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INTRODUCTION
The theme of this issue is the 
confronting of obstacles that hinder 
interconnected electricity supply 
networks.
The electricity generation sector has 
experienced dramatic changes over 
the past couple of decades, with the 
liberalisation of the market in most 
developed countries struggling to 
operate efficiently under environmental 
constraints. The constraints are 
generally in the form of highly subsidised 
and/or mandatory investments in 
capital intensive, low short run marginal 
costs (SRMC) and variable power 
generation technologies based upon 
wind and solar power. The result has 
been falling wholesale prices and 
investment as uncertainty and risk 
increase.

By contrast, in developing economies 
the focus has largely been on increasing 
access to electricity in a capital 
constrained environment. In general, 
the vertically integrated state-owned 
monopoly model is still favoured, 
with investment funds for electricity 
generation assets and infrastructure 
largely sourced from the state treasury 
or the relevant development bank or 
overseas investors. Typically, there 

is a supply shortfall and thus supply 
disruptions tend to be commonplace.

Globally, there has been a trend 
to interconnect electricity supply 
networks, both regionally and across 
international borders, in order to 
gain the benefits of interconnected 
systems. A cost-benefit analysis (CBA) 
framework can be used to evaluate 
the net economic value to society of 
an interconnection.  The costs are 
predominantly made up of the initial 
capital investment (which will be known 
if the interconnector has already been 
constructed), plus future operation 
and maintenance costs over the 
investment’s planned lifespan, which 
will likely constitute only a small part 
of the total.

The benefits however are far less 
well defined, and in some cases their 
quantification may be problematic 
since monetary values may be 
difficult to derive. In addition, there 
is no guarantee that positive welfare 
benefits will actually arise from such 
an investment.

For a new connector, the benefits will 
comprise cost savings from one or 
more of the following: 

• Deferral of investment in new 
generating plants;

• Reduction in unserved energy 
(which can be valued at the cost 
of lost load);
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• Reduction in fuel and other variable operating costs  
(net of transmission and distribution losses) by substitution 
of cheaper generation for more expensive generation;

• Reduction in the cost of frequency control, spinning 
reserve, and other ancillary service costs;

• Enhanced levels of energy security;
• Enhancement of competition in energy supply; and
• Reduction in greenhouse gas emissions.

The occurrence and extent of these benefits may differ 
significantly depending on whether the markets being 
interconnected have different generation technologies and 
demand profiles.

Also, the more diverse the generation technology mix 
between the two countries, the higher the benefits of 
interconnection are likely to be. Thus, a country with a 
high capacity of variable and low SRMC technologies (such 
as wind and solar) may export during favourable weather 
conditions to a neighbouring country that relies almost 
exclusively on fossil fuel generators. Whilst this asymmetry 
may increase the value of the interconnector, the volatility 
of the variable technologies may result in uncertainty as 
to the direction of flow on it.

Finally, wholesale electricity prices generally track 
changes in the daily pattern of demand, itself driven by 
consumer behaviour and industrial requirements. Thus, 
price differences between two countries are likely to be 
more favourable for interconnectors when their respective 
demand profiles differ.

The more isolated the market, the higher the level of 
installed capacity required to meet peak demand, as 
well as regulating and contingency reserves. Thus, 
interconnection with a neighbouring country’s electricity 
market will permit both countries to not only reduce price 
volatility, but also reduce the requirement for a peaking and 
contingency back-up plant that is rarely used. However, 
some jurisdictions may be uncomfortable with reliance 
on imports to cover extreme events, and would interpret 
security of supply to mean “domestic supply”. In addition, 
where there are major interconnections, supply security must 
involve ample spinning reserves to address the occurrence 
of an unexpected complete loss of supply through the 
interconnector.

To the extent that an interconnector reduces greenhouse 
gas emissions, the benefits will accrue explicitly in the CBA 
if the countries involved have a carbon market, although 
the values will reflect control rather than damage costs. 
Logically, the former should be less than the latter, so one 
would expect an underestimate of the benefits.

Local environmental impacts are clearly site-specific, most 
of which would probably have their greatest impact during 
the construction stage. However, with respect to hydropower, 
one issue is security in times of drought, which implies that 
sufficient back-up power must be available to take up any 
supply shortfall. There are also negative issues associated 
with constructing dams on river ecosystems, which can 
change the natural flow with resulting adverse impacts on 
downstream fisheries and agriculture.

The four articles in this issue reflect on-going research 
priorities here at the Energy Studies Institute that focus 
generally on the electricity generation sector, and more 
specifically on interconnected systems.

Dr. Philip ANDREWS-SPEED, Senior Principal Fellow and 
Head of ESI’s Energy Security Division, considers the 
proposed ASEAN Power Grid and discusses the obstacles 
and challenges that member countries are likely to face, 

given experience from the Nordic Power Pool, the European 
Union and the Southern African Power Pool (SAPP). He 
notes that the SAPP member countries have very similar 
characteristics to those of the ASEAN members, namely, 
vertically integrated, state-owned, power companies trading 
in the absence of any liberalisation of their domestic 
markets, and with significant energy subsidies for domestic 
consumers.

Mr. Anton FINENKO, ESI Research Associate, then looks at 
the SAPP in detail, and the constraints that have prevented 
it from becoming an efficient working model for ASEAN. 
Generation and transmission constraints have encouraged 
bilateral trade rather than the “pool”, and conflicting domestic 
policies regarding the unbundling of integrated state power 
companies, network investment and consumer subsidies 
have meant that the SAPP has yet to deliver in its intended 
role as a spot market for regional power trade.

The next two articles address issues that arise in the context 
of renewable energy technologies. Professor Anthony 
D. OWEN, Principal Fellow and Head of ESI’s Energy 
Economics Division, considers the issues that arise when 
drought conditions occur in regions that are heavily reliant 
on hydropower. Interconnection of grids may ameliorate 
the worst of the impacts, but longer-term solutions will be 
required if climate change results in permanently lower 
amounts of rainfall in river or reservoir catchment areas. 
Where conditions permit, pump storage may be a low-
cost option. However, more imaginative solutions may be 
required elsewhere. Of particular interest is the placement 
of photovoltaics on dams. Again, where conditions permit, 
“floatovoltaics” may be an economically viable option.

Mr. Gautam JINDAL, ESI Research Associate, addresses 
the issue of electricity supply frequency balancing in 
interconnected power systems, particularly in the context 
of a significant penetration of variable renewable energy 
sources entering the system. As mentioned above, one of 
the benefits of interconnected systems is the availability of 
a larger pool of generators that can be utilised for frequency 
balancing, thus providing frequency balancing services at 
minimum economic and environmental costs.

All of the articles address current issues and lessons learnt. 
However, the ESI research agenda is now moving forward 
in time to consider scenarios for the electricity sector to the 
year 2050. This will involve a shift of mindset, away from 
a reliance on networks to an emphasis on self-generation 
combined with virtual power plants.1 In addition, electricity 
pricing and supple contracts will need to change to reflect 
the growing role of the near-zero generation costs, but high 
capital costs, of solar and wind technologies. These are 
also characteristics of telephone networks, suggesting that 
similar customer contracts could be adopted by electricity 
retailers. Many of these technological developments will 
be driven commercially by, for example, energy efficiency 
opportunities, while others will be mandated by government 
regulations designed to reduce emissions of pollutants into 
the atmosphere.

Whatever the future may bring to the electricity industry 
in terms of sophisticated technological and commercial 
developments, there remains the fundamental concern 
that 1.2 billion people (around 16 per cent of the world’s 
population) currently live without access to electricity and 
the multiple benefits that it can provide.

By Professor Anthony D. OWEN
(on behalf of the Bulletin team)

1. A virtual power plant is a system that aggregates demand response, storage 
devices and distributed generation power sources so that they can be 
utilised to reduce peak periods, contribute to spinning reserves and offset 
the variability of renewables.
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Developing an ASEAN Electricity Exchange
Dr. Philip ANDREWS-SPEED, Senior Principal Fellow and Head of the Energy Security Division at ESI

Tanjung Kling Power Station, Malacca, Malaysia. Photo by Chongkian, 2015. (Permission by CC BY-SA 4.0).

The ASEAN Power Grid (APG): An Ambitious 
Endeavour
Physical connectivity between national power grids across 
ASEAN continues to develop through a series of bilateral, 
inter-state connections dating back to the 1980s, well before 
the formulation of the 1997 APG vision. The Heads of 
ASEAN Power Utilities/Authorities (HAPUA) completed its 
first ASEAN Interconnection Master Plan Study (AIMS I) in 
2003, which concluded that it was uneconomical to create 
a single ASEAN grid. Instead, the study recommended 
11 bilateral interconnections to be built over the period to 
2019. A second study (AIMS II), published in 2010, was 
more ambitious. Besides identifying a larger number of 
interconnection projects, the new report concluded that it 
was economically viable to construct an ASEAN-wide power 
grid, but acknowledged that there would be intermediate 
steps involving geographically separate sub-systems. 

By the end of 2014, 11 interconnections between six 
pairs of countries were in commercial operation, with a 
total capacity of nearly 3,500 MW. Most were already 
operational or under construction by the time the AIMS 
II report was published in 2010, and seven of the 11 
interconnections involve taking power to Thailand. All 11 
projects are underpinned by bilateral agreements covering 
either power purchase or energy exchange. Another 13 
are under development, totalling over 7,000 MW, all of 
them having been identified in the AIMS II report. Most 
of them are two years or more behind schedule, but are 
due for completion by 2020. Another 20,000 MW or more 
interconnections are envisaged for after 2020. 

Challenges to Building the Market
The reasons for the lags are well understood and 
documented: national governments and state-owned 
enterprises have been unable, unwilling or slow to invest, 
and many interconnection projects remain commercially 

unattractive to private investors. The major exceptions are 
the numerous projects that take power from Lao PDR to 
Thailand, as Thailand has a great need for more electricity 
and the pricing is commercially competitive.

The main constraint hindering the regional power market is 
the contrasting ways in which different countries manage 
their energy sectors. This problem has been the subject 
of studies carried out by the HAPUA, ASEAN Studies 
Centre (ACE) and Asian Development Bank, and was 
explicitly recognised in the latest ASEAN Plan of Action for 
Energy Cooperation (APAEC, 2010–15). These studies all 
emphasised the need to harmonise the legal and regulatory 
frameworks relating to power interconnection and trade, 
as well as the technical standards and codes relating 
to planning, design, system operation and maintenance. 
In addition, it is necessary to develop institutional and 
contractual arrangements for cross-border trade including 
matters such as taxation, transmission tariffs and third-party 
access. In this context, the HAPUA recently completed a 
study on the taxation of cross-border power transactions, 
and has also commissioned studies relating to setting up an 
APG Transmission System Operator and an APG Generation 
and Transmission System Operating Group. In addition, it 
is promoting public-private partnerships for investment. In 
parallel, the ASEAN Energy Regulators Network (AERN) has 
two working groups devoted to, respectively, technical and 
regulatory harmonisation, and the creation of a database 
of legal and regulatory documents.

Progress in Building a Regional Power Market 
Relevant to the efforts in building the ASEAN power 
market, steps have been taken in two sub-regions: the 
Greater Mekong Subregion (GMS), which includes two 
provinces in China; and the Lao PDR-Thailand–Malaysia-
Singapore Power Integration Project (LTMS–PIP). The 
strategy for the GMS has, for several years, been that 
trade will evolve from initial sales through power purchase 
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agreements (PPAs), through grid-to-grid trading to a wholly 
competitive regional power market. A Regional Power Trade 
Coordinating Committee was established in 2005 to lay 
the groundwork for this evolution. A key component of the 
Committee’s work has been to establish a Regional Power 
Coordination Centre, which would synchronise operations 
across the national power markets. The need to create this 
Coordination Centre was first mentioned in October 2010. 
However, by the end of 2015, the Centre had not been 
established because the GMS Member States had yet to 
agree on the country that should host it. 

The LTMS–PIP was launched in September 2014 as a pilot 
project for trading power beyond immediate neighbouring 
countries by enabling electricity trade from Lao PDR to 
Singapore using existing infrastructure. The project was 
to involve annual trade of up to 100 MW. Whilst the 
technical aspects of the projects were clearly soluble and 
the infrastructure was practically in place, those relating to 
commercial arrangements as well as legal and regulatory 
matters have proved more challenging. In particular, the 
choice of LTMS as the most attractive pilot for multilateral 
electricity trading seems to have been made with no prior 
analysis of supply and demand or cost competitiveness. 
This was highlighted at the ASEAN Ministers of Energy 
Meeting in October 2015, during which it was emphasised 
that more work was needed to explore possible commercial 
arrangements for cross-border trading. An agreement was 
signed a year later, but without Singapore. 

What Can Be Learnt from the Nordic Model?
The Nordic electricity market (Nord Pool) links Norway, 
Denmark, Sweden, Finland, Estonia, Latvia and Lithuania, 
and is now also fully integrated with EU power markets. 
Its development began in the early 1990s in response to 
two pressures: to improve the economic performance of 
national power sectors through market liberalisation, initially 
in Norway; and to take advantage of the complementary fuel 

mix in each of the four countries. In contrast to the top-down 
EU approach to market integration, the development of the 
Nord Pool took place on an incremental and voluntary basis, 
driven by the utilities themselves. Another key difference is 
that the regulation of the Nord Pool is based on principles 
agreed upon unanimously by the national governments 
rather than rules designed by the European Commission.

Whilst the Nord Pool today is a sophisticated market involving 
developed nations with slow or negligible demand growth, 
the basic mechanisms can be adapted and applied to build 
regional power markets under quite different circumstances. 
The most notable example is the Southern Africa Power 
Pool (SAPP), which allows the vertically-integrated and 
state-owned power companies in 12 southern African 
nations to trade with one another despite the absence of 
any liberalisation to domestic markets and the persistence 
of energy subsidies to consumers. In other words, the SAPP 
is not a fully integrated regional power market. Rather, it is 
a regional electricity exchange between a limited number of 
mainly state-owned utilities. The key relevance to ASEAN 
is that this approach requires only minimal measures 
to harmonise between states and does not require the 
privatisation of state-owned utilities or the liberalisation of 
national markets.

Towards an ASEAN Electricity Exchange
The idea of building an ASEAN Electricity Exchange (AEE) 
drawing on the Nordic experience was first discussed in 
November 2015 at a Forum hosted by the Energy Studies 
Institute of the National University of Singapore. This event 
was part of a wider ASEAN Energy Market Integration 
(AEMI) Initiative led by the ASEAN Studies Centre of 
Chulalongkorn University, and supported by the Ministry of 
Foreign Affairs of Norway, through its Embassy to Indonesia. 
In January 2016, the HAPUA Secretary-in-Charge reported 
the conclusions from this Forum to the Special Senior 
Officials Meeting on Energy (SOME) held in Kuala Lumpur.  

Electric Power Lines in Ho Chi Minh City, Vietnam, 2010. Photo by Hajotthu (Permission under CC BY 3.0).
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Southern African Power Pool: Potential Lessons for 
ASEAN?
Mr. Anton FINENKO, ESI Research Associate

The Southern African Power Pool (SAPP) was 
formally inaugurated in the mid-1990s, but the history 
of cooperation in South Africa’s electricity sector can 
be traced much further back. Under colonial rule, the 
development of most generation and transmission 
projects in the SAPP was closely tied with the 
inception and growth of the mining and industrial 
sectors in today’s South Africa, Zambia, Zimbabwe 
and Democratic Republic of Congo (DRC). Several 
hydropower projects were developed hundreds of 
kilometres away in the Congo and Zambezi basins 
and linked with the power grids of those countries 
to provide cheap power to the industries.1 

The intergovernmental and inter-utility agreements 
behind these developments provided the context of 
the founding agreements for the SAPP, which was 
created in August 1995. Today, the SAPP consists 
of members from the following countries: Angola, 
Botswana, the DRC, Lesotho, Malawi, Mozambique, 
Namibia, South Africa, Swaziland, Tanzania, Zambia, 
and Zimbabwe.  The majority of the SAPP members 
are national utilities of respective countries operating 
under the single-buyer model. The aggregated 
capacity of the Independent Power Producers 
(IPPs) is less than one per cent of the total. Nine 
of the national utilities are interconnected and are 
SAPP operating members. The remaining three 
non-operating members – ENE of Angola, ESCOM 
of Malawi and TANESCO of Tanzania – are not yet 
connected to the SAPP grid. Two countries, the DRC 
and Tanzania, are also members of the Eastern 
Africa Power Pool (EAPP) while the DRC is also a 
member of the Central African Power Pool (CAPP).

The Special SOME requested the HAPUA to provide more 
information on the market design, as well as the structure 
and operation of Nord Pool and the SAPP as well as other 
similar electricity exchanges around the world. As a result, 
the HAPUA invited the AEMI Initiative, along with Nord Pool 
Consulting, to present a paper on the power market model 
in each of these two cases, listing the conditions for their 
creation and the requirements for their effective operation.  
The presentation was on the Agenda of the ASEAN Power 
Grid Consultative Committee (APGCC) meeting, held in May 
2016 in Vientiane, Lao PDR. In its conclusion, the APGCC 
meeting acknowledged the initiative of the feasibility study 
for the creation of an AEE modelled on the Nord Pool and 
SAPP.  It further requested the APGCC to discuss the 
details of the feasibility study plan.

Following this meeting, a joint HAPUA-AEMI Workshop was 
convened in Jakarta in May 2016 to provide participants 
with an overview of the Nord Pool and SAPP, and to 
examine whether similar approaches could be adapted 
in the ASEAN such that the APG could operate on a 
multilateral basis. Energy officials from the ASEAN Centre 
for Energy, ASEAN Power Grid Consultative Committee, 
as well as academics from ASEAN institutions attended 
the Workshop. Also present were experts from Nord Pool 
Consulting (Norway), Ricardo Energy & Environment (U.K.) 
and from the Embassy of Norway, Singapore. The ASEAN 
Secretariat participated as an observer.

Participants agreed unanimously that the creation of an 
AEE would:

• allow utilities to sell power from excess capacity and 
purchase power to satisfy excess demand so as to 
balance the full operation of their national markets.

• create the possibility to share resources between countries 
where there is excess generation and those where there 
is a lack of sufficient generation.

• allow utilities to balance services on a more cost effective 
basis, by trading with other participating countries 
rather than through striving for self-provision, subject to 
the availability of sufficient APG transmission capacity 
between them.

As for next steps leading to the creation of an AEE, the 
participants agreed unanimously to recommend three 
phases: Feasibility Phase, Design Phase and Implementation 
Phase. They further agreed that the core purpose of the 
AEE Feasibility Study is to allow ASEAN policy-makers to 
determine whether its creation would enable the APG to 
operate on a multilateral basis by 2018, therefore allowing 
it to deliver the benefits it holds for ASEAN Member States 
(AMS). The participants thus adopted detailed terms of 
reference for such a feasibility study and agreed that the 
study should be conducted in a collaborative approach, 
with an ASEAN core team working seamlessly with the 
consortium of experts. They recommended unanimously that 
the HAPUA present the conclusions from this Workshop to 
the HAPUA Member States and to report their response 
to the next SOME in July 2016 in Naypyidaw, Myanmar.  

High Voltage Electricity Distribution Pylons in the Free State of South Africa, 2006. 
Photo by NJR ZA (Permission under CC BY-SA 3.0).
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Arnot Coal-fired Power Station, Middelburg, South Africa, 2007. Photo by Gerhard Roux (Permission under CC BY-SA 4.0-3.0-2.5-2.0-1.0). 

Figure 1: Map of the Southern African Power Pool

Source:  International Renewable Energy Agency (IRENA). Analysis of Infrastructure for Renewable Power in  
 Southern Africa (Abu Dhabi: IRENA, 2013).
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Figure 1 shows a map of the SAPP member countries, some 
power plants and an approximate layout of the regional 
transmission network. The operation of the interconnected 
grid is split into three control areas covering Botswana, 
Lesotho, Southern Mozambique, Namibia, Swaziland and 
South Africa (Area 1), Zimbabwe and Northern Mozambique 
(Area 2) and the DRC and Zambia (Area 3). Within each 
control area, one system operator is responsible for the 
balancing of the electrical system and managing the power 
flows between the control areas. These operators are 
ESKOM (Area 1), ZESA (Area 2) and ZESCO (Area 3). 
Most of the power exchanges take place within the eastern 
and central areas.2 
 
The SAPP consists of a common market for electricity which 
can be broadly divided into long-term, medium-term and 
short-term markets. Electricity is the only product traded 
in all the markets. The charges for the provision of system 
balancing are calculated within each control zone and are 
not linked to electricity prices. A new scheme that could link 
these two components together is currently under study. 
Most of the electricity is traded on long-term and medium-
term markets which is intuitive, given that the majority of 
the market players are state-owned utilities in the respective 
member countries. Since 2014, there has been an increase 
in trade volumes on the medium- and short-term markets 
compared to previous years. In 2013, less than 100 GWh 
was traded, but the volume grew to almost 510 GWh in 2014 
and to almost 630 GWh in 2015.3  Despite this promising 
trend, the total share of day-ahead and intra-day markets 
in the total volume of traded electricity is still very low, 
constituting less than 0.5 per cent of the total.4  

Transmission capacity is priced in the SAPP through a 
wheeling charge. The wheeling charge is the fee imposed 
for the use of the transmission network between the contract 
parties, and is calculated as MW-km fee, where the buyer 
pays a fee depending on the contractual transmission 
capacity and the distance from the supplier. The further a 
buyer is from the source, the higher the wheeling charge. 
The fee is shared equally among the countries lying on 
the assumed wheeling path. The problem with this scheme 
is that it encourages trading over short distances and 
does not account for potential transmission bottlenecks 
(line congestion). Therefore, consideration is being given 
to the replacement of the MW-km approach with a more 
comprehensive method of zonal pricing which is common 
in many other interconnected markets around the world 
such as the European markets and Nord Pool. Zonal 
pricing calculates the price for power transfer based on the 
available transmission capacity, irrespective of the length 
of the line. When there are no transmission constraints 
in the power pool, the whole pool has a distance-based 
transmission price. If an area becomes congested, local 
area or zone prices are used. Zonal prices are determined 
based on short-run marginal costs of transmission, or costs 
associated with supplying an additional unit of transmission 
service without necessarily increasing transmission capacity. 
Compared to the MW-km method, zonal prices can better 
address problems with transmission bottlenecks.5  

The SAPP can be broadly divided into two networks 
relying on different fuel sources for power generation. 
The southern network has predominately thermal capacity 
while the northern network has hydropower capacity. The 
total installed capacity in the SAPP was roughly 62 GW 
in 2015 while the available capacity was about 52.5 GW 
and the operational capacity was only about 47 GW. Most 
of the installed capacity is coal-fired (62 per cent), located 
mainly in South Africa and the neighbouring countries. 
Hydropower is the second major source (21 per cent) 
located mainly along the Zambezi and Congo basins. 
South Africa accounts for nearly four-fifths of the installed 
and available generation capacity, and an average of 85 

per cent of the energy exports to the market. The country 
is currently the largest energy trader and a net exporter, 
taking large shares of imports from Botswana, Namibia 
and Mozambique. Other significant exporters are Zambia, 
Zimbabwe and Mozambique which are sources of cheap 
hydropower.

The electricity demand in the Southern African countries 
has been rapidly increasing in the past decade, fuelled by 
ongoing economic growth. There is vast evidence that the 
available generation capacity in the SAPP is not sufficient 
to address the increasing demand. For example, an annual 
market report estimated the generation capacity shortfall 
at 8.3 GW in 2015. In the past years, countries relying 
on hydropower, such as Zambia and Zimbabwe, have 
experienced regular load shedding. In the future, these 
issues could become even more dramatic as electricity 
demand continues to grow at a much faster pace relative to 
new capacity placements. Furthermore, the impact of climate 
change can affect the availability of water in the northern 
network, and this may lead to social and political tension 
in the region.6 However, member states lack consensus 
about the future projected demand in the SAPP as a whole. 
The current projections prepared by the national utilities 
are largely inaccurate and underestimate the actual pace 
of growth. Due mainly to a poor investment climate and 
a weak institutional base in the region, new capacity has 
been added very slowly. Transmission pricing is a critical 
issue as it affects the bankability of transmission projects, 
especially for those developed to relieve congestion.7 

The experiences from the SAPP offer valuable lessons 
for potential interconnection projects in the ASEAN region. 
Although the SAPP has successfully launched a multilateral 
trading scheme without implementing institutional reforms in 
the power sector, it faces serious challenges in infrastructure 
development and demand forecast preparation, as well as 
misalignment of regional and national priorities. The member 
states have produced an agreed list of regional generation 
and transmission projects. However, the implementation of 
these projects does not follow a clear timeline. The market 
has been moving towards a more open structure very 
slowly. The importance of the SAPP’s spot market is still 
very low in comparison to the amount traded via bilateral 
contracts. The investment climate needs to be improved 
by a gradual phasing out of energy subsidies for large 
industries, and the offering of better protection of foreign 
investors’ interests. Taking these steps would also improve 
the financial conditions of the domestic utilities, many of 
which are on the verge of bankruptcy.

The generation deficit and transmission constraints 
create congestion on the regional grid and are limiting 
electricity trading. Currently, the two critical links that are 
responsible for most of the lost trades are the Cahora 
Bassa-Zimbabwe interconnector and the Zimbabwe-South 
Africa interconnector through Botswana. Reinforcement 
and extension of the transfer capacity of these corridors is 
urgently needed to accommodate generation output from 
existing and planned power stations within the Zambezi 
basin.8  

The SAPP is comprised of vertically integrated single-
buyer utilities, a few independent power producers and 
some semi-independent national regulatory agencies which 
together form a competitive power pool. There is a mismatch 
between the national and regional market structure, which 
is a competitive wholesale market with multiple buyers. 
Such a market requires empowered regulatory authorities 
to harmonise rules and regulations. The SAPP and its 
regulatory counterpart, the Regional Electricity Regulators 
Association of Southern Africa (RERA), have very little 
influence on the national projects and programmes which 
need to be brought in line with regional objectives. Similar 
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Hydropower: Not So Renewable After All?
Professor Anthony D. OWEN, Principal Fellow and Head of the Economics Division at ESI

issues were faced in the European power markets that led to 
the establishment of the European Network of Transmission 
System Operators (ENTSO-E) and the Agency for the 
Cooperation of Energy Regulators (ACER), both of which are 
appropriate models that could be considered by the SAPP.

A move towards deeper regional integration with larger 
benefits of co-operation is only possible if the member 
states agree to reform their power sectors to align with 
the regional structure and delegate more authority to the 
SAPP and RERA. The focus should be placed on reliable 
project development, clear cross-border trading standards 
and guidelines, as well as cost-reflective pricing. 

1. Economic Consulting Associates. The Potential of Regional Power Sector 
Integration: South African Power Pool (SAPP) Transmission and Trading 
Case Study (London: ECA, 2009).

2. Ibid.

3. Southern African Power Pool. Annual Market Report 2015 (Harare, Zimbabwe: 
SAPP, 2016). 

4. Ibid.

5. ECA, 2009, op. cit.

6. International Energy Agency. Africa Energy Outlook (Paris: OECD/IEA, 2014).

7. Infrastructure Consortium for Africa. Regional Power Status in African Power 
Pools. African Development Bank (Abidjan, Cote d’Ivoire: ICA, 2011).

8. International Renewable Energy Agency. Analysis of Infrastructure for 
Renewable Power in Southern Africa (Abu Dhabi, United Arab Emirates: 
IRENA, 2014).

Itaipu Dam, Brazil, 2011. Photo by International Hydropower Association (Permission under CC BY 2.0).

Arguably, hydroelectricity is the ideal renewable technology 
for power generation.1 It can operate to meet power 
requirements ranging from baseload to peak, can be 
brought online almost instantaneously and is thus ideal 
for regulating supply from solar and wind, and has a 
negligible short run marginal cost. However, the past few 
years have witnessed significant drought conditions, virtually 
globally, and in many countries the resulting impacts on 
power generation have been both costly and disruptive. In 
particular, the disruptions can have major repercussions for 
the world’s poorer nations that rely primarily on hydropower 
for their electricity, with blackouts causing lost production, 
and potentially, social unrest.

In this article, I examine three examples where drought 
has caused nations to reconsider the vulnerabilities of an 
over-reliance on hydropower. I also outline two examples of 
how supply security can be enhanced through regulation, 
and where possible, pump storage.

Drought Conditions Impacting Hydropower 
Generation
The Tasmanian Energy Crisis
Tasmania is part of Australia’s liberalised National Electricity 
Market, being joined to the mainland via the Basslink 
underwater interconnector to Victoria. Its electricity 
generation is primarily hydro, and as a result the state 
is highly dependent on rainfall for electricity generation. 
Peaking capacity is provided by four gas turbines, with 
base load capacity from a combined cycle plant, all of which 
comprise the Tamar Valley Power Station. Due to high water 
levels and the interconnector, the combined cycle plant was 
thought to be redundant and was decommissioned in 2014 
with the intention of it subsequently being sold.

However, on 20 December 2015, Basslink had to be shut 
down due to a cable fault offshore. This event coincided 
with a particularly dry period, leaving dams severely 
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depleted, which meant that Tasmania’s security blanket 
for such times of drought had been lost. Actions taken to 
minimise the consumption of water from Hydro Tasmania’s 
storages included:
• Recommissioning of the gas-fired Tamar Valley Power 

Station;

• Striking agreements with the three major industrial 
customers – the two Tamar Valley smelters, Bell Bay 
Aluminium and TEMCO, and Norske Skog’s paper mill 
at Boyer – to reduce their load by a combined 180 MW;

• Deploying up to 200 MW of portable diesel generators; 

• Bringing Hydro Tasmania’s cloud seeding programme, 
usually scheduled to start in May each year, forward by 
a month.

Despite these actions, wholesale power prices surged 
by more than 350 per cent due to the crisis, and the economic 
“hit” to the state was estimated to be over A$560 million. 
Fortunately, the gas pipeline from the mainland was still 
operational so that emergency supplies for the gas-fired 
power plants could still be delivered.

The Brazilian Drought Crisis
The 2014-16 Brazilian drought was a severe drought 
affecting the southeast of Brazil, including the metropolitan 
areas of São Paulo and Rio de Janeiro. As over 70 per 
cent of Brazil’s electricity is generated by hydropower, there 
was concern that a lack of water may also lead to energy 
rationing in addition to water rationing. Thermal plants were 
used to fill the energy gap, but the switch was very costly. 
In response to decreased hydroelectric power, rolling power 
cuts were also instituted.

A novel approach to the problem was to install floating PV 
arrays on the dams to generate power when water supplies 
were depleted. The logic behind placing solar panels on 
dams is that hydro acts as a backup for the variable output 
of the PV, and utilises the same transmission infrastructure. 
Thus, water is “saved” during daylight hours. In addition, 
one of the most expensive aspects of grid scale PV is its 

associated transmission requirements, which are avoided 
in this situation.

Floating solar panels are more efficient than land-based 
arrays, largely because they have water on hand to cool 
them down. “Floatovoltaics” is also appealing because it 
is cheaper to float panels over water than to rent or buy 
land. In addition, they can be constructed more quickly 
than land-based installations, and can also be more easily 
tucked out of sight. Finally, floating arrays also shade the 
water and consequently reduce algal blooms and water 
evaporation. Brazil’s first floating solar arrays came on-line 
in March 2016.

Zambia’s Drought
Zambia has experienced daily 8-hour power-cuts since 
July 2015. Low water levels at the main reservoirs for 
hydroelectric generation have led to a power deficit of about 
one-third of electricity demand. With the country’s historically 
sufficient power supply, the sudden crisis exposed low 
diversification of the fuel mix and caught households and 
businesses unprepared and without alternative or back-up 
sources of electricity supply. Left without electricity, many 
households have reverted to charcoal for cooking, causing 
a spike in prices and accelerating the rate of deforestation. 
While only 22 per cent of the population has access to 
electricity, the entire population has been affected indirectly 
through negative impacts on the economy and public 
infrastructure services.

Zambia’s shortage of power generation capacity has been 
estimated at about 1,000 MW (as of March 2016), and 
without significant inflows into the dams in the short term, 
the situation is likely to get worse, as demand is growing 
by around 200 MW annually without matching increases in 
supply. Short term measures to alleviate Zambia’s electricity 
crisis are in limited supply, and where they do exist (such 
as diesel generators) are costly. The past heavy reliance 
on hydropower means that alternative technology back-up 
capacity is limited. In addition, imports are expensive and 
of limited availability, given the overall electricity supply 
shortfall across Southern Africa.

Kariba Dam of the Zambezi, 2005. Photo by Benbbb (Ben Bird) (Public Domain).
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Longer-term measures to avoid, or at least mitigate the 
impact of future crises are readily available, but at a cost. 
In this context, “getting the prices right” is of fundamental 
importance. The current all-pervasive subsidies for electricity 
consumers encourage consumption, discourage investment 
and divert government funds from more efficient avenues of 
allocation. In this context, the IMF is currently negotiating the 
terms for a USD 1.3 billion bail-out package (i.e. budgetary 
support) for Zambia and one of the conditions relating to 
the electricity sector was that all subsidies and support 
schemes be removed.

On the demand side, there seem to have been few attempts 
to introduce energy efficiency measures, such as mandatory 
energy labelling or minimum energy performance standards 
for both consumer and industrial products, which are 
commonplace in more developed economies.

Ways to Enhance Supply Security
The New Zealand Model
Hydroelectric generation contributes around 60 per cent of 
New Zealand’s total electricity supply, with many generators 
of widely varying sizes distributed throughout the country. 
Inflows (rainfall and snowmelt) can be stored in lakes until 
needed. However, the lakes have quite limited operating 
ranges – for technical and resource consent reasons, 
each lake’s level cannot be lowered below a certain point. 
Thus, it is not possible to completely “empty” a lake. In the 
absence of inflows, the lakes can hold enough water for 
only a few weeks of winter energy demand.

For security of supply purposes, hydro storage is divided 
into two categories: controlled and contingent storage. 
Generators can use controlled storage at any time, but 
contingent storage can only be used during defined periods 
of shortage or risk of shortage. During sustained dry periods, 
controlled and contingent storage are important indicators 
of overall supply risks. Storage is expressed in gigawatt-
hours – a measure of energy that can be produced using 
the water.

New Zealand has a liberalised power market, and therefore 
(the theory goes) as prices climb during periods of unusually 
dry conditions, additional fossil fuel plants (currently moth-
balled) would be encouraged to return to supplying the 
grid. One of the generators is presently paid to keep a 
500 MW gas and coal power station constantly in reserve. 
However, this is in conflict with the liberalised market model. 
The correct approach would be to offer a backup dry-year 
supply determined by auction, but the market is probably 
too small to deliver a competitive outcome.

The New Zealand model clearly relies upon a surplus of 

generating capacity, particularly for dry years. Nevertheless, 
drought-vulnerable countries could perhaps adopt the 
concept of controlled and contingent storage, adapted for 
domestic conditions.

Pump Storage
Pumped storage projects store and generate energy by 
moving water between two reservoirs at different elevations. 
At times of low electricity demand, such as at night or on 
weekends, excess energy is used to pump water to an 
upper reservoir. During periods of high electricity demand, 
the stored water is released through turbines in the same 
manner as a conventional hydro station, flowing downhill 
from the upper reservoir into the lower reservoir to generate 
electricity. The turbine is then able to also act as a pump, 
moving water back uphill.

The power used to move water back uphill would generally 
come from surplus generation capacity from inflexible 
technologies such as nuclear, brown coal, solar, and wind, 
i.e., technologies that cannot be easily ramped down 
during times of low demand, or those that are variable in 
output and generate power when conditions are favourable 
irrespective of demand. According to the IEA, pumped-
storage hydropower is the largest and most cost-effective 
form of electric energy storage at present.2 It claims that 
the current global capacity of pumped-hydro storage could 
increase tenfold as some existing hydropower plants could 
be transformed into pumped-hydro storage plants.

In South Africa, the first of four units of the 1,332 MW 
Ingula Pumped Storage Scheme came into operation in 
June 2016. The plant uses water from the upper reservoir 
to generate electricity during the peak demand periods of 
the day. At night, excess power on the grid generated by 
conventional coal and nuclear plants is used to pump water 
back to the upper reservoir. However, there are currently 
no plans to build pump storage hydropower elsewhere in 
hydro-vulnerable neighbouring countries. This is probably 
because the inflexible technologies mentioned above do 
not currently exist in those countries.

Conclusion
The lesson that can be learnt from the above events is 
obvious: energy security is an essential element of any 
power system. In addition, diversity of energy technologies is 
an important aspect of energy security, as is diversification 
of supply sources.

1. This paper does not enter the debate on whether dam, as opposed to run-
of-river, hydropower can indeed be classified as “renewable”.

2.  International Energy Agency (IEA), Renewable Energy Essentials: Hydropower 
(2010). See: www.iea.org/publications/freepublications/publication/
hydropower_essentials.pdf.

Frequency Balancing for RE Integration in Interconnected 
Power Systems
By Mr. Gautam JINDAL, ESI Research Associate

For a power system to function reliably, the total electricity 
generated must be balanced with total electricity demand 
instantaneously. The power system frequency is one 
of the key indicators of power system stability and 
depends on the delicate balance between generation and 
load. If the load becomes higher than the generation, 
system frequency drops below the normal operating 
point. Conversely, if the generation exceeds the load 
requirement, the system frequency deviates on the higher 
side. In either case, large deviations in frequency can 
damage generators, interfere with system protection 

schemes, and in extreme cases, lead to system collapse.

Balancing generation and load continuously at every instant 
is challenging because the overall system demand fluctuates 
constantly. Random switching on and off by millions of 
individual loads leads to variability on a minute-to-minute 
scale, whereas variability on a longer time-scale results 
from factors such as weather changes or level of economic 
activity (e.g. weekday versus weekend). At the same time, 
generators can also contribute to imbalance because they 
are susceptible to sudden and unexpected outages.
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As a result, power system operators rely on “Frequency 
Balancing Services” to ensure supply and demand balance 
in the system. Frequency Balancing Services mainly consist 
of additional generation capacity above the capacity required 
to meet the current load, which can be quickly brought on-
line to cover for any deficiency in generation with respect 
to the demand. These can also be provided by special 
“interruptible loads”, i.e. high power loads that can be 
automatically or manually switched-off. In circumstances 
when demand suddenly drops with respect to generation, 
frequency balancing services are provided by generators 
that can quickly ramp down their generation.

Frequency balancing is one of many “Grid Ancillary Services”, 
which are critical operations that maintain the reliability 
of the grid. These include other services such as voltage 
control (control of reactive power), black start capability 
(restarting a grid following a blackout), etc.1  

Frequency Balancing for Renewables
While traditional power systems have effectively utilised 
frequency balancing to cater for load variability and 
possibilities of generator failure, the integration of “new 
renewables” such as wind and solar PV presents additional 
challenges for maintaining grid reliability. This is because 
energy output from these sources is uncertain (e.g. wind 
speed cannot be accurately predicted ahead of time) and 
variable, i.e. the power output fluctuates with the availability 
of the renewable source (e.g. a partially shaded solar panel 
produces less output than a panel that is not shaded). 

As the penetration level of variable renewable energy 
sources in a power system increases, the probability and 
magnitude of generation–demand imbalance increases. 
Consequentially, system operators require additional 

frequency balancing services to manage the increased 
magnitude and probability of the imbalance. 

Generators are required to keep spare capacity in order to 
provide frequency balancing. They entail economic costs 
as well as environmental costs because they run on partial 
loading. Furthermore, the maximum quantity of balancing 
that can be available is restricted by the flexibility of the 
generation mix. For example, hydro generators can generally 
provide larger amounts of fast balancing compared to coal 
generators because of their large ramp rates. Thus, in order 
to effectively integrate variable sources into the power system 
with minimal additional frequency balancing, the uncertainty 
and variability associated with the variable energy sources 
need to be minimised. In parallel, the flexibility of the rest of 
the power system should be maximised by making relevant 
design changes to the electricity market. 

Importance of Interconnected Power Systems
Interconnecting power systems to either operate as a 
single electricity market or to share frequency balancing 
with other markets can play an important role in minimising 
the additional balancing requirement. One of the reasons 
is that the observed variability and uncertainty of variable 
generation output decreases with increased geographical 
area. Numerous studies have shown that the aggregate 
variability of a number of small sized systems located 
kilometres apart is generally lower than large sized systems 
concentrated in a small area. This is because weather 
conditions are generally found to be uncorrelated with 
increasing distances.2   For example, if a gust of wind blows, 
it is not expected to reach different wind turbines located 
far apart at the same time; nor it is likely that clouds will 
cover an entire city or state at the same time. If there is a 
dense cloud cover over a large area, PV output is generally 

Wind Power Turbines in Turfan-Urumqi, China, 2012. Photo by Ismoon (Permission under CC BY-SA 4.0-3.0-2.5-2.0-1.0).
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not variable because in this case there is no sunshine. 
Thus, as wind generators or PV systems get located further 
apart, their output becomes uncorrelated. As a result, their 
aggregated variability is lower than the linear sum of the 
variability of the individual systems. In some studies, the 
variable energy sources are located so far apart that their 
outputs are assumed to be completely uncorrelated. In this 
case, aggregate variability is calculated as the geometric 
sum of the variability of individual systems.

Figures 1 and 2 show data collected by the Solar Energy 
Research Institute of Singapore. Output for solar radiation 
at one location is found to be much more variable as 
compared to the aggregated output for measurements at 
twenty-five locations across Singapore.

The second benefit of large geographic areas is that they 
contribute to reduced uncertainty in forecasting the output 
from variable energy sources. A study by the International 
Energy Agency (IEA)3  found that when predictions for areas 
are combined, the overall level of accuracy improves. Looking 
at day-ahead predictions for wind speed in Germany, the 
study found that the Normalised Root Mean Square Error 
(normalised by the percentage of installed wind capacity) 
for one control zone was around 6.8 per cent whereas the 
combined error for all four control zones was found to be 
5.7 per cent. At the same time, aggregating power systems 
allows the combined system to respond more effectively 
to variability. For example, the ramping capability of an 
aggregate system is generally equal to the linear sum 
of ramping capabilities of the individual systems. This is 

Solar Panel on Hong Kong Peak Galleria on a Foggy Day, 2009. Photo by Snowacinesy (Permission under CC BY-SA 3.0). 

Figure 1: Solar Irradiation at a Single Location Figure 2:  Solar Irradiation Averaged Over 25 Sites 
across Singapore



ESI Bulletin  •  February 2017  •  Page 13
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Internationally Refereed Journal Articles
Zhang Yue-Jun, Peng Hua-Rong, Su Bin, “Energy Rebound 
Effect in China’s Industry: An Aggregate and Disaggregate 
Analysis”, Energy Economics 61 (2017): 199-208.

Yuan Jun, Ng Szu Hui, “Emission Reduction Measures 
Ranking under Uncertainty”, Applied Energy 188 (2017): 
270-279

20 January  Melissa Low presented “Updates from COP22”, 
at ESI Symposium on Opportunities and Challenges in 
Integration of Energy System Modelling, ESI Conference 
Room.

20 January  Anton Finenko presented “ASEAN Regional 
Electricity Market Development” at The Changing Landscape 
in Asian Power Markets: Opportunities and Challenges 
Conference” organised by Bloomberg and held in the 
Bloomberg Auditorium in Singapore.

Staff Presentations and Moderating
19 January  Victor Nian presented, “Assessment of 
Energy Technologies from a Whole System Perspective”, 
at ESI’s Sustainable Development through Energy System 
Modelling and Policy Analyses Workshop, Hotel Jen Tanglin, 
Singapore.

19 January  Brantley Liddle presented “Demographic and 
Population Density Impacts on Energy/Emissions: Results 
from National- and City-level Data”, at ESI’s Sustainable 
Development through Energy System Modelling and Policy 
Analyses Workshop, Hotel Jen Tanglin, Singapore.

Other Publications
     

Brantley Liddle, “Modeling Disaggregated Energy 
Consumption: Considering Nonlinearity, Asymmetry, and 

Heterogeneity by Analyzing US State-level Data”, IAEE 
Energy Forum (1st Quarter 2017}: 35-39.

Staff Media Contributions
Philip Andrews-Speed was interviewed by Global Finance 
on China’s renewable energy plans, 12 January 2017. 

Philip Andrews-Speed was interviewed by Radio Free Asia 
on China’s new coal targets, 4 January 2017. 

Gautam Jindal and Melissa Low, “A Monumental Year for 
Climate Change”, The Business Times, 21 December 2016.

because all generation systems in the individual systems 
can be ramped up (or down) simultaneously if required. 
Furthermore, larger power systems provide a larger pool 
of generators and interruptible loads that can be utilised 
for frequency balancing. The availability of a larger pool 
can also result in frequency balancing being provided by 
the most efficient resources at minimal economic and 
environmental costs.

Lessons
Thus, while aggregation of power systems reduces the 
variability and uncertainty of variable energy sources, it 
improves the response capabilities of the remaining power 
system. This net-benefit results in reduced requirements 
and costs accruing from additional frequency balancing. 

A number of power systems have demonstrated these benefits 
from interconnections. For example, the aforementioned 
study by the IEA4 also showed that the aggregation of 
Nordic countries in the Nord Pool market has halved the 
quantity of frequency balancing required, compared to if 
the countries had operated independently. In fact, one of 
the reasons that Denmark is successful in integrating large 
amounts of wind power is that it is connected to Norway 
and Sweden which have large amounts of hydropower 
and pumped hydro storage systems. Hydropower systems 
have extremely fast ramping capabilities and can provide 
many types of frequency balancing services, as well as 
other ancillary services. Pumped hydro storage systems 
can additionally absorb excess output from wind and PV 
systems in case their output is larger than the demand.

Another interesting case is Germany where wind and solar 
capacity expanded from 27 GW in 2008 to 78 GW in 2015. 
During this time, the amount of balancing capability required 
was reduced by almost 15 per cent. While a study which 
quantifies the contribution of the various factors that may 
have led to this result has yet to be carried out, one of the 
major factors is believed to be cooperation amongst the 
four German transmission authorities (TSOs) to conduct 
frequency balancing activation jointly. Under this initiative, 
the TSOs try to cancel out opposite balancing requirements 
as much as possible, thus effectively treating Germany as 
a single frequency balancing area.5

1.  The United States Federal Energy Regulatory Commission (FERC) defines 
ancillary services as “those services necessary to support the transmission 
of electric power from seller to purchaser given the obligations of control 
areas and transmitting utilities within those control areas to maintain reliable 
operations of the interconnected transmission system.” See http://www.ferc.
gov/market-oversight/guide/glossary.asp. 

2,  Bernhard Ernst. Analysis of Wind Power Ancillary Services Characteristics 
with German 250-MW Wind Data. NREL/TP-500-26969 (Colorado: National 
Renewable Energy Laboratory, 1999).

  
3. Hannele Holttinen et. al. Design and Operation of Power Systems with 

Large Amounts of Wind Power. (IEA Wind Task 25, Final Report, Phase 
One 2006 – 2008). VTT Research Notes 2493, VTT Technical Research 
Centre of Finland, 2009.

  
4.  Ibid.
  
5.  Lion Hirth and Inka Ziegenhagen, “Balancing Power and Variable Renewables: 

Three Links”, Renewable and Sustainable Energy Reviews 50 (2015): 1035-
1051. 
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Norman jo ined the Energy 
Studies Institute in January 
2 0 1 7 .  H e  o b t a i n e d  h i s 
professional certification from 
the Association of Chartered 
Certified Accountants (ACCA) in 
2011 and he is also a member 
of The Institute of Singapore 
Chartered Accountants (ISCA).
At ESI he is responsible for 
financial management, contracts 
administration and projects 
administration.

New Staff
Norman Tan

Recent Events 

19 Jan, 4th Asian Energy Modelling Workshop: 
Sustainable Development through Energy 
System Modelling and Policy Analyses
The 4th Asian Energy Modelling Workshop organised by 
ESI was held at Hotel Jen Tanglin on 19 January 2017. The 
workshop focused on the latest developments in energy 
system modelling and the application of such models 
to sustainable development issues at the city, national, 
regional and global levels. In addition to presenting findings 
and energy outlooks, the experts from around the world 
discussed the challenges in data collection, model selection 
and development, parameter setting and estimation, scenario 
setting, results interpretation, accounting for uncertainties 
and how best to use models to support decision-making. 
They agreed that the modelling community must work 
together to overcome these challenges given the increasing 
complexity in modelling interrelationships between the 
economy, energy and environment.

4th Asian Energy Modelling Workshop with ESI’s Executive Director Professor S. K. Chou, seated in the front row, third from the left.

Participants of the 4th Asian Energy Modelling Workshop.
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