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Outline of the Presentation

Background about Indonesia
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Islands >17,000, Land Area 1.9 km2, Population 238m 
Electrification Ratio: 60%, Average kWh/capita: 540 
(NTT- 40; Jak- 2000), Average CO2 Emission/capita: 1.7 t

Challenges in extending national electricity grid: 
Geographic/demographic characteristics of the archipelago, high 
cost of transmission, low level of rural demand 

Options for rural electrification: Diesel, Micro hydro, PV, Wind

• Energy-related challenges: Climate change, fossil fuel dependency, distributional inequalities 
• Potential impact of climate change on Indonesia :  A 0.6m sea level rise could lead to land 

loss of 34,000 km2 and displace 2 million people (Nicholls & Mimura 1998, IPCC in UNEP/GRIDA 2001), 

threat to coastal infrastructure, food, water & energy security, outbreak of diseases

HDI: Life expectancy, educational attainment, living standard
HPI: Poor health, illiteracy, earning <$1/day 4

Renewable Energy & Sustainable Development
in Indonesia: Progress & Challenges

Renewable Energy & SD : Promote RE domestic industry, local jobs, energy security, 
climate change mitigation

However, the decentralized nature of RE requires a holistic approach that considers:

• RE sustainability dimensions: Institutional, financial, technological, social, 
ecological

• RE Hardware : The supply & end-use equipment used in RE systems
• RE Software : The skills & information required to make, install, use, maintain & 

decommission RE hardware
• RE Orgware : The institutions required to support the hardware & software 

dimensions of RE (IIASA, 2006)

RE Systems Technical Potential Installed Capacity Planned 2025

Geothermal 27 GW > 1 GW 16 GW

Biomass 50 GW 5 MW 180 MW (2020)

Large Hydro 75 GW 4.2 GW Not specified

Mini & Micro Hydro ~ 86 MW 2.8 GW

PV 4.8 kWh/m2/day > 12 MWp 870 MWp

Wind 3-6 m/s 1.1 MW 200 MW

(ESDM 2006, ESDM 2009)
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Renewable Energy & Sustainable Development
in Indonesia: Progress & Challenges

Micro Hydro
• More than 400 units installed between 1885 & 1925 for tea estates that were 

later displaced by diesel generators
• Revitalised in the 1980s with 10 MH companies now serving domestic & export 

markets; Government has MH programs; Growing interest in Pico & Mini Hydro

All other RE Systems face greater institutional, financial, technological, social & 
ecological barriers

A 120 kW Micro Hydro system in West Java (2005), a cross-flow MH turbine produced by Heksa Hydro in Bandung 
(2009), a PV-Wind-Diesel hybrid system in Rote Island, NTT (2005), a biogas installation in West Timor (2009).
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Off-grid PV Applications in Indonesia (2005):
Some Positive Findings

Institutional: Building 
local institutional capacity

Financial: Support local  
economic activities & 
income generation

Technological : Create 
PV manufacturing, provide 
autonomous power 
(Disaster recovery: PV for 
street lighting & 
communication after the 
Dec 04 Tsunami in Aceh)

Social : Improve local 
socioeconomic situation 
(clean water provision, 
better quality of lighting)

Ecological : Reduce 
kerosene & diesel use, 
battery charging

RE acculturation into local life
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Photo: Courtesy of Azet Surya Lestari

Photo: Courtesy of Claus DauseltBjarnegard 2006

Institutional: Lack of adequate after sales service infrastructure; Financial: Poor fund management; 
Technological : Lack of spare parts and technician availability; Social : Externally derived problems on rural 
communities leading to social fragmentation; Ecological : Inadequate RE waste handling, RE unsuitable in 
some local physical environments

Off-grid PV Applications in Indonesia (2005):
Some Issues

Bjarnegard 2006, Sustainability & Thailand’s Solar Home System – Is It Still Achievable?, Border Green Energy Team (BGET), REConference, BITEC, 6/7/2006 8

PV Applications: Some Issues (Newcastle NSW, 2009)

Installed 1997, Capacity: 6.5 kWp – 80 panels; CO2 to be abated 23 kg/day or 8.5 t/year
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Photo: Courtesy of Azet Surya Lestari

Photo: Courtesy of Claus Dauselt Bjarnegard 2006

Off-grid PV Applications: Some Issues (Perth 2009)
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Innovation (Renewable Energy) Challenges

Wollongong 2008: Wave power at Wollongong harbor
West Timor 2009: Micro Hydro installation, wind power water pumping system

The I3A Sustainable RE Service Delivery Framework
(Retnanestri, 2007)

I3A Framework: An implementation that maintains energy service accessibility
(financial, institutional, technological), availability (technological, institutional) and 
acceptability (social, ecological), considering the hardware, software and orgware 
aspects of energy service delivery during & beyond initial project life.

11Retnanestri 2007, The I3A Framework – Enhancing the Sustainability of Off-grid Photovoltaic Energy Service Delivery in Indonesia, 
PhD Thesis, http://unsworks.unsw.edu.au/vital/access/manager/Repository/unsworks:1598
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Delivery

Diffusion of Innovation : “The process in which an 
innovation is communicated through certain channels 

over time among the members of a social system”
(Rogers, 2003, p5).

Objectives
(Conceptual Level -

Why)

Pre-existing 
Resources &

Project 
Outcomes –

What and What’s 
Next?

Process and Mechanism
(Operational Level – Who & How)

Community Capital / Resources

Conceptual Background to the I3A Framework:
The nexus of Sustainable Development, Diffusion of Innovation & Social Capital
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Physical
Capital

Social Capital
(Human and

Network)

Natural
Capital

Reproduced from Hart 1998, with some modifications.

12Hart, M., 1998, Sustainable Measures – Community Capital, http://www.sustainablemeasures.com/Sustainability/KeyTermCommCapital.html ; 
Rogers, EM., 2003, The Diffusion of Innovations, Fifth Edition, Free Press, New York

SD & 
WEC’s 3 
Energy 
Goals
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Implementation: Process of implementing a RE project
Stakeholders, Objectives, Roles, Interrelationships
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Facilitator role: Secure RE 
adoption in the direction deemed 
desirable by Sponsor, balancing 
this with Users requirements

Of importance:
• Acknowledge all stakeholders 
interests
• Promote civic network, local 
governance, end users autonomy

Interrelationships:
Vertical, Horizontal (allow users to 
be active participants), Hybrid

Active involvement of users:
SHS users at Pusu Village meet 
regularly to elect cooperative board 
members, define rules of payment, 
fines, fund management, etc.

Accommodation of local 
requirements: The 120 kW Cinta 
Mekar Village MH, West Java. A 
written agreement was made to 
allocate 300 l/s to irrigate rice fields 
with additional water being diverted 
for electricity generation.

Utilization of local resources (institution, finance, social, natural etc) can 
be a delicate issue

Facilitators need to understand user position in the KPDAC 
continuum at project start to facilitate RE familiarity & build user 
autonomy

Facilitating technological capability: The earlier the position of 
users in the KPDAC continuum at project start, the greater the level of 
effort & length of intervention required to facilitate users technological 
capacity in RE technology

Technological Familiarity & the KPDAC Continuum

1

3

2
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Generalization: Need relevant delivery approach for different market segment:
• Commercial: Market facilitation to bridge the Affordability - Profitability gap
• Less-commercial: Community empowerment; Empower users to be able to 

become part of the merchant society; Active adopters rather than passive 
recipients of innovation/aid

Accessibility: Financial Accessibility
Bridging Affordability – Profitability Gap

1

3

2
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Accessibility: Equitable Access to RE services 
Facilitating Access to Financing, Skills & Network

Energy service autonomy as a function of financial & technological capabilities: Facilitators 
need to be aware of each community’s economic standing & technological capability to achieve the 
most desirable community state (most autonomous):

• Quadrant 1: Most autonomous (full commercial)
• Quadrant 2&4: Semi to more autonomous (semi-commercial)
• Quadrant 3: Least autonomous (least commercial, require more actors & financial supports)

Indonesia has communities in all four quadrants – he nce need context-sensitive approach 
z
Market mapping by considering local RE resources (local socioeconomic situation & pre-existing 
local institution) is instrumental to design an appropriate RE delivery scheme/approach 16
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T1 & T2 Availability: Confidence in technical 
quality & continuity of energy service delivery 
(technical standards, after sales service 
infrastructure)

Availability & Acceptability
During & Beyond RE Initial Project Life

T1 & T2 Accessibility: Conditional & 
Confirmed Acceptance 
z Acculturation of 
energy service technology into local life:
• A function of sustainable implementation, 

accessibility & availability
• The nexus of technology attributes 

(benefits, compatibility, reinvention) & users 
requirements (solve energy needs, promote 
socioeconomic development) 

17

(Bachri 2002)

Bachri, S., 2002, Listrik Kincir Tenaga Air, (Hydro Electricity Power), 15/7/2002 www.suaramerdeka.com/harian/0207/15/dar12.htm

The I3A Framework can be used both as an assessment tool & design tool for a 
sustainable renewable RE service by applying the following criteria:

Use of the I3A Framework

• Sustainable Implementation: Create facilitating environment
• Accessibility: Facilitate access to financing, skills, network
• Availability: Ensure availability both during & beyond project life
• Acceptability: Facilitate RE acculturation into local life by utilization & enhancement of 

pre-existing resources

18
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Current Research: ADRA EFCC 011 Project 
Overcoming Barriers to RE in Rural Indonesia by Community Capacity Building

• ADRA EFCC 011 funds an interdisciplinary collaboration between the University 
of New South Wales & Indonesian institutions

• The objective of ADRA research project is to identify and disseminate ways to overcome 
barriers to the use of renewable energy resources to facilitate sustainable development 
for communities that do not have access to conventional electricity supply

• Key research questions: 1) Why some renewable energy projects succeed while others fail to 
facilitate sustainable rural development in developing countries. 2) Identify & disseminate ways 
to overcome barriers to renewable energy in rural Indonesia by community capacity building

• URL http://www.ceem.unsw.edu.au/content/RenewableEnergyinIndonesia.cfm?ss=1

The ADRA EFCC 011 research project activities & tim eline

UNSW-ADRA Research Project Activities 2009
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1. Jakarta, January: RE & Sustainable Development in Indonesia: Past Experience – Future Challenges
2. Jogjakarta & West Java, April – July: Study Tour & Seminar to report the study tour outcome
3. Kupang, West Timor: Field visit to RE sites, Seminar at Nusa Cendana University
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The I3A Sustainable RE Service Delivery Framework
(Retnanestri, 2007)

I3A Framework: An implementation that maintains energy service accessibility
(financial, institutional, technological), availability (technological, institutional) and 
acceptability (social, ecological), considering the hardware, software and orgware 
aspects of energy service delivery during & beyond initial project life.

21Retnanestri 2007, The I3A Framework – Enhancing the Sustainability of Off-grid Photovoltaic Energy Service Delivery in Indonesia, 
PhD Thesis, http://unsworks.unsw.edu.au/vital/access/manager/Repository/unsworks:1598

Implications for Australia
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• Climate change may bring wealth for some but it wil l bring 
problems for many:
• We should adopt a community-centred, equity-based response

• Human development & use of technology is a primary cause of 
climate change:
• We need to develop & use technology in a more sustainable manner

that minimises unintended consequences

• The I3A framework can be used:
• To systematically design, operate & improve technological systems 

to meet sustainable community objectives
• With community leadership throughout the process
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