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INTRODUCTION

Fags 1

Through a large scale rural elecirification project i is planned to supply 66 villages in Eastern
Indonesia with renewable energy based hybnd electricity systems which have peak KW power
delivery capaciies from Z0kW up Io 50kW. The anbcipaled respeciive energy outpuis of these
systems will be in the range of S0KWh up fo 150KWh per day. The hybrid power system is &
combination of comventional and new renewable enargy sources,

Indonasia, the fourth most populous nation in the world, is an archipelagic country with over
13,000 islands and a census population in 1980 of 182.6 million, This number now axcasds
200 million people. The couniry is comprised of 27 provinces that consist of 63,000 villages. In
the last decade (1980-1990) the national population grew at 2.13% per year in average. At 1990
e TT% of the national population was living in rural areas and 23% in wban areas.

Major infrastruciure developments needed in Indonasia include transporation, commamnications,
education, health, clean water, sewerage and energy supplies. Energy supply is espacially
impariant wilhin the economic devalopmant quastion in thal i is alse a basic rescurca needed far
masl of the above infrastruciure ilems. Bayond this the rapid growth in the naed for addilional
electricity capacity imposes significant impacis, not just upon Indonesia bul also in a global
sense with increasing iMlemational concam over the greenhouse issues.,

Advanced Energy Syslems Lid (AES) has been involved in various project actvifies in Indonesia
and elsewhere internationally since 1938 al which time AES was subcontracted by the Waslam
Australian Governmand to undertake a siudy of the potential for new energy lechnologies in
South East Asia, In August 1994 representatives from the Indonesian Agency for Assessment
and Applicabion of Technology (BPPT) visited Australia and this was followed by an invilation far
AES to atlend a UNESCO round table conference held in Jakarta early in 1935, & number of
wisdls have bean made fo Easiem Indonesia whereby & greal deal of data has baan compiled in
regard to regional requirernents, demagraphics and cullural issues.

DEFINITION OF THE DEVELOPMENT PROJECT

Each village inchuded in the project will have a localised distribution netwark installed and
connecled to the cenfralised renewable hybrid power slaton. The renewabla hybrid system (as
depicted in the block diagram below) will comprise various componenls that will be integrated
imo the todal system. It is planned thal two sysiems will be ulilised; System & which will serva
villages from 75 bo 125 households and Systern B which will serve villages with 150 to 250
househalds,

The components include the fallowing:

Renewable componant such ss phalovaliaie madules or small wind furbines
Slorage davices sueh as lead acid batleries

Pawer elecironic convarsion unit or mveartes

Sysiem conirol madule wih inbuilt remote mondoring and control capakslily
Digsel engines

Small power sialion epclosurs

Electrical distribution system
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L] Household wiring kit
= Prapayment meter system

The hybrid design approach is considered io be technically superior io the solar panel homa
lighting approach as the hybrid syslem can deliver much greater amounts of energy at lower cost
per k¥h while slso meseling indusiry, education and health neads in the process, The hybrid

system is expandable and very flexible with both the service and the cosl being able fo be spread
awer the whoba village. This ensures equity in cost sharing and access io the service,
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Hybrid Sysiem Ovarviaw

An Integrated Electricity Plan (IEP) will be implemented at the cooperalive level (KLID) with
revenue baing coflecied through the rural banks. Tha kecal village KUD or another awthorised
EUD will manage designaled localions af which eleciricity will be prepaid and will also be
involved in fulure demand and swupply side management options, 11 is intended that this sl
incorpacale meterng capable of sloring a credit payment system.

The natwork and hybrid power stalion will have communication mechanisms installed which will
enable remole monitoring and kecal senice networks fo ensure thal the village's |EP plan is

maintained. The initial support, transfer of ownership and eventual full local support of the system
will be & central part of the projects objecives,

SECTORAL DEVELOPMENTS RELEVANT TO THE PROJECT

The application of renewable enaergy and solar eleclnc pholovolteic (PY) systems In Indoneasia is
directed especially lowards rural areas, remote islands or areas where an electricity grid is nod
available, During the 1990z the ulilizatien of PV systems has been growing and the lofal
capacity of PV systems installed by the end of 1993 was estimated o approach 2MWe. This
included more than 16,000 solar home system (SHS) unils, approxmately 370 units solar PV for
small refrigerators for rural health clinics, approximately 110 units of PV waler pumping sysiems,
22 small scale fielavision repealer stalions, 120 public t=lavision receivers  and
S0 {elecommunicalions repaalers,
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i is relevant b6 understand the institufional envirenmenl in Indonesia, As the power ulility (FLN)
undargoas corporatisation and possibly fully privatisation in the near future it will then be lkely
that many areas of remobe Indonesia will not be serviced with electricity, Such rural energy
sardices are bypically loss making for 8 manstreamn ubility and nod commercaaly altractive for any
ulility. Ministarial decreas have been issued in regard 10 the conditions relating to private power
providers,

Thiz project lays the basis for possible private seclor operation of renewsable enargy syslems in
the areas not currently or likely bo ba sarviced by PLM.

Four P hybrid pilot systems have baen installed fo siudy the potential of optimising the enengy
resources available. As a continuing effort in rural area electrification an installation of 50MWp
iolal capacity of SHS (one million households) is to ba implemented during the FYDOP VI
{1994/85-1088/2000). Thesa programs have placed Indonesia in the forefront of international
davelopments of renewable enengy systems,

RECIPIENT GOVERNMENT PRIORITY

In erder to promote the sacial and economic develapmant of nural Indonesia the Govemment has
established rural development and electrfication as an issue at the highest political levels.
Unfortunately the fragmented geography of Indonesia creates special problems for rural
elecirification mot faced by most countries, Local grd projecis using generation from wind,
phatovaltase, hybed or gecthermal sourcas are in the pilol or planning slages and individual
housahold photovolaic sysiems have been installed in pilel villages.

The Indonesian Govemment places this project high in relevance to national, regional and
provincial stralegies. The priority for fhe development of new and susiainable infrasiructure in
Easlern Indonesia has been well documenied. Pressdeni Habibie oullined the cese most
succinctly at the 1995 UNESCO round lable conference in Jakaria when he said.

*Solar enengy utilization in indonesia will gat an altenlion, ¥ is used lo solve the micro economic
problem of ratio of GDP growth foward population growth in remole willzges 61.3% of
Indonesians do mof enjoy sleciricly. How can you ever expect small indusines fo be very eficient
and productive if they do nof have electricify.”

Solar pholovoltaic generabon and its application in uiility grade hybrid sysierms s of parbcular
interest because of its fexibility, low environmental impact and greeter freedom from fuel

raquirements, In the last five years the Governmen of Indonesia has parficipafed in projects
resulling in the installation of ower 1MWp of pholovollaic capacity in rural areas of the country.

AUSTRALIAN DEVELOPMENT ASSISTANCE OBJECTIVES

Australia’s assistence program aims to address more elecihvely Indonesia’s amarging develop-
mient prodlies,

Ower five years, commencing 155384, the documenied AusAlD policy has been

- Conlinue to focus mainly on projects in Eastern Indonesia with an emphasis on povarty
alleviation, infrastructure develogment and anvironmend managemenl

. Maintain and consolidate the sectoral Fecus on human resource davalopmant

. Conlribute to povarty alleviation through family planning and maternal and child health

actvities and suppor for local community developmeend aclivibes

= Promode closer econamic and commercial linkages and relations bebaesn the Ausiralkan
and Indonesian privale sectors and productive enlerprises through aclivilies which
suppor Indonesia’s development goals
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In accordance with Indanesia’s priorilies Auslralia’s program seaks 1o;

1 Cantribule 1o Indonesia’s developmenl fhrough practical cooperaticn in areas of mubual
inbarast, pariculardty in seclors whore Australia offers a high degree of relevant expartise

2 Promode bilataral economéc Enks which are consistent with sustainable davelopment and
conducive o long term parnership

Poverly alleviabon has become a major focus of Australia's developmend cooperation program,
Ausiralia’s iechnical assistance projects in Eastenn Indonesia focus on agriculiural development
and the provision of infrastrecture. The environment and ecologically sustainable development
and the involvernend of women are key issues which touch an all of Australia’s developmemn
cooperafion objectives. The success or olherwise of many of Ausiralia’s development
cooperalion aclivilies in Indonesia depends on community commitment and imoaleemant

PROJECT DEVELOPMENT ISSUES

Based on fhe experienca gained fo dale from develaping renewable energy in rural areas there
are sevaral major issuas, parlicularty appropriatenass of technolagy, affordability and sustainable
human resource development Renewable energy fechnology requires & significant capital
inweabment and his musl be accounted for in the financial amangaments of the project. However
the life eycle enst of exdending wlility powar is higher and will be loss making for the pawer ulility
involved, Crher paints are as follows:

i The renswable energy hybrid sysiem offers a new approach whereby an afordable
senace can be provided to all of tha villagars.

i} This project seeks to specifically build in sustainability and support gs & key pan of the
project itsell. Sustainability is %0 be achieved by the dewelopment of local econcmic
activity and a iraining program fo build local capability.

il Renewable energy technolegy information neads 1o ba Improved. Many prospective
producers and wsers do not undarsiand the tachnobogy and Iherefode are not aware of
the polential and advaniages of ubilising renewable energy systams. This project will
assist in ovarcoming this by the promotion of the project that will be achieved,

PROJECT IMPLEMENTATION

The project will be implemented in siages by the paricipating groups throsgh a consorlium
approach; i, the Ausiralian confractor (AES), BPPT, and an Indonesian pariner comgany

(FT LEM}) of Bandung. The project will be implermenied as follows:

1 The main paricipants will form a project managemenl committes fo oversee the projact.
This commitiee will include a membership 1o the Mational Wility, PLN, such that the
provision of a hybrid syslem to each region can be camied oul withow! potentially
conflizling with any existing PLM programs.

2 PT LEN will laad the role of coordinalion with fhe KUDs and assist in local planneng for
shipping, freight and general ranspor requisemens

3 In gach region where syslems can be operated on a clustar bas:s there will be appoanied
B cenirel service company acting in conjunction with tha KUDs. This company will atiend
io local service and suppori of the sysiems by holding spares and any necassary
comgonants,

4 PT LEM will roadinely recaive status repons on perormance of the clusber in their area. it
is axpactad that only five to seven such agents will be appointed. This greatly simplifias
the maimenance requirements and enhances the sustainability of the power syalems
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5 Each KLID will enier info an agreement for ihe system 1o be installed and manage a basic
level of service and ligison. This will include purchase of sfored velue cards and
distribulion fo the howseholds.

& Thve progect management commitiee will monitor and manage this process over the thres
yiar ingtallation phasa.

T By slagmg the installatbon canefully over the three years it is expected ihal the fransfer of
skills and expartise will be very successful

FINANCIAL ANALYSIS

A standard financial analysis has been carmied cul on the proposed projec). The basic power
systams are classified a3 System A and System B. These systems have been designad o meet
the elecincal loads in fypical villages of 100 and 200 houses respectvely, A detailed energy
analysis has been undertaken to confirm that the designs will reliably operate villages in the
range of 75 ba 125 and 150 io 250 houses. Tables 1 and 2 atiachad provide more specific design
chatad

A range of base dala poinls and some asswnpiions have been made for the project. These ane
as follows:

. The average villaga is 200 houses with 5,2 people per house

. The ability o pay is set al 13500 Rps per month per housahaold

. Syslerns will be installad with two sizes:

Systern Size A is for 75 to 125 housesivillage

Syslerm Size B is for 125 to 225 housesivillage

The average energy consumpdion per house per day is 250 Watihours

The peek svailable power per house s 200 watls

A constrainl is placed upon the appliances thet may be usad in householkds

Pewer is availabla for industry; ie, crafts, fishing and olher services

Each system will cosl approxdmately US5154, 000 with olher costs to ba definad
The life af the systams is 20 years

Vilue of the fived plant ai the end of tha period i= nil

Reduction in the muftiple use of small diesels will reduce noise and pollution

Each newly connaclad household will save on kerosene, paraffin and beltery costs
A clusber of five to ten systems will be installed in a8 local region o as te minimise
operating costs and achieve effective training of staff

" It iz assurmed thal 807% of the households will buy eleciricity regularly

. Electricity will be sold to indusiry enlerprises separajehy

W @ O O & & § & @

Thee results from the design of fhe systems has been thoroughly evaluated using compuler
based simulation techniques. This approach has been proven al AES over a ten year period.

An associsled FIRR over the amangement ferms of a 7 wear grace period and 25 years
repayment has been calculated. This shows an actual FIRR of -2 52%. Sensitivity analysas have
baen camed out as required wilhin the AusAID appraisal guidelines.

ECONOMIC ANALYSIS

The economic analysis has been carmed oul over the planned fwenly year lifetime of the project
fzel, This has been chosen as the lifetime of the pholoveliaic modules and the inverer conbrad

system ifself
The follewing ecanomic <asls have been idantifiad:
a) The project will impose new minor costs in ferms of recycling components that have

excesded their usehl lifelime. Balteries are ona such iem. Indonesia has a batiery
manufacturing industry and there already exisis a batlery recycling program. Indusiry
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designatled collactors will pay for spend batleries end then relum them 1o the
manufacturer for recycling.

It is recognized that disposal of batteries will need to managed sppropriately. It is
suggested that this issue is not difficult in the case of hybrd systems given that a
cenfralised approach is sdopted and thal each power sysbem operates undar &8 serdics
Bgreamen.

The cperation of the systems will impose cosls i lerms of land use, investment In
fraining end procedures as well as the need for safety fraining in handling heavy Hems
such as engmes and batieries.

There are existing household energy budget costs, especially in the area of batleries,
paraffin and keroseme. These costs are cumrenily mel by the villagers and will ba
displaced by eleciricity supplied by the new hybrid system.

A number of economic benefits have been idantfied as accruing from the project. These are:

)

b}

€

£}

Indusiry developmant

In this area it is calculated that there will be an increase in net incoma swccessivaly each
year due to availability of electricity. Typical areas include refrigeration for fishing and
consecueent sale of high gquality fish, local erafts and arls, small scale tourism and lacal
aconomies in ganaral such as stores and consumer goods.

Education

Educational benefits accrueé i two key areas. Firstly the avellability of elecricty for
schools will greatly enhance the leaming process, Secondly, hauseholds with lghting will
affer far superior home beaming faclities

Environment issues

A range of banefils will accree in regard b fhe environmeni banafits. This includes a
reduction in bath fransport costs and fulure emissions from convenlional power plant,

Health

Thig progect will introduce net positive banefiis in the area of health and health care. In
the households in each village Ihere i$ a currend practice of bumning firewood, kerosene
and use of lead acid batleries for home lighting. The burming of wood and kerosens
releases airbome pollutants which have been shown o have a8 defrimental effact on
health. The hybrid syslem will provide clean elecirical lighting for househalds, thus
evercoming this problem. The usa of ballenes can kead to spillage of sulphuric acid which
is also a health hazard within the homse,

The supply of eleciricity will also be made available to health clinics where rafrigeration of
medicines will provide for an improvad lavel of health care overall. The hybrid systems
will show their full effect in haalth care in the fourth year when all systems are instafled
and pperational.

Recreational

Cne of the problems of maintaining the family unit in rural areas is the lack of personal
interasis Ehal may be broadly termed recreational interests. The provision of elechhicty
will enable kacal entedainment via communications and the wse of radioTVisteren units.
Coupled with much improved evening lighling this facility brings a net positive vales fo
thi willage.
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f Hauseholds

There will be an economic benefit accruing fo each household as a result of having a
safe and reliable eleciricty sysiem. Higher quality lighting and basic amenitias in the
house such as low powered fans for cooling will generally enhance the quality of life for
each family. Pursuils such as reading will be facilitatad and this benefil will alse be linked
1o improved educational outcormes for the village overall, I is believed that thase benefits
will #tcrue primarlty to adulis and especiglly o women who have fhe major
respansibilities for heme management.

Tha EIRR for the project has baan calculalad to be 22 4%. The calculation has besen carmied oul
over the life of the system which is estimaled 1o be 20 years. A number of the economic benefils
will howwever exlend Beyond this 20 year paricd.  Sansitivity analyses have been camed out as
required within the AusAlD appraisal guidelines.

IMPLEMENTATION SCHEDULE
Flanning and Implementation

AS previously discussed it is proposed thal the projeci be carmied oul over a three year period
wilh a scale up of installation aclivities ower that time. This approach would sssist in minimsing
any difficuflies encountered in establishing all aspects of the project. These aspects include
securing @n adequate transport sysiem, safting up lpcal iraining, avoiding diffficullies in
coordinating installation ocver the vanows weaathser pattams in Indonasia and othes such mathers,

Implementation Stage

" Final surveay to salect lacation

= Leasalpurchase contract agreement betsvean users and KUDs or appoinied bank

= Hardgrare procurement and delivery

= Tha consortium will agree on the appointment of the tleam lo be frained for the installation

Hardware installation will be carted ool under the supervision of the supplier and tha
arganising commitiee

= Commissioning will be conducted by the consorium, KUD or similar body and local
gavemrrent beam

ORGANISATION/MANAGEMENT SYSTEM

in thiz project a well erganised project plan covering the hardware delivery, distribution and
installation will ba davalopad. Thare is & need for the local management organisalon b callect

fhve regular instalments from fhe users, The local KUD will inplement the program af the village
lavel.

During the repayment period BPPT will enter inte appropriets arrangamenls with the KUDE wha
will effectivaly own the power systerns, The KUDs, wilh suppart frem BPPT, will contract tha local
commercial partnes (PT LEM) to support the systems,

RISK ASSESSMENT

Several nsks may be considered to mast within the framawork of this project 11 would however
b useful 1o outline a number of areas which are not considered io ba risks:

1 The lechnology and products are not conssdered fo be a nsk. The syslams are standard
products which have baen developed, evaluated and field proven over a perod of fen
yBaErs,

2 The pertnars are key paricipants hawve long developed experise in lheir respeclive
countries, BPPT is well known and their experise in these types of projects has evalved
gver many years. AES has been established for tan years bul the founders' invalvement
in renewable energy began in 1980,
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3 Cost frends will work strangly to assist this project. H is predicted that solar energy
equipment will continue o reduce in cost in the coming years while fassil fuel cosls ara
expecied ko gradually increase.

4 The demand for electricity will coninue to fise in the fulure and the service as proposed
will nod become redundant,

5 Enviranmental issues in regard to aimospheric warming will increase as a problem and
developing countrias will progressively be requesied fo use cleanar lachnologies,

Project Risks:
Thare are two main risks associated with tha project;

] project management arrangements
u the abilitghwillingness of the end users o pay

These risks have beéen accounted for in the sansilivity analyses and the general financial models

The project manegement rsk is one that is under the control of the project managemant team
itsell. The effectve management of the installation, cormmisgiening and handover processes
marst be carried oul efficiently and efectively & all imes. A skilled maneger will be usad for this
task

The cthar risk relates 1o payment for the electricity itself. In this case prepayment cards are to ba
used by ensure payment for the power. This approach owvercomes the problems of non pEyrment
far delivered enargy. The prepaid cards can be used as currency and processes must be pat in
placa 1o protect against loss or thef

PROJECT SUSTAINABILITY AND TRAINING

The ongoing sustainability of the project remains the key aspect in regard to the manitoring
schedule and overall responsibilities and therefore further description is provided in regard to
the training and its application, Traiming for the villagers and maore parbcularly for the local
garvios agencies will Bs provided in Perth,

The project management group will formulate and conduct the training courses for the hybrid
syslem end users, Ausiralian and BPPT personnel will supendse the installation and
commissioning on sile for each systam,

Full sysiem fraining is fo be provided to the regional agents on a cluster basis, All villages wil
receive basic fraining in sysiem funclions and capabiliies. It is also planned that locsl
govammen! agencies will be included in aspacts of the training sessions. This is to Impreve the
averall exposure of the syslams and promatbe the fechnologies within each region,

Thee Eraining sessions will include the following broad areas:

i General description of the hybrid syslem

i} Opearation and maintenance of the sysiem

iii) Organisation and manageamenl

Iv) Revenue colleclion and smart card distiibation procedures

The hybrid syslem nesds o be provided with clear and easy to understand documentation. With
this information the project implementation leam will provide training on techmcal management to
the cluster agencies. The fraining will b implamented from an earty stage of the project such
that the agencies and the village end wsers will be familiarised with the systems.
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COMNCLUSION

Thie propased rural electrification project for Eastern Indonesia will be the largest application of
tiybrid energy systems fechnology implemented to date. The project has been planned and

daeveloped over a four year pericd with specific attention given 1o the econamic benefit accruing
at wvillage laval,

System cost recovery has been a crucial parl of the developmeni procass. Due 1o the small
numiber of KWh consumed by each household the lofal monthly tanff is expected to be well within
the financial capability of the villagers.

Based upon final approval from the financial underwriters the project is expected to commence in
December 1998
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Table 1 - Inputs for Systens A ang B
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Table 2 - Technical Data for Systems A and B
[System & Single Phase System B Singie Phase
1 [No of Houses 78] 100]  125] [Mo of Houses 150] 2000 250
2 [No of Vilages 12 12 12| (F; 12 1z
3 [Losd Compositien Hours| Whiday Industry Power
Lights 4* 10 walts g a0 Mo Units|  kWiid KW
Radio 1° 5 watls B a0 (ice making “ig B 1
TV 1°12 watts E T2 {Crafl tools 0 3 1
Averaged Total 200 [ Cliriz 1| o5 02
[Schaol i 08 u.‘:uz]
4 |Peaple per house 5.2 EZ 52| [Area ights 5 z 0.5
Watts phf hiouse 200|  [Communications 1 1 nz
Houses 7 Vilage 75 1nﬁi 125 50 00| 20|
Pocpla sanved 4680 B240{  7aDD aas0] 124 15800
18720 37440
[ Growth Margin 20%)]  |Growth Margin 20%
6 |Design KWh / day ER a0 Design KA [ day 82 78 BB
a) Domastic 18 24 30| [a) Domesic 36 43 &0
B] Industey lﬂ_ 17 21| |b) industry 26 a0 T
l"'Fai,T‘s',um ] 7 B3 06| [Daily System W 08 138 16.1
B (Load Growth Margin 30%| |Load Growth Margin S0
Crearsity Factor T0%|  |Diversty Factar 76|




