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ABSTRACT:   

 

The Energy Market Authority of Singapore (EMA) has embarked on a first-of-its-kind project in Southeast 

Asia to develop an intelligent microgrid infrastructure with clean and renewable energy technologies on 

Pulau Ubin, an island northeast of Singapore. The project will showcase how clean and renewable energy 

can be deployed at the system level in an environmentally, socially and economically sustainable manner 

for an off-grid community. Pulau Ubin will host a number of plug and play facilities for test-bedding vari-

ous close-to-market clean and renewable energy solutions. This will serve as a “living laboratory” to re-

search, develop and showcase new energy technologies. Through this project, EMA seeks to achieve sev-

eral objectives: - First, provide a test-bed for an intelligent microgrid infrastructure with distributed 

generation from clean and renewable energy resources; - Second, provide electricity to the residents of 

Pulau Ubin in a way that is not only reliable and cost competitive, but also cleaner than the existing diesel 

generators on the island; and - Third, build local capabilities in the area of smart grid design, system inte-

gration and the management of intermittent renewable energy sources, which can be incorporated into 

subsequent upgrades of our main electricity grid.  This paper will describe the implementation concept for 

the intelligent microgrid infrastructure and the process in inviting proposals from a pool of international 

companies.  This paper will also discuss the challenges and constraints faced by this project and provide 

an overview on how these challenges and constraints are being overcome.  The paper will also share the 

experience gained from developing and implementing this project, which may benefit others who wish to

implement similar off-grid microgrids in their respective jurisdictions.  
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1 BACKGROUND  

Currently, there are extensive research, de-

velopment and demonstration efforts in Europe, 

the United States, China, Japan, South Korea and 

Singapore to provide test-beds for the develop-

ment of effective clean and renewable energy so-

lutions and to demonstrate microgrid operating 

concepts in laboratories and in pilot projects. 

Nikos Hatziargyriou, etc. in an article outlin-

ing the ongoing research, development, and 

demonstration (RD&D) efforts currently in pro-

gress in Europe, the United States, Japan, and 

Canada concluded, “The emergence of microgrids 

may ultimately radically change the way our ever 

expanding electricity demand is met, especially in 

places currently poorly served by the traditional 

power system.” [1] 

The Energy Market Authority of Singapore 

(EMA) is embarking on a project to develop an in-

telligent microgrid infrastructure with clean and 

renewable energy technologies on Pulau Ubin. 

The project will showcase how clean and renew-

able energy can be deployed at the system level 

in an environmentally, socially and economically 

sustainable manner for an off-grid community.  

2 PROJECT SITE - PULAU UBIN 

Shaped like a boomerang, Pulau Ubin (Gran-

ite Island) is situated just off the northeastern 

corner of mainland Singapore with a land area of 

about 10km
2
. 

Fig 1 Island of Pulau Ubin 

Pulau Ubin is an eco-leisure island complete 

with eco-trails, shelters, camping sites, chalets 

and other basic amenities.  Its natural and rustic 

charm draws about 300,000 visitors each year.  

A trip to Pulau Ubin is a throwback to Singa-

pore in the 1960's. The island is home to Singa-

pore's last villages or "kampungs". There are still 

about a hundred villagers living here.  At the main 

village, near the jetty, some houses have been 

converted to bicycle rental shops to support the 

eco-tourist trade. 

 Pulau Ubin currently does not have an elec-

tricity grid and the main source of electricity 

comes from diesel generators.  Annual electricity 

consumption was estimated to be 

2,500MWh/year and the maximum demand was 

estimated to be 1.7MW in a load profile survey 

carried out in 2009. [2] 

Figure 2 shows total demand and average 

load profiles gathered from the load survey con-

ducted in 2009. 

 

 

 

 

 

 

Fig 2 Total Peak and Average Load Profile 

3 CURRENT RD&D SITUATION IN SINGAPORE 

There are currently several research insti-

tutes set up in Singapore focusing on smart grids, 

renewable energy resources, etc.  These include 

Energy Research Institute at Nanyang Technologi-

cal University (ERI@N), Solar Energy Research In-

stitute of Singapore (SERIS) at the National Uni-

versity of Singapore and Experimental Power Grid 
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Centre (EPGC) of the Agency for Science, Tech-

nology and Research (A*Star). 

Specific research projects include the Micro-

grid Energy Management Systems research pro-

ject at Nanyang Technological University and 

Modular Distributed Energy Resource Network 

research project at National University of Singa-

pore. 

The EPGC is setting up an experimental Mi-

crogrid and Distributed Energy Test Facility on 

another island, Jurong Island, for researchers and 

collaborative partners to conduct research on in-

telligent grids, microgrids and integration of dis-

tributed energy resources in a variety of power 

grid configurations.  These distributed energy re-

sources may include biofuel generators, fuel cells, 

electrical storage, solar PV, microturbines and 

electric/plug-in hybrid electric vehicles, in addi-

tion to conventional diesel generators.  These 

systems will be configured to work in grid-

isolated (islanded) mode, as well as in utility grid-

connected operations, and to achieving good per-

formance in terms of safety, reliability, efficiency 

and power quality.  

At the same time, a remote Command & Con-

trol Centre has been set up to serve as the con-

trol centre for the microgrid facility on Jurong Is-

land, providing access to other energy 

systems/facilities operated by collaborators in 

the research community and industry.  This facil-

ity will enable advanced simulation and modelling 

of energy and power systems, real time informa-

tion exchange, remote intelligent monitoring, 

prognosis, diagnosis, etc.  Figure 3 shows the lay-

out of the Command & Control Centre. 

Fig 3 EPGC Command & Control Centre 

4 PROJECT DRIVERS 

 APEC Energy Working Group in its report on 

“Successful Business Models for New and Renew-

able Energy Technology Implementation in APEC” 

[3] found that one of the several measures that 

can be adopted by governments to promote the 

introduction of renewable energy is to support 

the research, development, demonstration and 

deployment of new and renewable energy tech-

nologies through direct funding of such activi-

ties.” 

Directorate-General for Research of Euro-

pean Commission in investigating a number of in-

novative technical solutions for microgrids opera-

tion and control in microgrid projects, especially 

under islanded operation, have found that the 

operation of distributed energy resources, if 

managed and coordinated efficiently, can provide 

distinct benefits to the overall system perform-

ance, improve power quality by supporting volt-

age and reducing voltage dips, and lower the 

costs of energy supply when compared to spot 

peak market prices.[4] 

In view of the challenges faced by power 

companies in embracing new intelligent micro-

grid and renewable energy technologies, EMA, as 

a government agency takes on the role of driving 

this first-of-its-kind project in South-east Asia to 

develop an intelligent microgrid infrastructure to 

facilitate test-bedding of clean and renewable 

energy technologies.   

The intelligent microgrid infrastructure on Pu-

lau Ubin will host a number of plug and play fa-

cilities for test-bedding various close-to-market 

clean and renewable energy solutions. This will 

serve as a “living laboratory” for the research, 

development and showcasing of such  technolo-

gies. 

There are 3 drivers for the intelligent micro-

grid project in Pulau Ubin.  
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The first driver is to develop an intelligent mi-

crogrid infrastructure with renewable energy re-

sources to meet the island’s current and future 

electricity demand.  

The second driver is to facilitate connection 

of close-to-market clean and renewable energy 

technologies for demonstration or test-bedding 

purposes.  

The last driver is to build local capabilities in 

the area of smart grid design, system integration 

and the management of intermittent renewable 

energy sources, which may be incorporated into 

subsequent upgrades of the main electricity grid 

of Singapore. 

5 CONCEPT PLANS 

In November 2008, EMA announced the 

broad concept for the green intelligent microgrid 

project in Pulau Ubin. Subsequently, a consultant 

was engaged to study the technical and commer-

cial viability of the various innovative clean and 

renewable energy options and assess their inte-

gration with an intelligent microgrid solution. 

The consultant proposed various renewable 

energy technologies which were assessed to be 

best suited for different regions on the island.[5]  

Renewable energy technologies evaluated in-

clude solar photovoltaic system, micro-wind tur-

bines, microturbine using biofuel, battery storage 

system, fuel cell, etc.    

Fig 4 Whole Island Concept Plan 

Under a whole island concept plan, the con-

sultant proposed that a microgrid be constructed 

at each of the island’s 5 main load centres, viz. 

North, South, East, West and Jetty regions. These 

microgrids will then be interconnected together 

to backup each other during emergencies.[6] 

As the typical load profiles of consumers at 

different regions differ substantially, different 

types of clean and renewable technologies were 

proposed to meet specific electricity demands in 

the respective regions.   

Challenges 

However, there are several challenges in the 

proposed whole island concept plan.  These in-

clude: 

1. Many parts of these areas are zoned as 

natural areas.  There are restrictions in 

the installation of large scale renewable 

energy sources. Environmental impact 

assessment will have to be carried out for 

each proposed installation;  

2. As there are rare species of plants in a 

few areas, there are restrictions in any 

clearing of plants or felling of trees in 

these areas; and 

3. As four of these regions are occupied 

mainly by single occupants, negotiation 

on electricity supply contracts may entail 

protracted negotiations.  There could be 

potential risks in actual implementation. 

Benefits 

The consultant therefore proposed an alter-

native concept plan covering only the main jetty 

region (“Jetty Region”) of the island.  Benefits for 

developing an intelligent microgrid infrastructure 

for test-bedding of advanced grid management 

and control system and close-to-market clean 

and renewable energy technologies at the Jetty 

Region first include: 
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1. Maximum demand for the Jetty Region is 

about 150kW. Smaller renewable energy 

sources requiring lesser land areas can be 

installed in built-up areas or vacant plots, 

e.g. solar PV on top of the roofs of the 

buildings, to supply the required electric-

ity demand; 

2. There are many small low voltage con-

sumers, e.g. residential houses, small 

shops, offices, small resort premises, 

telecommunication base stations, etc. 

with different load profiles in this region;  

3. Underground or overhead cables may be 

installed along the access roads without 

the need to fell any trees; and 

4. Implementation schedule and construc-

tion costs can be better estimated and 

managed. 

Three plots of vacant land were also identi-

fied to be potential sites for test-bedding of re-

newable energy resources. 

 

Fig 5 Jetty Region 

6 IMPLEMENTATION PLAN  

To operationalise the concept, EMA has in 

July 2010 invited companies which have been 

short-listed in an earlier Expression-of-Interest 

phase to submit proposals for a developer cum 

operator (“Operator”) to design, build, own, op-

erate and maintain an intelligent microgrid infra-

structure with basic energy resources initially in 

the Jetty Region of Pulau Ubin for a period of 10 

years.   

EMA will provide a grant to cover a portion of 

the capital costs in the development of the intel-

ligent microgrid infrastructure and basic energy 

resources. 

 The successful Operator will be able to test-

bed its advanced grid management and control 

system operating in an off-grid microgrid with re-

newable energy resources.  

The Operator will be required to facilitate 

test-bedding of close-to-market clean and re-

newable energy technologies selected from pro-

posals submitted by interested companies 

through subsequent request-for-proposal phases.  

Energy technologies to be connected to the intel-

ligent microgrid for test-bedding shall be new 

technologies that emit very low or no carbon di-

oxide or other greenhouse gases and have been 

tested successfully in a simulated microgrid envi-

ronment such as the EPGC, the microgrid labora-

tory in Nanyang Technological University or any 

other similar environment. 

The Operator will have to pay the test-

bedding companies based on electricity gener-

ated by these clean and renewable energy tech-

nologies and will also have to meet specific ser-

vice performance standard.  In return, the 

Operator will be allowed to bill and collect pay-

ments from all consumers connected to the mi-

crogrid for electricity supplied to these consum-

ers at a rate not more than the cost of electricity 

generated by diesel generators used by these 

consumers before connecting to the microgrid. 

Subject to the results of this test-bed, EMA 

will explore with the Operator at a later stage the 

possibility of extending the test-bedding project 

to cover the other regions of the island. 
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7 CONCLUSION 

Pulau Ubin Clean and Renewable Energy Test-

bedding Project is the first-of-its-kind project in 

Southeast Asia to develop an independent intelli-

gent microgrid infrastructure with clean and re-

newable energy technologies on an island. 

Asian Development Bank (“ADB”) reported 

that in Asia and the Pacific region alone, there are 

still nearly 1 billion people without access to elec-

tricity.[7] ADB has therefore established the En-

ergy for All Partnership with the central theme to 

stimulate the scaling-up of access to energy by 

improving the sharing of information and the 

flow of financing towards eligible projects using 

appropriate technologies and with a proven busi-

ness case.  The partnership has set a target of 

providing access to safe, clean, affordable mod-

ern energy to an additional 100 million people in 

the region by 2015. 

 EMA intends to work with the Operator to 

show that it is possible to develop an environ-

mentally friendly and self-sustaining energy solu-

tion in an off-grid environment, especially for 

communities in remote regions without access to 

competitive electricity supply from the national 

power grids.  

There will also be opportunities for organisa-

tions in other countries to partner Singapore 

based companies to deploy new lower cost clean 

and renewable energy technologies that have 

been test-bedded on the island of Pulau Ubin in 

initiatives such as the ADB’s Energy for All Part-

nership to benefit local economies of remote re-

gions.  
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