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INTRODUCTION 
The 40th International Conference of the International 
Association for Energy Economics (IAEE) was held at 
the Marina Bay Sands Convention Centre from 18-21 
June. Hosted and organised by the Energy Studies 
Institute, the conference was attended by over 400 
delegates from over 40 countries, making it the most 
successful Asian-based IAEE conference on record.

ESI staff members made a total of ten presentations at the 
conference, and abridged versions of three of them appear 
in this issue of the Bulletin. A further four will appear in the 
October 2017 issue. The remaining presentations have been 
accepted for publication in various international refereed 
journals, and for copyright reasons cannot be reproduced 
in the Bulletin. However, they will be posted on the ESI 
website as soon as they become publically available.

The three contributions summarised here reflect on-going 
research priorities at ESI:

Gautam JINDAL’s presentation, “The Economic Case for 
Battery Energy Storage Systems (BESS) for Frequency 
Regulation in Singapore” used a discounted cash flow model 
to show that under the prevailing regulation requirements and 
energy prices in Singapore’s electricity market, BESS is not 
cost competitive when compared with the use of traditional 
generators as regulation service providers. With the current 
regulation requirements unlikely to increase significantly in 
the coming years, there appear to be no apparent reasons 
for regulation prices to rise sharply. Thus, to enable BESS 
to enter the market, supportive mechanisms such as higher 
compensation for BESS, reflecting their quicker response 
in providing fast frequency regulation (which is present in 
a number of electricity markets in the United States) could 
be considered.

Jacqueline TAO presented a multiple-authored paper 
entitled “Solar Securitisation: Challenges, Financial 
Arrangements and Policy Implications”. Securitisation is 
a financial arrangement that consists of issuing securities 
that are backed by a pool of assets; in most cases debt. 

The underlying assets are “transformed” into securities, 
hence the expression “securitisation”, and the holder of the 
security receives income from the products of the underlying 
assets. Access to low-cost capital remains one of the critical 
barriers for global growth of distributed solar photovoltaic 
installations. The need for capital has led to exploration 
and adoption of various innovative financing mechanisms 
for the growing industry, catering to both institutional and 
private investors. In this paper, the authors explore the 
use of asset-backed securities, specifically fixed income 
securities, as a viable financing channel for solar companies.

HARI Malamakkavu Padinjare Var presented, “Comparative 
Study of the Evolution of Natural Gas Spot Prices in Asia 
and North America”. Structural break analysis and Markov 
models were employed to characterise the development 
of hub pricing in Asian markets (the “SLING Price”). He 
studied the quantitative evidence, based on analysis 
of the interdependence of Asian gas prices, and found 
significant evidence of pure gas-on-gas pricing for SLING 
and structural breaks, and estimated regime shifts with 
significant probability over the period of study (2014-2016). 
Based on these findings, he concluded that there was no 
significant long-run relationship between Brent and SLING 
prices. In the case of North American markets he found 
that SLING prices were more dependent on oil than on 
Henry Hub prices, but exhibited a statistically significant 
move towards independence from the beginning of 2016. 
This timing coincided with the beginning of assessment of 
the North Asia SLING, the announcement of a move by 
the Japanese government to abolish destination clauses, 
a supply glut (sellers-market) and consequent market 
measures that permitted freer trading of the fuel. The results 
point towards a shift towards independence for Asian gas 
markets, and movement towards the development of market 
prices characterised and driven by regional factors.

Professor Anthony D. Owen, ESI Principal Fellow and Head 
of the Energy Economics Division
(On behalf of the ESI Bulletin Team)

IAEE 2017 Awards Luncheon
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Speech by Masagos Zulkifli, Minister for the Environment 
and Water Resources, at the 40th Conference of the 
International Association for Energy Economics on 19 
June 2017 at Marina Bay Sands, Singapore
 

Distinguished guests 
Ladies and gentlemen
It is my pleasure to be here at the 2017 Conference of the 
International Association of Energy Economics hosted by 
the NUS Energy Studies Institute. I am happy to note that 
this is the 40th year of the Conference, a strong testament 
to its role as an important platform for top representatives 
from academic, corporate and public institutions to discuss 
critical issues affecting global energy markets. I was told 
that this is the first time that it is hosted in Singapore, and 
I am pleased to extend a warm welcome to all delegates, 
and to our foreign delegates, welcome to Singapore.
   
2017 also marks the 10th anniversary of the founding of 
the NUS Energy Studies Institute (ESI). It is a key partner 
of the Government and is also recognised internationally 
as an important partner in conducting multidisciplinary 

research on global energy issues, as well as promoting 
discussion on their national, regional and international 
implications. The Institute is also a strong supporter in 
facilitating the global exchange of ideas on energy, which 
is the reason why we are all here today.

Global Energy Trends and Climate Change
Our world is at an inflexion point – whether it is politics at 
the international level, or in markets and societies whereby 
we are seeing the emergence of new consumer trends 
and patterns; and innovative and disruptive technologies 
changing the norms that we are all used to. The energy 
market is no different. In the next two decades, global 
energy demand is expected to increase significantly. The 
International Energy Agency’s World Energy Outlook 2016 
projected in its “main scenario” that global energy demand 
would rise by 30% from now to 2040.
  
In particular, we are experiencing major shifts in the global 
supply and demand of energy. Oil and gas markets continue 
to be sluggish, keeping energy prices lower for longer 
than expected. Geographically, emerging economies are 
progressively taking up a larger share of global energy 
demand – but it is also heartening to see many of them 
are trying to do so via renewable energy. Renewable 
energy is currently the world’s fastest-growing source of 
energy and is projected to nearly double in generation 
capacity by 2040,1 driven by a strong push in emerging 
economies such as China and India. For example, India 
has plans to produce 60% of its electricity from non-
fossil fuels by 2027. It is thus timely for this year’s IAEE 
conference to facilitate a discussion on energy demand 
in emerging economies. 

Our discussions on the global energy outlook cannot be 
divorced from developments on the environmental front 
– the two are tightly intertwined. Last year, 2016, was a 
historic year in the fight against global climate change. 
Countries came together in separate forums and negotiated 
agreements to put forward their best efforts on reducing 
greenhouse gas emissions and managing climate change 
impacts. The Paris Agreement on Climate Change came 
into force last year, less than a year after it was concluded. 
This was a monumental milestone as the Agreement is the 
most ambitious global climate agreement ever negotiated. 
More recently, even though the Trump Administration has 
decided to pull out of the Agreement, other major players 
such as China and the European Union have pledged their 
continued support for it. This shows the very challenging 
dynamic put forth by climate change – but also underscores 
the importance of working together as an international 
community to address it. 
 
Singapore only contributes 0.11 per cent of global 
emissions, but we believe it is important to play our part as 
a responsible member of the international community.  As 
part of the Paris Agreement, we formalised our pledge to 
reduce our emissions intensity by 36% from 2005 levels 
by 2030, and to stabilise greenhouse gas emissions 
with the aim of peaking around the same time. This is 
an ambitious goal, and one that we are committed to 
uphold. Moving forward, our challenge then is one of 
how to continue to grow and prosper in an increasingly 
carbon-constrained world.  

Masagos Zulkifli, Minister for the Environment and Water Resources 
Delivering His Welcome Speech 

Mr Niam Chiang Ming,  
Chairman, Energy Studies Institute, National University of 
Singapore 
Professor Ricardo Raineri Bernain,  
President, International Association of Energy Economics 
Mr. Keisuke Sadamori,  
Director, Energy Markets and Security,  
International Energy Agency
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Singapore’s Energy Development and 
Environmental Sustainability
Let me elaborate further. Singapore is a small, open 
economy with no indigenous energy resources. We rely 
heavily on imported fuels – natural gas fuels about 95% 
of our electricity generation and is an important industrial 
feedstock – which means that we are heavily exposed to 
the volatility of energy markets. Our energy demand is 
projected to increase at a compounded annual growth rate 
of between 1.2% to 1.8% over the next decade, in line with 
projected increases in overall population and economic 
growth. However, we are alternative energy disadvantaged 
– we lack the land and climate conditions necessary for 
the large-scale deployment of renewable energy. Solar 
energy is assessed to be the most feasible for Singapore 
given our location, but large-scale deployment of solar is 
not without its challenges. We have to face these energy 
and resource constraints more acutely in a world that will 
become more carbon-constrained.
 
On a positive note, we were fortunate to have pursued 
economic growth in tandem with preserving our environment 
since the early years of our independence in the 1960s. 
We strove to create a vibrant and liveable city underpinned 
by our belief that economic growth and environmental 
sustainability can and should be pursued together, rather 
than be seen as trade-offs. This is because there are 
externalities arising from both these objectives which are 
mutually reinforcing and would strengthen Singapore’s 
value as a whole. 
 
Given this, we are embracing this new environmental 
challenge and have embarked on a path to reduce our 
carbon emissions and energy consumed in tandem with 
each dollar of growth that we achieve. For example, we are 
actively building up a clean energy ecosystem to seize new 
opportunities particularly in the solar energy sector. Since 
2007, we have grown our clean energy industry ten-fold.2 
Singapore’s green economy generated around 60,000 jobs 
and contributed around $6.2 billion to our GDP in 2011. 
We will continue to help the clean energy sector grow, 
which can translate to more jobs and enterprise, and also 
promote economic growth.
 
Climate Action Plan 
We released our Climate Action Plan in 2016 which details 
the measures that we will be taking both on the mitigation 
and adaptation fronts. We are adopting a multi-pronged 
approach, involving the key sectors, stakeholders and 
partners. I will elaborate more.
 
Our industry sector is the largest consumer of energy, and 
emitter of greenhouse gases in Singapore – consuming 
about two-thirds of our total energy consumption, and 
contributing about 60% of our carbon emissions in 2014.  
Improving our industrial energy efficiency is thus a key 
strategy for us to meet our Paris pledge. Earlier this year, 
we enhanced the Energy Conservation Act – a key piece of 
energy conservation legislation – to spur efforts to improve 
energy efficiency in the industry sector. We introduced new 
requirements for companies to conduct regular energy 
audits and put in place energy management systems. 
We will also phase out inefficient motors from our market 
starting next year.  
 
We also made a decisive move recently to factor the 
impact of greenhouse gas emissions through a carbon tax 
to be implemented from 2019. Through enhancements to 
the Energy Conservation Act and the implementation of a 
carbon tax, we hope to encourage the industry to reduce 
their carbon emissions and improve their energy efficiency 
when and where it makes the most business sense. 

 
As a densely populated city, the building sector is another 
energy-intensive sector that we are working closely with 
to manage energy consumption. The Green Mark scheme, 
administered by the Building and Construction Authority, 
has been assisting the sector in the shift towards more 
environmentally sustainable buildings. I am happy to note 
that nearly one-third of all buildings in Singapore are 
Green Mark certified as of January 2017, and we are on 
track to achieve our target of having 80% of all buildings 
in Singapore green by 2030.
 
In the transport sector, we are actively encouraging 
commuters to shift to more sustainable modes of travel 
such as public transport and improving the energy efficiency 
of current modes of transport. We also intend to deploy 
Electric Vehicles in every housing estate by 2020, as part 
of our “car-lite” vision as a sustainable and liveable city. 
 
I earlier mentioned our vibrant local clean energy sector. 
We are targeting to increase the contribution of solar energy 
– the most viable renewable energy available to us – to 
1GWp (Gigawatt peak) beyond 2020. At peak periods, this 
will represent about 15% of our electrical power demand. 
Some of the initiatives on this front include our piloting 
of a floating solar PV installation in Tengah Reservoir, 
an energy storage system test-bed, and the Renewable 
Energy Integration Demonstrator micro-grid test-bed on 
Pulau Semakau. We hope that such projects can be the 
seeds for scaling-up of innovative clean technologies in 
Singapore, as well as other markets in the region. 
 
A few weeks ago, the Government also published its 
inaugural Public Sector Sustainability Plan. This is a 
joint effort by 16 ministries and 64 statutory boards to be 
more sustainable. Some of the energy-related initiatives 
in the plan include reducing the public sector’s electricity 
consumption as a whole by 15% from 2013 levels by 
2020, and adopting more solar energy on our premises. 
We hope that this will spur the wider community to adopt 
more sustainable practices. 
 
However, the best laid policies would not work without 
the support of businesses, individuals and associations 
– in fact, everyone needs to play a part in creating a 
Sustainable Singapore. The heart of each energy-related 
policy ultimately drills down to encouraging businesses 
and the individual to go green. For it is only when we 
have a green mindset that Singapore can become a hub 
for the cutting-edge business of sustainable development, 
and Singaporeans can in turn explore new opportunities 
in this exciting and meaningful sector. I urge you to play 
a part in the Sustainable Singapore Movement which was 
launched last year through your actions and decisions in 
your daily lives.
 
Conclusion
I know that many new studies and findings will be shared 
at this conference, and I hope that many of them will find 
their way into policy decisions in your countries and provide 
lessons for others. I hope that new partnerships will be 
formed and collaborations strengthened as we work towards 
a low carbon economy, while keeping to our environmental 
sustainability and economic competitiveness objectives. 
 
I would like to wish you all a successful conference. Thank 
you.

1 The International Energy Agency forecasted global renewable energy 
consumption to reach 131 quadrillion Btu, up from ~70 quadrillion Btu in 2016.

2 Singapore’s clean energy industry has grown from about 10 companies in 
2007 to around 100 companies in 2016. 
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The Economic Case for Battery Energy Storage Systems 
for Frequency Regulation in Singapore
Gautam JINDAL, ESI Research Associate 

To ensure the smooth continuous operation of a power 
system, it is necessary for generation and demand to be 
in constant balance with each other. An indicator of this 
balance is the system frequency which deviates upwards 
from its nominal value when generation exceeds demand, 
and downwards when generation falls short. While frequency 
variation is tolerable within a small range, deviations that 
exceed this range can damage generation and transmission 
equipment or worse.

Electricity demand changes continuously as consumers 
switch their electric appliances and machines on and 
off. Furthermore, contingency events such as generator 
outages or line outages can lead to an entire generator 
or a section of load getting disconnected from the system. 
Thus, in order to ensure generation-demand balance, power 
system operators procure frequency control or balancing 
services. For example, in Singapore’s electricity market, 
“regulation” service is procured for correcting imbalances 
due to continuously fluctuating demand within a 30-minute 
dispatch interval, and also to cover for errors in the load 
forecast.

Currently, Singapore’s electricity market has abundant 
excess generation capacity. While peak demand for 
electricity touched 7.15 GW in 2016, the current generation 
capacity is approximately 13.36 GW. The requirement of 
regulation has varied between 95 to 120 MW over the 
past three years. In comparison, the available regulation 
capacity is a little more than 420 MW. As a result, prices for 
energy, regulation and other operating reserve categories 
have fallen significantly since 2013.

Generators Versus Battery Storage for 
Regulation
Despite significant overcapacity for regulation in Singapore’s 
electricity market, there are two main arguments in favour 

of utilising battery energy storage systems (BESS) for 
providing regulation:

1. BESS perform better and are better suited to 
provide fast regulation

2. Additional requirement for regulation due to PV 
integration

Regulation is provided by running generators at part load, 
thereby keeping a portion of their generation capacity 
unused so that output can be ramped up/down as and 
when required. Since demand fluctuates in seconds to 
minutes, generator output must be able to change rapidly as 
required. However, due to mechanical limitations, generators 
have limited capacity to increase or reduce their outputs 
in such a short span of time. Thus, the entire 13.36 GW 
of generation capacity can provide regulation for only 420 
MW. Generators providing this service also undergo wear 
and tear due to the continuous change in output, and can 
suffer a one to three per cent reduction in their generation 
efficiency.

BESS can provide regulation service more effectively than 
conventional generators as they can ramp from minimum 
to maximum output in a matter of milliseconds. This means 
they can follow the regulation signal more accurately and 
faster than conventional generators, thereby providing 
increased reliability. Furthermore, lithium-ion based BESS 
can withstand continuous changes in energy input and 
output for periods of 10 years.

Impact of PV Integration
Increased penetration of variable renewable energy sources 
like wind and solar PV in a power system also leads to 
increases in frequency balancing requirements. Regulation 
is thus required not only to balance load fluctuations and 
forecast errors, but also for wind/PV output fluctuations 
and forecast errors. 

Chinese BYD e6 All-Electric Car in Singapore, 2015. Photo by Riley from Christchurch, New Zealand (Permission under CC BY 2.0). 



ESI Bulletin  •  August 2017  •  Page 6

Thus, while the regulation requirement is much lower than 
the currently available regulation capacity, there may be 
a situation where the requirement may come close to the 
available capacity due to increased PV installation. Such 
a situation may result in out of (merit) order dispatch, as 
multiple generators would need to be running at least at 
their energy output levels1 to be able to provide regulation.

Economic Case for BESS in Singapore’s 
Electricity Market
To evaluate the economic viability of using BESS to provide 
regulation in Singapore’s electricity market, a discounted 
cash flow (DCF) model was developed with the assumptions 
shown in Table 1. 

Table 1: Assumptions for the Discounted  
Cash Flow Model

The price of regulation and the Uniform Singapore Energy 
Price (USEP) required to cover the roundtrip energy 
losses were set to vary randomly within their respective 
pre-determined price range. For each such case, a Monte 
Carlo analysis was carried out with 10,000 iterations.

The results showed that while keeping the USEP price 
range fixed at SGD1304 to SGD63,5 if the regulation price 
range is fixed at SGD86 to SGD92,7 there are no instances 
of the Monte Carlo simulation where a BESS project is 
profitable. Even with a regulation price range of SGD100 to 
SGD125, the BESS project was not able to recover its costs 
in a single instance. However, with regulation prices going 
beyond SGD125, projects begin to show profitability. With a 
price range of SGD125 to SGD175, BESS was profitable in 
almost 99 per cent of the Monte Carlo simulation instances.

Conclusion
Analysis conducted using the discounted cash flow model 
shows that under current regulation and energy prices 
prevalent in Singapore’s electricity market, BESS has no cost 
competitiveness against traditional generators as regulation 
service providers. With the current regulation requirement 
unlikely to increase sharply in the coming years, there 
seem to be no apparent reasons for regulation prices to 
rise sharply. Thus, to enable BESS to enter the market, 
supportive mechanisms such as higher compensation 
for BESS due to their quicker response in providing fast 
frequency regulation (which is present in a number of 
electricity markets in the United States) could be considered.

1 Energy Market Authority. Singapore Electricity Market Rules: Appendix 6E- 
Standing Capability Data (Singapore: EMA, 2017). 

2 Lazard’s Levelized Cost of Storage: Version 2.0, 2016 at: https://www.lazard.
com/media/438042/lazard-levelized-cost-of-storage-v20.pdf

Solar Securitisation: Challenges, Financial Arrangements 
and Policy Implications
Jacqueline Yujia TAO, ESI Research Associate; Dr. Yujie LU, Assistant Professor, 
Department of Building, School of Design and Environment, National University 
of Singapore; Rubenrajoo Sri  RENGARAJOO, PhD Candidate, Department of 
Building, School of Design and Environment, National University of Singapore; 
Anton FINENKO, MBA Candidate, Business School, National University of Singapore

Introduction
Access to low-cost capital remains one of the critical barriers 
for the global growth of distributed solar photovoltaic (PV) 
installations. The need for capital has led to exploration 
and adoption of various innovative financing mechanisms 
for the growing industry, catering to both institutional and 
private investors. In this paper, we explored the use of 
asset-backed securities (ABS), specifically fixed income 
securities, as a viable financing channel for solar companies.

Our Model
The discounted cash flow (DCF) methodology is commonly 
used to establish profitability for solar projects or the viability 
of innovative financial instruments. The novelty of our 
methodology is that we differentiate between cash flows of 
the solar developer (the originator) and the SPV (special 
purpose vehicle – trustee). Given that the solar developer 
and SPV are separate entities and that there is limited 
recourse between the two, presenting cash flows purely 
from the solar developer’s perspective may misrepresent 
the true financial fundamentals of a solar ABS. Furthermore, 
investors who purchase solar ABS are exposed to the cash 
flows of the trustee only, and therefore cash flows would 
have to be modelled separately. 

To capture the reality of various securitisation conditions, 
three scenarios were considered in our study; (1) Base 
case scenario with no securitisation, (2) Full-securitisation 
in Year 3, and (3) Partial securitisation in Year 3.

The base case scenario with no securitisation followed 
a typical project finance structure, whereby the solar 
developer would finance, own, maintain and operate the 
projects in the portfolio over the 25-year period, retaining 
all associated risks and rewards. In the full-securitisation 
scenario, all the solar assets in the portfolio were assumed 
to be securitised at the end of the third year. The partial 
securitisation scenario assumed that 50 per cent of the assets 
in the portfolio would be securitised while the remaining 
50 per cent of the assets would be retained on the solar 
developer’s balance sheet. This allows the solar developer 
to free up some cash flow from the sale of assets to invest 
in future projects, while retaining the risk and rewards from 
the remaining un-securitised portion of the portfolio. 

Under the base case scenario, we modelled the underlying 
hypothetical asset pool of 125 MW, based on examining 
all projects undertaken by the leading solar developer in 
Singapore. It was assumed that the 125 MW portfolio 
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Poh Ern Shih-Solar Panels, Singapore, 2007. Photo by Aldwin Teo (Permission under CC BY-SA 3.0).

consisted of only commercial leasing installations. 
Residential and industrial installations were omitted due to 
different tariff structures available to large energy consumers 
in Singapore’s electricity market.

Since DCF modelling relies significantly on the accuracy 
of the assumptions, our study utilised both primary 
data sources, such as expert interviews and industry 
consultations, and secondary sources, such as government-
issued roadmaps and industry analyses, to ensure realistic 
representations of revenue and cost streams of actual 
projects.1

Results and Analysis
From a project Net Present Value (NPV) perspective, the 
results from our study seem counter-intuitive since the 
returns from a 100 per cent securitisation scenario were 
lower than the base case scenario, while in the NPV, a 
partial securitisation was the highest among the three 
scenarios. However, after taking into consideration the 

longer project duration of 25 years for both the base case 
and partial securitisation scenario, the resultant Equivalent 
Annual Annuity (EAA) metric depicted a clear preference 
for the full securitisation case. A similar preference for a 
full securitisation could be drawn from the Internal Rate of 
Return (IRR) metric (see Table 1). 

Due to its ability to sell off future cash flows, securitisation, 
whether full or partial, is able to significantly reduce the 
discounted payback from over 10 years to less than three 
years. This allows the recycling of capital to other viable 
projects, which is preferable for both solar developers and 
policy-makers. When attempting to determine whether or 
not the underlying cash flows are robust enough to support 
the securitisation process, we found that the cash flows of 
weak projects, particularly in the early years, may largely 
hinder the securitisation process. In the case of Singapore, 
this poor cash flow performance is due to low electricity 
tariffs caused by declining oil prices, absence of feed-in 
tariffs and the high cost of borrowing. These would most 

Table 1: Model Results 

*cannot be calculated for the trustee due to unconventional cash flow.
Source: Model Results.
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probably render the project unfeasible at the outset, being 
unable to gain access to the necessary financing. While this 
challenge is worthy of in-depth analysis, given the focus 
of this paper, we did not discuss it.

Using a net project cash flow method, we investigated the 
project’s actual cash inflow/outflow position removed from 
any accounting practices, to evaluate the actual strength of 
the project’s revenue after deduction of associated costs. 
Through this exercise, we found out that securitisation 
contributes to mitigation of cash flow risks. Under a full 
securitisation model, the cash flow risks are fully mitigated 
after Year 3 since the transfer of ownership of assets 
fully relieves the project developer from future cash flow 
uncertainties. While a partial securitisation model does 
not help mitigate cash flow risks as the risks are spread 
evenly between both the project developer and trustee, it 
does help the project developer face these risks, due to 
the large capital return in Year 3 after the sale of half the 
assets. The large inflow of cash may be used to create a 
fund that can be used to cover some of the cash shortfalls 
in the future. Under the caveat of a potential bridging loan 
from the bank, solar securitisation, both partial and full, is 
desired and should be given due consideration.
  
While understanding that securitisation serves to benefit 
mainly the project developer, the process should also 
generate acceptable returns for the trustee, and by extension 
its investors. The rationale behind the revenue-generating 

process is that due to lower costs of capital, similar cash 
flows are valued differently by the project developer and 
the trustee, therefore generating profit opportunities for the 
trustee. Compared to the returns for the project developers, 
returns to the trustee are significantly lower. However, 
the presence of positive NPV and EAA points to the fact 
that the business model of the trustee is viable. As such, 
trustees are expected to function and operate on their 
own. In some circumstances, they should also be able to 
transfer additional cash flows back to the parent project 
developers. Indeed, in some cases, successful trustees 
are able to raise funds for the parent company, particularly 
when the trustee operates not only as a SPV for an ABS, 
but also as a yield company. 

Discussion
Despite the seeming benefits of solar securitisation, it is 
critical to acknowledge that benefits can only be reaped 
with the appropriate structuring of the financial instruments. 
One of the key considerations is the provision of strong 
credit enhancement tools and vigorous credit assessments 
to protect the financial integrity of the bond. There needs 
to be specialised expertise to not only arrange the required 
credit enhancements but also to determine an appropriate 
risk evaluation structure for this relatively nascent industry. 
Further complications arise if the securitisation is a “pooled 
solar securitisation” whereby different solar installations are 
bundled together in one financial instrument. Challenges 
arise from aligning the lifetime of various installations and the 
lifetime of the securitised instrument, lack of standardisation 
of the Power Purchase Agreements (PPAs), differences in 
technology, maintenance, and performance of installation, 
among others. With a short performance history and lack of 
experience from the financial industry, it is likely that poor 
credit ratings, and the higher cost of capital associated 
with them, may persist in the short to medium term, thus 
reducing the attractiveness of securitisation as a re-financing 
vehicle. As such, instituting policies aimed at standardising 
contractual and technical asset terms, providing platforms 
to train professionals who understand the specifics of solar 
securitisation, practising mock deals and holding information-
sharing roundtables may also be beneficial. 

1 A detailed list of model assumptions and parameters is available upon 
request.

Solar Panel outside the National Museum of Singapore for Recharging 
Mobile Phones, 2003. Photo by ProjectManhattan (Permission under CC 
BY-SA 3.0).

Comparative Study of the Evolution of Natural Gas Spot 
Prices in Asia and North America
Hari MPV, ESI Research Associate and LOI Tian Sheng, Allan, ESI Research Associate 

Introduction
Oil-indexed gas, which is the dominant pricing mechanism 
in Asia, faces many criticisms because oil prices do not 
reflect the region’s gas market fundamentals. Although gas 
prices derived from the European and North American hubs 
have been used for delivery in East Asia, they also do not 
reflect Asia’s market fundamentals. It is in the region’s 
interest to diversify away from oil-indexed gas pricing, and 
such a move would entail the creation of East Asia’s own 
regional gas trading hubs. This, in turn, could generate 
more transparent prices reflecting the region’s own market 
fundamentals. Such Asian spot prices have existed since 
2010, with attendant questions about the independence of 
Asian spot prices from the oil price and the interrelationship 
of regional gas prices. 

There have been many studies which attempt to analyse 
the relationship between oil and natural gas prices in 
regional markets. Several studies investigate the long-

run cointegrating relationship between oil and gas prices, 
taking into consideration the structural dynamics of the 
price processes within the period of study.1 Controlling for 
seasonality and disruptions, most studies find a stable, 
long-term relationship between crude oil and natural gas 
prices, with the crude oil price being the exogenous factor 
and leading indicator of gas prices. However, the recent, 
large increases in shale gas supply, combined with market 
liberalisation in Europe and Asia have caused analysts to 
reassess the oil-gas price relationship. Caporin and Fontini 
employed the Bai-Perron Structural Break to find plausible 
breaks in the long run relationship post 2009.2 Brigida 
used the Markov Switching Cointegration Model to study 
regime changes and found that a two-state equation was 
more applicable for the long-term relationship of oil and 
gas prices.3 Erdős, using the Johansen Cointegration Test, 
pointed to a globally integrated gas market post 2002.4

In an effort to create reliable and relevant spot prices in Asia, 
and as part of hub-building measures, the Singapore-based 
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Natural Gas-fuelled Bajaj Autorickshaw in Jakarta, 2010. Photo by Gunawan 
Kartapranata (Permission under CC BY-SA 3.0).

SGX LNG Index Group price (SLING) began to assess 
a regional spot LNG benchmark in East and Southeast 
Asia in 2014. While there have been studies of oil and 
gas prices in other markets such as the American, British, 
European and East Asian spot markets, an econometric 
study of the evolution of the SLING is yet to be done. In 
this paper, we employed econometric techniques to study 
the evolution of the SLING prices in relation to oil prices 
and the US natural gas prices. 

New econometric methods are needed to analyse the 
relationships of non-stationary price series such as 
commodity prices. We employed the Granger and Johansen 
cointegration tests (Johansen, 1995) by specifying an error 
correction model, and then testing for stationarity of residual 
price series in a differenced auto regression model.5 An 
Ordinary Least Squares (OLS) estimated model was used 
to test for structural breaks using the Bai-Perron Structural 
Break Test to test for multiple structural changes occurring 
at unknown dates.6 Fully Modified OLS is another method 
for studying the long term cointegrating relationship between 
series.7 Regime switching models better specify long term 
relationship trends and account for periods of structural 
changes in the market. We employed the Markov switching 
model to test for probabilities of regime changes.8 

Our data was comprised of four sets of weekly price series: 
Henry Hub, SLING, WTI and Brent prices for over a period 
of two years (October 2014 to November 2016), making 
for a total of 115 weekly observations. We first checked for 
stationarity and tested for cointegration of price series. We 
used the Fully Modified Least Squares method (FMOLS) 
to study the optimal estimates of cointegrating regressions 
of gas and oil prices. We then estimated for structural 
breaks using the Bai-Perron Structural Break Test. Based 
on the results, we analysed the importance of break dates 
in understanding structural changes that might explain 
the reasons behind the results of our FMOLS estimates. 
Subsequently, we applied Markov-Switching Regression to 
determine unobserved price state (regime) changes that 
could provide additional insights into both gas markets as 
they evolved over the last two years. 

Results and Analysis
In our stationarity checks of the individual time series using 
the breakpoint unit root tests by the Augmented Dickey 
Fuller (ADF) and Philip Perron (PP) tests, we found that 
both the natural gas prices follow an I(1) process at a one 
per cent level of significance. The SLING price exhibited 
higher standard deviations than Henry Hub, while having a 
normally distributed kurtosis value of three as compared to 
nine (signifying fatter tails) for Henry Hub prices. Johansen 
Cointegration Tests revealed a long-run relationship between 
the Brent and SLING prices, whereas this relationship 
remained statistically absent between the Henry Hub and 
WTI prices over the same period.

FMOLS estimates revealed insignificant and marginal 
relationships between the SLING and Brent prices over 
2015 and 2016. The Bai-Perron Structural Break Tests 
detected structural breaks for both the Henry Hub and SLING 
prices. Structural break analysis detected two major shifts 
between the SLING price and the oil price in the period 
of assessment. In particular, there was a structural break 
in mid-2016. The test did not detect any structural breaks 
for Henry Hub prices, suggesting that the drivers of Henry 
Hub in America have been relatively stable and independent 
from movements in the WTI prices. The Markov Switching 
model detected two distinct states that characterise the oil 
and gas relationship for the SLING across the full period 
of analysis. This was identified mainly by the movements 
of price differentials (energy content normalised) between 
the Brent and SLING prices as well as the WTI and Henry 
Hub prices (see Figures 1 and 2). 

Figure 1: Markov Switching Test Results for the Brent and SLING Prices

Source: Authors’ Analysis.



Conclusion 
Structural Break Analysis and Markov models were employed 
to characterise the development of hub pricing in the Asian 
markets (SLING Price). We studied the quantitative evidence, 
based on analysis of the interdependence of Asian gas 
prices. We found significant evidence of pure gas-on-gas 
pricing for SLING and structural breaks, and estimated 
regime shifts with significant probability over the period of 
study (2014-2016). Based on our analysis, we found an 
inconclusive long-run relationship between the Brent and 
SLING prices, characterised by an insignificant FMOLS 
regression during a period of high volatility, with very minimal 
oil price influence over the SLING-Brent price relationship 
since the beginning of 2016.

The results for the North American markets showed clear 
independence by these econometric measures, consistent 
with the observations of many studies conducted in the 
1990s and 2000s. We found that SLING prices were 
more dependent on oil when compared to Henry Hub 
(HH) prices, but exhibited a statistically significant move 
towards independence from the beginning of 2016. This 
is coincident with the beginning of assessment of the 
North Asia SLING, the announcement by the Japanese 
government to abolish destination clauses, supply glut 
(sellers-market) and consequent market measures that 
allow for freer trading of the fuel. The results point towards 
a shift towards independence for the Asian gas markets, 
and movement towards the development of market prices 
characterised and driven by regional factors. 

The statistical evidence indicating the growing independence 
of the SLING price would boost further efforts towards 
gas price discovery in the region. This is evidenced by 
the addition of the North Asia SLING and the Dubai-
Kuwait-India SLING which helps the SLING framework 
to cover the entire Asian region. Evidence of structural 
breaks in the gas-price-oil relationship indicates a market 

Figure 2: Markov Switching Test Results for WTI and Henry Hub
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Staff Publications
     

Internationally Refereed Journals
Su Bin, Ang B.W., “Multiplicative Structural Decomposition 
Analysis of Aggregate Embodied Energy and Emission 
Intensities”, Energy Economics 65 (2017): 137-47.

Su Bin, Ang B.W, Li Yingzhu, “Input-output and Structural 
Decomposition Analysis of Singapore’s Carbon Emissions”, 
Energy Policy 105 (2017): 484-92.

Ju Keyi, Su Bin, Zhou Dequn, Wu Junmin, “Does Energy-
price Regulation Benefit China’s Economy and Environment? 
Evidence from Energy-price Distortions”, Energy Policy 105 
(2017): 108-19.

Philip Andrews-Speed, “Economic and Environmental 
Effects of Peak Regulation Using Coal-Fired Power for 
the Priority Dispatch of Wind Power in China”, Journal of 
Cleaner Production 162 (2017): 361-70.

that is transitioning in the price formation mechanism. It is 
therefore crucial for policy developers to plan for market 
liberalisation efforts as the oil traded gas price contracts 
expire in the region. Independence of gas prices (and 
hypothesised interdependence due to freer trading terms) 
and weak cointegration of oil prices is a precursor to an 
era where there can be talk about an Asian price of gas 
for natural gas contracts destined for Asia, a price that is 
reflective of the Asian market fundamentals.

1 F. Asche, B.Misund and M. Sikveland, “The Relationship between Spot and 
Contract Gas Prices in Europe” Energy Economics”, 38 (2013): 212-17; F. 
Asche, A.Oglend and P. Osmundsen, “Gas versus Oil Prices the Impact of 
Shale Gas”, Energy Policy, 47 (2012): 117-24; S. P. A. Brown and M.K. Yucel, 
“What Drives Natural Gas Prices?” The Energy Journal, 29 (2) (2008): 45-60.  
Retrieved from http://www.jstor.org.libproxy1.nus.edu.sg/stable/41323156; P. 
R. Hartley, K. B. Medlock and J. E. Rosthal, “The Relationship of Natural 
Gas to Oil Prices” Energy Journal, 29 (3) (2008): 47-65.  Retrieved from 
http://www.jstor.org.libproxy1.nus.edu.sg/stable/41323169.

2 M. Caporin and F. Fontini, “The Long-run Oil–Natural Gas Price Relationship 
and the Shale Gas Revolution” Energy Economics, 64 (2017): 511-19.

3 M. Brigida, “The Switching Relationship between Natural Gas and Crude 
Oil Prices” Energy Economics, 43 (2014): 48-55.

4 P. Erdős, “Have Oil and Gas Prices Got Separated?” Energy Policy, 49 
(2012): 707-18. 

5 R. F. Engle and C. W. J. Granger, “Co-Integration and Error Correction: 
Representation, Estimation, and Testing” Econometrica, 55 (2) (1987): 
251-76. doi:10.2307/1913236; S. Johansen, Likelihood-based Inference in 
Cointegrated Vector Autoregressive Models (New York: Oxford University 
Press, 1995).

6 J. Bai and P. Perron, “Estimating and Testing Linear Models with Multiple 
Structural Changes” Econometrica, 66 (1) (1998); J. Bai and P. Perron, 
“Computation and Analysis of Multiple Structural Change Models”, Journal 
of Applied Econometrics, 18 (1) (2003): 1-22. 

7 C. B. P. Peter, “Fully Modified Least Squares and Vector Autoregression. 
Econometrica” 63 (5) (1995): 1023-78. 

8  J. D. Hamilton, “A New Approach to the Economic Analysis of Nonstationary 
Time Series and the Business Cycle” Econometrica, 57 (2) (1989): 357-84. 

Source: Authors’ Analysis.
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Staff Presentations and Moderating
21 June Nur Azha Putra presided “Session 67: Industrial 
Aspects of Energy Use” at the 40th IAEE International 
Conference, Marina Bay Sands, Singapore.

21 June Melissa Low presided “Session 64: Experience 
with Emission Trading Policies” at the 40th IAEE International 
Conference, Marina Bay Sands, Singapore.

21 June Ira Drupady presided “Session 62: Economic 
Growth and the Environment” at the 40th IAEE International 
Conference, Marina Bay Sands, Singapore.

21 June Victor Nian presided “Session 59: Modelling Energy 
Markets” at the 40th IAEE International Conference, Marina 
Bay Sands, Singapore.

21 June Allan Loi presided “Session 58: Energy Efficiency 
Issues: Asia” at the 40th IAEE International Conference, 
Marina Bay Sands, Singapore.

21 June Li Yingzhu presided “Session 48: Carbon Pricing 
in China” at the 40th IAEE International Conference, Marina 
Bay Sands, Singapore.

21 June Yao Lixia presided “Session 46: Energy Emission 
Reduction Initiatives in China” at the 40th IAEE International 
Conference, Marina Bay Sands, Singapore. 

21 June Gautam Jindal presided “Session 42: Solar 
Energy” at the 40th IAEE International Conference, Marina 
Bay Sands, Singapore. 

21 June Victor Nian presented “Would There Be a Clear 
Winner between Nuclear and Renewable Energy in the 
Climate Debate?” at the 40th IAEE International Conference, 
Marina Bay Sands, Singapore.

21 June  Hari M. P. presented “Comparative Study of the 
Evolution of Natural Gas Spot Prices in Asia and North 
America” at the 40th IAEE International Conference, Marina 
Bay Sands, Singapore.

21 June Jacqueline Tao presented “Solar Securitisation: 
Challenges, Financial Arrangements and Policy Implications” 
at the 40th IAEE International Conference, Marina Bay 
Sands, Singapore.

21 June Anthony D. Owen presented “Energy Market 
Futures” at the 40th IAEE International Conference, Marina 
Bay Sands, Singapore.

20 June Jacqueline Tao presided “Session 34: Business 
Opportunities in the Power Sector” at the 40th IAEE 
International Conference, Marina Bay Sands, Singapore. 

20 June Brantley Liddle presided “Session 31: Restructuring 
Energy Markets: International Experience” at the 40th IAEE 
International Conference, Marina Bay Sands, Singapore. 

20 June Hari M. P. presided “Session 28: Experiences with 
Emission Trading Systems” at the 40th IAEE International 
Conference, Marina Bay Sands, Singapore. 

20 June Su Bin presided “Session 27: Energy Modelling: 
Methodologies” at the 40th IAEE International Conference, 
Marina Bay Sands, Singapore.

20 June Gautam Jindal presented “Economic Analysis of 
Battery Energy Storage Systems for Frequency Regulation 
in Singapore” at the 40th IAEE International Conference, 
Marina Bay Sands, Singapore.

20 June Melissa Low presented “Development Pathways 
for Green Bonds: A Comparative Study” at the 40th IAEE 
International Conference, Marina Bay Sands, Singapore.

20 June Li Yingzhu presented “Structural Path Analysis 
Applied to India’s Carbon Emissions” at the 40th IAEE 
International Conference, Marina Bay Sands, Singapore. 

19 June  Philip Andrews-Speed presided “Session 17: 
Energy Security Issues” at the 40th IAEE International 
Conference, Marina Bay Sands, Singapore. 

19 June  Anthony D. Owen presided “Session 6: Student  
Best Paper Session” at the 40th IAEE International 
Conference, Marina Bay Sands, Singapore. 

19 June Brantley Liddle presided “Session 3: Consumer 
Aspects of Energy Use” at the 40th IAEE International 
Conference, Marina Bay Sands, Singapore. 

19 June Su Bin presented “Input-output and Structural 
Decomposition Analysis of Singapore’s Carbon Emissions” 
at the 40th IAEE International Conference, Marina Bay 
Sands, Singapore.

19 June Allan Loi presented “How Much Do Environmental 
Attributes Affect Electricity Savings? Sample Results from 
a Natural Experiment in Singapore” at the 40th IAEE 
International Conference, Marina Bay Sands, Singapore. 

19 June Brantley Liddle presented “The Importance of 
Consumption-based Accounting in a Potential Trade-Carbon 
Emissions Nexus Literature” at the 40th IAEE International 
Conference, Marina Bay Sands, Singapore. 

8 June Philip Andrews-Speed presented “COP INDCs: 
The Politics of Coal in China and Indonesia” at KAPSARC 
Workshop on Coal in Asia, Singapore.

26 May Melissa Low moderated ESI Seminar “Reshaping 
Our Energy World through the Circular Economy” delivered 
by Mr. Peter Godfrey, Managing Director, The Energy 
Institute, UK.

Books and Book Chapters
Victor Nian, “Progress in Nuclear Power Technology”, 
Reference Module in Earth Systems and Environmental 
Sciences, Elsevier, 2017.

Other Publications
Melissa Low and Su Bin, “Singapore’s Drive towards Energy 
Efficiency: Policies for a Low Carbon Future”, ESI Policy 
Brief 18, 30 May 2017.

Victor Nian and M.P. Hari, “Incentivizing the Adoption of 
Nuclear and Renewable Energy in Southeast Asia”, Energy 
Procedia 105 (May 2017): 3683-89.
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 Staff Media Contributions
Philip Andrews-Speed was interviewed by Reuters, Beijing 
on China’s cutting oil supplies to North Korea, 26 June 2017.

Philip Andrews-Speed was interviewed by Newsbase, 
Edinburgh on China’s merger of state-owned enterprises, 
23 June 2017.

Philip Andrews-Speed was interviewed by Radio Free 
Asia on Beijing’s cutting power supplies to reduce smog, 
15 June 2017.

Philip Andrews-Speed was interviewed by Newsbase, 
Edinburgh on China’s curbs on the teapot refineries, 12 
June 2017.

Melissa Low quoted in “What Could Trump’s Decision to Pull 
the US out of the Paris Climate Deal Mean for Singapore?” 
by Audrey Tan, The Straits Times, 2 June 2017.

Melissa Low quoted in “Exiting Paris Climate Change Deal 
‘Won’t Save US Coal’” by Albert Wai, Today Newspaper, 
2 June 2017.

Philip Andrews-Speed was interviewed by Nikkei Asian 
Review on Asian investment in US tight oil, 1 June 2017.

Philip Andrews-Speed was quoted by Interfax Global Energy 
on Green Dragon Gas’s financial woes and China’s CBM 
sector, 31 May 2017.

Melissa Low was interviewed by Born TV on Singapore’s 
energy future, 31 May 2017.

Philip Andrews-Speed was interviewed by S&P Global 
(Platts) on the ASEAN power grid, 30 May 2017.

Recent Events 
21-22 June, Gas Market Dynamics in ASEAN and East Asia Workshop

Amidst rapid recalibration of world energy prices, uncertain 
gas demand in emerging markets and rising supply options, 
the LNG industry faces additional dynamics in East Asia 
due to regulatory changes in major markets in the region, 
the move towards more flexible contracts, efforts to develop 
Asian LNG hubs, and the potential for gas market integration 
in the ASEAN. To explore these and further questions, ESI 
organised a one and a half day closed-door workshop 
as part of ESI’s Gas Hubs and Hub Pricing in East Asia 
Project. Organised by ESI’s Adjunct Senior Fellow, Dr. 
Shi Xunpeng, the workshop was attended by over 45 gas 
market experts from industry, academia, consulting firms 
and think tanks from more than 10 countries. It was the 
third ESI-organised event on gas market issues.

In the opening session titled “Changing Global Gas Markets”, 
distinguished gas market policy experts gave presentations 
on gas markets in the Middle East and Africa, lessons from 
European hub building, LNG hub building efforts and hub 
building prospects in Asia, Russia’s natural gas market 
strategy in Asia, and global LNG markets in transition. There 
were also presentations from industry experts on gas hub 
building measures in Singapore and China, with a specific 
focus on the development of the Shanghai and Chongqing 
exchanges for gas trade, and also on the prospects of US 
LNG in Asia. The ensuing moderated discussions dealt 
with the need for change in business practices in line 
with changes in the gas markets, the uniqueness of hub 
development in Asia compared to Europe and the United 
States, market liberalisation issues in complex markets such 

Gas Workshop Participants (Photo by ESI Staff)

Gas Workshop Participants (Photo by ESI Staff)

as China and Japan, and the competitiveness 
of gas in the regional energy mix.

Day two of the workshop began with a morning 
session entitled “Dynamics of Gas Markets 
in East Asia: The Momentum of Hubs”. The 
characteristics of the Asian gas markets such as 
long term gas demand, as well as updates to gas 
market reform efforts with a focus on Japanese, 
Korean, Chinese and Australian gas markets 
were presented. The participants then debated 
the key factors needed for the development of 
natural gas hubs and key success factors. The 
discussants noted that uncertainty in gas markets 
means that only speculative conclusions about 
the directions of hub development can be made, 
that a move towards liberalised gas markets in 

Asia is unique and difficult, and that it will take more time. 
The final session in the afternoon, entitled “ASEAN Gas 
Market Dynamics and Regional Cooperation”, examined 
the potential development of an ASEAN gas market. It 
was agreed that a study on the optimal usage of existing 
ASEAN pipelines and LNG infrastructure, combined with 
the formation of commercial arrangements would be vital for 
gas market integration efforts in the region. The workshop 
concluded with the pragmatic views that, in an era of great 
transition in supply and demand, the main factors in the 
compelling story of gas market development and hub-building 
measures in Asia have not changed over the past couple 
of years, that hub-building is a long and difficult process 
which typically takes a decade to complete and that it is 
difficult to predict the implications from the interplay of 
many uncertain factors.



Dr. Stella HUANG  
Dr. Stella HUANG joined ESI as a 
Research Fellow in July 2017. She 
holds a PhD in chemical engineering 
from NUS. After obtaining her BEng 
(Chemical) degree and completing 
the University Scholars Programme at 
NUS, she was awarded the Economic 
Development Board-Joint Industry 
Postgraduate scholarship to pursue 
her PhD research on nanostructured 
materials for memory applications. 

Prior to joining ESI, she was a senior engineer at a global 
semiconductor foundry based in Singapore. Her work 
experience at the 300 mm wafer fab included process 
integration and yield and industrial engineering. Her current 
research interests include energy efficiency studies and 
energy systems modelling.
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26 May, Reshaping our Energy World through 
the Circular Economy
Mr. Peter Godfrey, Managing Director and chief representative 
of the UK’s Energy Institute to Singapore, presented a case 
study on how the energy sector and its related systems 
could be redesigned by using the principles of the circular 
economy. He underscored five universal values of people, 

New Executive Director

Dear colleagues and Board Members of ESI
NUS has informed me that Professor Ang Beng Wah has 
taken over as Executive Director of the Energy Studies 
Institute (ESI) on 1 July 2017. This is part of their rotational 
and renewal process. Professor Ang who is Professor of 
Industrial Systems Engineering and Management at NUS 
has been on joint appointment as Senior Principal Fellow 
since the Institute’s inception. He is a Co-Editor of Energy 
Economics, a journal that provides a serious forum for 
research papers concerned with economic and econometric 
modelling and analysis of energy systems and issues. He 
is also a member of the editorial boards of several other 
energy-related academic journals including Energy Policy 
and Energy. He was Head of the Department of Industrial 
and Systems Engineering at NUS from 2001 to 2007. 
On behalf of the ESI Board and staff, I would also like to 
thank Professor Chou Siaw Kiang, who is now based at 
the NUS Department of Mechanical Engineering, for his 
leadership and guidance. During his term as Executive 

Director, he oversaw the consolidation of ESI’s research 
into six tracks, namely energy efficiency and conservation, 
energy and climate change, energy and power generation, 
energy and transport, energy geopolitics and energy and 
competitiveness. He also established three ESI Programmes 
on energy modelling, gas development, and the global 
maritime energy supply chain in an effort to understand 
Singapore’s energy and maritime interests, and prepare 
the country to be future ready in a fast changing world.

Under Professor Chou’s direction, NUS through ESI 
became the sixth organisation and only university from 
Singapore to be admitted as a Research and Independent 
Non-Governmental Observer Organization (RINGO) to the 
United Nations Framework Convention on Climate Change 
(UNFCCC) in 2015. During his time, ESI also secured two 
grants from the National Research Foundation. In January 
2016, ESI together with the NUS Centre for International 
Law secured a three year research grant of over $2 million 
entitled “Policy and Law for Nuclear Safety and Security” 
as part of the Singapore Government’s Nuclear Policy 
Research Programme. Later the same year, ESI was 
awarded a $1.88 million grant for the “Study of Singapore’s 
Energy and Decarbonisation Pathways”, from September 
2016 to December 2018. 

We have full confidence in Professor Ang steering ESI to 
greater heights and help shape the future of energy policy 
studies in Singapore. We also wish Professor Chou the 
very best in his future endeavours and hope that he will 
continue to support ESI in whatever capacity it maybe and 
wherever and whenever the occasion calls.
Mr. Niam Chiang Meng
Chairman of the ESI Management Board 
9 July 2017

Professor Chou Siaw Kiang (Left) with Professor Ang Beng Wah (Right) 
(Photo by ESI Staff)

planet, prosperity, peace and partnership to achieve the 
sustainable development goals (SDGs). His presentation 
examined how the circular economy provides a basis upon 
which the world can begin to construct more restorative 
or regenerative systems that are both more efficient and 
sustainable by nature, and which have the potential to 
revolutionise the way we live in the future. 

New Staff
Ashish SINGH   

Ashish SINGH joined ESI as a 
Research Associate in July 2017. 
He holds a Master ’s degree in 
Chemical Engineering from NUS 
and a Bachelor’s degree in Chemical 
Engineering from VIT University, 
India. Prior to joining ESI, Ashish 
worked part-time as a Graduate 
Student Researcher at NUS and as 
a Junior Research Assistant at ESI. 
His research interests include process 

modelling and simulation, multi-objective optimisation of 
chemical processes, energy and climate change, energy 
economics and policy. 



IAEE 2017 Event 
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Dr. LIU Yang    
Dr. LIU Yang joined ESI as a Senior 
Research Fellow in 2017. He was 
previously an energy specialist at the 
International Energy Agency (IEA) 
in Paris, France, where his work 
was focused on the monitoring of 
energy efficiency trends and impacts 
in emerging economies, as well 
as providing technical assistance 
to governments and businesses. 
Previously, he advised governments 

and policy decision-makers in Paris and in the West African 
region on accelerating their clean energy and climate 
finance programmes. He started his professional career as 
a diplomat in Beijing and Morocco from 2001 to 2004. Dr. 
LIU has a blend of operational and academic experience 
in clean energy, public policy and sustainability strategy. 
Over the past few years, he has published widely on energy 
efficiency, policy evaluation and technological change in well-
recognised journals, including Energy Journal and Energy 
Economics. He also co-authored the 2015 and 2016 IEA 
Global Energy Efficiency Market Reports. He earned his 
PhD in Economics from the École Polytechnique of France, 
his Master’s in Risk Management from HEC Paris, and his 
Bachelor’s in Economics and French Literature from the 
Beijing Foreign Studies University. 
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Dr. Elena RESHETOVA 
Dr. Elena RESHETOVA joined 
ESI as a Research Fellow in July 
2017. Elena has several years of 
experience researching natural 
gas market development in Asia 
and Europe, policy-making in the 
oil and gas industry in East Asia, 
ASEAN and North America, and 
the evolution of national energy 
security policies. Previously, she 
worked with government agencies, 

non-governmental organisations and research institutes 
in Russia, the United States and Singapore. She holds 
a PhD in Public Policy from the Lee Kuan Yew School of 
Public Policy at NUS and an MA in International Affairs from 
Boston University. Her research interests include: energy 
policy analysis, political and economic risk analysis, energy 
market analysis and forecasting, impact of technological 
innovation on energy markets, role of non-traditional players 
and institutional drivers in electricity market liberalisation, 
quantification of challenges and opportunities in integrating 
renewables into energy systems, evolution of oil and gas 
business models, corporate sustainability and implications 
for regulatory processes.

Dr. Dina AZHGALIYEVA   
Dr. Dina AZHGALIYEVA joined 
ESI as a Research Fellow in July 
2017. Prior to joining ESI, she was 
a Research Fellow at the University 
of Reading (UK), where she was 
involved in an empirical analysis of 
the impact of local content policy 
on extractive industries. Her work 
involved communication with policy-
makers, extractive industries and oil 
and gas service companies. From 

2012 to 2015 she was an Economics Teaching Fellow at the 
University College London. She also previously worked as 
a chief specialist at the Ministry of Finance in Kazakhstan. 
She holds a PhD in Economics, Master’s in Economics and 
Graduate Diploma in Economics, all from the University of 
Essex (UK). For her PhD thesis “Fiscal Policy in Resource-
Rich Countries”, she was awarded scholarships from 
the University of Essex and the Soros Foundation. Dina 
holds an internationally recognised teaching qualification, 
Fellow of Higher Education Academy (FHEA, UK) and a 
qualification in Research Career Management from the 
Staff and Educational Development Association (SEDA, 
UK). Her research interests include energy policy analysis, 
energy economics, fiscal policy and applied econometrics.

New Staff (con’t)
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