selected
location through the installation and subsequent monitoring of a semi-permanent river
gauging station using a water level logger to determine the stream flow.

1

Most stand alone schemes are financed by the Ministry of Energy and Mineral Resources, Ministry
of Disadvantaged Areas and the Ministry of Cooperatives.
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4. Scope of Work and Key Deliverables
The contractor will be responsible for the carrying out all tasks described in this TOR, and
therefore must be experienced in taking stream flow measurements and preferably have
experience in the installation of gauging stations. The contractor will be required to visit the
site once every two months depending on the specific weather conditions.
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As outlined below, the overall team should comprise a number of positions including at
least a hydrologist, a civil engineer and a land surveyor. It is anticipated the entire team will
consist of:
1.
2.
3.
4.
5.

Civil engineer / hydro power planner
Hydrologist, expert on flow measurements
Land surveyor
Tradesman (concrete & masonry works)
Unskilled workers as required to clear the site according to requirements and assist
with topographical survey

4.1

Task 1: Selection and installation of the water level logger and staff gauges

Water level loggers are commonly used to indirectly determine stream flow over a period of
time facilitating the plotting of a FDC. For semi-permanent gauging stations it is in most
cases more practical to log water level and convert to flow than to measure flow directly.
That is because pressure-based water level sensors consume less power and are more
reliable than flow sensors. Another factor is that flow sensors normally have to be deployed
in the middle of the stream, which causes problems as they catch debris and are prone to
damage incurred by floating material, in particular during peak flows.
In view of these factors, the water level logger to be installed will be of the pressure based
sensor type. Technical specifications of two devices deemed suitable for the requirements
of this assignment are included as Annex II (Dipper-3 by www.seba-hydrometrie.de and
AquiLite Beaver ATP10 by www.aquitronic.de). As part of this assignment, the contractor
will be responsible for the purchase and installation of the water level logger having similar
specifications to these examples.
4.1.1

Selection of gauging location in close vicinity of the proposed intake.

In principle the gauging station should be installed as close to the proposed site of the
intake as possible to determine the exact flow conditions at the particular spot where the
flow and flood conditions represent essential parameters for (a) the determination of the
optimum design capacity, and (b) for the design of the water diversion and intake structure.
Important factors to consider are also stream morphology, safety concerns, accessibility,
and possibly the location of a pre-established gauge station. The stream should be free
flowing and unrestricted by obstructions upstream or downstream that could cause flow
diversion or flow backup. A smooth streambed profile with relatively consistent depth
across its width is optimal. As indicated above, the contractor may utilize a location up to 4
km downstream or 7 km upstream of this area (distance following the river) to facilitate
access and measurement quality, subject to approval by Castlerock.
The contractor is responsible for securing site access and any permissions required.
Castlerock can assist with securing any permits or approvals that may be required from the
local government to install and operate the gauging station.
4.1.2

Installation of water level logger and staff gauge.

The location for the installation should be selected to allow safe mounting, relatively easy
access and protection from debris conveyed by the river. To install the level logger safely in
the river it is necessary to prepare a pipe that can be firmly mounted on rock of the
riverbank. It is proposed to use a 2 – 4” HDPE pipe; steel piping can also be used but is
less practical for handling and installation. The pipe shall protect the sensor from debris
carried by the river and should be equipped with a lockable lid / top piece to prevent theft or
vandalism of the sensor. Detailed specifications of the housing may still depend on the
level logger that is ultimately selected. Special attention must be given to the fixing of the
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equipment on site to avoid being damaged in the event of flood flows and extreme river
conditions.
4.1.3
Installation of four additional staff gauges upstream and downstream of the
level logger.
It is required that for reference purposes 4 additional staff gauges are installed upstream
and downstream of the level logger location. These should be positioned approximately:




4.1.4

20-25 m upstream
40-50 m upstream
20-25 m downstream
40-50 m downstream
Selection of a suitable location for flow measurements.

Regular direct flow measurements, using a current meter, have to be taken as outlined in
Tasks 3 and 4 below to establish the rating curve. A suitable location for these
measurements has to be determined in close vicinity of the selected location where the
water level will be continuously measured and logged. Most importantly there should be no
additional inflows between the data logger and the direct flow measurements.
It is crucial that flow measurements are also taken during high water levels (floods).
Depending on the size of the river this may require the installation of a cableway or a
sufficiently high bridge, from which the flow measurements can be taken. The requirement
for this has to be assessed. An illustration and description of how this may look is included
as Annex I.
Flow measurements must be taken twice each day during the field trip and additionally if
obvious variations occur (e.g. after rain). Information to be noted includes:





date and time of measurement
reading of all five staff gauges
recorded level at level logger
raw data of measurement MUST be archived

The contractor is responsible to assign and train a local resident to conduct the tasks
outlined in Tasks 3 and 4 below. The contractor will provide this local resident with a
logbook to note down the details of his readings, observations and activities.

4.2

Task 2: Topographical survey of immediate location

4.2.1


4.2.2





4.2.3


Preparation of two or more permanent benchmarks (BM)
Positioned well above any known flood levels; direct visibility between the BMs is
required; from each of the staff gauges and from the level logger direct visibility to at
least one BM is required (if that is not possible then additional BMs have to be
established).
Survey of river sections and river banks
establishing survey network between all BM’s, staff gauges and level logger
topographic survey min. 50 m up and downstream of selected level logger location
river sections at all staff gauges and intermitting in max. 10 m intervals
up to elevations substantially above any known or estimated flood levels
< 50 cm accuracy in interpolation of contour
Mapping & preparation of drawings and data sheet
Electronic mapping and modelling of location (1 m contour intervals)
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4.3

Drawings of all taken cross sections
Indication of location and elevation of installed level logger
Indication of location and elevation of all five staff gauges
Preparation of data sheet for discharge rating curve with first data for subsequent
completion

Task 3: Basic maintenance of the gauging station and manual readings

As noted above, the contractor must engage a person living or working close to the
gauging station to observe the gauging station, to take regular readings and to conduct
basic maintenance.
He/she will be trained by the contractor and receive a logbook to note down readings,
observations and activities. The person must be in possession of a watch and a mobile
phone to be able to send and receive sms / calls.
At least twice daily the local resident shall:




inspect the condition of the station and clean the level logger’s housing and the staff
gauges from any floating refuse,
take a reading of the staff gauges (noting down level, date and time for each staff
gauge in the logbook), and
inspect the level logger and staff gauges and directly report to the contractor’s
project manager if stations are damaged, moved or destroyed.

This activity has to be carried on throughout the 12 month period the gauging station is
installed.

4.4
Task 4: Regular flow measurements and maintenance and monitoring of
the gauging station
Flow measurements, using a current meter, and monitoring visits upon installation of the
level loggers should be conducted regularly over a period of one year from commissioning.
Direct flow measurements have to be taken as often as possible and at various discharges
(i.e. low, normal, high, flood), ideally throughout the period the gauging station is installed.
Each time a measurement has been taken, a reading from the pressure gauge and the
staff gauges must be taken at the same time. It has to be noted that suitable equipment for
the flow measurement has to be used, taking into account the mode of the measurement
(i.e. by wading, from a bridge or cableway) and that suitable weights have to be used on
the current meter to keep it stable during high flow velocities, which can be considerable
during heavy rainfall events.
The complete stretch from the first upstream to the last downstream staff gauge has to be
inspected for any changes of the riverbed and of the cross sections (e.g. due to erosion,
sediment deposits). Regular re-surveys of the river is highly recommended, in particular
after flood events.
The data stored on the level logger must be transferred to a notebook PC during each visit.
Data collected under these Tasks 3 and 4 has to be collected, reviewed and commented.
This activity shall be conducted throughout a 12 month period starting when the gauging
station is installed. The contractor must propose a suitable number of monitoring visits
deemed adequate in order collect a satisfactory number of stream flow measurements and
direct on site observations.
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4.5
Task 5: Conversion of Water Levels to Flow Data (Rating Curve) and
Developing the Flow Duration Curve (FDC)
To convert water level data to
flow rate data it is required to
develop a (discharge) rating
curve. This curve is derived by
measuring water level and the
corresponding discharge for a
number of different discharges.
From the resulting graph each
flow in m3/s can be read using the
corresponding water level.

The level-discharge relation depends on shape, size, slope, and roughness of the
streambed at the location to be gauged. To establish this relation it is required to conduct
as many flow measurements as possible during all occurring flow conditions (from
minimum flows to flood condition) as outlined under Task 4.
Once the rating curve is established for a specific site, the conversions from the level
measurements to flow can be done relatively easy e.g. in a Microsoft Excel spread sheet.
It has to be considered that the FDC usually represents the discharge over one year and
measurements should be taken for at least that period to cover the seasonal variations.
During the subsequent hydrological analysis carried out as part of the feasibility study, the
general climatic conditions still have to be considered to allow conclusions whether the
surveyed flows represents an ordinary year, or whether e.g. above average precipitation
occurred or neighbouring rivers had below average flow rates.
4.5.1

Required material and equipment

To be purchased and supplied by the contractor



Water Level logger
Five staff gauges, each consisting of two to three segments of 1 m

To be prepared / constructed by the contractor






Housing for level logger (acc. to recommendations of manufacturer, lockable)
Material for solid mounting of level logger housing and staff gauges (anchors,
concrete, etc.)
Log-book for recordings by local watchman
Material for preparation of permanent benchmarks
Material for establishing semi-permanent benchmarks (rock nails, iron pegs,
marking colour)

To be provided by the contractor (own or as rental equipment)



Current meter
Surveying equipment (theodolite or total station)
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5. Bidding Procedures and Selection Criteria
Companies with the required skills and experience are invited to submit a brief proposal,
curriculum vitae of nominated consultants to work on the assignment and a financial
quotation. Companies may associate with other firms or individuals to provide the full set of
skills required for this assignment. The proposal shall be presented in English.
Bids are to be submitted via email to sumba.recruitment@castlerockasia.com as a
.pdf file containing the information described above no later than 17:00 Jakarta time
on Monday, 11 August 2014. Questions may be submitted up to 17:00 Jakarta time
on Friday, 25 July 2014.
Proposals shall consist of the following:

5.1

Brief Technical Proposals

Brief proposals should describe relevant technical capacity and experience (including
examples of previous assignments similar in nature to this one) to undertake the proposed
assignment, as well as the approach that would be applied in undertaking the assignment.
Any exceptions to this Request for Proposals should be clearly highlighted.
The Technical Proposal shall not exceed 5 pages in length.

5.2

Nominated Consultants / Curriculum Vitaes (CVs)

Bidding companies must submit the CVs of the consultants proposed to work on this
assignment. Nominated consultants must have availability to work the specified number of
days as required within the contract period. Each curriculum vitae submitted should not
exceed 4 pages in length. CVs must be submitted in the standard ADB format (template
attached as Annex III to this document).

5.3

Financial Quotation

A financial quotation must be submitted in United States Dollars (US$) only. The financial
quotation should be based on all estimated costs of the assignment including consulting
fees, site visits, site access and permissions, engagement of a local watchman/gauge
reader, costs of equipment, installation, data acquisition, analysis and reporting, and all
other out of pocket costs considered necessary to complete the assignment. Where the
charging of Value Added Tax (VAT) is relevant then the costs of VAT should be clearly
shown as part of final grand total of the financial quotation. The cost should be broken
down in terms of professional labor, unskilled labor, travel and per diem, equipment, other
costs, and taxes including VAT. For bid evaluation / scoring purposes all costs will be
assessed as one total. There is a budget ceiling of US$ 25,000 (including VAT or any other
applicable taxes) for this assignment. Bids cannot exceed this amount.

5.4

Selection Criteria

The following selection criteria shall be applied in evaluating bids:
Criteria:

Score

Experience and Technical Capacity of Firm

40

Experience and Skills of Expert CVs

30

Proposal and Approach

20

Financial Bid

10

TOTAL

100

Bidding companies will be assessed for technical competence before consideration of their
financial bids. Technical competence is defined under this TOR as achieving a minimum of
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80% of the technical selection scores; i.e. 80% of 90 technical points equal to a minimum of
72 technical points.

5.5

Implementation Arrangements

The successful contractor will be engaged by Castlerock upon approval from the Asian
Development Bank, and will be paid by Castlerock from ADB funding. The Castlerock
Team Leader will be responsible for contractual matters with the contractor, while the Mini
Hydropower Specialist of the Castlerock team will be responsible for technical supervision
of the contractor.

6. Time Schedule
Work on the assignment is planned to commence in September 2014 or as soon thereafter.
Installation of the gauging station must be completed within a period of 2 calendar months
from commencement of contract period. This will ensure all construction tasks and
installation of the data logger is fully completed before the start of the wet season which
typically starts in November in Sumba.
The contractor will be required to submit the following:





A site selection analysis within one month of contract signature
Formal reports on installation progress no less frequently than monthly
An installation completion report within 3 months of contract commencement
describing the installation, operation and maintenance arrangements and data
acquisition and analysis procedures.
The stream flow measurements as a means of creating the rating curve will need to
be carried out over a full 1 year period. A minimum of 6 monitoring / stream flow
measuring field visits will be carried out by the contractor. After each field visit the
contractor will provide both the raw data and processed results in both written and
electronic format.

At the end of the one year data collection period, it is expected the facility will be handed
over to the Government of Indonesia.
The estimated time schedule for the assignment is as follows (next page):
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Annex I.

Installation of a bridge or cableway for direct flow measurements

The assessment whether this measure will be required is outlined in Activity 3a.
As relatively large flood flows have to be expected for most of the streams to be
gauged wading the streams for measurements with a current meter will not be
possible for measuring high discharges. For several streams wading will not even be
an option during low and normal flows.
However, it is essential to carry out direct flow measurements during as many
different discharges as possible, especially also during floods. Therefore it might be
required to install either a semi-permanent bridge or a cableway, on which the
current meter can be mounted and lowered into the stream for measurements.
Establishing a simple cableway may be possible quickly if good conditions for
mounting the steel rope are found. However, the weight of the steel rope and of the
equipment itself including a weight to keep it steady in high flow velocities have to be
considered in regards of the anchoring. The illustration shows a typical set-up of a
current meter mounted on a cable way.

A simple bridge from wood or a light steel structure might be favoured in some
locations.
Both structures have to be built well above any expected flood level but low enough
to allow the measurements.
Whether construction of such a structure will be required will need to be assessed by
the engineer and hydrologist during prior to submission of the offer and immediate
installation of a bridge or cable way should be initiated if required.
The involved time and costs for this measure may vary greatly depending on the
specific conditions of the location and in particular the width and size of the river.
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Annex II.

Comparison of two pre-selected pressure loggers

Brand

SEBA

AquiTronic

Model

MDS DIPPER-3

AquiLite Beaver ATP10

Contact

SEBA Hydrometrie GmbH, Gewerbestr. 61A, 87600
Kaufbeuren, Germany
Tel.:+49/8341/9648-0, Fax.: ++49/8341/9648-48
http://www.seba.de, Mr. Düster / Ms. Palazzolo
palazzolo@seba.de, info@seba.de

AquiTronic Umweltmeßtechnik GmbH, Asternweg 6
73230 Kirchheim/Teck, Germany
Tel: +49 (07021) 92164-0, Fax: +49 (07021) 92164-39
http://www.aquitronic.de, Mr. Lehmann
lehmann@aquitronic.de, info@aquitronic.de

Housing

Stainless steel, rugged

Stainless steel, rugged

Dimensions

dia. 22 mm, length 270 mm

dia. 32 mm, length 250 mm

Range

0 – 10 m

0 – 10 m

i/o socket

RS485, waterproof connectors and converter to USB
optional (included in offer)

custom socket to USB, waterproof

Software

WINDOWS app. for programming and data acquisition

WINDOWS app. for programming and data acquisition

Precision

+/- 0.05% (0.05 cm per 1 m)

better than 0.1% (0.1 cm per 1 m)

Resolution

0.3 mm (0 –10m)

1.0 mm (0 –10m)

Measuring interval

can be programmed: 1 min to 45 days

can be programmed: 1 min to 2 weeks

Memory, approx. 3 months
data storage

480 000 data sets (1 MB)
(approx. 110 months @ 10 min intervals)

28 000 data sets
(approx 6.5 months @ 10 min intervals)

Included accessories

mounting kit for standard measuring well lids
HDA hand terminal for data transfer and programming of
loggers (replaces the need to bring a notebook PC to the
site). Bluetooth for data transfer (effect on battery life?)

hand terminal Aqui-TDS for data transfer and
programming of loggers (replaces the need to bring a
notebook PC to the site)

Battery

approx.10 years @ 60 min int. must be changed in factory

approx.10 years, must be changed in factory

Minimum pipe housing

1”

2”

Rec. pipe housing

2 – 4“

2 – 6”

Additional options not
requested in offer
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CURRICULUM VITAE (CV) FOR PROPOSED EXPERTS
1.

Proposed Position:

2.

Name of Firm:

3.

Name of Expert:

4.

Date of Birth: Citizenship:

5.

Complete personal contact details:

6.

Education:

7.

Membership in Professional Associations:

8.

Other Training
 .

9.

Countries of Work Experience:

10.

Languages
Level of Proficiency (Mother tongue, Excellent, good, fair,
poor)
Language
English
Bahasa Indonesia

11.

Speaking

Employment Record

From
Employer
Positions held

:
:
:

To:

From
Employer
Positions held

:
:
:

To:

From
Employer
Position held

:
:
:

To:

From
Employer
Position held

:
:
:

To:

From
Employer
Positions held

:
:
:

To

From
Employer
Positions held

:
:
:

To

Reading

Writing

Attachment III
12. Detailed Tasks
Assigned

13. Work Undertaken that Best Illustrates Capability to Handle the Tasks
Assigned
Name of assignment or project:
Year
:
Location
:
Client
:
Positions held :
Main project features and activities performed:

Name of assignment or project :
Location:
Year
:
Location
:
Client
:
Positions held :
Main project features and activities performed:
Name of assignment or project: Indonesia Clean Energy Development
Year
:
Location
:
Client
:
Positions held :
Main project features and activities performed:
Name of assignment or project :
Year
:
Location
:
Client
:
Positions held :
Main project features and activities performed:
.
Name of assignment or project :
Year
:
Location
:
Client
:
Positions held :
Main project features and activities performed:

13.

Certification:
I, the undersigned, certify to the best of my knowledge and belief−

(i)

this CV correctly describes my qualifications and my experience.

(ii) I am employed by the Executing or the Implementing Agency.
(iii) I am a close relative of a current ADB staff member.
(iv) I am the spouse of a current ADB staff member.
(v) I am former ADB staff member.

Yes

No

Attachment III


If yes, I retired from ADB over 12 months ago

(vi) I was part of the team who wrote the terms of reference for this
consulting services assignment.

(vii) I am sanctioned (ineligible for ADB engagement).

I certify that I have been informed by the firm that it is including my CV in the proposal for the
[name of the project]. I confirm that that I will be available to carry out the assignment for which my
CV has been submitted, in accordance with the implementation arrangements and schedule set
out in the proposal.
I understand that any willful misstatement may lead to disqualification or dismissal, and any other
ADB disciplinary action.

_____________________________________________
[Signature of expert or authorized representative of the firm]

Page Limit: Maximum of 4 pages

Date: ________________
Day/Month/Year
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APPENDIX C: RFP FOR A PRELIMINARY STORAGE HYDRO ASSESSMENT

Invitation for Bids

Scaling Up Renewable Energy Access in Eastern
Indonesia
(ADB TA 8287 – INO)

Terms of Reference
Reconnaissance Assessment of Selected Locations for
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C.1

INTRODUCTION

The “Sumba Iconic Island” initiative was launched by the Indonesia Government in 2012
and targets the replacement of diesel powered generation facilities with renewable
sources on the island of Sumba, NTT. These sources include hydro, wind, solar and
biomass. Specifically related to the island’s hydraulic potential, there already exist a
number of micro and mini hydropower schemes developed by the Indonesian
Government77, PLN and private investors. These schemes operate either as stand-alone
projects for isolated village electrification (off-grid) or to supply power to the PLN medium
voltage grid network (on-grid). To date, all hydropower development in Sumba has been
exclusively “run of river” type schemes with all individual generator units <1 MW in size.
C.2

BACKGROUND

As part of the ADB’s Technical Assistance project titled “Scaling Up Renewable Energy
Access in Eastern Indonesia” (ADB TA 8287-INO), between May 2013 and June 2014,
Castlerock Consulting conducted an “Energy Resources & Demand Analysis” for Sumba.
This analysis forms the basis for the preparation of a comprehensive energy system plan
with the long term goal to substitute diesel generation with renewable sources and provide
sustainable energy access to the population adopting a least-cost recovery approach.
The stability and flexibility of the Sumba grid is currently achieved via the presence of a
number of large diesel generators strategically distributed over the island. If these are to
be substituted, the replacement facilities will have to possess the capability to respond to
varying peak load power demands and daily system load fluctuations. Moreover, the
availability of other renewable resources on Sumba, such as wind and run-of-river hydro,
is seasonal. Therefore, achieving the objectives of the Iconic Island initiative will likely
require some form of renewable energy that incorporates daily and ideally seasonal
storage.
C.3

OBJECTIVE OF THE ASSIGNMENT

The objective of this assignment is to carry out a preliminary assessment of 3 given
locations on Sumba regarding their suitability for the construction of a dam and
subsequent creation of a reservoir for the purposes of power generation. Two of the sites
are located in Sumba Timur and one in Sumba Tengah, as shown in the following map.
These were identified from a desk study and reconnaissance survey of the respective
locations in April 2014. The findings of the reconnaissance visits are provided as an
attachment to this RFP.
C.4

SCOPE OF WORK AND KEY DELIVERABLES

The most flexible and obvious form of storage facility for an island grid network such as
Sumba is a storage reservoir hydropower plant. In April 2014, preliminary reconnaissance
carried out by Castlerock identified three locations where the topographical and
hydrological features indicate the construction of a dam and creation of a reservoir would
be possible. As mentioned the objective of this assignment is to conduct more detailed
reconnaissance of these locations to assess their suitability. This will include preliminary
geological assessment of the area and its suitability for dam construction and water

77

Most stand alone schemes are financed by the Ministry of Energy, Ministry of Disadvantaged
Areas and the Ministry of Cooperatives.
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retention and also initial assessment of the potential social and environmental impacts as
well as the costs of such schemes. The findings of this assessment will determine whether
a more detailed pre-feasibility study should be undertaken for one or more of these sites.
C.5

TARGET AREAS

Figure 71 - The three target areas: one in Sumba Tengah and two in Sumba Timur districts.

Figure 72 - Approximate Kulungawa target area.
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Figure 73 - Approximate Kadahang target area

Figure 74 - Approximate Praikalala target area
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C.6

SPECIFIC TASKS

The specific tasks of this assignment are to:
1. Carry out field visits to the 3 locations in accordance with the following GPS
coordinates. The mission team will conduct on-site visual assessments of the
geology and geography enabling them to make a preliminary judgement
regarding each site’s suitability for further more detailed study as a possible
dam and reservoir power plant:
a. Vicinity of Kulungawa: 9º47’46” S, 120º13’06” E and up to 7 kms
upstream of that point, with distance measured following the river. (A
river gauging station is planned in this area).
b. Vicinity of Kadahang: 9°25'27.42"S, 119°58'10.51"E and up to 3 kms
downstream from that point.
c. Vicinity of Praikalala: 9°26'54.33"S, 119°35'46.45"E and up to 4 kms
downstream from that point.
2. Define criteria for selecting the most suitable location(s) for further study. This
will include geological condition, size of upstream watershed, potential head
and storage volume, road accessibility, transmission line accessibility, social
and environmental impacts and other miscellaneous factors specific to the
respective locations. Evaluate each site against these criteria.
3. Based on the above considerations, define scenarios for dam location and size
at each site.
4. Prepare notional engineering designs and cost estimates for these scenarios. It
is understood that at this point these designs and estimates are highly
speculative, and provide only a first-order estimate of costs.
5. Prepare preliminary social and environmental assessments, highlighting key
points to consider and initial evaluation relative to those points.
There is very little reliable hydrological data available for the island of Sumba. The
notional hydrology used up to this point is presented in the reconnaissance findings
provided with this RFP. It is therefore imperative that the consultant considers this factor
when assessing the suitability of the respective locations. Past experience in carrying out
hydrological studies and assessments is therefore an advantage and will be given
consideration when assessing the proposals.
C.7

DELIVERABLES:
1. A draft report prepared in Microsoft Word format covering:
a. Technical observations from the site visits (field reports) regarding the
suitability of the various sites, including geotechnical conditions and
accessibility (road and transmission), as well as recommendations
regarding potential dam locations and sizing within the areas specified
above. This will include the provision of site maps.
b. Definition of principal criteria for selecting sites for further assessment,
and evaluation of each site against those criteria.
c. Notional engineering designs (civil, electro-mechanical, network interconnection) for each of the 3 sites visited.
d. Notional cost estimates for each of the 3 sites corresponding to the
above designs, including dam structure, power generation facilities,
road access and power transmission.
e. Preliminary environmental and social impact assessment, including
estimates of affected people under each scheme, highlighting the key
issues to be considered and addressed as part of of future studies
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2. A summary presentation in Microsoft Powerpoint format highlighting the main
findings, conclusions and recommendations of the report.
3. A final report addressing comments received on the draft report, also in
Microsoft Word format.
The mission team will consist of:
a)
b)
c)
d)

Civil / Dam Engineer & Team Leader – (International Experience)
Geologist or Geotechnical Engineer
Hydropower Engineer
Social & Environmental Specialist

Bidders are permitted to combine 2 of the positions a), b), and c) into one if felt
appropriate and the proposed persons can satisfactorily fulfil the technical selection
criteria.
C.8

BIDDING PROCEDURES AND SELECTION CRITERIA

Companies with the required skills and experience are invited to submit a brief
proposal, curriculum vitae of nominated consultants to work on the assignment and a
financial quotation. Companies may associate with other firms or individuals to
provide the full set of skills required for this assignment. The proposal shall be
presented in English.
Bids are to be submitted via email to sumba.recruitment@castlerockasia.com
as a .pdf file containing the information described above no later than 17:00
Jakarta time on Monday, 11 August 2014. Questions may be submitted up to
17:00 Jakarta time on Friday, 25 July 2014.
Proposal shall consist of the following:
C.9

BRIEF TECHNICAL PROPOSALS

Brief proposals should describe relevant technical capacity and experience (including
examples of previous assignments similar in nature to this one) to undertake the
proposed assignment, as well as the approach that would be applied in undertaking
the assignment. Any exceptions to this Request for Proposals should be clearly
highlighted.
The technical proposal shall not exceed 5 pages in length.
C.10

NOMINATED CONSULTANTS / CURRICULUM VITAES (CVS)

Bidding companies must submit the CVs of the consultants proposed to work on this
assignment. Nominated consultants must have availability to work the specified
number of days as required within the contract period. Each curriculum vitae
submitted should not exceed 4 pages in length. CVs must be submitted in the
standard ADB format (template attached this document).
C.11

FINANCIAL QUOTATION

A financial quotation must be submitted in United States Dollars (US$) only. The
financial quotation should be based on all estimated costs of the assignment
including consulting fees, site visits, use of any computer models, data acquisition,
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analysis and reporting, and all other out of pocket costs considered necessary to
complete the assignment. Where the charging of Value Added Tax (VAT) is relevant
then the costs of VAT should be clearly shown as part of final grand total of the
financial quotation. The cost should be broken down in terms of professional labor,
travel and per diem, other costs, and taxes including VAT. For bid evaluation /
scoring purposes all costs will be assessed as one total. There is a budget ceiling of
US$ 25,000 (including VAT or any other applicable taxes) for this assignment. Bids
cannot exceed this amount.
C.12

EVALUATION CRITERIA

The following selection criteria shall be applied in evaluating bids:
Criteria:

Score

Experience and Technical Capacity of Firm

20

Experience and Skills of Expert CVs

50

Proposal and Approach

20

Financial Bid

10

TOTAL

100

Bidding companies will be assessed for technical competence before consideration of
their financial bids. Technical competence is defined under this TOR as achieving a
minimum of 80% of the technical selection scores; i.e. 80% of 90 technical points
equal to a minimum of 72 technical points.
C.13

IMPLEMENTATION ARRANGEMENTS

The successful contractor will be engaged by Castlerock upon approval from the Asian
Development Bank, and will be paid by Castlerock from ADB funding. The Castlerock
Team Leader will be responsible for contractual matters with the contractor, while the Mini
Hydropower Specialist of the Castlerock team will be responsible for technical supervision
of the contractor.
C.14

TIME SCHEDULE

Work on the assignment is planned to commence in September 2014 or as soon
thereafter. The draft report must be submitted within 6 weeks from commencement of the
contract period, and report must be finalized within 2 weeks of receiving written
comments.

Castlerock Consulting
Graha Iskandarsyah, 7th floor
Jl. Iskandarsyah Raya No.66C
Jakarta 12160,
Indonesia
Switchboard: +62 21 270 2404
Fax:
+62 21 270 2405
www.castlerockasia.com
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APPENDIX D: SUMBA SOLAR FIELD VISIT REPORTS
November 13th, 2013
Visit to solar/battery installation in Bilacenge, Outside Tambolaka, constructed by BPPT.
The 500 kWp thin film amorphous Si solar PV installation is intended to provide base load
PV power to support the local PLN diesel based power grid, and then provide peak load
support with a 400 kWh pumped electrolyte (Panadium) battery storage system. The
battery is in in the format of 2 x 200 kWh banks, and recharges itself from the grid.
This installation is operational but not functioning the way that it should or could, due to
several factors.
Firstly the installation needs an operational SCADA system in place so that the output of
the solar PV can be coordinated with the consumer demand, and the output of the diesel
generators. The diesel generators are not owned by BPPT and do not have any SCADA
capability. Thus the solar PV operators and the diesel generator operators are in contact
manually by cell phone, and to ensure that the solar PV is not allowed to dominate and
destabilise the grid, the output of the PV array is manually restricted back to around 30%
of its output (approximately 150 kWp). This could be resolved with the use of a SCADA
system, and/or the bringing of the battery online to absorb any power fluctuations
The battery is currently not online due to a contractual dispute centered around the
consumption of power by the electrolyte circulation pump. The circulation pump consumes
approximately 5 kW when operating. During daylight hours, this power is provided by the
solar PV array and creates no effective demand or billing from the PLN network. At night
however, the circulation pump creates a demand that is billed separately from the power
produced by the PV array, and it is this charge that has created the contractual
disagreement. BPPT do not charge PLN for the power exported to the grid during the day,
and hence do not wish to pay for the power required to operate the circulation pump at
night. This problem exists due to the lack of agreement on net billing using 2 meters (one
export meter and one import meter) or a net metering agreement where a single meter is
used to track and account for both imported power and exported power over a given
timeframe. This agreement should have been reached prior to the installation being
constructed.
The system is a practical demonstration of the importance of a purpose built SCADA
platform to enable various system components to function in a network with multiple points
of generation. In this installation the power generation capacity is severely constrained
due to the lack of a functional SCADA network to allow components to synchronize and
cooperate to maximize the renewable energy components of the generation mix, and
minimize the fossil fuel based resources.
November 13th. Visit to SBD Solar Minigrid
 52 panels, 100 Wp manufactured by Bright Scenery solar power Co.
 Steel frame, 15 deg
 Fiamm dry cells
 Unknown inverter make.
The community has 30 households connected, with each paying 20,000 Rp per month.
The community reports it has spent 7,200,000 on replacement bulbs and the rest is held
by the head of village for future project uses. The community reports that nobody has
defaulted on their bills to date but if they did they would be disconnected.
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Traditional houses in the community are provided with 2 lights and western style houses
are provided with 3 lights. Both pay a total of 20,000 Rp per month.
Women in the community commented that they previously used 1 ltr of kerosene per week
for 2 lamps. Kerosene costs 10,000 Rp per litre. Thus replacing kerosene with electricity is
cost neutral for traditional houses with 2 lights, and less expensive for western style
houses with 3 lights. The quality and safety of light is also improved. Community women
also report that their incomes for weaving ikat doubled due to the light allowing work in the
evenings, and the production of 4 or 5 units per month instead of 2 or 3. Each unit sells for
300,000 Rp each. Women commented they had no complaints but wanted more power
and for longer periods.
Power is provided between 5pm and 6am, and is used for lights and cell phone charging.
The operator is not paid but receives free power. Houses reported that they were
generally happy but wanted power for longer and for appliances like TV.
November 14th. Visit to Solar Minigrid in village of Palamoko
 Sundaya System
 30 panels, 195 Wp manufactured by CEEG-ST (total 5.8 kWp)
 2 x American made Outback Charge Controllers
 2 x Swiss Extender XTH 6000-48 inverters (4 kW output each)
 Steel frame, 4 deg
 Fiamm dry cells









The installation was first commissioned in October 2012. It was hit by lightning in
early 2013 and it took 2 months for a repair to be completed by a private
contractor. The repair was under warranty.
The Head of the District has promised the community to increase the size to 10
kW.
The Government advised the community to collect 15,000 Rp per houseshold per
month, but did not insist that it was done. So far no maintenance revenues have
been collected. The community state they understand that money is needed for
maintenance, but say they will not start collecting until the Government comes
back to talk to them about the system. The Government organized them into a
community organization to run the system but since the initial meeting has never
been back to assist with its operation and check if the village know what to do.
The system is operated for 6 hours per day from 6pm through to midnight each
day.
When inspected, the battery bank was fully charged and on float by 1200,
indicating it was not heavily discharged the night before.
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There is only one TV in the village and it belongs to the head man.
Each house is equipped with a power consumption meter, and can draw 1 amp per
house.
The community commented that the big advantage of the light is more study for
the children and also they (apparently usually the women) can work at night on ikat
(woven cloth) that are sold for cash income. Community commented that ikat
production had doubled or tripled. 1 ikat sells for 300,000 Rp and they used to
make one per month per household. Now they can make 2 or 3 per household.
The village headman (Mr Frans Tagu Koda) commented that household incomes
have increased 3 or 4x since the power was introduced.
The village contains 115 households but only 40 are connected. 75 are waiting for
a connection at some point in the future, if the system is expanded.
Currently connected households are pleased to be connected but say the system
is too small and they want more power and for longer periods.
The Sundaya battery / inverter system is nicely put together and has good quality
components. The solar panel quality is an unknown. The solar frame is galvanized
and is in good condition but the steel junction boxes are not galvanized and are
becoming badly corroded. Some additional attention to secure loose solar cabling
should have been taken.

November 14th. Visit to Solar Minigrid in village of Sumba Barat
 Sundaya system
 32 panels, 120 Wp manufactured by CSUN (total 3.8 kWp)
 2 x American made Outback Charge Controllers
 2 x Swiss Extender XTH 8000-48 inverters (5.6 kW output each)
 Steel frame, 4 deg
 Fiamm dry cells
 This system was installed in December 2012 and operated until October 2013.
Then it ‘just stopped working’ and has not been in operation since then. The
villagers do not know why it is not working and have not contacted any
Government officers to inform them that it is not operational. The community has
gone back to using kerosene for light.
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No maintenance revenues have been collected yet. Community state that they
should not have to pay anything since this was a gift from the Government. There
is no willingness to pay detected here.
The system provided power to 34 households between 6pm and 9pm every night.
Now that power is off they have gone back to kerosene and use 2 litres per house
per week. The cost is 8,000 Rp per litre.
Cell phone charging is a major cost and inconvenience now the power is off.
Owners of cell phones in the village now pay 50,000 Rp every 4 or 5 days to send
their cell phone to the nearest town by motorcycle courier for a full charge. This
indicates a definite ability to pay for services that the community value.

The installation is not operational despite good quality equipment, and the community has
gone back to kerosene. The distribution network is simple but construction needs
reference back to Indonesian construction standards for distribution lines.
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November 15th. Visit to Solar Minigrid in Sumba Tengah
 The system was installed in October 2011. The batteries were replaced in July
2013. The system is still operational.
 The system office and power house is locked with the key held by the Ministry of
Energy officer. The Government took the keys away as the village was not doing
any maintenance.
 The village had a plan to collect 10,000 Rp per house per month, but the
community is split between those who want to pay and those who do not. The
community decided not to pay anything until a consensus was reached. The Head
man of the village told the Government to take the system away but then
commented that the Government asked them to just sort it out later.
 The system runs from 6pm to 6am daily. The village has 52 households but the
system was only provided to power 34 households. The village expanded this to
42 households but reduced the number of light bulbs from 3 per house to 2 per
house. Still, 10 houses remain unconnected.
 After the batteries were replaced in July 2013, the automatic timer was changed
and now provides power from 10am until 10pm and this is not what the community
want but they do not know how to reset it back to 6pm to 6am. They informed the
energy office that they needed the change but have had no response and since
the office is locked they can’t open the door to change it.
 The solar frame is not galvanised and is corroding.
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November 15th 2013
Solar minigrid installation near Waingapau. Installed December 2012
 2 x SI5048 Sunny Island inverters. Total output 10 kW
 3 x Outback Charge Controllers
 48 x 200 Watt panels (9.6 kWp) made by Surya Putra (Indonesia)
 Solar PV frames installed on a 12 deg pitch, galvanized steel frame in good
condition
 This installation features very good quality componentry and operates 24 hrs per
day.
 The operator allows households to decide which time period they wish to connect
to the network for. Households can connect either during the day or during the
night but not both. Some households have a SEHEN solar unit to use at night for
light, and then connect to the solar mini grid during the day for TV, radio and cell
phone charging.
 System has operated for 12 months with no technical problems experienced.
 The system has a data monitoring system installed but it is not connected to a
power source and so is not functioning.
 The community charges Rp 15,000 per month for a solar grid connection and
35,000 Rp for an individual SEHEN system per month. The community reports
they have no problem with collecting revenues and also opened their own bank
account to ensure savings are available for maintenance when required.
 The network is split into two separate lines, with one 5 kW inverter powering each
line. Each line has 30 households on it.
 Each network line has a power meter attached, and records 1,875 kWh
consumption on one line and 1,926 on the other. With the system operating for 11
months since Dec 2012, and 60 households connected, it can be seen that the
average daily demand is approximately 11.5 kWh in total, or 200 watt hours per
house, per day. This data was referenced against the data collected from the onboard memory on each of the two Sunny Island inverters. It can be seen from the
data that the inverters are not supplying high levels of power, and only reaching
around 20% of their rated capacity. The data obtained suggests that constraints
placed on the amount of power being made available to households are not
matched by the amount of power being generated and able to be supplied. In the
case of this system, household demand is only consuming part of the available
capacity.
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The system components installed at this site are of good quality and capable of supplying
more power to the community than the current management plan allows.
November 15th 2013
Solar minigrid installation in Kananggar Village. Installed February 2013
 2 x 3000 Watt inverters. No country of origin or specifications provided
 2 x Stecca Charge Controllers
 52 x 125 Watt panels (6.5 kWp) made by Sankelux. No country of origin shown
 Solar PV frames installed on a 16 deg pitch, galvanized steel frame in good
condition
 The installation has experienced no technical problems yet. Power is provided
each day until the operator assesses that the right amount of power has been
dispensed, and then the system is manually turned off by the operator.
 There are a total of 93 houses in the village and 43 were connected under this
project. The other 50 houses were not connected as the system was said to be too
small to cater for them. A village meeting was held to decide which houses would
be connected and which wouldn’t. The Government had told them that there was
not enough money to connect all the houses. The headman is mostly happy with
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the system but commented that as a leader he cannot be really happy when half
the village remains in the dark.
No decision has been made on collecting money for maintenance, but maybe the
village will collect 5,000 Rp per house per month in the future.
The equipment package was low quality and carried no country of manufacture, or
contact details for make/model etc.
All the households are farming families. They do not manufacture ikat. Households
commented that the most useful outcome of power was cell phone charging so
that they can find out when prices are good for betel vine in nearby markets. They
estimate they get 10% higher prices for betel vine sold to florist shops by only
selling when prices were good. Households estimated this was worth 200,000 Rp
per house per month extra due to having regular cell phone charging.
The Government sent an inspection team 3 times in 2013 but they only inspected
the system and did not provide any guidance on revenue collection or
management.
The distance covered by the low voltage (230 VAC) distribution line is very high,
with 1.9 km between the power house and the most remote connected house.
The village originally had all SEHEN solar lights, but the village did not want to pay
any monthly fee, so they were taken away after 3 or 4 months. The Energy Dept.
then came and built the solar minigrid after a request was made for power. Note
that some houses no longer have either a connection to either the minigrid or
access to a SEHEN system.
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Example of Solar Mini-Grid built to international standards in Afghanistan
The Bamyan Renewable Energy Project
January 15th 2014
The Bamyan Renewable Energy Project (BREP) is a 1 MW off grid solar/diesel hybrid
installation constructed in Central Afghanistan and funded by the Government of New
Zealand. Prior to this contract, Bamyan had no power network at all and was serviced only
by scattered household power systems operated by individuals, and one installation in the
main bazaar that was 100% diesel driven and too expensive to operate.
The BREP construction contract was signed in July 2012, and substantial completion of
the contract was achieved in November 2013, with the networks all live in December
2013. The contract involved the procurement, importation and construction of 4 separate
solar arrays with all associated transmission and distribution equipment to service 2,500
consumers. SESI is the prime contractor in this project and provided the Project
Management, Technical Design and field engineering services to complete the contract.
Technically, the project includes approximately 100 km of 20 kV medium voltage
transmission and 0.4 kV distribution. The T&D network is done with full recognition of local
technical standards and plans, to ensure future compatibility with any integration with the
national grid, or future expansion work by the Afghan Government. 4,250 x 250 watt solar
PV panels are installed on ground mounted steel racks on disused land donated by the
local government. The project includes a mix of grid connected and off grid inverters and
DC charge controllers, all provided by SMA. Large format flooded lead acid batteries are
provided by Crown, USA. The project also includes backup diesel generation to cover
power supply during periods of bad weather, or also to cover peak demand as the local
economy grows.
The project now operates and provides reliable power to consumers 24/7. No service
outages have been experienced. To date the power supply has been 100% renewable
energy based and no diesel requirement has been required, although this will change as
consumer demand grows with the local economy over time. Training and capacity building
was a significant project component to develop the local business and technical capability
needed by the government utility company to own, operate and manage the installation in
a sustainable manner. Pre pay meters were used to ensure financial sustainability is also
achieved, with consumers paying in advance for consumption and revenues handled in an
open and accountable manner. The local utility now collects revenues and banks them.
Total revenues collected are now US$90,000 for domestic connection costs and revenues
from the sales of power. Tariffs were set by the local utility, and despite a recommendation
to set a flat tariff, the local utility has opted for a split tariff US 30 cents (Afs 16) for
domestic use, and US 90 (Afs 45) cents for commercial or government use.
A 12 month service and support period is also in place to ensure that the technical and
managerial training provided to the local utility is assimilated and working properly before
a final handover is achieved.
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The project continues to operate smoothly and successfully. Monitoring is in place to track
and record the growth in local economic activity, education, employment and incomes. A
further study will be completed after 2 years to provide a comparison to the baseline
survey work already done.

Figure 75 and 2 ‐ Local staff construct the power network with
international training and oversight. Figure 3 below shows local
consumer education on safety and energy efficiency provided by radio
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Figure 4. The interior layout of the power house, and figure 5 below is the solar PV arrays in Bamyan.
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APPENDIX E: TERMS OF REFERENCE FOR INSTALLATION OF A MET MAST

TERMS OF REFERENCE
Request No.

Project

TA-8287, Scaling Up Renewable Energy Access in Eastern Indonesia

Source

International

Expertise

Firm

Category

Independent

Objective/Purpose of the Assignment:
Under TA-8287, the Asian Development Bank (ADB) is providing technical assistance to
the Government of Indonesia to support the Ministry of Energy and Mineral Resources
(MEMR), the provincial government of Nusa Tenggara Timur (NTT), and the local
government of Sumba Island to design and implement energy access programs based on
renewable energy sources. These efforts are currently supporting the Government’s
“Sumba Iconic Island Initiative,” a multi-actor collaboration with principal objectives of
achieving 95% electrification ratio on the island of Sumba in Eastern Indonesia by 2025
using an energy supply provided by 100% new and renewable energy resources.
Initial desktop-based studies of wind resource potential indicate that economically viable
utility-scale wind power plants may be possible in Sumba. At present, a national
independent power producer, Sewatama, is conducting ongoing wind measurements at
Hambapraing in East Sumba, and wind measurement has also been planned for
Watumbaga by UNDP’s WHyPGen project. As part of the ADB’s technical assistance
program, this term of reference is being issued for a wind resource assessment of Tanjung
Sasar, a region in Sumba that also offers high potential for viable wind energy projects.
[Corrigendum: ongoing wind measurement at Hambapraing has in fact been
commissioned by Hivos to Winrock for use in cooperation with Sewatama]
A high quality wind measurement campaign followed by a high quality wind resource
assessment will be crucial to developing a bankable wind project. A firm is therefore now
required to perform wind speed measurements in Tanjung Sasar (East Sumba) to support
the development of a feasibility report for a future wind power plant in this region, which
could then be used by a private wind developer to bid on the implementation of a wind
power plant. This work will be undertaken for the Energy Division, Southeast Asia
Department, Asian Development Bank.
Scope of Work:
The firm will perform wind speed measurements in Tanjung Sasar (East Sumba) to support
the development of a feasibility report for a future wind power plant in this region. Outputs
to be delivered by the firm will include initial preparation of the wind measurement site,
the procurement and installation of a met-mast (60 meters height), met-tower operations
and maintenance, and data collection and processing.
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Output/Reporting Requirements:
The consulting firm will prepare, secure, monitor, and maintain the wind measurement site
and perform the requisite data collection and analysis. Specific outputs will include the
following:
1. Initial Preparation for the wind measurement site, involving:
a. Wind resource map of the entire island using a meso scale model at 200
meter granularity. Consulting firm will provide measured wind data if
available, in support of the development of the MESO map
b. Desk top screening and subsequent Micrositing of wind measurement
location in the Tanjung Sasar area
c. Leasing/renting of land from private owner or government
d. Obtain approvals and permits for met-mast construction
e. Time of completion: by 3rd month
2. Procurement and installation of met-mast (60 meters height), involving:
a. TOR for Mast Installation including but not limited to angle of erection,
foundation layout and boom orientation
b. 60 meter tilt-up tower with stainless steel guy wires
c. Met-mast shall be equipped with:
i. Two (2) Class-1 measnet calibrated anemometers
ii. Four NRG Class 1 Anemometer, MEASNET Calibrated measnet
iii. Two wind vanes NRG #200P
iv. Temperature sensor
v. Barometric pressure sensor
vi. Pyranometer
vii. Data logger
viii. One wireless modem - WindLinx Ready with rechargeable battery &
Photo-Voltaic panels for recharging
ix. 2.4-meter mounting booms for sensors
x. Shelter box with lock
xi. Lightening protection
d. The met-mast shall be installed and commissioned with attention to:
i. Assembly and erection of met-mast according to international
industry standards
ii. Verification of sensors
iii. Commissioning and verification report of met-tower
e. Installation of fencing and other security measures to prevent local theft or
animal disturbance
f. Time of completion: by 3rd month
3. Met-tower operations and maintenance, including:
a. Operating and maintaining met-tower, all sensors and all instruments for a
period of twenty-four (24) months. Assurance that the complete met-tower
with instruments remains in good working condition for the duration of the
assignment
b. Organizing site security through land owner, farmers/residents in the area
c. Time of completion: by 12th month
4. Data Collection and Processing, including:
a. Transmission and processing of wind data
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i. Reporting of summary wind data through website
ii. Raw data, downloadable by ADB authorized personnel
b. Wind resource map of entire island using meso-scale model at 200m
granularity
c. Time of completion: Months 4-28
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APPENDIX F: ADDITIONAL YIELD INFORMATION FOR LAMTORO GUNG
Table 1. Biomass component yield of leucaena planted over a 4-year period
(Sources: Songyos Chotchutima et.al., 2013) Thailand
Cutting in

Rainfall (mm)

Fresh weight
(t/ha)

Dry weight
(t/ha)

1st year

1156

35.9-53.2

17.3-25.4

2nd year

1372

50.8-66.5

24.7-31.7

3rd year

1249

51.8-71.3

25.5-34.2

4630-4720

4th year

1428

44-62.8

19.3-28.6

4370-4410

186.2-253.8

87.2-119.4

Total (1st ‐ 4th year)

Heating value
(Kcal/kg)

Table 2. Tree growth and wood traits of L. leucocephala at 6 and 12 mth after
planting in Afar Region, Ethiopia (Sources: Ahmed Seid Ali et.al. 2013)
Parameter
6 Month mean
12 Month mean
Plant height (m)
2.03
5.22
Stem diameter (cm)
2.10
5.10
Number of trunk
11.10
12.76
Root length (m)
2.28
3.29
Stem biomass (kg.tree-1)
1.69
2.68
Branch biomass (kg.tree-1)
0.48
0.87
Leaf biomass (kg.tree-1)
0.42
0.78
TAB (kg.tree-1)
2.39
4.33
Stem biomass (t.ha-1)
13.48
23.99
Branch biomass (t.ha-1)
4.34
10.35
Leaf biomass (t.ha-1)
3.78
6.66
TAB (t.ha-1)
21.60
38.19
Calorific value (kJ.kg-1)
19.60
Calorific value (kcal/kg)
4684
Ash (%)
1.93
Specific gravity
0.52
Means followed by the same lowercase superscript letter within a row are not signifi cant (P < 0.05) at 6 and 12 mth after planting;
TAB = Total above ground biomass; LL = L. leucocephala; Stem diameter = Stem diameter over bark measured at 1.3 m.

Samples of the stem, leaves and branches were taken, dried at 65 °C until constant mass and then the dry
biomass of each portion was determined. The total dry biomass and biomass allocation to each component of
each tree were calculated.
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Table 3. Mean Height, DBH and Wood Yield of Sample Trees of Leucaena
leucocephala at age four years (Sources: Anthony Agustus Mainoo et.al. 1996) 
Ghana
Variable/Component
Species (Leucaena leucocephala)
DBH (cm)
4.46
Heigh (m)
5.94
Dry Weight (t/Ha)
Stem
30.35
Branch
8.95
Total
39.30
Volume (m3/Ha)
Stem
42.42
Branch
13.11
Total
55.53
Calorific values of stem components
4703
(kcal/kg)

Table 4. Leucaena growth rate during year 1 (Planting period 12 Months), Source:
Sam Bona and Leuk Dana, 2005 Cambodia
Variable/Component
Species (Leucaena leucocephala)
Fresh (t/Ha)
Oven Dried (t/ha)
Stem
6.8
3.8
Branch
10.3
5.1
Total
17.1
8.9
Foliage
6.1
2.0
Fruits
0.1
0.0
Total above ground biomass
23.3
10.9

Table 5. Biomass yielded and characteristics of fiber from Leucaena varieties
during 2 years (Sources: F. Lopez et.al., 2008)  Spain
Varieties
Year 1
Year 2
Year 1 sprouts
WD
TD
WD
TD
WD
TD
L. leucocephala (H) 9.4
12.8
17.1
23.4
28.4
38.8
L. leucocephala (I)
9.1
13.5
20.8
30.9
45.1
67.1
L. leucocephala
7.8
12.3
16.1
25.6
31.5
50.0
(K360)
Note: Plants were obtained from seeds, for six varieties of Leucaena. L. leucocephala from
Honduras (H), L. leucocephala from India (I), L. leucocephala var. K360 (K360), L. salvadorensis,
L. collinsii and L. diversifolia were the varieties used in this experiment.
In the case of L. leucocephala, it can be seen that a pruning every 2 years does not cause an
important increase in the annual growth ratio, while if they are pruned when they are 1 year old, the
grown sprout during that second year notably increases the production, reaching 50 t/ha/year.
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F: Additional Yield Information for Lamtoro Gung
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G: The SUSENAS Questionnaire
APPENDIX G: THE SUSENAS QUESTIONNAIRE

This appendix contains the 2012 Core Module in English and 2011 Consumption Module
in English. The 2012 Consumption Module was not available in English, but it is the same
as the 2011 version.
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VSEN12.K
The Republic of Indonesia
The Central Bureau of Statistics (BPS)

One set for
District/City BPS

National Social Economic Survey of 2012
Main Information on Household and Household Members
[Susenas Panel – March 2012]
Confidential
I. LOCATION IDENTIFICATION
1

Province

2

District/City *)

3

Sub-district

4

Village/kelurahan *)

5

Village/kelurahan classification

6

Census block number

7

Sample code number

8

Household sample sequential number

9

Name of the head of household

10

Address (road/street name, alley, RT/RW/village)

1. Urban

2. Rural

1. Success -> [Block III]
2. Same household, different head of household ->
[Block III]
3. Moved outside of BS -> [Block III]
11

Visit result

4. Could not be found until the end ofcensus->
[Block III]
5. Unidentified household -> [Block III]
6. No more household due to natural disaster ->
[Block III]
II. SUMMARY
(Filled after Block IV.A and Block V.D R.27.a with code 1)

1

Total household members

2

Total household members age 0 – 4 years

3

Total household members age 5 years and up

4

Total household members age 10 years and up

5

Total household members age 10 years and up who are working in the past 3 months
III. OFFICIAL INFORMATION
Description

Census Taker

Supervisor

1. Name
2. Official Code
3. Position
4. Date
5. Signature
*) Cross out as necessary

1. Provincial BPS Staff
2. District/City BPS Staff

3. Statistics Clerk
4. Partner

Day ____ Month ____

1. Provincial BPS Staff
2. District/City BPS Staff

3. Statistics Clerk
4. Partner

Day ____ Month ____

VI.A. HOUSEHOLD MEMBER INFORMATION

No

Household

Have

If

Travel

member (HM)

you

Column

frequency

name

Relation

(People who live
and eat in the

with the
head of

Gender
1. M

household,

household

2. F

including adult,

(code)

Age
(year)

become

7 = 1 to

*) in the

Marital
status

crime
victim in

6, is it
reported

past 3
calendar

(code)

the past

to

one

police?

year?
(code)
(7)

children and
toddler)
(1)
1
2
3
4
5
6
7
8
9
10

(2)

(3)

(4)

(5)

(6)

If traveling (Column 9

Household member age 0-17

Household member age 0-6

Household member age 3-6

years

years

years or Column 14 = 1 or 2

0)
Have birth
certificate
from the

Main
purpose

Main
destination

months?

of the

province of

Registrar

If no

last trip

the last trip

Office? Can

1. Yes
2. No

travel, use
code “00”

(code)

(code)

be shown?
(code)

(8)

(9)

(10)

(11)

(12)

If Column 12 = 3

Ever/ on pre-

If Column

Attended pre-

If Column 16 =

or 4, what is the
main reason?

school education?
1. Yes, once

14 = 1 or
2, type of

school
education in

1,
transportation

(Do not read out

2. Yes, currently

pre-school

the past 3

facility used to

the answer!)
(code)

attending
3. No

education
(code)

months?
1. Yes 2. No

go to school
(code)

(13)

(14)

(15)

(16)

(17)

1

IV.B Any housemaid/ security

Column 3 Code

Column 6 Code

Column 7 Code

Column 10 Code

Column 11

Column 12 Code

guard/ driver who received
meal but not live-in the house?

Relation to the head of household
1. Head of household

Marital Status
1. Not married

Type of crime
1. Yes, thievery

5. Yes, rape

Main purpose of the last trip
1. Holiday/recreation

6. Pilgrim/religion

Code
Destination

Birth Certificate
1. Yes, can be shown

1. Yes

2. Wife/husband

6. Parent/in-law

2. Married

2. Yes, robbery

6. Yes, other

2. Professional/business

7. Visiting friend/family

Province

2. Yes, cannot be

3. Child
4. In-law

7. Other family
8. Housemaid

3. Divorce
4. Widowed

3. Yes, homicide
4. Yes, fraud

7. No

3. Mission/meeting/congress
4. Education/training

8. Sports/culture
9. Other

See provincial
code after Block

shown
3. Do not have

X

4. Do not know

2. No -> [B.V]

If yes, total number:
Housemaid: ___ persons
Security guard: ___ persons
Driver: ___ persons
Other: ___ persons

5. Grandchild

9. Other

5. Health
Column 15 Code

Column 13 Code

Column 17 Code

Pre-school education

Transportation to school
6. Other public motor vehicle

Main reason of no birth certificate
1. Expensive/no fund

1. Kindergarten/BA/RA

1. Without vehicle

2. Far traveling distance

2. Playgroup

2. Bicycle

7. Private car

3. Do not know about birth certificate recording

3. Daycare

3. Private motorcycle

8. Office-owned motorcycle

4. Do not know the processing procedure
5. Do not see the need
6. Other

4. PAUD/ Early Childhood Educ. (ECC)/BKB Integrated PAUD/Posyandu **)
5. Other PAUD/ECC (PAUD-TAAM, PAUD-PAK, PAUD-BIA, TKQ & other) **)

4. Pedicab/horse-drawn carriage
9. Office-owned car
5. Public transportation with fixed route
10. Other

*) Travelling household member: trip to commercial tourist destinations, or stay in commercial accommodation, and or trip distance

100 Km (return), excluding commuter, school and work

**) PAUD: Early childhood education. Integrated PAUD with Toddler Family Care, PAUD-PAK: PAUD Christian Children Education, TKQ: Koran Kindergarten, PAUD – TAAM: Muslim Children Kindergarten
PAUD, PAUD – BIA: Catholic Children Faith Development

b. Private hospital ___

V. INDIVIDUAL INFORMATION ON HEALTH,
EDUCATION, EMPLOYMENT, AND FAMILY PLANNING
AND FERTILITY
Name: ____
Birthplace,

Sequential No: ____
1)

Province/country: ____
1)
District/city: ____

Filled by editor

Residence location five years ago:
1)
Province/country: ____
Filled by editor
1)
District/city: ____
[Fill with “00” if household member age = 00-04 years]
Biological mother sequential number: ____
[Fill with “00” if the biological mother is not living in this
household]
Information provider:
Name: ____
Sequential No: ____
V.A. HEALTH INFORMATION (ALL AGES)
1. Any health complaint in the past one month?
(read from a to h)
[Code 1 if yes, 2 if no]
a. Fever
e. Diarrhea
b. Cough
f. Migraine
c. Cold
g. Toothache
2)
d. Asthma/breathlessness
h. Other
[If all R.1 =2, go to R.7]
2. If there is a complaint, did it disrupt job, school or daily
activities?
1. Yes
2. No -> [R.4.a]
3. Period of disruption: ____ days
4.a. Ever performed self-medication in the past 1 month?
1. Yes
2. No -> [R.5]
b. Type of medicine/treatment method used:
[Code 1 for yes, 2 for no]
1. Traditional medicine
2. Modern medicine

3. Other

5. Ever become an outpatient in the past one month?
1. Yes
2. No -> [R.7]
6. How many times became outpatient in the past one
month?
[Fill outpatient frequency for each facility]
a. State hospital
b. Private hospital
c. Doctor/polyclinic
d. Health clinic

e. Medical worker practice
f. Traditional treatment
g. Maternity healer
h. Other

7. Ever become an outpatient in the past six months?
1. Yes
2. No
8. Ever become an inpatient in the past one year?
1. Yes
2. No -> [Block V.B]
9. Inpatient period (in days):
a. State hospital ___
1)

d. Medical worker practice ___

Cross out as necessary
For example: Measles, ear infection, liver disease,
convulsions, palsy, senile, accident etc.
2)

c. Health clinic ___

e. Traditional treatment ___
f. Other ___

V.B. TODDLER HEALTH (CHILD AGE 0-59 MONTHS)
10.a. Age in month: _____ months
(To R.11 if 0)
b. If R.10.a = 00, age in day: ____ days
11. Who assisted the birth process?
[Fill code to box]
1. Doctor
2. Midwife
3. Other paramedic

First
a.

4. Maternity healer
5. Family
6. Other

Last
b.

12. How many times the child received immunization?
[Code 0 for no immunization yet]
a. BCG
b. DPT
c. Polio

d. Measles/Morbili
e. Hepatitis B

13.a. Ever provided with breast milk?
1. Yes
2. No -> [Other household member]
b. If “yes” [R.13.a=1], period of breast milk provision [fill in
days if age <1 month and in months if age is 1 month]:
1. Period of provided with breast milk: ___ 1
2. Breast milk exclusive: ___
3. Breast milk and complimentary food: ___ 3
V.C. EDUCATIONAL INFORMATION
(FOR HOUSEHOLD MEMBER AGE FIVE YEARS UP)
14. Schooling participation:
1. No/never in school -> [R.19]
2. Attending school
3. No longer in school
15. The highest education type and level currently
studied/passed:
1. Elementary school 8. M. Aliyah (Islamic school)
2. M. Ibtidaiyah
9. Vocational School
3. Package A
10. Package C
4. Public junior high
11. Diploma 1/2
5. M. Tsanawiyah
12. Diploma 3/Bachelor Degree
6. Package B
13. Diploma 4/S1
7. Senior High
14. S2/S3
16. Highest class/level studied/currently studied:
1 2 3 4 5 6 7 8 (Graduated)
17. Highest diploma obtained:
1. No elementary sch. diploma
2. Elementary school
3. M. Ibtidaiyah
4. Package A
5. Junior high
6. M. Tsanawiyah
7. Package B
8. Senior high

9. M. Aliyah
10. Vocational school
11. Package C
12. Diploma 1/2
13. Diploma 3
14. Diploma 4/S1
15. S2/S3

18.a. Received education in the past 3 months?
1. Yes
2. No -> [R.19]
b. If yes (R.18.a = 1), transportation facility generally used
to go to school:
1. Without vehicle

6. Other public motor vehicle

2. Bicycle

7. Private car

1. Without vehicle

3. Private motorcycle
8. Office-owned motorcycle
4. Pedicab/horse-drawn carriage
9. Office-owned car
5. Public transportation with fixed route
10. Other
19. Can read and write:
[Code 1 for yes, 2 for no]
a. Latin alphabets
b. Arabian alphabets

c. Other alphabets

20. Ever access the Internet in the past 3 months?
1. Yes
2. No -> [R.22]
21. If yes (R.20 = 1), location/media to access the Internet:
[Code 1 for yes, 2 for no]
1. House
2. Internet kiosk

3. Office
4. School

5. Cellphone
6. Other

(for example: Portable modem)
FOR HOUSEHOLD MEMBER AGE 5 – 24 YEARS OLD
22. If R.14 = 1 or 3, reason why never go to school or no
longer in school:
1. No money
2. Working
3. Married/handle household
4. Feel sufficient education
5. Underage
6. Bashful due to economic
Condition

7. Far distance to school
8. Disabled
9. Waiting for
announcement
10. Not accepted
11. Other

23. If R.14 = 3, when did you quit school?
[Fill with ’00’ and ‘0000’ if quit prior to 2002]
Month: ____
Year: ____
V.D. EMPLOYMENT
(FOR HOUSEHOLD MEMBER AGE 10 YEARS UP)
24. a. Did you perform the following activity in the past one
week?
1. Work
1. Yes 2. No 1
2. School
1. Yes 2. No 2
3. Handling household
1. Yes 2. No 3
3
4. Other beside personal activity
1. Yes 2. No 4
[If R.24.a.1 to 4 = 2, go to R.25]
b. From activities 1 to 4 above which stated “Yes,” what
activity used the most time in the past one week?
1
2
3
4
[If R.24.a.1 = 1, go to R.26]
25. Do you have work/business, but temporarily not working
for the past one week?
1. Yes
2. No
26. Are you looking for work or preparing for business during
the past one week?
1. Yes
2. No
27.a. Did you work in the past 3 months?
1. Yes
2. No
b. If yes (R.27.a = 1), transportation facility generally used
to go to work:
3

Other activities include: sports, course, picnic and
social activities (organization, volunteering)

6. Other public motor vehicle

2. Bicycle
7. Private car
3. Private motorcycle
8. Office-owned motorcycle
4. Pedicab/horse-drawn carriage
9. Office-owned car
5. Public transportation with fixed route
10. Other
ONLY FOR WORKING HOUSEHOLD MEMBER
[R.24.a.1 = 1 or R.25 = 1]
28. a. Total work days in the past one week: ____ days
b. Total work hour from all jobs in the past one week:
____ hours
29. The amount of net income (money and goods) generally
received in a month from the main job:
Rp _____
30. Main business/job from workplace in the past one week:
1. Rice and crops agriculture
2. Horticulture
3. Plantation
4. Fisheries
5. Livestock
6. Forestry & other agriculture
7. Mining and quarrying
8. Processing industry
9. Electricity and gas
10. Construction/building
11. Trading
12. Hotel and restaurant
13. Transportation and warehousing
14. Information and communications
15. Finance and insurance
16. Educational services
17. Health services
18. Public, governmental and individual services
19. Other
31. Position/status of the main job in the past one week:
1. Self-owned business/freelance
2. Self-owned business with non-permanent/non-paid
worker
3. Self-owned business with permanent/paid
worker
4. Worker/employee/staff
5. Freelancer
6. Family or non-paid worker
V.E. FERTILITY & FAMILY PLANNING
(FOR WOMEN AGE 10 YEARS AND UP WITH A STATUS
OF MARRIED, DIVORCED, WIDOWED
(Block IV.A Column 4 = 2, Column 5 10, Column 6 = 2, 3
or 4)
32. Age when married for the first time ____ years
33. Total years in marriage: ____ years
34. Total child born from marriage
a. Member of household, live birth
b. Member of household, still alive
c. Member of household, deceased

M

F

35. The use/wearing of family planning device/method?

M+F

1. Branded bottled water -> [R.11]

1. Using it now
2. No longer use it -> [R.37]
3. Never use it -> [R.37]
36. If currently using (R.35 = 1), the selected family planning
device/method:
1. Women/tubectomy
2. Men/vasectomy
3. IUD/spiral
4. Injection
5. Implant/norplant

6. Birth control pill
7. Condom/rubber
8. Intravag/tissue/women
condom
9. Female condom
10. Traditional method
[Continue to other household members]

37. If without family planning [R.35 = 2 or 3], still want child?
1. Yes, soon (< 2 years) -> [Other household member]
2. Yes, later ( 2 years)
3. No
38. Main reason of not using family planning:
1. Fertility reason (barren, menopause, fasting, tradition,
want child)
2. Against family planning
3. Do not know family planning device/method
4. Afraid of family planning side effects
5. Do not know
6. Other ( ____ )
VI. HOUSING INFORMATION
1. Censused residential building is:
1. Residential building
2. Mixed-use building
2. Number of household in the censused building:
1. One household
2. More than one households
3. Residential building status:
1. Owned
6. Company house
2. Lease
7. Other
3. Rent
4. Free lease, owned by other people
5. Free lease, owned by parents/family
4. If R.3 = 1 (privately owned), land status of residential
building:
1. Freehold title (HM)
3. Right to use title (HP)
2. Building rights title (HGB)
4. Other
5. Type of most roof material:
1. Concrete
2. Roof tile
3. Shingle
4. Iron sheet
6. Type of most wall material:
1. Concrete
2. Wood

5. Asbestos
6. Fiber/palm
7. Other

3. Bamboo
4. Other

7. Type of most flooring material:
1. Marble/ceramics/granite
4. Wood
2. Terrazzo/tiles
5. Soil
3. Cement
6. Other
8. Floor area: ____ square meter
9.a. Source of drinking water:

2. Recycled bottled water -> [R.11]
3. Pipe with meter-> [R.10]
4. Pipe, retail payment-> [R.11]
5. Terrestrial well/pump
6. Protected/covered well
7. Unprotected/uncovered well
8. Protected spring
9. Unprotected spring
10. River-> [R.10]
11. Rainwater-> [R.10]
12. Other-> [R.10]
b. If R.9.a = 5 to 9(pump/well/spring), distance to the
closest feces containment:
1. < 10 m
2. 10 m

3. Do not know

10. If R.9.a = 03, 05 to 12, drinking water facility use:
1. Personal
2. Mutual

3. Public
4. None

11. Method to obtain drinking water:
1. Buying
3. Not buying
2. Customer-based
12.a. Source of water for bath/washing:
1. Branded bottled water
2. Recycled bottled water
3. Pipe with meter
4. Pipe, retail payment
5. Terrestrial well/pump
6. Protected/covered well
7. Unprotected/uncovered well
8. Protected spring
9. Unprotected spring
10. River
11. Rainwater
12. Other
b. The water is obtained by:
1. Buying
3. Not buying
2. Customer-based
13.a. Defecation facility use:
1. Personal
2. Mutual
b. Type of toilet:
1. Goose neck/leher angsa
2. Pit toilet/plengsengan
c. Final disposal location:
1. Tank/septic tank
2. Pool/field
3. River/lake/sea

3. Public
4. None -> [R.13.c]
3. Squat toilet/cemplung
4. None
4. Pit hole
5. Beach/open field/farm
6. Other

14.a. Source of lighting:
1. PLN electricity
4. Oil lamp/torch
2. Non-PLN electricity
5. Other
3. Paraffin lamp/petromak
b. If PLN electricity (R.14.a = 1), the installed capacity:
1. 450 Watts

4. 2,200 Watts

2. 900 Watts

5. > 2,200 Watts

3. 1,300 Watts

6. No meter

15. Main fuel/energy for cooking:
1. Electricity
2. Gas/LPG
3. City gas
4. Kerosene

5. Charcoal
6. Briquettes
7. Firewood
8. Other

VII. OTHER SOCIO-ECONOMIC INFORMATION
VII.A. POVERTY ERADICATION PROGRAM
1. a. Any household member who received free health
service in the past 6 months?
1. Yes
2. No -> [R.2]
b.If “yes” (R.1.a = 1), the type of card used:
1. National health insurance (Jamkesmas)
2. Health card (Kartu sehat)
3. Poor statement (SKTM)
4. Other: _____
2. a. Is the household ever received/purchased cheap
rice/rice for poor people (raskin) in the past 3 months
1. Yes
2. No -> (R.3.a)
b. If “yes” (R.2.a = 1) the last amount of rice purchased:
___ kg
c. How much per kg paid by the household for the last
purchase of cheap rice? Rp _____
3. a. Is the household ever received a business credit in the
past one year?
[Code 1 for yes, 2 for no]
1. Public Empowerment National Program (PNPM
Mandiri)
2. Other government program
3. Public Business Credit (KUR)
4. Bank program other than KUR
5. Cooperativesprogram
6. Individual
7. Other ( ____ )
[If R.3.a 1 to 7 = 2, go to R.4]
b. If received more than one type of credits, which one is
the largest? ____
(Write one code of business credit, 1 to 7from Details
3.a)
VII.B. ASSETS AND COLLATERAL
4. Is the household owned the following assets:
[Code 1 if own, code 2 if does not own]
a. Bicycle
f. Water heater
b. Motorcycle
g. Gas container size 12 kg & up
c. Boat
h. Refrigerator
d. Cable TV
i. Motorboat
e. AC
j. Car
5. a. Is the household earned sufficient income to meet
daily expenditure?
1. Yes -> [R.6]
2. No
b. If “not” (R.5.a = 2), from where the household meet
the shortage?
[Code 1 for yes, 2 for no]

a. Use savings (in bank/house)
b. Sell assets
c. Borrow from family
d. Borrow from friend, neighbor
e. Borrow from creditor
f. Borrow cash from bank
g. Borrow from cooperatives
h. Pawn goods
6. Is there any payment collateral/health insurance for
outpatient/inpatient needs as follows:
[Code 1 for yes, 2 for no]
a. Health Insurance for Civil Servant/Veteran/Pensioner
b. Jamsostek
c. Private health insurance
d. Benefit/reimbursement by company
e. Health insurance/health card/poor insurance/poor card
f. Health fund
g. Other health insurance
VIII. COMMUNICATIONS AND INFORMATION
TECHNOLOGY
1. Any landline telephone in the household?
1. Yes
2. No
2.a. Any household member who have cellular phone
(cellphone)?
1. Yes
2. No -> [R.3]
b. If “yes”, total household members who have active
cellphone numbers: ____ people
c. Total cellphone numbers owned by household members:
____ numbers
3. Is the household has computer?
[Code 1 for yes, 2 for no]
a. Desktop/PC
b. Laptop/notebook
IX. SOURCE OF INCOME FOR HOUSEHOLD
1. Largest source of household income(from household
member with the largest income):
a. Job field: ______ (write as complete as possible)
(See Code at Block V.D Details 30)
b. Job status:
0. Income receiver
1. Worker/employee
2. Businessperson

X. NOTES

REPUBLIC OF INDONESIA
STATISTICS INDONESIA

VSEN11.M
Made 1 set for regency/municipality

2011 NATIONAL SOCIO-ECONOMIC SURVEY
EXPENDITURE FOR FOOD - NON FOOD CONSUMPTION AND
HOUSEHOLD INCOME

Quarter:

CONFIDENTIAL

I. IDENTIFICATION
1

Province

2

Regency/municipality*)

3

Sub Regency

4

Village / kelurahan *)

5

Area

6

Census block number

7

Sample code number

8

Serial number of household

9

The name of Household head

10

Address (street, number of neighborhood community etc)

1. Urban

2. Rural

II. HOUSEHOLD INFORMATION
1

Number of household member

2

Name & serial number of respondent

III. ENUMERATING CHARACTERISTICS
Characteristic
1. Name

Enumerator

Supervisor

……………………………………………

……………………………………………

2. Code
3. Occupation
4. Date
5. Signature
*) cross the unneeded

1. Provincial staff
3. Sub regency staff
2. Regency/municipality staff 4.Hired worker
Date

Month

1. Provincial staff
3. Sub regency staff
2. Regency/municipality staff 4.Hired worker
Date

Month

1

2

IV.1. FOOD, BEVERAGES, AND TOBACCO
No.
Detail
urut
(1)
(2)
1 A. CEREALS [R.2-R.9]

Unit of quantity
(3)

2

Rice

Kg

3

Glutinous rice

Kg

4

Fresh corn with husk

Kg

5

Dryshelled corn/corn rice

Kg

6

Rice meal

Kg

7

Corn meal

Kg

8

Wheat flour

Kg

9

Others

Kg

10

B. TUBERS [R.11-R.19]

11

Cassava

Kg

12

Sweet potatoes

Kg

13

Sago flour

Kg

14

Taro

Kg

15

Potatoes

Kg

16

Dried cassava

Kg

17

Flour dried cassava

Kg

18

Cassava flour

Kg

19

Others

Kg

20

C. FISH/SHRIMP/SQUID/SHELL [R.21-R.52]
1) Fresh Fish

21

Yellow tail/fusiliers

Kg

22

Eastern tuna/skipjack tuna

Kg

23

Mackerel

Kg

24

Trevallies

Kg

25

Indian mackerel

Kg

26

Anchovies

Kg

27

Milk fish

Kg

28

Snake head

Kg

29

Mozambique tilapia

Kg

30

Common carp

Kg

31

Catfish

Kg

32

Barramundi

Kg

33

Baronang

Kg

34

Others

Kg

2) Fresh Shrimp and other fresh seafoods
35

Shrimp

Kg

36

Common squid/cuttle fish

Kg

Total (0,00)
(4)

□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□

,
,
,
,
,
,
,
,

,
,
,
,
,
,
,
,
,

Purchase (cash/owed)
V a l u e (Rp)
(5)

□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□

□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□

□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□

□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□

□□ □□
□□ □□

□□□□□□
□□□□□□

,
,
,
,
,
,
,
,
,
,
,
,
,
,

,
,
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IV.1. FOOD, BEVERAGES, AND TOBACCO
No.
Detail
urut
(1)
(2)
37 Mud crab/swim crab

Unit of quantity
(3)
Kg

38

Cockle/snail

Kg

39

Others

Kg

3) Preserved fish
40

Indian mackerel

Ounce

41

Mackerel

Ounce

42

Eastern tuna/skipjack tuna

Ounce

43

Anchovies

Ounce

44

Trevallies

Ounce

45

Snakeskin gourame

Ounce

46

Milk fishes

Ounce

47

Snake head

Ounce

48

Canned fish

Ounce

49

Others

Ounce

4) Shrimp and other preserved seafoods
50

Shrimps

Ounce

51

Common squids

Ounce

52

Others

Ounce

53

D. MEAT [R.54-R.70]
1) Fresh meat

54

Beef

Kg

55

Buffalo meat

Kg

56

Lamb meat

Kg

57

Pork

Kg

58

Broiler meat

Kg

59

Local chicken meat

Kg

60

Other poultry meat

Kg

61

Other meat

Kg

2) Preserved meats
62

Dried beef

Kg

63

Shredded fried meat

64

Canned meat

Kg

65

Others

Kg

Ounce

3) Others
66

Liver

Kg

67

Innards excluding liver

Kg

68

Trimming

Kg

69

Bone (untrimmed)

Kg

70

Others

Kg

Total (0,00)
(4)

Purchase (cash/owed)
V a l u e (Rp)
(5)

□□ □□
□□ □□
□□ □□

□□□□□□
□□□□□□
□□□□□□

□□
□□
□□
□□
□□
□□
□□
□□
□□
□□

□□
□□
□□
□□
□□
□□
□□
□□
□□
□□

□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□

□□ □□
□□ □□
□□ □□

□□□□□□
□□□□□□
□□□□□□
□□□□□□

□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□

□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□

□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□

□□
□□
□□
□□
□□

□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□

,
,
,

,
,
,
,
,
,
,
,
,
,

,
,
,

□□
□□
□□
□□
□□

,
,
,
,
,
,
,
,

,
,
,
,

,
,
,
,
,
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IV.1. FOOD, BEVERAGES, AND TOBACCO
No.
urut
(1)

Detail
(2)

Unit of quantity
(3)

71

E. EGGS AND MILK [R.72-R.84]

72

Broiler egg

Kg

73

Local chicken egg

Unit

74

Duck egg

Unit

75

Quail egg

Unit

76

Other egg

Unit

77

Salted egg

Unit

78

Fresh milk

Liter

79

Preserved milk

250ml*)

80

Sweet canned liquid milk

397gr**)

81

Canned powder milk

82

Baby powder milk

400gr

83

Cheese

Ounce

84

Milk product

Ounce

85

F. VEGETABLES [R.86-R.114]

Kg

86

Spinach

Kg

87

Swamp cabbage

Kg

88

Cabbage

Kg

89

Chinese cabbage

Kg

90

Mustard greens

Kg

91

Beans

Kg

92

String bean

Kg

93

Tomato

Ounce

94

Carrot

Kg

95

Cucumber

Kg

96

Cassava leaf

Kg

97

Aubergine

Kg

98

Bean sprout

Kg

99

Squash

Kg

100

Unripe corn

Ounce

101

Soup/stir-fried vegetables

Unit

102

Sour vegetable soup

Unit

103

Young jackfruit

Kg

104

Unripe papaya

Kg

105

Mushroom

Ounce

106

Petai beans

Ounce

107

Stink beans

Kg

108

Onion

Ounce

109

Garlic

Ounce

Total (0,00)
(4)

□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□

,
,
,
,
,
,
,
,
,
,
,
,
,

,
,
,
,
,
,
,
,
,
,
,
,
,
,
,
,
,
,
,
,
,
,
,
,

Purchase (cash/owed)
V a l u e (Rp)
(5)

□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□

□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
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IV.1. FOOD, BEVERAGES, AND TOBACCO
No.
urut
(1)

Detail
(2)

Unit of quantity
(3)

110 Chillies

Ounce

111 Green chili

Ounce

112 Cayenne pepper

Ounce

113 Canned vegetable

Kg

114 Others

Kg

115

G. LEGUMES [R.116-R.126]

116 Peanuts without shell

Kg

117 Peanuts with shell

Kg

118 Soybean

Kg

119 Mungbean

Kg

120 Red kidney bean

Ounce

121 Other bean

Kg

122 Tofu, soybean curd

Kg

123 Fermented soybean cake

Kg

124 Fermented soybean paste

Ounce

125 Fermented soya cake

Ounce

126 Others

Ounce

127

H. FRUITS [R.128-R.150]

128 Orange

Kg

129 Mango

Kg

130 Apple

Kg

131 Avocado

Kg

132 Rambutan

Kg

133 Lanzon

Kg

134 Durian

Kg

135 Zalacca

Kg

136 Pineapple

Kg

137 "Ambon" banana

Kg

138 "Raja" banana

Kg

139 Other banana

Kg

140 Papaya

Kg

141 Rose-apple

Kg

142 Sapodilla

Kg

143 Carambola

Kg

144 Spanish plum

Kg

145 Watermelon

Kg

146 Melon

Kg

147 Jack fruit

Kg

Total (0,00)
(4)

□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□

,
,
,
,
,

,
,
,
,
,
,
,
,
,
,
,

,
,
,
,
,
,
,
,
,
,
,
,
,
,
,
,
,
,
,
,

Purchase (cash/owed)
V a l u e (Rp)
(5)

□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□

□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
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IV.1. FOOD, BEVERAGES, AND TOBACCO
No.
urut
(1)

Detail

Unit of quantity

(2)

(3)

148 Tomato

Kg

149 Canned fruit

Kg

150 Others

Kg

151

I. OILS AND FATS [R.152-R.157]

152 Coconut oil

Liter

153 Corn oil

Liter

154 Other frying oil

Liter

155 Coconut

Unit

156 Margarine
157 Others
158

Ounce
Liter

J. BEVERAGE STUFF [R.159-R.166]

159 Cane sugar

Ounce

160 Brown sugar

Ounce

161 T e a

Ounce

162 Powdered/bean coffee

Ounce

163 Instant cocoa

150gr

164 Powdered cocoa

Ounce

165 Syrup

620ml*)

166 Others

...........

167

K. SPICES [R.168-R.180]

168 Salt

Ounce

169 Candlenut

Ounce

170 Coriander

Ounce

171 Pepper

Ounce

172 Tamarind

Ounce

173 Nutmeg

Ounce

174 Clove

Ounce

175 Fish paste

Ounce

176 Soya sauce

140ml*)

177 Monosodium glutamate

Gram

178 Chili sauce/tomato sauce

140ml*)

179 Spice

Ounce

180 Other spice

...........

181

L. MISCELLANEOUS FOOD ITEM [R.182-R.190]

182 Instant noodle

80gr**)

183 Wheat noodle

Kg

184 Rice noodle

Ounce

185 Macaroni

Ounce

Total (0,00)
(4)

Purchase (cash/owed)
V a l u e (Rp)
(5)

□□ □□
□□ □□
□□ □□
,
,
,

□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□

,
,
,
,
,
,

,
,
,
,
,
,
,
,

,
,
,
,
,
,
,
,
,
,
,
,
,

,
,
,
,

□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□

□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
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IV.1. FOOD, BEVERAGES, AND TOBACCO
No.
urut
(1)

Detail
(2)

Unit of quantity
(3)

186 Crisps

Ounce

187 Fried chips

Ounce

188 Seaweed

Pack (7 gr)

189 Porridge in package

150 gr*)

190 Others
191

...........
M. PREPARED FOOD AND BEVERAGES [ R.192-R.222]
(copied from VSEN11.LPK)

Prepared food
192 Ordinary bread

Small pack

193 Other bread

Piece

194 Cookies

Ounce

195 Boil or steam cake

Piece

196 Fried food

Piece

197 Porridge of mung bean

Bowl

198 Kind of salad with peanuts sauce

Plate

199 A plate of rice accompanied by a mixture of dishes

Plate

200 Fried rice

Plate

201 Rice

Plate

202 Rice steamed in a banana leaf or coconut leaf

Bowl

203 Soup

Bowl

204 Roasted meat on skewer/satay

Plate/5 skewer

205 Noodle (with meatball/boiled/fried)

Bowl

206 Instant noodle

Bowl

207 Snack for children

Ounce

208 Fish (fried, roasted, etc)

Piece

209 Chicken/meat (fried, roasted, etc)

Piece

210 Other prepared food

...........

211 Mineral water (bottle)

600ml*)

212 Mineral water (gallon)

Gallon

213 Packed tea

250ml*)

214 Packed juice

200ml**)

215 CO2 drink

250ml*)

216 Health drink

100ml*)

217 Other drinks (coffee, milk, etc)

Glass

218 Ice cream

Small bowl

219 Other ice

Glass 200ml

Total (0,00)
(4)

□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□

□□
□□
□□
□□
□□

□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□

□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□
□□

□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□

,
,
,
,
,

,
,
,
,
,
,
,
,
,
,
,
,
,
,
,
,
,
,
,
,
,
,
,
,
,
,
,
,

Purchase (cash/owed)
V a l u e (Rp)
(5)
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IV.1. FOOD, BEVERAGES, AND TOBACCO
No.
urut
(1)

Detail
(2)

Unit of quantity
(3)

Total (0,00)
(4)

Purchase (cash/owed)
V a l u e (Rp)
(5)

Alcohol ic Beverages
220 B e e r

620ml**)

221 Wine

620ml**)

222 Other alcoholic beverage

620ml**)

223

□□ □□
□□ □□
□□ □□
,
,
,

N. TOBACCO AND BETEL [R.224-R.229]

224 Clove filter cigarettes

Pack

225 Clove non filter cigarettes

Pack

226 Cigarettes

Pack

227 Tobacco

Ounce

228 Betel/areca nut

Pack

229 Others

...........

□□
□□
□□
□□
□□
□□

■■
■■
■■
□□
□□
□□

,
,
,
,
,
,

□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
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IV.2. EXPENDITURE OF NON FOOD GOODS
No.
urut

Detail

(1)

(2)

230
231

232
233
234
235
236

A. HOUSING AND HOUSEHOLD FACILITY [R.231-R.260]
Status of the house of living is:
1. Owned property
3. Monthly rent
5. Official house
2. Annaul rent
4. Free
6. Other
a. If the house is own property/free of rent, estimation monthly renting:

Rp ....................................

b. The length (in month) of staying in the house during previous 3 months :

................. month

a. If the house is annually rent, average rent value in a month:

Rp ....................................

b. The length (in month) of staying in the renting house during previous 3 months : ................. month
a. If the house is monthly rent, average rent value in a month:

Rp ....................................

b. The length (in month) of staying in the renting house during previous 3 months : ................. month
a. If the house is free of rent/official house/other, average estimation renting value in a month:
b. The length (in month) of staying in the free house during previous 3 months:

Rp ....................................

................. month

Maintenance costs of the house (painting, plastering, painting the wall, roof, window glass, hinge, etc, including wages for the workers)
Electricity

237

Used of electricity (quantity):

a month ago:

................................... kwh

Note: If household doesn’t know KwH unit (for example: Non-PLN user), How to account:
Number of watt used times number of hour of monthly using electricity divided 1000

238

Value :

239

Water (“PAM” = Municipal Water Corporation/carrying pole water/purchased) Quantity: A month ago: .................. m3

240

Value:

241

LPG (Liquid Propane Gas)

242

Value:

243

City Gas

244

Value:

245

Gasoline

246

Value:

247

Generator
i. Type and number of fuel used (BBM):
1. Gasoline
2. Diesel oil
3. Kerosene
Value:

248
249
250

A month ago:

Quantity: a month ago:

............................... kg

□□□□

Quantity: a month ago:

............................... m3

□□□□

Quantity: a month ago:

............................... Liter

□□□□

............................. Liter

Value:
ii. Lubricant oil: Value:

□□□□

a month ago:

□
□□□□
............................. Liter

□□□

Value:

251

iii. Maintenance and repair

252

Charcoal/coal/briket
Value:
A month ago:

253

Value:

254

Firewood and other fuel

255

Others (flashlight, storage battery, matches, mosquito repellent, lamp, air freshener, Liquid floor cleaner, etc)

............................ Kg

□□□ □
,
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IV.2. EXPENDITURE OF NON FOOD GOODS
No.
urut

Detail

(1)

(2)

256

Post and Telecomunication
Phone bill (home)

257

Mobile phone bill

258

Phone card/public phone/phone shop

259

Post stuff (stamp, etc.)

260

Others (internet)

261

B. GOODS AND SERVICES [R.262-R.302]

262

Bathing soap, toothpaste, and shampoo

263

Cosmetic articles (perfume, hair cream, deodorant, skin powder, wire dental care/braces, nail clippers, hair spray, wig, lipstic, comb,
etc.), and sanitary napkin

264

Treatment of skin, face, nails, hair (expenses of cutting, curl, cream bath, ‘lulur’/herbal cosmetics used to lighten of skin, spa, etc)

265

Laundry soap (bars, powders, creams, and liquid)

266

Clothes maintenance material (softener and fragrances, bleacing, lubricant, camphor, etc)

267

Newspapers, magazine, books, and stationeries (exluding for education) including magazine rent

268

Other stuffs (tissue, baby diaper, satai stick, etc.)
Health Care (including give birth fees and drugs that can not be specified)

269

Public Hospital

270

Private Hospital

271

Sub ordinary Public Health Center

272

Medical Doctor (including private medical doctor in public hospital)

273

Paramedical

274

Traditional treatment

275

Traditional birth attendant
Drug costs (only drugs purchased in pharmacies, drug stores, etc)

276

Take medicine with recipe (from doctor, midwives, etc)

277

Self treatment/take medicine without recipe

278

Purchasing traditional medicine

279

Purchasing glasses, hand/leg artificial, & wheel chair
Health Preventive Cost

280

Pregnancy examination cost

281

Children Under-fives immunization cost

282

Medical check-up

283

Contraception cost

284

Take care of health (vitamin, medicine herbs, etc.)
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IV.2. EXPENDITURE OF NON FOOD GOODS
No.
urut

Detail

(1)

(2)
School fee and non/formal education cost

285

Development school contribution/admission fee

286

School fee

287

Other cost of school contribution

288

Text books

289

Stationery (pen, pencil, eraser, ruler, calculator, etc.)

290

Non-formal education cost

291

Motor vehicle's fuel, light service, and motor maintenance:
a. Gasoline

292
293

□□□□

a month ago: ........................ Liter

□□□□

a month ago: ........................ Liter

□□□ □

Value:
b.

294
295

a month ago: ........................ Liter

Diesel oil
Value:

c.

296

Lubricant:

,

Value:

297

d.

298

Transport expenses (bus, train, plane, etc.)

299

Hotel, inn, cinema, theater, sports, set-top box, cable TV subscriptions / Indovision and other recreation (excluding transport and
purchase of goods for recreation)

300

Domestic servant, security, and driver (salary or wages)

301

Financial service charge (ATM services, credit card services, transfer fees, etc.)

302

Other services (ID card, driver's license, birth certificate, copy, photo, etc.)

303

Service and repair (brake fluid, battery acid, battery, brake, clutch, etc.)

C. CLOTHING, FOOTWEAR, AND HEADGEAR [R.304-R.311]

304

Ready-made clothes for men (jackets, uniforms, shirts, jackets, gloves, pants, shirts, underwear, etc..)

305

Ready-made clothes for women (uniforms, dresses, long cloth, blouse, blaze / jacket women, nightgowns, sweaters, skirts, sarongs,
scarves, “angkin”, underwear, etc..)

306

Ready-made clothes for children (uniforms, shirts, pants, sweaters, shirts, underwear, diapers, etc..)

307

Materials clothing for men, women, and children (wool, polyester, cotton, silk, etc..)

308

Wages sewing, repairing clothes, sewing thread, and other goods for the purposes of tailoring

309

Footwear (shoes, sandals, socks, etc)

310

Headgear for men, women, and children (hat, cap, scarf, etc..)

311

Others (towel, belt, shoe polish, tie, laundry, etc.)

22

IV.2. PENGELUARAN UNTUK BARANG-BARANG
No.
urut

Detail

(1)

(2)

312

D. DURABLE GOODS [R.313-R.329]

313

Furniture (tables, chairs, beds, wardrobes, display cabinets, display racks, glass / mirrors, cabinets, cribs, etc..)

314

Household furnishings (sewing machines, refrigerators, fans, washing machines, air conditioners, etc..)

315

Household equipments (mattresses, pillows, tablecloths, bed linen, ashtrays, pillowcases, blankets, mats, curtains, rugs, etc..)

316

Home appliances (iron, broom, scissors, knives, machetes, hoes, saws, vacuum cleaner, coat hanger, soldering equipment, etc..)

317

Kitchen utensils (rack plate, stove, pots, pans, buckets, kitchen knives, pans, spoons, flasks, plates, glasses, mixers, rice cookers,
blenders, microwaves, ovens, and other dishes made of glass / ceramic / melamine / plastic, etc..)

318

Decoration stuff (wall hangings, aquariums, decorative items made of ceramic, porcelain, onyx, marble, wood, etc..)

319

Furniture and utensils repairs

320

Hand phone and other accessories

321

Watch, clock, camera, glasses, and repairs

322

Umbrella, bag, and repairs

323

Jewelry and repairs

324

Toys and repair, imitation jewelry

325

Electronics (Television, radio, video, DVD, cassette, cassette radio, guitar, piano / organ, computer) and repair

326

Tools and sports equipment (chess, racket, ball, net, bet, sticks, including bathing suits, soccer shoes, wheels shoes , goggles) and
repairs

327

Vehicles (cars, motorcycles, bicycles, etc..) and major repairs

328

Domestic animal and plant maintenance

329

Other durable goods (electrical installation / phone / tap, swing, stroller, etc..) and repairs

330

E. TAXES AND INSURANCES [R.331-R.336]

331

Buildings and land taxes

332

Motor and non-motor vehicle taxes

333

Other contributions (dues RT / RW, trash, security, cemetery, parking, etc..)

334

Health insurance

335

Live insurance and general insurance (death insurance, accident, car, house, etc..)

336

Others (ticket, Income Tax, etc..)

337
338
339

F. PARTIES AND CEREMONIES [R.338-R.343]
Wedding (equipment rental tool bride such as, chairs, tents, dishes, and bridal makeup services such as cost, the prince, and the rental
of buildings, etc..)
Circumcision and birthday (Bengkong costs, the cost of doctors / paramedics / excisors, food boxes, ribbon / paper trimmer room /
balloons, chair rental, rent a building, rent entertainment)

340

Religious festival (chair rental, tent rental, etc..)

341

Pilgrimage cost (ONH)

342

Religious/traditional ceremony (called Ustad, Reverend, offerings, etc..)

343

Funeral expenses (cost of washing the corpse, the shroud, the grave digger service, casket, crematory fees, cremation fees, etc..)

24
IV.3.1. RECAPITULATION OF FOOD, BEVERAGES, AND TOBACCO EXPENDITURES (IN RUPIAHS)

[Copied from Block IV.1 Column (9)]
No.

Type of expenses

(1)

1

(2)

(3)

Cereals

□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□

a. Rice (R.2-R.3)
b. Others (R.4-R.9)
2

Tuber (R.10)

3

Fish/Shrimp/Squid/Shell
a. Fresh (R.21-R.39)
b. Preserved (R.40-R.52)

4

Meat (R.53)

5

Egg and Milk
a. chicken/duck/quail egg (R.72-R.77)
b. Whole milk, condensed milk, milk powder, etc. (R.78-R.84)

6

Vegetables (R.85)

7

Legumes (R.115)

8

Fruits (R.127)

9

Oils and Fats (R.151)

10

Beverages stuffs (R.158)

11

Spices (R.167)

12

Other Consumption
a. Instant noodles, wet noodles, vermicelli, macaroni / noodles dry (R.182-R.185)
b. Others (R.186 - R.190)

13

Prepared foods and beverages

□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□
□□□□□□

a. Prepared foods (R.192-R.210)
b. Non alcoholic beverages (R.211-R.219)
c. Alcoholic beverages (R.220-R.222)
14

A week ago

Tobacco and betel
a. Cigarett (R.224-R.226)
b. Others (R.227-R.229)

15

SUB TOTAL (R.1 s.d. R.14)

16

AVERAGE FOOD EXPENDITURE A MONTH

[(R.15) x 30/7]

□□□□□□
□□□□□□
□□□□□□
□□□□□□□

25
IV.3.2. RECAPITULATION OF NON-FOOD EXPENDITURES (IN RUPIAHS)
[Copied from Block IV.2 Column (6)]
No.

Type of expenses

(1)

17

(2)

(3)

Housing and Household facility
a. monthly rent, yearly rent, estimates of the rent (own, rent-free, official), etc.
(R.232-R.235)
b. Maintenance costs of the house (R.236)
c. Electricity bills, water, gas, kerosene, firewood, etc.
(R.238, R.240, R.242, R.244, R.246, R.248, R.250, R.251, R.253-R.255)
d. home phone bill, hand phone pulse, public telephone, telecommunication shop,
postal .256-R.260)

18

Last 3 months

□□□□□□□□□□
□□□□□□□□□□
□□□□□□□□□□
□□□□□□□□□□

Good and services
a. Toilet /laundry soap, cosmetics, hair care / face care, tissue, etc. (R.262-R.268)
b. Health costs (hospitals, health centers, physician practices, traditional health care,
medicine, etc..) (R.269-R.284)
c. Education cost (R.285-R.290)
d. Transportasi, pengangkutan, bensin, solar, minyak pelumas (R.292, R.294,
R.296-R.298)
e. other services (R.299-R.302)

19

Clothing, Footwear, and Headgear (R.303)

20

Durable Goods (R.312)

21

Taxes and Insurances
a. Buildings, land, motor vehicles taxes (R.331, R.332)
b. Other contributions (R.333)
c. Health insurance (R.334)
d. Other (any other life insurance, general insurance, income tax, traffic tickets, etc..)
(R.335, R.336)

22

Parties and Ceremonies (R.337)

23

SUB TOTAL (R.17-R.22)

24

AVERAGE MONTHLY NON FOOD EXPENDITURE [R.23 Column (3) divided 3]

25

AVERAGE MONTHLY HOUSEHOLD EXPENDITURE
[Block IV.3.1, R.16 Column (3) + Block IV0.3.2, R.24 Column (3)]

□□□□□□□□□□
□□□□□□□□□□
□□□□□□□□□□
□□□□□□□□□□
□□□□□□□□□□
□□□□□□□□□□
□□□□□□□□□□
□□□□□□□□□□
□□□□□□□□□□
□□□□□□□□□□
□□□□□□□□□□
□□□□□□□□□□
□□□□□□□□□□
□□□□□□□□□□
□□□□□□□□□□

V. INCOME, REVENUE AND EXPENSES OF NON CONSUMPTION

A. Income from wages/salary either in cash or goods/services received during the last month (Rp)
Income from wages/salary in cash

serial
number of
respondent

Name

(1)

(2)

□□
□□
□□
□□

Main work

Additional work

Income from
wages/salary in
goods/services

(3)

(4)

(5)

(6)

Value of production

Production cost
(including wages/salary)

Income
[Column 3 – Column 4]

(3)

(4)

(5)

Overtime, honoraria, etc

Total
Column (3) through (6)
(7)

Total

(1)

(2)

1

Agricultural crops

2

Other agricultural (non-food crops, livestock, poultry, fisheries, forestry, and hunting)

3

Non agricultural enterprises (industry, commerce, transportation, services, buildings,
construction, excavation, etc.)
T o t a l

□□□□□□□□□
□□□□□□□□□
□□□□□□□□□
□□□□□□□□□

C. Income from ownership and not household business during the last 3 months (Rp)
(1)

(2)

1

Approximate rental homes

2

Others (interest savings, lease of land, non business income, dividends, royalties, sales of used goods, etc..)
T o t a l

(3)

□□□□□□□□□
□□□□□□□□□
□□□□□□□□□

26

B. Income from household business during the last 3 months (Rp)

□□□□□□□□□
□□□□□□□□□
□□□□□□□□□
□□□□□□□□□
□□□□□□□□□

D.

Transfer’s revenue and expenditure, and financial transactions during the last 3 months
Revenues

V a l u e (Rp)

(1)

(2)

1. Revenue of transfer (shipment and delivery of money,
bond, scholarship, pension, claims of life & loss
insurance, received packages of food / goods, capital
goods insurance claims)
2.

Revenues from financial transactions (making
savings, return on receivables, claims of insurance/
pension/education, get a social gathering, borrow
money, return on accounts receivable, pledge of
goods)

□□□□□□□□□
□□□□□□□□□

Total

(3)

1. Expenditure transfer (send and give money, give
food/goods, capital goods insurance premiums)

2. Expenses from financial transactions (savings,
pay off debt, premiums of life insurance/pension/
education, paying social gathering, lend money,
paying accounts payable, redeem the pledge of
goods)

V a l u e (Rp)
(4)

□□□□□□□□□
□□□□□□□□□
□□□□□□□□□

Total

Household Revenues and expenditures during the last 3 months (Rp)
Revenue

V a l u e (Rp)

(1)

(2)

1. Wages and salary
[Block V.A total Column (7) multiply by 3]

□□□□□□□□□

2. Income from household business
[Jumlah Blok V.B Column (5)]

□□□□□□□□□
□□□□□□□□□
□□□□□□□□□
□□□□□□□□□

3. Income from ownership and not household business
[Jumlah Blok V.C]
4. Transfer’s revenue
[Total Block V.D R. Column (2)]
Total

27

E.

□□□□□□□□□

Expenditures

Expenditure
(3)

V a l u e (Rp)
(4)

1. Average monthly household expenditure
[Block IV.3.2 R.25 Column (3) multiply 3]

□□□□□□□□□

2. Transfer expenditure
[Total Block V.D R. Column (4)]

□□□□□□□□□

Difference in Revenue and Expenditures [total Column (2) – total Column (4)]

T o t a l

□□□□□□□□□
□□□□□□□□□

H: Conversion of Fuels to Energy Services
APPENDIX H: CONVERSION OF FUELS TO ENERGY SERVICES
The following table summarizes assumption used to convert energy into energy services.

Firewood
Time collecting
Average kg / mnth
Cost - Rs / kg

Stoves - Wood
Average Usage
1 Cooking hour =

Hours / month
20.0
367.8
5.2

Hours per month
kilolumen hours

IDR / hour
96

73
0.39

IDR / month
1,918

from literature
Consultant estimate

H-1
Government of Indonesia / ADB – October 2014

I: SUSENAS Data on Household Energy USe

APPENDIX I: SUSENAS DATA ON HOUSEHOLD ENERGY USE
Ref
1
2
3.1
3.2
4.1
4.2
5
6
7
8
8.01
8.02
8.03
8.10
8.11
8.20
8.21
8.30
8.31
8.40
8.41
8.50
8.51
8.60
8.61
10
12
13
14
15
15.1
15.2
15.3
15.4
15.5
15.6
15.7
15.8

Table A: All Sumba Household Income and Primary Energy Source
Variable
All HH
Unit
Number HHs All Sumba
132,411
Q1
26,491
Distribution of HHs by Sumba Island Expenditure Quintiles
HH #
132,411
HH Expenditure (lower limit - all Sumba Island Quintiles)
224,543
224,543
IDR[2012]
HH Expenditure (upper limit - all Sumba Island Quintiles)
60,574,308
1,058,333
Ratio of All SumbaHHs in all Sumba Island quintile
HH %
100%
20.0%
No of HH Cases in each sample (unweighted)
HH#
1,899
409
Median Expenditure for All Sumba Quintile
IDR[2012]
1,573,594
833,191
Average Expenditure for all Sumba Island Quintile
IDR[2012]
2,223,369
792,466
Avg no. of persons in HH All Sumba
Break down by main energy supply system for All Sumba
PLN Electricity for All Sumba VI 14.a.
HH%
31%
11%
PLN Elect. All Sumba VI 14.a. Exp.IV.2. R237; Histogram
Mean kWh / HH
73.9
24.9
PLN Elect. All Sumba VI 14.a.Exp.IV.2. R238 Histogram
Mean IDR / HH
54,806.3
16,898.4
PLN Elect All Sumba & diesel gen VI 14.a. Exp.IV.2. R247
HH%
PLN Electricity for All Sumba VI 14.b.1 (450 Watts).
HH%
9%
3%
PLN Elect. for All Sumba VI 14.b.1 (450 Watts) Exp.IV.2. R238.
Ave IDR / HH
35,112.9
15,537.0
PLN Electricity for All Sumba VI 14.b.2 (900 Watts).
HH%
7%
1%
PLN Elect. for All Sumba VI 14.b.1 (900 Watts) Exp.IV.2. R238.
Ave IDR / HH
68,265.0
14,847.2
PLN Electricity for All Sumba VI 14.b.3 (1300 Watts).
HH%
8%
2%
PLN Elect for All Sumba VI 14.b.1 (1300 Watts) Exp.IV.2. R238.
Ave IDR / HH
107,758.3
9,905.4
PLN Electricity for All Sumba VI 14.b.4 (2200 Watts).
HH%
1%
0%
PLN Elect. for All Sumba VI 14.b.1 (2200 W) Exp.IV.2. R238
Ave IDR / HH
309,365.5
39,000.0
PLN Electricity for All Sumba VI 14.b.5 >2,200 Watts).
HH%
0%
0%
PLN Elect All Sumba VI 14.b.1 (>2200 Watts) Exp.IV.2. R238.
Ave IDR / HH
233,121.7
PLN Electricity for All Sumba VI 14.b.6 (No Meter).
HH%
6%
4%
PLN Elect. for All Sumba VI 14.b.6 Exp.IV.2. R238 histogram.
HH# by IDR / HH
8,334.0
939.0
Non PLN Electric Lighting All Sumba VI 14.a.2.
HH%
14%
9%
No access to electricity for All Sumba
HH%
54%
81%
All Households All Sumba
HH%
100%
100%
Spare
A.Sumba
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Expenditure Quintile All Sumba
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Q3
Q4
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1,438,150
20.0%
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1,247,557
1,242,401

1,438,358
1,896,887

1,898,227
2,707,130
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26,421
2,712,033
60,574,308

20.0%
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1,626,090
1,646,649
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2,263,204
2,256,305
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3,845,857
5,186,842
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44.0
23,513.2

21%
36.7
25,117.4

42%
48.0
35,653.1

68%
126.9
97,843.2

6%
26,102.9
2%
36,398.1
2%
42,780.0
0%
0%
5%
1,399.0
14%
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100%

7%
18,805.1
3%
29,313.0
2%
42,261.4
0%
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8%
2,228.0
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15%
33,089.6
10%
40,524.8
9%
63,785.6
1%
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8%
2,042.0
17%
41%
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15%
52,942.0
18%
95,490.9
25%
141,749.6
3%
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1%
233,121.7
7%
1,725.0
17%
15%
100%
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