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ABOUT WORLD ENERGY TRILEMMA 2016
The World Energy Council’s definition of energy sustainability is based on three core
dimensions: energy security, energy equity, and environmental sustainability. Balancing these
three goals constitutes a ‘trilemma’ and is the basis for the prosperity and competitiveness of
individual countries.
The World Energy Trilemma Report 2016, prepared in partnership with global consultancy
Oliver Wyman, a subsidiary of Marsh & McLennan Companies, identifies five focus areas to
drive progress on the energy trilemma.
Developed through interviews with policymakers and private sector energy leaders, analyses
of five years of the Energy Trilemma findings, and associated wide assessment of energy
strategies, the report offers guidance in the complex task of translating the trilemma goals of
security, equity and sustainability into tangible actions.

FOREWORD
In our research for this year's World Energy Trilemma report, we, that is the World
Energy Council and our project partner, global consultancy firm Oliver Wyman, set
out to ascertain what the data we have assembled over the last five years tells us
about how energy policy can best address the challenges of securing the trilemma
goals of security, environmental sustainability, and equity.
What we found underlined the importance of some key themes featured in our
reports. There is no simple linkage between any specific policy and performance
on the three energy dimensions of the trilemma. This is perhaps not too surprising,
since what works in any particular country depends both on its individual
circumstances and the quality of execution of policies. Moreover, when it comes to
reconciling growing demand for energy with the (relatively recent) emphasis on
reducing greenhouse gas emissions to mitigate the impact of climate change, and
doing so affordably, we all still have a lot to learn. We therefore have taken the
opportunity to highlight the lessons emerging from innovative policies to address
the energy trilemma.
First among these is the need to provide clarity to the market. This is particularly
important in devising strategies to finance the transition to a low carbon energy
system and to expand access to modern energy services, since investors need to
be able to assess their proposed commitments against long term trends, whether
in supply and demand, technology development, or the evolution of policy.
When it comes to implementation, we will need to push forward in critical areas
using a staged approach, with an eye to the longer term but also the ability to learn
by doing and to adapt our incentives as circumstances change. We need to get
better at co-ordination - including looking beyond the energy sector to meet climate
and energy goals, which will require changes right across the economy to our
transportation, manufacturing, construction and agricultural sectors.
Innovation will be at the heart of how we meet these challenges cost effectively,
and governments need to be strongly supportive of private sector investment in
innovation and research, development and demonstration. While disruptive new
technologies will appear in the future, we already have the range of tools to do
what is needed - but getting them all to market quickly is a different matter.
The fundamental nature of the changes we need to make requires us to adopt a
change management approach in communicating policies and setting
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expectations. No longer can we act as if change of this significance will be cost
free and completely straightforward - there will be setbacks along the way which
need to be allowed for. Politicians have a grave responsibility to foreswear short
term point scoring, based on oversimplified approaches, when setbacks occur.
Industry too must play its part, and it will be better able to do so if policymakers
stimulate a broader industry engagement. This will need to embrace the new types
of company who are driving such rapid change in the energy sector if policy and
regulation is to keep up to date with changing business models and
business/customer relations. These in turn will require new forms of customer
engagement calling for increased communication with the public. Social
acceptance of change on this scale and at this pace can only be secured with a
great deal of conscious effort from all government and business leaders.
Overall, the challenges seem daunting. But we benefit from a sophistication of
understanding of how to tackle them which is unprecedented. What we must do
now is convert that understanding into effective policies. The trilemma process is
designed to facilitate the dialogue among all stakeholders which is a precondition
of early and effective action.

Joan MacNaughton
Executive Chair, World Energy Trilemma
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EXECUTIVE SUMMARY
The energy sector is at a transition point and faces a range of growing
challenges. Countries have committed to reducing greenhouse gas
emissions (GHG) under the 2015 climate change agreement (COP 21),
putting a renewed focus on the decarbonisation of the energy sector. In
addition, energy services must expand to meet rising global energy demand
in many emerging economies and provide more than 1 billion people with
needed access to modern energy services. At the same time as transforming
market designs and expanding energy infrastructure, energy security and
reliability must be maintained and strengthened in a context of increasing
risks and resilience challenges.
The energy industry and energy leaders have been implementing changes and
making strides to meet these challenges. To meet the goals of 2020 and beyond,
governments must enact and continue to push the evolution of energy policies and
financing solutions that support rapid transitions and expansion of energy
infrastructure. Through interviews with policymakers and private sector energy
leaders, an analysis of five years of the Energy Trilemma Index, and associated
wide assessment of countries’ energy strategies, this 2016 World Energy Trilemma
report has identified five focus areas to drive progress on the energy trilemma and
offers guidance in the complex task of translating the trilemma goals of security,
equity and sustainability into tangible actions.

FIVE FOCUS AREAS TO ACCELERATE THE
ENERGY TRANSITION
1. TRANSFORMING ENERGY SUPPLY. Policymakers and decision takers must set

clear and straightforward energy targets and build a broad consensus for the
transition in energy supply and demand. This process must include new entrants
to the energy sector and early engagement with affected communities. Taking an
adaptive approach by launching pilot projects and regularly analysing policy
effectiveness is crucial for the successful delivery and implementation of policies.
2. ADVANCING ENERGY ACCESS. Many emerging and developing economies

continue to struggle to expand energy infrastructures to support advanced energy
security, reliability and access. To increase private sector investments in
infrastructure expansion and modernisation, countries are reforming regulatory
frameworks to decrease the cost of doing business, and to increase
competitiveness in the electricity market. In tandem, distributed generation through
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solar and wind renewables is bringing energy access to rural and remote
communities that cannot currently be cost-effectively connected to the grid.
Solely expanding energy access infrastructure is not enough. Countries must look
to a range of innovative mechanisms that enable affordable access for people to
utilise the benefits of modern energy for income-generating activities. Innovative
mechanisms include pay as you go business models and mobile banking solutions
to promote the take-up of renewable-powered energy services.
3. ADDRESSING AFFORDABILITY. Many countries with lower gross domestic

products (GDPs) and low rankings on the energy equity dimension are struggling
to ensure energy affordability while financing or creating the investment conditions
to support energy infrastructure expansion. Over the short term, subsidies can be
vital for lower-income consumers and supporting social and economic
programmes. Energy subsidies can be costly to deploy, are contentious to remove,
and tend to decrease overall performance on the energy trilemma over the long
term. The case studies in this report demonstrate how long-term subsidies can
erode the profitability of utilities, stall improvements in energy infrastructure and
stimulate inefficient energy use.
4. IMPROVING ENERGY EFFICIENCY AND MANAGING DEMAND. Energy

efficiency and managing energy demand continue to be globally perceived as top
action priorities with huge potential for improvement. As highlighted through the
case studies, cost savings alone are often insufficient to stimulate the adoption of
energy efficiencies or behaviours. Policymakers must align the interests of asset
owners, users and regulators, and continue to implement a combination of energy
efficiency standards, performance ratings, labelling programmes and incentives.
They must also increase awareness across all industrial sectors, and encourage
consumers to continue to focus on greater energy efficiency.
5. DECARBONISING THE ENERGY SECTOR. The groundbreaking conclusion of

COP 21 added increasing momentum to the global transition to low-carbon
energy. Dynamic and flexible renewable energy investment policies are the key to
responding to evolving market dynamics and technological developments. Meeting
COP 21 climate goals will require a clear path to a meaningful carbon price signal
and changes beyond the energy sector and across the economy. Governments
have a role in building the necessary consensus for change.
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RECOMMENDATIONS
There are lessons emerging from innovative and tried-and-tested policies to
overcome barriers and make progress on the energy trilemma:
Policy matters: Policy choices and creating a regime to support a robust energy
sector are critical to lasting energy trilemma performance regardless of a country’s
resources or geographic location.
Time matters: Policies and investments intended to change energy supply and
demand at a national level will take time and will likely be disruptive. Countries
must act now to progress on the trilemma with secure, equitable and
environmentally sustainable energy to support a thriving energy sector, a
competitive economy and a healthy society.

OTHER RECOMMENDATION S INCLUDE:


Improved coordination and looking beyond the energy sector to meet
climate change goals is critical.



Policymakers should provide clarity to the market with succinct and aligned
signals when devising policy strategies in order for investors to assess their
commitments against long-term trends.



Governments need to be strongly supportive of private sector investment in
research, innovation and development.



A change-management approach in communicating policies and setting
expectations should be adopted to take into account technology changes and
any setbacks that may occur in the future to avoid stakeholder backlash.



Desired transitions in the energy sector must be accompanied and
stimulated by transitions in regulatory frameworks. ‘Energy 2.0’ must be
enabled by ‘regulations 2.0’.
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INTRODUCTION
The energy sector is at a transition point and faces a range of growing challenges.
Globally, energy demand is predicted to grow by one-third over 2015–2040,
primarily in non-OECD countries.1
The primary drivers of this demand are: a global population growth from 7 billion
today to 9 billion by 2040; a projected 150% growth in the global economy in the
same time period; and trends in increasing urbanisation and mobility. For example,
between 2014 and 2040, it is expected that almost 1 billion vehicles will be added
in developing countries, as well as 47 million new commercial vehicles in the
OECD, and 229 million in developing countries.2
In addition, many countries, especially in Sub-Saharan Africa, will need to expand
electrification and access at a pace that exceeds the local population growth to
provide modern energy services to the estimated 1.1 billion people who currently
do not have access to modern energy services.3
At the same time, the energy sector needs to adapt to emerging risks – such as
increasing volatility of weather patterns and cyber risks – and new market
structures and frameworks to integrate new technologies – all in a context of
increasing price volatility.
These trends, coupled with commitments to decrease the environmental impact of
the energy sector, currently responsible for 35%–40% of global greenhouse gas
(GHG) emissions, will put strains on energy systems.
Many countries have already made progress in improving their provision of secure,
affordable and environmentally sustainable energy. But there is much more to do.
All energy sources currently available at scale entail challenges in meeting the
three goals of the energy trilemma (see Figure 1: Outlook, challenges and
opportunities for energy sources).

1

International Energy Agency (IEA) (2015), World Energy Outlook 2015 (Executive summary)
Organization of the Petroleum Exporting Countries (OPEC) (2015), The World Oil Outlook
2015
3
IEA and the World Bank (2015), Sustainable Energy for All 2015 – Progress Toward
Sustainable Energy
2
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FIGURE 1: OUTLOOK, CHALLENGES AND OPPORTUNITIES FOR ENERGY
SOURCES

Source: World Energy Council / Oliver Wyman, 2016
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Future energy goals have to be ambitious. Countries will need to deliver and
balance their energy trilemma goals while responding to recent international
developments. These include the first ever G20 Energy Ministers Meeting in 2015,
the December 2015 annual conference of parties (COP 21) agreement and the
proclamation of the United Nation’s Sustainable Development Goals (SDGs) which
included a focus on energy access.
These energy ambitions are reflected in the outcomes of the World Energy Issues
Monitor, which shows that renewable energies and energy-efficiency
improvements have become key action items for energy leaders globally (see
Figure 2: World Energy Issues Monitor – Key action priorities).

FIGURE 2: WORLD ENERGY ISSUES MONITOR – KEY ACTION PRIORITIES

Source: World Energy Council (2016), World Energy Issues Monitor 2016

The 2016 World Energy Trilemma report, prepared in partnership with global
consultancy Oliver Wyman, along with the Global Risk Centre of its parent Marsh
& McLennan Companies, aims to support policymakers in the complex task of
translating the trilemma goals of energy security, energy equity and environmental
sustainability, into implementation actions. Leveraging five years of World Energy
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Trilemma reports and indices and a wide assessment of country energy strategies,
the 2016 report identifies five areas where countries have focused efforts to drive
progress on the energy trilemma goals:
1. transforming energy supply
2. advancing energy access
3. addressing affordability
4. improving energy efficiency and managing demand
5. decarbonising the energy sector.
Within each focus area, selected policy tools are analysed, highlighting the barriers
from policy design to implementation and the learning from policy initiatives across
the world. Policy examples from a variety of countries illustrate how best to manage
the trade-offs and spill-overs within the energy trilemma framework of security,
equity and environmental sustainability. As one policymaker noted, “Policymakers
need to consider trade-offs according to country context.” But neglecting one
dimension of the trilemma can result in unintended consequences and higher future
costs in economic, social and environmental terms, while improvements on a single
dimension can often have positive impacts on the overall trilemma results.
This report has a strong focus on the decarbonisation of the electricity sector.
Electricity generation is a key source of GHG emissions. While progress has been
made in many geographical areas to reduce carbon intensity, there is an
expectation for electricity to play a growing role in heat and transport. Some
estimates suggest that electric vehicles could be 35% of new car sales by 2040,
and other research predicts that the rapidly falling costs of lithium-ion battery costs,
(which have dropped 65% since 2010), could spur a faster adoption of electric
vehicles. The resulting transitions and growth trajectory of the electricity sector will
have a huge impact on the world’s economy and environment. How countries drive
electrification, promote efficient use of electricity, and the regulations surrounding
electricity will be key.
The link between a country’s performance on the Energy Trilemma Index and the
steps required to improve is not always self-evident. A country’s performance often
involves a number of interrelated factors, of which policy is one part. These factors
include technology development, market forces, institutional arrangements, and
corporate and consumer values, among others. While existing institutions, markets
and capabilities are taken into account, the report focuses on policies. As noted in
the 2011 World Energy Trilemma report, “Policymaker choice is a key
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discriminating factor of energy performance: while countries may exhibit similar
contextual positioning and resource endowments it is ultimately the choices made
by policymakers that cause the energy performance scores of otherwise similar
countries to diverge.”4
Supported by interviews with energy leaders in policy and regulatory fields as well
as the private sector, the report concludes with key findings and recommendations
for policymakers to overcome barriers to improve performance on the energy
trilemma and sets out priorities for the energy sector for 2016 onwards.

4

World Energy Council (2011), Policies for the Future
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FIVE YEARS OF ENERGY TRILEMMA
ASSESSMENT AND INDICES: A
RETROSPECTIVE
The annual World Energy Trilemma reports and indices from 2010 to 2015
uniquely captured the priorities that were jointly identified by global energy leaders
from public and private sectors, across developed, emerging and less developed
nations. This sixth year of energy trilemma assessments provides an opportunity to
review and identify where and how countries have focused efforts to make
progress on the trilemma and to highlight policy learnings to support energy goals
over the next five years (see Box 1).

BOX 1: DEFINING THE THREE DIMENSIONS OF THE ENERGY TRILEMMA
Energy security: Effective management of primary energy supply from
domestic and external sources, reliability of energy infrastructure, and ability
of energy providers to meet current and future demand.
Energy equity: Accessibility and affordability of energy supply across the
population.
Environmental sustainability: Encompasses achievement of supply- and
demand-side energy efficiencies and development of energy supply from
renewable and other low-carbon sources.

The broad context and key interconnected policy areas to support the transition to
sustainable energy systems and balance the energy trilemma were set out in the
2012–2014 World Energy Trilemma reports. Three key policy areas remain
essential for creating an attractive foundation for energy investments (see Figure 3:
Three key interconnected policy areas).
Predictable and durable energy policies that go beyond the political cycle and have
clearly defined goals are the cornerstones of a sustainable energy system. To
support the formulation of policies, the energy industry needs to be proactive in
sharing knowledge and taking a strong role in change management with regards to
energy use. Policymakers must ensure that energy policies: are integrated with
adjacent policy areas (for example, environment, industry, and transportation);
include the promotion and support of energy efficiency; and are generally
supported by citizens.
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Against this policy backdrop, there is a need to implement consistent, predictable
regulatory and legal frameworks to support long-term investment in energy
infrastructure. These include the effective use of market-based economic
instruments to ensure a fair marketplace for all energy technologies. Alongside
this, there is a role for carefully selected mechanisms to correct market failures
such as ‘green’ or infrastructure banks. Green bonds, well-designed public-private
partnerships, and carefully applied subsidies, can also be important.

FIGURE 3: THREE KEY INTERCONNECTED POLICY AREAS

Source: World Energy Council (2012), World Energy Trilemma: Time to get real – the case for sustainable
energy policy

Public and private initiatives that enable innovation as well as research,
development and deployment (RD&D) projects are essential to transform the way
energy is produced and used. Industry must lead the way in bringing forward
technological innovations.
The key messages and learning over the five years of energy trilemma research
have remained strongly consistent and are reiterated and strengthened in this
current analysis. The consistency remains, despite the significant number of
foreseen and unforeseen global developments that have affected the energy sector
and, with that, the energy trilemma dimensions over the period. These developments

13

WORLD ENERGY COUNCIL | TRILEMMA

highlight the challenges in developing lasting policy in an evolving context (see
Figure 4: Policymaking during key global energy developments 2010–2015).

FIGURE 4: POLICYMAKING DURING KEY GLOBAL ENERGY
DEVELOPMENTS 2010–2015

Source: World Energy Council/Oliver Wyman, 2016

This challenge is reinforced in the results of the annual Energy Trilemma Index
from 2010–2015. The Index comparatively ranks 130 countries on their ability to
provide a secure, affordable and environmentally sustainable energy system, and
awards countries a balance score, highlighting their effectiveness in managing the
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trade-offs between the three energy trilemma dimensions.5 Based on an analysis
of 60 data sets used to develop 23 indicators, the Index displays the aggregate
effect of energy policies applied over time (see Box 2).

BOX 2: CHANGES TO THE ENERGY TRILEMMA INDEX METHODOLOGY
The Energy Trilemma Index, formerly known as the Energy Sustainability
Index, was first introduced in 2009, ranking close to 90 countries. This
ranking has been expanded to include 130 countries and greater detail about
countries’ performance on the specific trilemma dimensions by adding a
‘balance score’ and an index ‘watch list’ to give an indication of countries
that are expected to display trend changes in the next few years.
To make the Index an even more valuable, widely-used tool for the various
stakeholder groups, the World Energy Council, in partnership with global
management consultancy Oliver Wyman, has conducted a review of the
Energy Trilemma Index, involving a select task force of experts from 18
different countries, covering all continents. The new Index 2.0 methodology
(currently under development) reflects global energy sector insights
captured through six years of trilemma research. It leverages improved data
sets and addresses pressing issues that impact on energy sector dynamics.
Results, using the new Index 2.0 methodology, are expected to be released
at the World Energy Congress 2016.
The Index 2.0 methodology will use a set of 34 indicators and approximately
100 data sets to rank countries on their trilemma performance (compared to
23 indicators and 60 data sets in the current Index methodology).

5

In 2013, the Energy Trilemma Index was expanded to include an additional 37 countries (not
members of the World Energy Council) with sufficient available data to provide a comparative
ranking of 129 countries. A ‘balance score’ was added to indicate how well countries manage
the trade-offs between the three energy trilemma dimensions and identify top performing
countries with an ‘AAA’ score. The methodology was improved over time, with a particular focus
on the assessment of the social equity and environmental impact mitigation dimensions (see
World Energy Trilemma: 2012 Energy Sustainability Index for details.) Index rankings were
calculated retrospectively with the improved methodology to allow a year-to-year comparison.
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Detailed analysis of the annual Index does not reveal a ‘magic formula’ or specific
policy or types of policies that drive Index performance. Yet reviews of country
performance yield a number of findings:


Achieving significant and measurable changes in a country’s energy
trilemma profile and altering the balance between the dimensions can take
a number of years. This is despite the progress and sometimes seemingly
rapid developments in the energy sector, such as the significant
developments in US shale gas. Policies intended to drive measurable and
lasting changes in energy supply and demand or GHG emissions can take
5–10 years to materialise, as infrastructure takes several years to develop
and build. The key lesson for countries focused on the year 2020 and
achieving their COP 21 commitments is to start now.



Few countries are fully balanced across all areas of the energy trilemma,
and overall progress on the trilemma is usually led by developments in one
dimension. Indigenous resources, such as fossil fuels, or availability of
large-scale hydropower can have a significant impact on the overall
trilemma profile, resulting in high security ratings or high environmental
sustainability ratings. However, a comparatively balanced trilemma profile
depends on focused policies and a robust regulatory and legal environment.



Energy policy choices and the ability of a country to develop, implement and
regulate the energy sector have the biggest impact on overall energy
trilemma performance. High gross domestic product (GDP), or rich fossil
fuel resources, can facilitate aspects of energy performance, but countries
across the economic spectrum and geographies perform well in aspects of
the energy trilemma. Policy choices and creating a regime to support a
robust energy sector are critical to lasting energy trilemma performance.

Figure 5 shows the top performers in terms of the overall ranking on the Energy
Trilemma Index across the last five years. It is important to note that the Index is
comparative and ranks countries’ performance in relation to each other. Overall,
many countries have improved aspects of energy performance over the review
period and the Index has been useful to help identify areas for improvement.
Leading countries have also improved, thus maintaining high overall rankings in
relation to others.
Across the 130 countries included in the Energy Trilemma Index, only 12 have
ranked in the top 10 overall: 10 of those countries are in Europe and 9 are also
members of the Clean Energy Ministerial group (initiated in 2009).
While there are differences among these top performers regarding the countries’
endowment of natural resources and geographic spread, they all are members of
the OECD (mostly European) with strong, post-industrial economies (GDP per
capita greater than US$33,500). The top performers have a relatively high
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percentage of renewables (close to or higher than 10%) and/or nuclear power in
their electricity generation. However, there are also a number of non-OECD and
lower GDP countries that consistently rank high. In Latin America, these include
Uruguay, Colombia and Costa Rica which have a steady upwards trends 20112015 and rise to top 20 Index positions in 2015. These countries have been able to
leverage renewables, especially hydro, to drive energy performance and have also
put a strong focus on developing consistent energy policies. Qatar has also
consistently ranked high, ranking in the top 20 in three out of the past five years.

FIGURE 5: ENERGY TRILEMMA INDEX RANKINGS: TOP 10 COUNTRIES,
2011–2015

Source: World Energy Council/Oliver Wyman, 2016

Other common features of top ranked countries include a strong regulatory and
country context in which energy policy is developed and implemented. This
highlights that policies, and the institutional capacity to develop and implement
them, is critical to attracting investment and ensuring effective energy
performance.
The reasons behind the strong European presence in the top ranked Index
countries which is shown in Figure 5 are varied and difficult to link to any single
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policy or group of policies. However, the EU’s long-term climate and energy
strategy, implemented through the 20-20-20 targets, introduced in 2008, may have
played a strong role in driving the performance of the predominantly European top
10 energy trilemma performers (see Box 3). For example, European countries
represent 19 of the 21 countries that have decoupled economic growth (GDP) and
CO2 emissions growth over the period 2000–2014.6

BOX 3: EUROPE’S 20-20-20 TARGETS: IMPACTS AND LESSONS
In an important step towards decarbonising the economy, in 2008 the EU
committed to climate and energy goals to be reached by 2020. These targets,
known as the ‘20-20-20’ targets, aim for: a 20% cut in emissions of GHG,
compared with 1990 levels; a 20% share of the final energy consumption
coming from renewables; and a 20% increase in energy efficiency. Overall, it
is hoped that the goals would help the region achieve the energy trilemma
goals of secure, equitable, and environmentally sustainable energy.
There are mixed views as to whether Europe will achieve the 20-20-20 targets
and whether some of the progress is the result of external factors, rather
than policy efforts. For example, continued deindustrialisation and the
lingering effects of the financial crisis through 2010–2011 have tempered
emissions and energy demand growth in certain countries. In terms of the
energy consumption goal, variations in measuring energy efficiency may
make it difficult to determine if the 20% reduction target is met. A number of
countries, including France and the United Kingdom, will also have some
challenges in meeting the target of 20% renewables in final energy
consumption over the next four years.
There have been criticisms of the costs to stimulate renewable energy
growth – for example, an estimated €40.5bn will be spent in France
supporting the renewables power sector for 2012–2020. There are also
concerns over the costs to consumers and the impacts these policies have
had on the financial viability of the overall power sector. Specifically, the
electricity market has been distorted, with drops in wholesale prices
undermining investments in wholesale capacity, such that some modern gas
plants are not viable, but old (and dirtier) coal plants with lower marginal
costs are able to operate profitably.

6

Aden N (2016), “These 21 countries are cutting carbon while growing GDP”, GreenBiz (6 April,
2016)
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With more ambitious energy targets set for 2030, policymakers will need to
put a greater focus on energy market design, regional energy markets, and
energy demand management in transportation and buildings, as well as
getting the right prices on carbon.7

Looking at the performance of different regions, North America – led by US and
Canada, with Mexico generally ranking at about the 40th position in the Index – is
the next strongest geographic region after Europe. The United States and Canada
rank high in the Index, but all three North American countries are in the lower
Index rankings for the environmental sustainability dimension due to comparatively
high emissions per capita. All have made COP 21 commitments which should help
the transition to a low-carbon energy sector. In addition, Mexico’s broad structural
reforms should result in wider improvements over the next 5–10 years.8
Latin America and the Caribbean (LAC) countries have a mixed performance in
the Index. The region includes both net energy importers and exporters, including
Organization of the Petroleum Exporting Countries (OPEC) members Ecuador and
Venezuela. Overall, LAC is an energy-rich region with large oil and gas deposits
and great natural endowments of exploitable renewable energy. A number of
countries, including Colombia, Uruguay, Costa Rica, Ecuador, Brazil and Peru,
have been able to leverage strong hydropower capabilities to achieve an overall
top third placement in the World Energy Trilemma. LAC countries are also looking
to build wind power capabilities (for example, Brazil’s competitive bidding process
to stimulate wind power), increase regional interconnections, and – most critically –
to attract investment. Many countries have focused on establishing a clear and
transparent regulatory regime for energy investments (see Box 4).

BOX 4: COLOMBIA LAW 1715 – RENEWABLE ENERGY DIVERSIFICATION
Law 1715, enacted in 2014, promotes the research, investment in, and use of,
renewable energy to comply with international commitments, such as the
Statute of the International Renewable Energy Agency (IRENA). The law does
not have specific targets for the share of renewables in the energy mix.
However, the government’s Mining and Energy Planning Unit set a goal to

7

Deloitte (2015), Energy Market Reform in Europe; Zachmann, G, Elements of Europe’s Energy
Union, Bruegel (9 September, 2014)
8
Mexico Energy Reforms: Risks and Opportunities, Marsh, June 2015
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install 143 megawatts (MW) of solar power by the year 2028 in its 2015
National Energy Plan Colombia. The main mechanisms to incentivise
renewable use are tax (income and value-added tax exemption), accounting
(accelerated depreciation), and customs exclusion benefits. For the
residential sector, the law creates the Non-Conventional Energy and Efficient
Energy Management Fund to finance self-generation projects. With the
policy coming into effect in February 2016, the impacts remain to be seen.
The cost of hydroelectricity generation is low compared to the high cost of
implementation of non-hydro renewable technologies, presenting a potential
barrier to investment. In general, public awareness of the need for, and
benefits of, clean energy is relatively low. The law itself demonstrates a
promising step towards diversifying Colombia’s energy system and
positions the country well to improve on the security and environmental
sustainability trilemma dimensions. As a next step, the country may explore
deeper economic incentives, such as feed-in-tariffs, net-metering, and utility
sale auctions– models that have helped Chile and Peru transform their
energy supply.9

Asia’s energy trilemma profile includes a diverse array of economies, with lessdeveloped countries (Nepal and Pakistan), rapidly developing economies (China,
India, Indonesia), and highly-developed nations (Japan, Korea, New Zealand).
Many of the region’s countries are in the lower half of the Index, although Malaysia
and Japan are high-ranked. As the region works to expand and increase energy
access it has to manage the environmental impacts of high coal use across the
region. Nevertheless, the region has seen some of the most significant energy
developments over the past few years, with progress in expanding energy access
and energy infrastructure. China and India have seen some of the largest growth
in solar (China: 19 GW solar PV in 2014; and India: 4 GW) and wind power (China:
92 GW in 2014; and India: 20 GW by 2014).10 In 2014, almost half of global
investment in renewable energy was made in Asia and the trend continued in
2015, with US$102.9bn investment in renewables in China.11
The Middle East and North Africa (MENA) countries have had a mixed
performance on the Index, with oil-rich countries ranking higher on energy equity

9

Urueta C and Valencia F M (2016), “Blog: The Role of Renewables in Colombian Energy
Security”, Iwana Energy (11 February, 2016)
10
Renewable Energy Policy Network for the 21st Century (REN21) (2015), The First Decade:
2004 – 2014, 10 Years of Renewable Energy Progress
11
United Nations Environment Programme (UNEP) (2016), Global Trends in Renewable Energy
Investment 2016
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and relatively well on energy security. Less-oil-rich countries, including Yemen and
Tunisia, remain in the lower part of the Index. All the countries perform
comparatively poorly in environmental sustainability rankings (rated C or D). In
most cases this is due to high emissions intensity or high energy demand relative
to GDP growth. The performance of the region has also felt the impact of political
upheavals and conflicts that have affected many countries over the period 2010–
2015. It is interesting to note, that a number of countries in the region are expected
to improve with regards to all three dimensions of the enery trilemma in response
to policy changes following the extended period of low oil prices. For example,
Saudi Arabia is expected to improve on all aspects of the energy trilemma.
Throughout the period of the Index, Sub-Saharan Africa countries have remained
in the bottom half of the Index, with only Angola (leveraging fossil fuel reserves)
and Gabon achieving a top 60 ranking over the years. The region has the potential
for high energy performance based on available resources (fossil fuels,
hydropower and renewables) but development remains challenged as countries
face institutional and infrastructural barriers to making efficient use of resources,
and investors are deterred by the perceived political risks and ethical weaknesses.
Significant progress on the energy trilemma will depend on improvements in the
country context and the indicators of political strength (including regulatory quality)
and societal strength (including control of corruption and rule of law).

Energy security
Energy security considers management of primary energy supply and the ability to
meet current and future demands. By considering these elements, and not only
whether a country has high fossil fuel reserves, the energy security dimension of
the trilemma highlights that energy security can be as much about how a country is
sourcing, diversifying and using energy.
Looking at the trends in the energy security rankings over 2011–2015, a wide
array of countries from all geographic regions and GDP groups are in the top 10
rankings. Yet, it is a comparatively small group of 21 countries that feature in the
top 10 in terms of the energy security dimension over the five years.
In the energy security dimension, many countries – such as Russia, Australia, US,
Kazakhstan and Qatar – have high fossil fuels reserves, including coal, oil, gas
and unconventional energy sources. Yet some notable fossil fuel economies, such
as Saudi Arabia and the United Arab Emirates (UAE), are not ranked highly due to
their high rate of energy consumption growth. Other countries, such as Ecuador,
Canada and Denmark, are able to leverage renewables in electricity supply to
drive high energy security rankings. The remarkable developments in US shale
gas production have supported the country’s continued high ranking for energy
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security. The US position has also been helped by a continued focus on managing
energy demand, and expansion of renewable energy supply.
The five years of the Index highlight the continued important role of fossil fuel
reserves or large-scale hydropower in ensuring a high ranking for energy security.
The next five years will reflect the growth and expansion of solar and wind energy,
and an array of countries may be able to improve their energy security accordingly
(see Figure 6: Total primary energy supply: outlook to 2050).

FIGURE 6: TOTAL PRIMARY ENERGY SUPPLY: OUTLOOK TO 2050

Source: World Energy Council (2013), World Energy Scenarios: Composing energy futures to 2050

Energy equity
Energy equity relates to the accessibility and affordability of energy supply across
the population. Fiscal policies are critical in this respect, including taxation criteria
across energy sources and carriers, as well as progressive taxation policies to
alleviate burdens on less-affluent citizens. For example, policies charging almost
full renewable energy source (RES) support costs to electricity consumers by
taxes and levies may not be coherent with equity goals.
Over time, the top 10 rankings have remained dominated by the US and Canada,
countries that have tapped indigenous energy resources and enacted policies to
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maintain affordable energy – especially affordable transportation fuels. Other top
10 countries have maintained low energy prices for economic growth and social
development, such as the UAE or Saudi Arabia. These countries have subsidised
energy prices but this approach can have negative impacts on the energy security
and environmental sustainability dimension of the trilemma. Other countries in the
top 10 are high GDP countries with 100% electricity access. (Oman is the
exception, where an estimated 93% of the rural population has access to electricity.)
The most interesting stories around energy equity are not shown in the top ranked
countries but in the lower rankings, where countries have made progress in
improving access to, and the quality of, electricity supply. As discussed above,
countries such as China and India have made significant improvements in
expanding energy access to millions of people.

Environmental sustainability
The environmental sustainability dimension encompasses achievement of supplyand-demand energy efficiencies and development of energy supply from
renewable and other low-carbon sources.
The top ranked countries in this dimension reflect the role of hydropower in
enabling low GHG emissions in energy use. Nearly all the countries in the top 10
over the years have a high percentage (close to 50% or more) of hydro in electricity
generation. The exceptions to this are France (which uses nuclear power for 75% of
its electricity generation) and Denmark (which has developed wind power).
Investments in renewable energy grew at a record pace in 2015, with most of the
investments in developing countries. These developments, along with a growing
focus on demand management, may allow more countries to minimise or stall
growth in CO2 emissions, in line with COP 21 commitments. However, investments
in renewable energy alone are not sufficient to reduce GHG emissions. Demand
management in transportation and buildings are also key areas, and a greater
focus on carbon capture and storage (CCS) may be necessary.
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POLICYMAKER
CHOICE IS A KEY
DISCRIMINATING
FACTOR OF
ENERGY
PERFORMANCE.
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FIVE FOCUS AREAS TO MAKE PROGRESS
ON THE ENERGY TRILEMMA
Drawing on case studies and interviews with energy leaders, this 2016 report
identifies five focus areas necessary to make progress on the energy trilemma
(see Figure 7: Five focus areas to achieve energy goals within a balanced energy
trilemma).

FIGURE 7: FIVE FOCUS AREAS TO ACHIEVE ENERGY GOALS WITHIN A
BALANCED ENERGY TRILEMMA

Source: World Energy Council/Oliver Wyman, 2016

Effectively implemented, policy levers aimed at one dimension of the energy
trilemma can have a positive impact on all three dimensions. However, case
studies highlight that policy strategies need to be considered through a trilemma
lens to avoid unintended consequences that inhibit the achievement of overall
energy goals, or deliver them at higher costs. For example, Argentina’s 2001
freeze on electricity tariffs had the goal of ensuring energy affordability in a period
of economic crisis and high unemployment. However, over time, the freeze stunted
the profitability of the energy sector, and consequent investments in maintenance,
operations and expansion undermined future energy security (see Box 15 on page
68 – Brazil lighting for all).
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Fossil-fuel endowed countries such as Saudi Arabia, which have stimulated
economic and social development through low energy costs, have both energy
security challenges – driven by high energy consumption growth rates – and
environmental sustainability challenges – driven by high and rising carbon
emissions. A focus on energy security in fast-growing economies like China has
led to the urgent need to take specific actions to curb high pollution levels and to
remediate environmental impacts to date. Decarbonisation strategies designed
without taking into account available resources and costs can be difficult to deliver
and sustain, as the examples of the costs in France and Germany illustrate (see
Box 3 on page 18). For example, in France, an estimated €40.5bn will be spent
supporting the renewable power sector in 2012–2020.
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Transforming energy supply for many countries will include diversifying primary
energy supply and electricity generation and driving the transition towards a lowcarbon energy supply.

Diversifying primary energy supply and electricity generation
Effectively implemented, increased diversity in energy supply and electricity
generation – including increases in low-carbon electricity supply, (nuclear, hydro,
wind and solar) – can enable reductions in GHG emissions in electricity generation
as well as increasing energy security. Indeed, one of the key factors driving energy
supply and generation diversity is policy for renewable energy targets. At the
country level, diversity in electricity generation is also driven by goals to increase
indigenous energy supplies and reduce the effects of geopolitics or global energy
markets on energy security. In the private sector, residential and large business
consumers are also looking to minimise volatility in energy costs or decrease their
environmental footprint. For example, a growing number of companies across
diverse sectors are signing utility-scale power purchase agreements for renewable
energy and are pledging to procure 100% of their electricity from RES.12
A focus on energy supply diversity can also enable improved resilience of the
overall energy system to current and future shocks and risks such as extreme
weather events, hydrological changes, and the growing complexity of the energywater-food nexus.
Despite the benefits, increasing the diversity of energy supply and generation is
challenging. It requires time, resources and money to make the necessary
changes in energy infrastructure and assets that often have lifespans of 30 to 70
years. There are also economic, political and social impacts to be managed (see
case study on Italy). For example, Poland has more than 100,000 miners, and
concerns over the economic impact of job cuts in the coal industry, associated with
efforts to decrease GHG emissions, has lead the new Polish government to lobby
the EU for more aid for the continent’s biggest coal industry.13

12

See RE100.org – a collaborative, global initiative of influential businesses committed to 100%
renewable electricity, working to massively increase corporate demand for renewable energy.
13
Strzelecki, M and Krasuski, K, “Ikea leads green revolution in land of Europe’s dirtiest power”,
Bloomberg (23 February, 2016)
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BOX 5: UAE VISION 2021 TO DIVERSIFY THE ENERGY MIX
The UAE has been trending upward on the Energy Trilemma Index for
security and equity over the past three years, and was on the 2015 Index
positive ‘watch list’ for its efforts to diversify its energy mix and remove
fossil fuel subsidies. The policy goals include a target to increase the lowcarbon energy contribution of renewable energy and nuclear power to 24%
of the overall energy mix by 2021. The Emirate of Dubai has a specific goal of
generating 7% of total power output from RES by 2020, and 15% by 2030.14
The main mechanisms to drive low-carbon energy supply include:
•

government-driven investment in large infrastructure projects

•

technical assistance and cooperation agreements with international
energy agencies and governments – for example, the International
Renewable Energy Agency (IRENA), United Nations Environment
Programme (UNEP), and Korea (Republic) – to support technology
deployment, and develop related policies and procedures

•

economic support mechanisms are still limited but include net
metering and slab tariffs (tariffs rise on higher rate of energy use), to
improve the competitiveness of solar energy.

In addition, the UAE’s two largest emirates, oil-rich Abu Dhabi and the
commercial capital Dubai, have employed multidimensional strategies for
energy diversification. Abu Dhabi is further advanced, having established
the Masdar Institute in 2006, with a broad mandate – from funding clean
energy research and deployments, to developing a sustainability curriculum
for universities. Dubai’s approach has been more narrowly focused on
technology implementation and sustainable infrastructure, to position itself
as a ‘green’ city.15 Given the country’s reliance on fossil fuels, governance
structures had to be built or strengthened to support the energy
diversification initiative. These include the Emirates Nuclear Corporation,
Federal Authority for Nuclear Regulation, Regulation and Supervision
Bureau, Dubai Supreme Council of Energy, and the Abu Dhabi Water &
Electricity Authority (ADWEA). Several projects – completed and in the
pipeline – demonstrate that the UAE is continuing its strong momentum

14

Mittal S, “UAE reiterates target of 24% clean energy share by 2021”, Clean Technica (30
October, 2015)
15
Luomi, M (2015) The International Relations of the Green Economy in the Gulf: Lessons from
the UAE’s State-led Energy Transition, Oxford Institute for Energy Studies
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towards renewable energy: by 2021, a 5.6 GW nuclear plant and 3 GW solar
plant will be active.
The main challenges to date include:
•

limited institutional capacity for policymaking, regulation and
enforcement of energy mix targets

•

the diversification model is highly dependent on public investments in
large-scale utility projects

•

the non-binding clean energy targets and low transparency in
policymaking compared to some OECD countries may decrease the
attractiveness of private investment in long-term infrastructure
projects16

•

lack of public awareness of the value of energy efficiency and energy
diversification.

Driving the transition towards a low-carbon energy supply
Given the benefits of diversity in electricity supply, potential increase in resilience
and lower GHG emissions, many countries are focusing on a transition in their
energy generation systems towards more low-carbon generation. For example, in
2015, President Obama announced a target of 20% non-hydro renewables in the
energy supply by 2030 for the USA. The transition is also being driven by the
ageing of infrastructure in many developed countries. In Europe, the total installed
capacity of steam power plants in Europe is around 2,300 GW (2011) and 40% of
them will be retired in the next two decades. In the US, 51% of the electricity
generating capacity was built before 1980. About 74% of all coal-fired power plants
are at least 30 years old, and the average life of such plants is 40 years, although
some units have operated for more than 50 years, depending on maintenance and
updates to meet changing regulations.
The transition to a low-carbon energy system will include a comparatively high
percentage of non-hydro renewables and greater decentralisation of energy
infrastructure. However, intermittency of renewable energy from solar and wind
power is a significant challenge for energy security, which requires consistent and
reliable energy generation. The expansion of wind and solar generating capacity is
pushing the present supply infrastructure to the limits of its maximum performance

16

Husain, M and El Katiri, L (2014), Prospects for Renewable Energy in GCC States, Oxford
Institute for Energy Studies
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capability. For instance, in Germany and the US, grid constraints make it
increasingly difficult to provide an adequate balance between generation and load
due to the high renewables share, resulting in disconnection of generators in order
to maintain stability of the electricity grid. Today’s grids in some regions are at the
limit of being able to handle any additional intermittent input. The investment
required for electricity grids by 2030 is estimated to be as high as US$6.5bn.
Consequently, a new challenge is how to identify and implement the best solution
from the possible options to address intermittency, including electricity storage
(see Box 6), high voltage transmission lines, optimisation across a broader area,
demand-side response and combined cycle gas turbines back-up.17
How the Grid 2.0 will work is an area that needs greater focus. As one energy
executive remarked, “We spend a lot of time looking at how to holistically consider
the increase in renewables, the impact on the grid, other connectivity issues and
how all these pieces fit together. There is so much opportunity on that front for all
countries in terms of tackling environmental sustainability, as well as meeting
security and equity goals.”

BOX 6: OUTLOOK ON E-STORAGE18

17
18

•

Storage is seen as a game-changer that could contribute to solving
the intermittency challenge of wind and solar electricity generation.

•

Storage creates additional value through its function to level the load.
It enables deferral of grid investment, especially at congestion points,
and creates the possibility of price arbitrage for operators.

•

There are a number of different energy storage technologies that
cover short-term and long-term applications. The power versus energy
density of a storage device is thereby a key element in matching the
technology with the appropriate application.

•

Diverse approaches to energy storage are adopted according to end
use. For example, supercapacitators and flywheels are well suited to
situations where deployment of stored energy lasts for minutes or
less, such as situations of peak shaving, valley filling or load shifting,
whereas, pumped hydropower storage solutions are more suitable to
situations that involve adequate reserve capacity and support storage
of large amounts of energy to use over daily time periods. In addition,
the maturity of pumped hydropower makes it much more likely to be

World Energy Council (2013), World Energy Perspective: Energy efficiency technologies
World Energy Council (2016), World Energy Resources: E-storage: Shifting from cost to value
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used in the context where reliability is key, such as the balancing of
national power systems.
•

Rules for an effective market participation of storage should be
introduced also to benefit from the positive impact of installations
coupled with renewable energy source units in terms of production
shifting and balancing reduction



Market rules should ensure that plants be able to grant grid services to
the network (primary and secondary regulation) on a level playing field.



Energy storage solutions are often considered hand-in-hand with high
capital costs. However, the production costs for a number of different
storage technologies are expected to reduce drastically as production
increases. Figure 8 illustrates the historic and projected prices for
lithium-ion batteries, which shows that, with increasing capacity, the
cost per kWh has reduced steadily. And the costs of energy storage
technologies are forecast to reduce by as much as 70% by 2030.

FIGURE 8: EXPERIENCE CURVE FOR LITHIUM-ION BATTERIES

Source: Bloomberg New Energy Finance (BNEF), 2015

•

At the same time, huge improvements have been made in the energy
density of batteries – a battery’s ability to store energy given its
weight or volume. The technology for increasing the density of energy
storage in batteries has improved according to the materials used for
construction. For example, a lithium battery can store 100–250 Wh per
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kg, more than twice as much as nickel-cadmium. Furthermore, a new
battery is being developed, using lithium-air fuel cell, which is not only
smaller and lighter, but can potentially produce more than 300 Wh per
kg.19, 20

Another consequence of high renewables penetration is the volatility of prices on
the spot markets for electricity, which increasingly often reach very low or even
negative values under strong wind and low load demand conditions. This, in turn,
puts real financial pressures on ‘traditional’ utility models. The intraday market in
Europe helps the integration of renewables by providing more accurate forecasts
of spot prices to consumers and producers (see Box 7).

BOX 7: THE INTRADAY MARKET IN EUROPE21
The intraday market has revealed its potential to integrate rising shares of
renewables by helping producers and consumers make use of more
accurate forecasts and optimise their positions closer to real time, thereby
providing a high level of flexibility. This particularly helps market actors
adapt to variations of availability of wind and sun. The Swiss and German
intraday markets are the most developed in the EU. International standards
and common market processes are most important to establish an intraday
market’s cumulating liquidity. Intraday markets ensure non-discriminatory
market rules by distributing risks equally between all market participants –
both conventional and renewable generation. Such market structures can
deliver higher security of supply, given sufficient cross-border capacity and
higher environmental performance, thanks to the market integration of
renewables generation. Countries could derive a benefit from expanding
their cross-border-transmission capacity and harmonise import/export
procedures to reduce limiting factors for intraday market processes.

However, several examples exist where high shares of renewables are
successfully accommodated in power systems. Market design is key to
successfully operating with large amounts of wind power and other variable
renewables. Market rules should take into account RES power’s inherent
characteristics of variability and limited predictability. Intraday and balancing

19

“Energy Storage: Charge of the lithium brigade”, The Economist (30 May, 2015)
Lambert, F, “Samsung unveils new high energy density battery prototype, says it could allow
electric vehicles range of 373 miles”, Electrek, (13 January, 2016)
21
Epex Spot (2014), Annual Report 2014: A day ahead with Epex Spot
20
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markets are the cornerstones for cost-efficient market and grid operation with large
amounts of RES power.
For RES energy, priority dispatch has been an important tool to facilitate its
integration into the power system. In a transition phase, the related indirect
benefits for existing non-programmable RES plants should continue to be applied
to retain investors’ confidence. Alternatively, they could be transformed into a
direct benefit of an equivalent value.
The definition of clear rules for efficient curtailment procedures is also a precondition for delivering a ‘fit for RES’ market. In particular, transmission system
operators should be more transparent in showing the reasons for curtailing any
generator, and compensations for curtailments should factor in the day-ahead
price and incentive lost.
In mature markets with high penetration levels of RES power, future regulatory
frameworks and power market design could consider increased exposure of RES
generators to market risks. However, this requires a fair market price with a fully
transparent, fair and well-functioning power market.
The need for ‘back-up’ or alternative energy supply (such as fossil-fuel) in
electricity systems with an increasing volume of intermittent supply can drive up
overall energy costs. The impact of potentially rising energy costs on low-income
consumers and the industry during the energy infrastructure transition is a
concern. For example, faced with declining hydropower output during a 2014–
2016 drought, Brazil had to utilise thermal plants as base load, leading to an
increase in fuel imports. The higher use of thermal plants led to higher consumer
electricity bills, yet benefits of ongoing structural changes in the energy
infrastructure are not yet apparent to consumers. As was noted, “… on a structural
level, the policy is pursuing all three aspects of the trilemma, although this is
subject to short-term cycles where equity and environmental sustainability are
negatively affected.”
An alternative approach to managing temporary shortfalls in electricity supply was
taken in the UK in the winter months. The National Grid, the British power
transmission network operator, introduced the Demand-side Balancing Reserve
service (DSBR) to manage energy demand in peak hours. Under the DSBR,
National Grid committed to provide payments to large energy users that committed
to reduce electricity use in peak hours. This could be achieved by switching to
back-up generation or by switching off non-essential electronic appliances. The
benefit of such a demand-side response market is that it enables network
operators to keep costs down by avoiding expensive energy imports, or by not
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having to leave peaking power stations to remain on standby.22 Indeed, in the
winter of 2014–2015 tenders for companies to participate in the voluntary DSBR
scheme were raised for an estimated 330 MW.
Perhaps the biggest single issue in the development of the future energy system is
‘change management’, especially in countries with established energy
infrastructure. How to move from the current infrastructure to an efficient, reliable
and secure low-carbon infrastructure without compromising energy security or
equity is the question. As one energy executive noted, “… it is a hard task to have
a reasonable plan for the transition period… and it is important to align future
commitments to capture the historic development trajectory of major players in the
energy world with an understanding of impacts on energy companies.”
For example, in observing the vast shifts in technology, consumer expectations
and energy prices, many commentators have warned of the ‘death spiral’ for the
traditional utility model – as utilities lose market share to distributed generation,
they may react by increasing prices, which would drive more customers away and
erode their business further. However, forward-looking utilities are increasingly
taking advantage of distributed generation trends to develop a new business
model, based on collaborative offerings. Offerings can stem from new
partnerships, ranging from joint ventures to community renewable generation and
energy-efficiency programmes. Some leading utilities have already begun to
embrace the new energy system. For example, in some parts of the US,
customers can participate in a community generation programme, where they buy
or lease interests in a solar garden system and get credit on their power bills for
the electricity produced.23 As countries craft policies that shake utilities from their
traditional models, they must look outward to learn how other utilities are
developing adaptive, collaborative businesses (see Box 8).
It is critical that regulatory frameworks are crafted to maintain a vital energy sector,
stimulate renewable energy, ensure necessary investment levels across the
sector, and manage energy costs and security. This 21st century energy system
will require a number of elements to function fully effectively. These include the
revision of energy policy and regulations, such as reforming energy tariffs to
support the function of baseline utilities, while enabling increased residential solar
distribution. Technology developments needed include investments in expanding
distribution and transmission networks, end-to-end detailed data from generation

22

BBC News, “National Grid to pay firms to use less power” (23 September, 2014); SSE
Enterprise (n.d.), Demand-Side Response; National Grid (n.d.), Contingency Balancing Reserve
23
Oliver Wyman (2014), The New Utility Business Model: Coming to a neighborhood near you
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and via grid to load, and improved energy storage. Along with new elements, a
range of new players are entering the energy and energy technology sectors, for
example, information technology companies are increasingly investing in RD&D for
energy storage or are leading investments in renewable energy. As one energy
executive noted, “You need to have the courage to make changes and adapt the
whole process to the things you learn throughout the transition process.”
Reflecting a different approach, another energy leader noted, “Realistically, if we
wouldn’t have started with renewables before making a decision on the grid, we
probably would have never started with renewables. Sometimes you need to make
critical pressure to ensure things move forward.”

BOX 8: ENERGIEWENDE – A STUDY OF ENERGY TRANSFORMATION
Germany’s ambitious plan to transform its energy system, Energiewende,
has required significant and costly changes to Germany’s incumbent energy
system. The programme as a whole contains more than 20 quantitative
energy targets from 2020 until 2050, in emissions reduction, energy
efficiency, renewables and nuclear phase-out. The main policy targets
include:
•

a reduction in GHG emissions by 40% by 2020 and 80– 95% by 2050 –
compared with the 1990 level

•

an increase in the share of renewable energy in total energy
consumption to 30% in 2030 and 60% in 2050

•

an increase in the share of renewable energy in total power
consumption to 50% in 2030 and 80% in 2050

•

improved energy efficiency: Halving primary energy consumption by
2050 compared with the 2008 level.

While the backbone of the plan originated in 2000 in the Renewable Energy
Sources Act (EEG), Energiewende gained traction in 2011, with the Energy
Concept policy (2010).
In just a few years since the plan was devised, progress has been made on
multiple fronts, but the broad structural changes to the energy system have
involved both foreseen and unforeseen changes to the existing power
generation base. Changes have also had other impacts on energy costs and
neighbouring energy systems.
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In electricity generation, the share of renewables has increased from 7% in
2000 to nearly 27% in 2014 – putting the country on track to meet its target
for increasing the share of renewable energies, and possibly over-reaching
the target in 2025. In heat consumption, the 12% share of renewables is
already close to the 14% target for 2020. It is projected that emissions could
be reduced by 28% compared to the 1990 level by 2020. Primary energy
consumption was 7.4% lower in 2015 compared to 2008.
As energy generation has decentralised, grid congestion has spiked. The
early focus and the speed of the expansion on renewables, and solar
photovoltaic (PV) development in particular, have been difficult for the
system to effectively absorb – both on a cost basis and a technical basis. At
times, the grid cannot manage loads, due in part to disparities in generation
location and demand centres. Another challenge is the asynchronous
expansion and modernisation of the grid with the much speedier
development of decentralised renewable energies. As a result of delaying
grid enhancements, the full integration of renewables will take 7–8 years
longer, and require an estimated US$110bn in investment in the high and low
voltage grid systems.24 German policymakers stress that addressing each
pillar of the energy transition in tandem was not politically or economically
feasible – instead, policymakers set the transition in motion by focusing on
renewables.25
A key current challenge is how to deal with increased emission shares from
coal power plants since the nuclear phase-out. Indeed, despite the increase
of renewable energy, the emissions from power generation in general have
increased in Germany since the Energiewende. While conventional power is
still critical to ensure grid reliability, the rise in renewables has also reduced
the utilisation of conventional power plants, heavily decreasing prices on the
wholesale market. The price decline in electricity wholesaling has affected all
conventional power plants (including those in Germany and in neighbouring
countries connected to the German power grid), eroding profitability.
According to Oliver Wyman analysis in 2014, conventional power generation
and storage will need investments in the order of US$58bn by 2033 to ensure
security of supply. Under current conditions, the utilities’ market share in
power generation capacity will probably decline by one-third, to less than

24

Fritz, T, Manteuffel, D and Staeglich, J (2014), “Sustainable Energy: Financing Germany’s
energy transition”, Oliver Wyman Energy Journal Vol. 1
25
Oliver Wyman interviews
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50% by 2033.26 German utilities surveyed are significantly critical of energy
policies: 83% view amendments made to the renewable energy law in 2014
as ineffective or counterproductive. In addition, only 30% of utilities expect
that the expansion of both network and storage capacity needed to make the
energy transition workable will be realised in the foreseeable future.27 To
keep conventional generation viable and encourage financing, Germany has
to redesign the structure of its electricity market to fairly compensate backup energy providers. Of particular focus is how to make gas power plants
more attractive instead of the CO2 intensive coal.
Excess energy from renewables in the German grid has also raised costs
and decreased electricity reliability for neighbouring countries. The Polish
and Czech grids have been impacted by unscheduled loop flows that occur
when electricity flows from the northern areas of Germany through Eastern
European markets back into southern Germany. As a result, they have
installed technologies that enable transmission system operators to
physically push back electricity flows if necessary. This approach sets back
the principle of integration in the European internal energy market.
The transition remains an affordability challenge for industry and residential
consumers. While there is a burden-easing model for energy-intensive
businesses (to remain competitive), residential consumers and small and
medium-sized businesses (SMBs) had experienced higher costs on their
bills – although there was no increase in the reallocation charge in the past
year, nor is an increase expected. It is estimated that Germany’s renewable
sector is subsidised with €19.4bn per year and residential electricity prices
increased by more than 30% in 2008–2013.28 The financial burden for SMBs
is expected to rise, irrespective of the EEG reform in 2014.29 In some
aspects, the increased prices have stimulated the adoption of energyefficiency behaviours and technologies – reinforcing overall energy goals
and minimising the cost burden on consumers.
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Germany’s experiences provide lessons and insights for policymakers in
other countries:
•

Consider the price signals and the effects on the economic viability of
the overall energy system in providing incentives for investment in
renewable energies.

•

An ‘energy-only-market’ may not be sufficient to guarantee security of
supply in a period of energy transition. An additional capacity market
or a capacity reserve may be necessary to ensure security of supply in
the long term.

•

The extension of the grid system should happen at the same time as
the expansion of renewable-based power generation capacity.

•

Consider how the cost for the system changes can be fairly
distributed and how the changes can be financed.

•

Monitor the pace and direction of the transformation regularly and
take measures to steer a sustainable course.

•

When setting national goals, factor in the impact on the regional
electrical and political system.

•

Public acceptance is crucial to furthering the policy through political
cycles.

•

Utilities that reference to the resist the restructuring process will lose
valuable time in updating their business models.

•

Align the overall policy design with the ultimate objective (greenhouse
gas emission reductions).

Progress will also depend on research and development. For example, the Mission
Innovation initiative launched at COP 21 is an important commitment to this area.
Each of the 20 participating countries, including China, India and the US, will seek
to double its governmental and/or state-directed clean energy research and
development investment over five years. New investments will be focused on
transformational clean energy technology innovations that can be scaled to varying
economic and energy market conditions in participating countries and globally.
This RD&D focus by governments is getting an additional push from private sector
and business leadership under the Breakthrough Energy Coalition. To date, this
group involves 28 entrepreneurs, investors, and businesses from 10 countries,
with collective holdings of US$350bn to drive innovation – from the laboratory to
the marketplace.
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FIGURE 9: TOWARDS A LOW-CARBON ENERGY SYSTEM

Source: World Energy Council/ Oliver Wyman, 2016

The ‘right’ sequence of developments to enable this energy system of the future is
subject to further learning, and countries are taking various steps and actions to
move forward (see Figure 9: Towards a low-carbon energy system). For example,
New York and California are currently the leaders in the US in developing a
comprehensive strategy for distributed energy resource (DER) deployment and
stimulating a change to the regulated investor-owned utility model. Though the
states’ goals are similar – mitigate the industry’s climate impact, enhance DER
integration in the electricity grid, and improve system security and customer
confidence – their approaches diverge. California is using energy policy mandates,
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while New York’s Reforming the Energy Vision (REV) process aims to enable
market structures to encourage customer and DER deployment.30
In contrast to New York’s broad, ambitious plan, California has pursued grid
integration through several piecemeal laws. The current effort is largely in
response to Assembly Bill 327, which mandated that the state’s investor-owned
utilities develop distribution resource plans to improve DER integration in the grid.
The requirement does not explicitly direct utilities to explore how they will need to
change their business models in response to DERs. However, New York’s REV
initiative creates a distributed resource market where a distributed system
provider, would function as a system operator. The success of the states’
approaches rest on the transformation of the traditional utilities, and the quality and
amount of customer and system data available to the industry.31
Both states know that regulators and utilities need future-looking planning to
achieve a distributed and optimised grid. However, the role of the utilities in the
transformation is being shaped differently according to the policy instruments
used. In California, the DER deployment process is largely utility-driven, privately
financed and technology focused. Assembly Bill 327 requires utilities to build
distributed resource plans, based on scenario modelling, and define the criteria for
the optimal location for DER deployment. In contrast, New York’s Staff Straw
Proposal suggests that utilities articulate how they will transition to being a
distributed system provider, and how they will respond to DER contributions that
could be competitive to traditional infrastructure investments.32
In DER deployment, customer and system information will be critical to help
customers manage their usage, and for DER providers to target service gaps.
California is more advanced, having rolled out advanced metering infrastructure,
as well as data sharing tools such as Green Button. New York has innovative
initiatives that may soon catch up with California, including a bilateral information
exchange system between DER providers and distributed system providers, and a
distributed system platform (similar to the smartphone platform market) that
connects customers, third-party service providers, and energy service aggregators.
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In both states, customer engagement is central to the adoption of DERs and the
utilities’ changing role in the market.33
As the rest of the country considers how to leverage DER, California’s and New
York’s grids offer a model for emulation. In April 2015, the president of California’s
Public Utilities Commission announced that the state’s power grid was comfortable
managing solar and wind energy, reaching 40% of its daily generation on a
number of occasions, and that the state was on track to handle 100% renewable
generation.34 Currently, 17% of New York’s electricity comes from renewable
sources35, and the state has strengthened its commitment to DERs with a new
plan to reach 50% renewables by 2030.36
Other changes that need to occur in the electricity system include: a shift from the
one-way network of the past to one that is equipped for two-way load flow; and
increased use of information in the power network in the transition to a smart
system. A smart system will allow two-way transfer of information between power
provider and customer, and even power transfer to the grid from users capable of
providing electrical generation. Advanced metering infrastructure will allow greater
efficiency and accuracy in billing, while eliminating error and significant labour
costs of manual meter reading. The communications infrastructure can also enable
new advanced functionality, such as smart home appliances, electric vehicle
recharging, data acquisition systems, and so on. Smart system deployment will
have a direct impact on GHG emissions through more efficient operation of the
grid and optimal integration of DER.37
Smart meters are one component that will support a higher efficiency and
interconnected electricity system. The meters send information on energy usage
directly back to the energy supplier, enabling real-time dynamic adjustments in
electricity generation. Pricing can be more flexible, including time-of-use (TOU)
pricing. The information provided to consumers is supposed to support energyefficiency choices and modifications in household energy use and behaviour. This
in turn, will support demand management and improved energy security.
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The EU has called on all members to provide smart meters by 2020, as long as
there is a positive economic case to do so. The UK is about to start a roll-out of 53
million smart meters into residences and small businesses by the end of 2020, at
an estimated cost of £11bn. There are already 2 million smart meters installed in
the UK.
Smart meter roll-outs have been challenging and there are criticisms about
whether, in the short-term, they do result in cost and energy savings for
consumers. In Australia, the net cost was AUS$320mn (£170mn) paid by
consumers through higher energy bills.38 In Ontario, Canada, the roll-out of smart
meters was subject to much criticism (see case study on page 46 – Canada:
Ontario smart meter roll-out). In the UK, there are concerns that the first wave of
smart meters will not be able to communicate with a planned new national
communications network designed to allow the transmission of data between
smart meters and all energy suppliers. There are further questions about whether
all locations will have the necessary wireless signal, and whether the price of the
smart meters can be recouped by consumers through modified energy use.
While the roll-out of smart meters has largely proven to be challenging, there have
been some successes. Italy, for example, was the first country in Europe to roll-out
smart meters on a large scale. From 2001–2006, €2bn was invested to replace
traditional electromechanical meters with new modern electronic devices. During
the project, 32 million customers were equipped with new meters, managed by an
automated meter management solution. Following the introduction of smart
meters, the average number of minutes of service interruption per customer per
year dropped from 128 minutes to 41 minutes, and the related costs for distribution
system operators (DSOs) decreased from €80 per customer to (currently) €52
euros per customer per year. The remote management system allows operators to
reduce operational costs, and consumers are now able to manage their energy
consumption. The Italian tariff scheme has allowed the investment in new smart
meters and the replacement of old ones while keeping cost reduction benefits for
customers.
A key lesson that emerged from the Italian success story is that a large-scale rollout of smart meter technology can be done. This contrasts to the approach taken
in the UK. While this results in high upfront investment costs for utilities, it also
provides quicker access to consumer data and enables utilities to gain faster
control of their energy network. This helps to achieve a faster return on
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investment.39 Another lesson that emerged from Italy’s experience is that the
active involvement of consumers is a necessary step towards successful
adaptation of a new technology. This allows for the opportunity to address
customers’ concerns on data collection and monitoring households’ energy habits,
and for suppliers to educate customers on the potential to reduce their energy bills
through TOU pricing.40
Another effective roll-out of smart meters was achieved in Spain (13 million
meters) and Latin America. Utilities in Romania, Russia, the Philippines, Hong
Kong and China are also examining the technology.
The smart meter experiences in Australia and Canada stress that consumer
engagement is vital to realising the benefits of smart meter deployment. As one
executive noted, “Explaining the value equation to the general public is a
challenge; you need to do it earlier and explore options and alternatives and make
sure people have a good grasp of the issues.”
In Ontario, the government activated TOU pricing for all consumers after the smart
meter roll-out was complete. During implementation, the benefits were widely
promoted in government and distributors’ public relations campaigns. In contrast,
Australia operates an opt-in system for TOU pricing, which has had lower than
expected subscribers, with three-quarters of consumers being unaware of the
benefits of TOU in 2014. Another key difference is the cost passed on to
consumers to cover the installation of the meters. In Australia, initial resistance to
the programme was fuelled by the cost structure, where the consumer would pay
for the meter and its installation as a line item on their bill. The costs ranged from
AUS$109–$226 (per meter per annum). In Ontario, the distributors carried the cost
of the meter and deployment. From the consumer’s perspective, both countries
have fallen short of their original targets to change usage patterns, generate cost
savings for consumers, and conserve additional energy.
Interviews with energy executives around the world highlighted the growing
importance of public engagement and participation in developing energy policy
and gathering support for future initiatives. As one energy executive noted, “The
public’s overall energy literacy has greatly increased around the world.” Public
support for the shift in the energy system is increasingly critical, especially in an
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age of increasing social media and rising global public awareness and energy
focus (see Box 9). As one executive noted, “At first, wind and solar were well
received, but with time they met resistance, particularly from communities that did
not directly benefit from those projects directly… I think we underestimated some
of the community involvement, and everyone involved in infrastructure has had the
same experience, as, thanks to social media, it is easier to get people organised.”
Particular attention to the impact of certain projects on local communities has been
a crucial factor in determining their feasibility (see case studies from Latin America,
Canada and Italy). General support from the wider public can also determine the
success or failure of certain strategies. For example, widespread concerns of the
public around nuclear electricity generation have pushed some countries to
eliminate the technology from their generation mix. Also, Germany’s Energiewende
rests on a high level of support from 70–80% of the surveyed population. As one
policymaker noted, “ … a cumbersome but inclusive and transparent process
ensures limited surprises once the policy comes online.”
Similarly, Switzerland launched a public consultation process on the country’s
energy strategy to 2050. The need to revise the country’s energy strategy was
driven by changes in the energy landscape in Europe and the government’s
decision to withdraw gradually from nuclear power.41 Given the country’s strong
tradition of direct democracy, public buy-in is essential if new policies are
implemented that affect the pre-existing rules and regulations on a national and
local level. Based on the substantial changes the energy strategy proposes, a
public consultation is an essential part of the process of getting the new energy
strategy approved in the national referendum in autumn 2016 (referendum on
nuclear exit) and spring 2017 (referendum on electricity efficiency).42
Public support is also important in determining the impact of a policy on other
trilemma dimensions. The willingness of consumers to pay for environmental
policies will determine policymakers’ options for the deployment of low-carbon
technologies. For example, an Oliver Wyman survey found that, despite popular
acceptance of Energiewende, 80% of German households consider the resulting
rise in on-grid electricity prices to be a severe burden. Although a majority is
generally willing to invest in renewables (wind, PVs and geothermal are popular),
as many as two-thirds report that they will only do so if they receive some kind of
subsidy. Even then, 40% are not prepared to invest more than US$1,100 in green
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technologies. Nearly two-thirds of surveyed households expect their investments to
pay off within three to five years.43

BOX 9: CHILE’S PROCESS TO DEVELOP COP 21 INTENDED NATIONALLY
DETERMINED CONTRIBUTIONS (INDCS)
Chile adopted an innovative public consultation approach to develop its COP
21 INDCs. Overall the process took 18 months. Much of the discussion on
the technical analysis occurred prior to the public consultation, through a
process involving numerous stakeholders called Mitigation Action Plans and
Scenarios (MAPS). The MAPS programme is a collaboration among
developing countries to establish an evidence base for transitioning to
carbon-efficient economies.44
There was also a wide public consultation with the support of Chilean
President Michelle Bachelet, lending additional authority to the process, and
highlighting the importance of providing and incorporating feedback into the
submission.45 Civil society, the private sector and academia were invited to
comment on specific emission-reduction ideas in a consultation period
lasting from December 2014 to April 2015.46 In addition to creating an online
forum, The Office of Climate Change and the Environment Education
Division of the Ministry of Environment carried out informational workshops
in a number of cities across the country, and presented to the National
Advisory Council and to members of parliament.
Officials noted that, before embarking on this ground-breaking process, they
undertook benchmarking and due diligence by examining what works in
public consultation processes in other countries, particularly in Europe.
There were also some questions as to whether a public consultation process
would be effective. As one official noted, “When we started the process, we
had some doubts – for example, would we be able to identify common
goals? But we learned we could do it.” The process helped to identify that
main lines of consensus were available, such as the need to ensure
affordability while reaching the targeted goal of 70% of renewable energy
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supply by 2050. The process also highlighted the importance of focusing on
better management of relationships with local communities around the
energy project.
Overall, it is hoped that this wide and broad engagement will help drive
support and policy consistency for the country’s energy 2050 goals over
political cycles.

FINDINGS AND RECOMMENDATIONS
Diversifying primary energy supply and transforming the electricity generation
sector to accommodate new technologies and lower GHG emissions goals is
challenging. There is no single ‘correct’ road map to accomplish these goals and
each country must chart a course and determine energy policies aligned to its
overall economic and social goals.
The review and analysis of selected countries’ policies and approaches reveals the
following lessons:


Diversification of energy supply is increasingly critical to energy security:

High volumes and availability of indigenous energy supplies, fossil fuels or
hydropower, are not sufficient to ensure energy security. Diversification is
key to address some of the emerging risks linked to climate change, such
as higher occurrence of extreme weather events and increasing volatility of
weather patterns affecting water and food supply.


Consider the interaction of regulatory regimes in policy design and
implementation: Complex regulations and overlapping requirements and

jurisdictions between state, national and international agreements can deter
investment and delay policy implementation.


Carefully consider the sequencing of actions to support an infrastructure
transition: Energy reform can be piecemeal and gradual (as in grid

development in California, or build momentum through a broad, ambitious
plan (such as the UAE, or Germany’s Energiewende). The approach
depends on the political conditions and the need to deliver strong investor
signals on the market’s transition to green energy. During the period of
energy transition and disruption, it may be necessary to move forward in
stages, and there must be careful consideration of the sequencing of
infrastructure extensions. However, to minimise confusion and mixed
signals to potential investors, policymakers should set clear energy targets
and goals, while acknowledging and building consensus for the transition.
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Pilot approaches, including cost-benefit analysis can be an effective
approach to identify implementation challenges and lessons learned
before a larger-scale roll-out: Mistakes in implementation erode political will

for energy system changes and skew perceptions of the legitimate benefits
that new energy technologies and infrastructure could provide.


Engage and stimulate new entrants to the energy and energy technology
sectors: Private sector participation is crucial to driving innovation, including

decreasing costs of technologies to support a transition in the energy supply
and generation.


Early engagement of affected communities is increasingly critical:

Community backlash can erode support for energy infrastructure projects,
cause delay, and raise the risk profile for future investments. The
government, private sector and civil society must be engaged throughout
the project – from scoping through to implementation – to address local
community concerns and design incentives for local community
participation. Regulators and utilities should know that promoting smart gridenabled programmes may increase overall net system benefits, but create
variable experiences for individuals, based on the incentives to participate.
To maintain credibility, consumer messaging must be carefully managed in
technology roll-outs.


Utilities do not have to be the losers in the energy transition. Policymakers

can help them plan ahead and develop strategies to evolve with the market
(as we saw with the New York and California grids policies). This will ensure
that the transition towards a decarbonised system takes place in a
sustainable way and all components, including conventional and renewable
generation, grids and distributed facilities can be developed cost effectively.
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To advance energy access many countries need to increase and expand their
energy infrastructure and enable connectivity to modern energy.
As estimated 1.1 billion people do not have access to electricity and, while millions
have been provided with modern energy over the past decade, access in many
regions is still significantly lagging (see Figure 10: Percentage of population with
energy access, 2010 and 2012).

FIGURE 10: PERCENTAGE OF POPULATION WITH ENERGY ACCESS, 2010
AND 2012

Source: IEA and the World Bank (2015), Sustainable Energy for All 2015 – Progress toward sustainable
energy

Increasing access to electricity has multiple economic and social benefits. Access
to clean cooking, enabled by modern energy supplies, can reduce the use of
forest/firewood and costly diesel, reducing health problems from indoor pollution
and safety hazards from explosions.47 For example, the World Health Organization
estimates that indoor air pollution was linked to 4.3 million deaths in 2012 in
households cooking over coal, wood and biomass stoves.48
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As the world economy and population grows, global energy demand is predicted to
increase, and even double, by 2050. To keep pace with this demand, cumulative
investment requirements in electricity generation alone will be between US$19.3trn
and US$25.7trn between now and 2050.49 Looking at the broader energy
infrastructure, an estimated cumulative investment of US$40.2trn is required
across the energy infrastructure supply chain over the period 2014–2035, with an
additional US$8trn investment needed in energy efficiency. This is equal to an
annual investment of US$1.7trn (rising to US$2.5trn by 2035).50 (See Figure 11:
Trends in access to electricity and non-solid fuel and annual global investment in
universal access to modern energy services).

FIGURE 11: TRENDS IN ACCESS TO ELECTRICITY AND NON-SOLID FUEL
(LEFT) AND ANNUAL GLOBAL INVESTMENT IN UNIVERSAL ACCESS TO
MODERN ENERGY SERVICES (RIGHT)

Source: IEA and the World Bank (2015), Sustainable Energy for All 2015 – Progress toward sustainable
energy
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The 2014 World Energy Trilemma report explored the issues around financing
energy systems and identified key challenges. Despite the size of investment
necessary for global energy investments, financial leaders noted: “We have vast
amounts of money – it’s a question of the risk-adjusted cost of capital.” They also
pointed to the impacts of political or regulatory risk in deterring investments or
raising the cost of capital in many countries that desperately need to expand
energy access.
The research also pointed to two other practical challenges: a deficiency of
‘bankable projects’ and a lack of human resources to build, operate and maintain
energy infrastructure in many countries. Many factors can limit the availability of
bankable projects. In some instances, there are constraints on investments due to
restrictions on foreign direct investments. Focusing on the development of
necessary technical, financial and management skill sets is crucial to support
energy projects around the world. Preparing a project and arranging for funding
can account for between 5–10% of a project’s costs and adds several years to the
project’s development. It is critical to increase the number and speed of projects.

Expanding energy infrastructure
If low-carbon sources are used, increased generation capacity improves energy
security, supporting energy independence, without hampering environmental
sustainability.
The regulatory and policy frameworks for energy investments are critical to expand
generation capacity. For many countries, efforts to increase overall energy
infrastructure have resulted in the opening of their markets. Competition,
privatisation, unbundling of energy production and distribution, and the creation of
independent regulatory bodies have been key pillars of liberalisation policies
worldwide, occurring at different times, speeds and levels. Mexico has been one of
the latest countries to open up its oil and gas (O&G) sector to private investments,
following reforms to its Constitution in 2013 (see Box 10).

BOX 10: MEXICO CONSTITUTIONAL REFORMS TO INCREASE ENERGY
SECTOR ELECTRICITY CAPACITY
Mexico has maintained a steady position in the upper third of countries in
the Index over the years. The energy reform programme is a positive step to
strengthen its position, though it will likely take years before the full impacts
are felt. The Development Program of the National Electricity System –
Programa de Desarrollo del Sistema Eléctrico Nacional (PRODESEN) calls
for an increase in installed electricity capacity from the 2015 level of 65,452
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to 125,436 MWe by 2029. This additional power capacity will come from a mix
of fossil fuel (46%) and clean energy (54%). In parallel, transmission capacity
in terms of 69, 161, 230 and 400 kV lines will increase from 111,475 to
135,074 kV. There is a significant amount of uncertainty around the future of
renewable energy investments and deployment, stemming from the recent
and sweeping nature of reforms in the energy sector:
•

The projected 2029 capacity in PRODESEN is based on available data
and includes projects completed, but not operational, those under
construction, approved and under consideration. In reality, long-term
projects may be cancelled or have setbacks, making it difficult to
assess scenarios of energy demand and the required investment.

•

By 2018, the only renewable energy incentive will be a new programme
of Clean Energy Certificates. It is unclear how the market will react,
and whether the programme will be successfully implemented.

•

The new laws also make it easier for foreign and domestic companies
to participate in the country’s oil and, gas industry. The state-owned
oil company will not be privatized; however, greater participation and
competition in exploration and production will be enabled through
regulated contract and tendering processes.

•

Electricity reforms are happening in the context of broader
transformational reforms in the Mexican energy market: Structural
reform from state monopolies to a competitive market, and GHG
emissions reform from a high to a low-carbon sector. As such, the
overlapping nature of reforms will increase the complexity of the
processes involved, and introduce uncertainties that will increase the
financing cost of new investment.

Technology developments are offering increased opportunities to rapidly expand
energy infrastructure. Distributed generation (DG) can offer more reliable power to
consumers and lower transmission and distribution losses, resulting in more
reasonable costs for consumers and producers. DG includes fossil fuel and
renewable energy technologies. Uptake of DG from renewables in developing
countries has traditionally been inhibited by higher upfront costs compared to fossil
fuel technologies, unfavourable tariff structures compared to subsidised fuels, and
their intermittent nature, requiring the use of batteries or back-up power.51
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However, the latest global developments (including elimination or reduction of
subsidies thanks to the low oil price and a drop in the cost of solar panels) should
support the improvement in the cost of DG with renewable energy technologies
even without taking into account the clear environmental benefits not currently
featuring in the cost equation. Increasingly, countries do not have to pay a
premium to provide environmentally sustainable energy and the trade-off between
meeting energy demand and the environment is dropping.
In 2015 there was an increase of nearly 30% in renewable power capacity since
2014. In 2015 the highest figures to date were reached for installation of
renewable power capacity, with 64 GW of wind and 57 GW of solar PV
commissioned during the year. Renewable energy investment surged in China,
Africa, the US, Latin America and India in 2015, driving the world total to its
highest ever figure of US$328.9bn – up 4% from $315.9bn (revised) in 2014,
beating the previous record, set in 2011, by 3%.52

Enabling connectivity
With 1.1 billion people worldwide without access to electricity, grid extensions,
particularly to remote and poor regions, do not always represent a feasible
solution. Rural households currently depend on kerosene and other products that
substitute for electricity, spending about US$18 billion each year. Off-grid
renewable energy systems are often more effective and cheaper solutions for
providing access to rural areas without the financial burdens of grid development
and maintenance. They also have a low impact on the environment as growing
energy demands are met.53 (See also the case study on page 61 – India:
Advancing energy access.)
In addition, policymakers need to consider a range of mechanisms to enable
people to access, afford and utilise the benefits of modern energy. Affordable
electricity rates do not benefit the poorest consumers if they cannot purchase a
modern stove or lighting to use the electricity. The rapid expansion of cell phone
technology, coupled with innovative pay as you go models and global efforts to
design affordable and energy-efficient appliances, is creating new opportunities to
allow low-income consumers to access and use modern energy (see also Box 11).
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For example, global cell phone penetration rates are high, even in poor countries,
with an average of 91.8 subscriptions per 100 inhabitants and, Africa has 73.5 cell
subscriptions per 100 people.54

BOX 11: NEW BUSINESS MODELS IN AFRICA – PAY AS YOU GO
ELECTRICITY BILLS55
Off-grid solutions represent the most feasible solution to electrifying rural
areas, and pay as you go models provide several advantages to customers
with low or variable incomes. Globally, it is estimated that an additional 3
million pay as you go solar home systems will be sold by 2018-19.56 Instead
of regular, fixed payments, customers pay small amounts in advance for the
service they use. These solutions often entail a package of appliances and
the associated power supply. This enables consumers to purchase the
appliances and technology necessary for modern energy access that would
otherwise be cost-prohibitive. As one energy executive noted, “Often the
problem is affordability and not only access. People need the physical
access to electricity and be able to pay for it.”
Several countries in Africa provide a number of success stories in this area.
M-KOPA Solar, which operates in Kenya, Uganda and Tanzania, and Off Grid
Electric, in Tanzania and Rwanda, offer packages of appliances, such as LED
lights, a mobile phone charger and a radio, all powered by a solar panel and
a battery. Payments are processed via mobile phones, allowing customers to
pay in small instalments, making it more financially attractive than
purchasing kerosene to fuel older appliances. Customers can also upgrade
by purchasing a diverse range of other appliances.
As well as favouring access to electricity from small-scale renewables, such
schemes aim to tackle another fundamental challenge in developing
countries – energy is not treated as a private good, but as a right. By
providing the kit of appliances, consumers are more inclined to believe that
they are paying for the goods themselves, rather than the electricity needed
to operate them. However, should customers fail to pay, the service is
disconnected remotely.
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The business models of the companies supplying solar home systems can
be identified in two main models:
•

the lease-to-own model: Households eventually own the system as
soon as the price is paid

•

a micro-utility model: The company provides electricity but owns the
equipment that produces it.

In both cases, pay as you go schemes are based on actual consumption,
although several conditions could apply through terms of payments or the
length of supply contracts, especially for the lease-to-own model. When
ownership is transferred to customers, the costs of the service should
reflect the cost of the system as a whole.
A similar system can be found in India. The supplier Simpa Networks offers
customers two-year contracts with a commitment to buy at least 25 days of
service every month. Payments, however, can be distributed over time,
matching each household’s needs.

Such innovative business models need an enabling environment to promote their
expansion. This will require governments to support traditional grid extensions and
also focus on policies to promote entrepreneurship and alternative grid
technologies. It can be challenging for policymakers to identify the right measures
to enable off-grid models. Many mechanisms that work for traditional grid
developments may not achieve the desired effects for off-grid models.57 However,
some principles that work for traditional grid solutions also apply to off-grid
solutions, such as reducing investment risks and promoting the availability of
capital (see Box 12).
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Doukas, A and Ballesteros, A (2015), Clean energy access in developing countries:
Perspectives on policy and regulation, World Resources Institute (WRI)
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BOX 12: SELECTED FACTORS TO ENABLE OFF-GRID SOLUTIONS58
Reducing investment risk
•

Create transparency on the power system development and
electrification plans to avoid investment in areas that are subject to
traditional electrification plans.

•

Develop a clear legal and regulatory framework for mini-grids. While
permits or licences and tariff provisions, which apply to traditional
utilities, are not applicable to off-grid solutions, they can apply to
mini-grid solutions as they act in the same way as utilities and can
prove to be an inhibiting factor.

•

Develop a clear energy strategy to provide clarity to investors. For
example, subsidies in one area, such as fossil fuels, can undermine
the competitiveness of off-grid solutions.

Availability of capital

58

•

Facilitate the availability of capital by addressing lending guidelines.
Central bank and reserve bank lending guidelines on providing
finance for specific activities or sectors can play a positive role.

•

Facilitate the availability of capital by addressing foreign investment
barriers.

•

Create transparency for mobile money tariffs and regulations, as this
could influence the competitiveness of off-grid solutions relying on
mobile payments.

Adapted from Doukas, A and Ballesteros, A (2015), WRI, Ibid.
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FINDINGS AND RECOMMENDATIONS
The world’s population needs more energy infrastructure to provide modern
energy services to the estimated 1.1 billion people who do not have access to
electricity. However, merely expanding energy infrastructure is not enough to
ensure energy access. Innovative mechanisms that allow low-income consumers
to pay for electricity and appliances are needed.


Efforts to increase overall energy infrastructure have resulted in many
countries opening their markets. Competition, privatisation, unbundling of

energy production and distribution, and the creation of independent
regulatory bodies have been key pillars of liberalisation policies worldwide,
occurring at different times speeds and levels. These need to be carefully
designed to ensure sustainable development.


Energy access still lags behind targets and needs greater investment to
meet growing population needs. Financing and maintaining grid extensions

has been a hurdle, but alternative technologies and financing approaches
can provide cost-effective and environmentally-friendly solutions. Alternative
technologies therefore prove to be capable of addressing a country’s
energy trilemma performance in a balanced manner.


Off-grid solar power, paid by the consumer through mobile pay-as-you go
models, is an example of a successful alternative approaches. Such

solutions often include a package of appliances, in addition to the power
supply, enabling customers to gain access to electricity systems and also
make use of them. An estimated 3 million additional pay as you go solar
home systems will be sold between 2014 and 2019. This shows that
innovation, driven by the private sector, to develop alternative technologies
and business models is a major driver to increasing overall energy access
and affordability.


An enabling regulatory and policy framework is needed to ensure private
sector innovation in alternative technologies and business models. While

enabling access to capital and reducing regulatory risk are important for
innovative business models for alternative technologies, many policy
mechanisms which have proven to be effective for traditional grid solutions
may not necessarily work when applied to off-grid and mini-grid solutions.

62

3 Addressing
affordability –
prices and
industry
competitiveness

WORLD ENERGY COUNCIL | TRILEMMA

The affordability of energy for consumer affordability and to ensure industrial
competitiveness is key concern. The top scoring countries in the energy equity
dimension of the Energy Trilemma Index include countries where low fuel prices
are enabled by indigenous energy resources, including hydro and fossil fuels, as
well as countries where the low price is supported by consumption subsidies. For
example, in the 2015 Index, the US, Canada and Saudi Arabia respectively ranked
1st, 2nd and 51st for energy equity, and yet ranked 95th, 71st and 120th for
environmental sustainability. In fact, very low-cost energy services tend to have
negative effects on the security and environmental dimensions, because incorrect
consumer price signals can increase energy consumption.

Prices and consumer affordability
Subsidies can critically influence access to energy and the development of energy
infrastructure. Consumption subsidies can have an impact on the price for the
consumer, and deployment subsidies can help early stage technologies become
competitive. Their goals, impact and challenges will be quite different. In 2014,
fossil-fuel subsidies amounted to US$490bn, while renewable energy support
(deployment) amounted to US$135bn.59 In many developed countries, some of the
ambitious renewable energy programmes are financed through consumers, and
higher prices can erode their purchasing power. However, some policymakers
argue that higher bill prices can be offset by lower consumption. As one energy
executive suggested, “If you compare end-customer prices across countries, you
have to consider purchasing power and household incomes. Also energyefficiency improvements lead to lower consumption, meaning the burden on
households is equal.”
Consumer subsidies can be vital to enabling energy access for lower-income
consumers and also play a role in social and economic programmes (see case
studies on page 69 – Brazil: Enabling consumer affordability and industrial
competitiveness, and page 70 – Philippines: Enabling consumer affordability).
However, consumer subsidies can be costly to deploy, especially if made available
across the whole population. Countries have struggled to cut subsidy costs in the
face of public opposition (see Box 13 detailing efforts by Malaysia, Indonesia and
Saudi Arabia).

59
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BOX 13: FUEL SUBSIDY REFORMS
In Malaysia, fuel subsidy reforms stalled in 2010 amid public resistance. By
2012, however, the cost of subsidies for petrol, diesel, and liquefied
petroleum gas (LPG) reached US$7.4bn, requiring a change to the subsidy
programme.60 Reforms were passed in 2013, but due to protests from the
public, political opposition, trade unions, and non-governmental
organisations, these were made partial and reversible by successive
governments. A key failure point was waiting to mitigate the impact of the
reform after it was announced: the specifics to deliver cash transfers to the
poor were articulated through the 2014 budget, eight weeks after the rate
increase was proposed.61 Despite only securing partial reform, the
government estimated that they would save US$1bn over the next year. The
government was able to remove subsidies entirely in 2014 as oil prices
declined. Drawing on experience, the subsidy system was dismantled while
social programmes were increased, in order to ease the burden on lowincome households.62
Indonesia has subsidised fuel (gasoline, diesel, kerosene, and LPG) since
the oil crisis of the1970s. The subsidies have been a highly political issue in
the country63, and in 2012 amounted to 21% of the central government’s
budget, and 2.6% of the country’s GDP. The subsidy program was reformed
in 2005 and 2008, in response to a sharp rise in the fiscal cost, given high oil
prices at the time. When world oil prices rallied again, the government tried
to raise fuel prices in 2012, but was unable to do so given strict conditions
placed on fuel hikes as part of the Budget Law.64 The political leverage to
finally cut gasoline subsidies at the start of 2015 was facilitated by record
low international oil prices (dropping below the subsidised rate) since June
2014. Diesel subsidies remain, though the country is considering removing
them this year.65 The finance minister has estimated that the government
would save approximately US$15.5bn from ending fuel subsidies.66
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Saudi Arabia has been one of the largest fossil fuel subsidisers in the world,
with subsidies amounting to over US$62bn according to International Energy
Agency estimates in 2014. Of that, 75% is for oil.67 In December 2015, Saudi
Arabia announced the first round of its energy reforms, which includes
raising the price of gasoline. The reforms are significant, given that the
country’s stability has historically rested on its welfare state. Compared to
2015, the subsidy reductions are expected to cut costs by 12%. Prices are
being increased by 60% for petrol, approximately 66% for gas and around
130% for ethane.68 Given the relatively modest rise in prices (in January
2016, the cost of high grade gasoline was US$0.90/gallon compared to
US$0.60/gallon in 2015), the fuel prices have not been met with public
outcry.69 Including future reductions, the subsidy reform in gasoline,
electricity, and water is expected to generate US$30bn a year by 2020. The
subsidy cuts are part of a broader five-year plan to create a more efficient
economy and rein in a deficit that reached 15% of the country’s GDP this
year.70

However, by leveraging new technologies, such as cell phones or special banking
accounts, governments are targeting subsidies to the most in-need segments of
their populations (see Box 14).
Generally speaking, deployment subsidies have proven to be a valuable tool for
developing certain industries and redirecting investments. However, these types of
subsidy programmes need to be well-structured to provide investor confidence,
and taper as deployment of the subsidised technology improves, to contain costs
and to avoid needles expenditure. For example, following the 2008 financial crisis,
the Spanish government drastically cut its subsidies for solar power and capped
future increases. In 2012, the Spanish government went further, placing a
moratorium on renewable energy subsidies with the aim of saving several billion
euros owed under the policy. These challenges were not signalled in advance and
applied to operations already developed. This abrupt change severely damaged
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investor confidence. Arguably the original subsidy design was flawed in not
providing for review as costs fell or deployment rose.

BOX 14: INDIA – DIRECT BENEFIT KEROSENE SUBSIDIES
In January 2016, the Indian government announced the launch of the direct
benefit transfer scheme for distribution of kerosene subsidy in 26 districts
across eight states. As of 1 April 2016, the populations of rural areas will
have to pay the market price of Rs 43/litre ($ 0.65/litre) of kerosene. The
subsidy, Rs 31/litre ($ 0.47/litre) will be paid directly into the bank accounts
of eligible beneficiaries.71
A similar scheme was already in place for liquefied petroleum gas and it has
been extended to kerosene to better target beneficiaries, eliminate theft and
black-markets and cut down on adulteration of the cheap fuel with diesel.
With more than half of the kerosene sold being stolen, the aim is to eliminate
subsidised kerosene from the supply chain. In 2014–15, misappropriation of
kerosene cost oil marketing companies Rs 24,000 million ($3.61 million) on
subsidised kerosene sales (amounting to one-third of their total underrecoveries).
But there are challenges with the plan, for example, the amount of subsidy
each household can claim is determined on the basis of current kerosene
usage. This would be about double their actual usage. Further, high
subsidies to kerosene could also hamper any incentive for users to shift to
cleaner forms of lighting, such as solar.

In developing countries, ensuring that customers can afford the electricity tariff
once energy projects are completed remains a challenge. Tariffs reflect the cost of
building and maintenance for the networks to make the project viable, and this
may be unaffordable for local populations in remote areas. Government subsidies
can create unmanageable financial burdens for poorer countries.
Affordability strategies vary across countries, depending on whether energy policy
is considered a social policy or not. For example, access policies are normally part
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of a country’s key anti-poverty reforms, such as the Light for All initiative in Brazil
that connected 11 million people to the grid (see Box 15). Elsewhere, such as in
Nordic European countries, energy prices are not considered key levers for social
welfare. However, energy leaders cautioned that, although affordable energy
provides many benefits to society, there are limits on how the energy sector and its
policies can be used to promote other policies and broader economic goals. As
one energy leader noted, “When energy is used to address macroeconomic
problems such as inflation, industrial development, job creation, etc., then energy
infrastructure decisions are based not on technical issues, but more
political/macroeconomic ones, creating distortions in energy policy
implementation.” (See Box 16 on page 72 – Argentina: Electricity tariff freeze
impacts on energy investments)

BOX 15: BRAZIL LIGHTING FOR ALL
Brazil has had difficulties balancing the energy trilemma: although
performing well in terms of energy security and environmental sustainability,
energy equity still lags behind.
Between 2003 and 2009, the government provided 11 million people with
access to electricity through the Luz para Todos – Light for All – programme.
As of January 2016, 15.6 million rural residents throughout the country had
access to electricity.
Some funding came from the Energy Development Account and the Global
Reversion Reserve. The remainder was shared between local governments
and distribution network operators. Total investment amounted to R$22.7bn,
of which R$16.8bn came from the federal government.
The extent of the connection is only part of the programme’s success. The
overall impact of electrification is also measured on the basis of welfare
improvement. For instance, the programme has generated around 489,000
new jobs, and spurred technological development and network
interconnectors.
In August 2015, the federal government issued the Programa de
Investimento em energia elétrica with R$186bn to increase the total energy
supply, with a preference for low-carbon generation and to strengthen the
transmission and distribution system.
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Industry competitiveness
As a key component of manufacturing costs, industry energy prices have an
impact on economic competitiveness. For example, industrial consumers in Japan
and Europe paid, on average, more than twice as much for electricity as their
counterparts in the US; even Chinese industrial consumers paid almost double the
US level. Part of the explanation for the price difference is the taxes and levies
imposed by the state.72 The gap in industrial electricity prices among the US, the
EU and China are predicted to increase further. By 2035, electricity prices in the
EU are projected to increase by 24% and become the highest among the major
industrialised countries.73
Low energy prices are argued as necessary to promote the competitiveness of
industry and a country’s economy and thereby secure economic advantages. This
becomes particularly important with regards to energy-intensive sectors such as
primary metals (with iron and steel, and non-ferrous industries), chemicals, nonmetallic minerals (glass, cement), and the paper industry.
This issue of economic competitiveness is particularly strong in debates in the EU,
as US industries have benefitted from energy cost reductions with the shale gas
boom. As a result of these concerns, in many instances, energy prices for industry
often follow different taxation rules from energy for consumers (for example,
Germany’s Renewable Energy Act 2000 is basically only financed through
households).
However, low energy costs may create poor incentives for the adoption of energyefficient technologies or processes. Indeed, this could lead to an accelerated
decarbonisation of the economy through a duplicate effect if ‘clean’ energy is
produced at low cost in more efficient facilities. On the other hand a competitive
economy and low energy costs can also avoid carbon off-shoring, which refers to
the export of a country’s carbon footprint by producing goods within the country
they are consumed.
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BOX 16: ARGENTINA: ELECTRICITY TARIFF FREEZE IMPACTS ON ENERGY
INVESTMENTS
Argentina’s experience demonstrates the other side of energy affordability.
Although positioned relatively high in the Index, Argentina faces major
challenges and is expected to drop lower in the rankings due to the lingering
impacts of low prices for producers and high subsidies to consumers. Low
electricity prices stem from a price freeze the government instituted in
response to the 2001 economic crisis, through the Public Emergency and
Exchange Regime Reform Act 2002. At the time, the law was critical in
making electricity accessible in a context where around one in four
Argentines was unemployed.74 However, the freeze continued well past the
crisis period, stunting the profitability of the energy sector, and
consequently, investments under development.
A few trends highlight the extent of the impact: Compared to the 1992–2001
period, foreign direct investment in electricity, gas and water fell from 12% of
total Foreign Direct Investment to 4% from 2002–2004,75 and oil production
declined by 30% since 1998, while natural gas production declined by 8%
since 2006. Unable to keep up with demand, Argentina became a net energy
importer in 2011 for the first time since 1984.76 The cost of energy subsidies
has been high. By 2015, electricity subsidies were around US$10bn, just
under 2 percentage points of GDP.77
Mauricio Macri’s November 2015 elected government promised an overhaul
to the tariff system, announcing a US$4bn reduction in subsidies for 2016.78
While the subsidies were successful in instituting affordability at a time
when it was badly needed, there have been immense trade-offs in the
development of the energy sector to maintain politically popular low rates for
14 years. The lack of investment in all energy sectors has become a major
challenge, further intensified by the nationalisation of the oil company YPF
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(by expropriation of Repsol shares in Argentina’s biggest oil company). The
new management is struggling to attract the new investors necessary to
exploit the large reserves of unconventional oil and natural gas in Argentina.

FINDINGS AND RECOMMENDATIONS
Top ranked countries in energy equity over the years 2010–2015 have been
wealthier OECD countries or high-wealth oil states. But there are variations across
the top-ranked countries: some have indigenous energy supplies, fossil fuelled
and/or hydro-powered, such as Canada, the US and Switzerland, while other
countries, such as France, have limited indigenous resources and have made use
of nuclear power. Still others, such as Luxembourg or Hong Kong (China), have
made use of strong regional power and energy interconnections to enable high
rates of energy access and comparatively low costs. However, many lower ranked
countries on the energy equity dimension have low GDPs and are struggling to
build energy infrastructures and ensure affordable access to energy.


Subsidies can be vital to enabling access for lower-income consumers
and also play a role in social and economic programmes. They can,

however, be costly to deploy, especially if they are made available across
the whole population.


Innovative payment models, such as mobile banking solutions, provide a
tool to better target subsidies. They can thereby help to ensure that

subsidies or vouchers quickly reach those consumers most in need of
support and reduce costs for governments.


Subsidies can also be effective in promoting low-carbon technologies but
must have a clear sunset from the start. Changes to subsidy systems or

subsidy cuts are often met with opposition by affected groups and difficult to
introduce successfully. Designing criteria for subsidy reduction at scheme
launch can avoid many of these problems.


Energy policies that aim to meet too many goals across a country’s
development targets (economic, financial, social, employment and so on)
may be ineffective. Policies designed to improve energy affordability and

access must be designed with a view to overall energy trilemma
performance so as to not be detrimental to energy performance over the
long-term. The economy’s competitiveness is greatly impacted on by
energy affordability and needs to be taken into account when options to
finance energy systems are considered.
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Improving energy efficiency and managing demand, including increasing the
efficiency of energy generation, lowering losses in transmission and distribution
networks, and providing for demand response has positive impacts on all aspects
of the energy trilemma. Improving energy efficiency across an economy has huge
economic and environmental benefits by reducing the amount of energy required
(improving energy security) as well as potentially reducing emissions from energy
generation and equipment and appliance use (environmental sustainability). For
example, scenario modelling shows that energy-efficiency measures can
contribute about 40% of the CO2 abatement needed by 2050 to achieve emissions
reduction consistent with a target of limiting global temperature increase to 2°C.79
Many countries have made significant improvements in energy efficiency across all
economic sectors. This is shown in a decoupling of GDP growth from energy
growth and a decoupling of GDP growth from GHG emissions increases. For
example, in 2014 and 2015, for the first time in four decades, CO2 emissions from
consumption remained stable, while the global economy grew. Previously, only
economic recessions had stalled GHG emissions.
There still remains considerable unused potential for energy-efficiency
improvements along the entire energy value chain – from exploration and
production to final use. In this respect electrification can improve the energy
efficiency of sectors such as transport and heating and cooling. The oil and gas
industry is the most energy-intensive of all industrial processes and has a great
potential for energy-efficiency improvements (see Box 17). Improving productivity –
the amount of energy delivered by electricity generation, transmission and
distribution infrastructure – can have a significant impact on the amount of fuel
needed to support the economy (see Figure 12: Causes of electricity generation
and transmission and distribution losses).

BOX 17: IMPROVING EFFICIENCY IN OIL AND GAS PRODUCTION
With the fall in oil prices, oil and gas (O&G) companies can no longer afford
to overlook efficiency in their production. Also, O&G production is becoming
more difficult – increasingly, oil will have to be extracted from offshore or
underground deposits, while gas will have to be transported long distances
through pipelines or as liquefied natural gas (LNG).
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O&G production and oil refining became progressively more energy
intensive through the 1990s as it became increasingly necessary to drill
deeper to find O&G, to use secondary and enhanced O&G recovery
techniques, and to exploit heavier oil deposits and older reservoirs.
Historically, low-quality hydrocarbons have become substitutes for
conventional oil, but these are more difficult to extract and refine into
finished fuels, and are more expensive.80 In refining there is a demand to
process greater volumes of crude, while also converting most of that crude
into end products, and reducing environmental impacts through energyintensive processes such as greater desulphurisation. These enhancements
consume more energy.
The O&G industry – the most energy-intensive industry – has a great
potential for efficiency improvements. The O&G sector is consuming about
20% of its output for its own process needs.81 Energy efficiency of O&G
exploration and production is low by any standards, as it hardly reaches
20%. Several technology trends are already contributing to greater
efficiency:
•

operating existing fields for longer and with more yield by injecting
water or gas, to boost the pressure of the reserve

•

using new extraction methods such as hydraulic fracking beyond the
US

•

reducing the energy intensity of extracting heavy oil from oil sands

•

employing digital field technologies to increase and optimise
production

•

leveraging data to improve production processes.82

With less easily accessible oil available, and a growing array of clean energy
options in the market, it is clear that O&G companies must reduce
production inefficiencies to be more competitive.
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In 2012, the OECD average transmission and distribution losses as a percent of
generation were 7%. In many other countries the losses were higher, for example,
17% in Turkey, 10% in Indonesia and 6% in China. In India in 2014, transmission
and distribution losses were estimated at 27% of electricity output and were a key
component to the country’s energy shortage.83 Reducing energy loss offers
significant benefits in terms of GHG emission savings in energy generation, and
savings for the economy as well. For example, in 2005, the estimated 6%
transmission and distribution loss in the US represented a cost of US$19.5bn to
the overall economy.84

FIGURE 12: CAUSES OF ELECTRICITY GENERATION AND TRANSMISSION
AND DISTRIBUTION LOSSES

Source: World Energy Council, 2013: Energy Efficiency Technologies: Overview Report; Eurelectric,
Preservation of Resources Working Group, 2003: Efficiency in Electricity Generation
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With the productivity of energy generation based on converting a fuel (such as coal
or natural gas) into heat, the efficiency of generation assets can vary due to a number
of factors, including ambient temperature, technology used, age of the equipment,
how well it is operated, the fuel source (for example, bituminous fuel to a low-sulphur
sub-bituminous coal, natural gas or biomass)85, or the addition of emissions
equipment such as selective catalytic reduction systems or flue gas scrubbers.
Many potential energy-saving solutions are readily available today, with proven
technologies. In power generation, for example, ultra-supercritical coal combustion
technologies (650°C, 265 bars) and combined cycle gas turbine power plants are
excellent examples of highly efficient processes as is power transmission with the
latest ultra-high voltage AC and DC technology.
Energy management must go beyond the energy sector and include a range of
technologies to drive energy improvements in key sectors (see Figure 13: World
energy consumption by sector). These can include smart metering, efficient
buildings, heat pumps, efficient motors; LED lighting and other appliances can also
contribute to higher energy efficiency.86

FIGURE 13: WORLD ENERGY CONSUMPTION BY SECTOR

Source: EIA, 2013: International Energy Outlook, Reference tables
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Smart cities bring many of these solutions and technologies together and so are
able to effectively manage energy demand and improve energy efficiency. Cities
are estimated to account for 75% of global CO2 emissions and to consume 75% of
natural resources, yet they only occupy around 3% of the world’s land surface. By
2050, an estimated 80% of the world’s population will live in cities.87 This highlights
the need to reduce energy consumption in cities through energy demand
management and energy-efficiency measures. Smart cities are one way of
achieving this, using an integrated approach involving the energy sector with other
sectors, including transportation, real estate and buildings, water and waste
management.
Electrification and automation of transport services offer attractive opportunities to
combine lower fossil fuel consumption and high-tech solutions. In the UK, for
instance, the Rail Technical Strategy has set the scene for a rolling programme of
electrification and development of a high-speed network. The aims are also to
guarantee a reduction of carbon and cost, and high levels of safety, among others.
From an energy point of view, an extensively electrified network has reduced
reliance on fossil fuels. Furthermore, sensors, energy storage technologies and
smart-grid technologies would monitor and manage energy use for maximum
efficiency. For example, trains and track equipment could be managed through a
whole-system approach of intelligent maintenance which allows trains and track
equipment to monitor each other and cause less damage. Intelligent maintenance
would also provide accurate and timely information for condition-based
intervention.
Given the potential benefits, countries around the world have focused on demand
management programmes – both mandatory and voluntary – covering industrial,
transportation, residential and commercial uses (see Box 18 – South Africa
residential consumer engagement). Indeed, a quarter of global energy
consumption is covered by energy-efficiency regulation worldwide.88 These
include:

87
88



standards and labelling programmes, such as Energy Star, which are the
primary tools to improve the efficiency of appliances and other energyconsuming products. By 2014, 81 countries had such programmes



standards for electric motors used in industrial applications which had been
introduced in 44 countries by the end of 2013

UNEP (n.d.), Global Initiative for Resource Efficient Cities: Engine to Sustainability
IEA (2015), Op. cit
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vehicle fuel economy standards covered 70% of the world’s light-duty
vehicle market as of late 2014.89

Emerging and high-growth economies are embedding energy-efficiency
programmes as a means to manage their energy consumption growth rate,
thereby improving energy security and improving environmental sustainability. For
example, Ghana implemented an efficiency programme focused on household
refrigerators that involved minimum energy-efficiency standards, consumer
education and outreach and rebate programmes (see case study on page 82 –
India: Improving energy efficiency and managing demand).
In the industrial sector, governments use a variety of incentives and regulations to
stimulate energy efficiency and the marketplace for energy-efficiency technologies
and services. Japan’s Top Runner programme (see case study on page 83) is
often viewed as an exemplary approach to drive the development of improved
efficiency for cars, electrical appliances, construction materials, and so on.
A comparatively low return on investment or a long payback period for energyefficiency technologies can deter the adoption of energy-efficiency programmes or
technologies. This is particularly the case in countries that have a focus on low fuel
prices as a means to stimulate economic investment. In such instances, mandated
energy-efficiency programmes may be necessary. For example, most of the
electricity in Kazakhstan is consumed in industry and there is strong potential for
energy savings. However, low wholesale price for electricity reduces the value of
modernisation investments, and market principles alone are unlikely to achieve the
government’s targets of 40% improvement energy efficiency by 2030 compared to
2008.
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BOX 18: SOUTH AFRICA RESIDENTIAL CONSUMER ENGAGEMENT
In response to insufficient electricity capacity during peak hours, South
Africa’s electricity distributor, Eskom, devised various strategies to engage
the public in voluntary demand reduction. Consumers can access
information on the current and projected status of the grid via Eskom’s
Power Alert site. For residential consumers, the Power Alert site conveys
real-time information on the status of the grid on selected TV programmes.
The information is presented as four colour-coded alerts, with graphics
instructing viewers how to reduce their consumption. The colour and volume
bars indicate the level of strain on the energy supply, while icons of home
appliances indicate what to switch off.90
FIGURE 14: POWER ALERT – HOW DOES IS WORK?

Source: Eskom (2016), Power Alert – How does is work?
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Power alert (n.d.) New Power Alert system on SABC and eTV now also on DStv,
www.poweralert.co.za/poweralert5/how-does-it-work.php
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FINDINGS AND RECOMMENDATIONS
As highlighted in the 2016 World Energy Issues Monitor, energy efficiency
continues to be perceived as the top action priority globally. This highlights that
energy leaders believe it is an area that can, and must, be addressed. However, it
also reflects the reality that action is falling short of expectations. As highlighted
through the case studies and trilemma assessments, potential cost-savings alone
are often insufficient to stimulate the production or adoption of energy-efficiency
technologies or behaviours. A mixture of regulations, incentives and increasing
awareness are typically used to drive improvements.


Energy-efficiency standards can stimulate product innovation in favour of
higher efficiency: Mandatory or minimum energy-efficiency standards in

buildings, industrial equipment, transportation and residential appliances
can accelerate the trend of energy improvement in products. Making
energy-efficiency ratings public and highlighting higher efficiency products
through labelling and certificate schemes, rewards forward-looking
producers, and contributes to the phase-out of low-efficiency products.


National energy efficiency institutions and programmes can drive
significant energy savings: Creating national level energy-efficiency bodies

is critical in many countries, including fast-growing economies such as
India, which are challenged by their size, growth, or disparities in energy
access. National bodies may have greater access to capital and human and
institutional capacity to support national and state-specific programmes at
scale.


Feedback mechanisms and decision-making processes that integrate the
private sector are critical: Where the outcome of programmes is difficult to

predict, continued outreach and collaboration with the private sector will
adjust for policy flaws, ensure more effective monitoring, and increase buyin for programmes.


Industry-targeted energy-savings schemes should be subject to a robust
independent evaluation, measurement and verification (EM&V) process:

Energy-savings schemes have often been launched without alignment or
capacity to establish a baseline and monitor progress. While industry selfreporting is a low-cost monitoring mechanism, the long-term success of
these programmes will depend on having an independent system for
measuring and verifying the actual energy savings achieved. In some
countries, this expertise will have to be imported until a market is created for
these services.


Efficiency investments with longer payback periods require additional
incentives: To move beyond the ‘quick win’ of energy-efficiency

improvements, industry requires greater information and signals or
financing to make the business case for higher cost and longer payback
investments. In appropriate cases, regulation will have a role.
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Decarbonising the energy sector, including increasing the share of nuclear, hydro
and renewables in the electricity generation mix and pricing carbon adequately is
critical to meeting COP 21 goals.
The environmental sustainability dimension of the Energy Trilemma Index includes
a focus on development of energy supply from renewable and other low-carbon
sources, including nuclear and hydro. The top ranked countries for environmental
sustainability over the review period reflect the role of hydropower in electricity
generation in enabling low GHG emissions in energy use. Nearly all the countries
in the top 10 over the years have a high percentage (close to 50% or more) of
hydro in electricity generation. The exceptions to this are France, which uses
nuclear power for three-quarters of its electricity generation, and Denmark, which
has developed wind power.
The successful conclusion of COP 21 added increased momentum to the global
transition to low-carbon energy. Almost 190 countries demonstrated their
commitment to emissions reduction through their intended nationally determined
contributions (INDCs), sending a strong signal to the markets and the energy
sector (see Box 19). The challenge now is to maintain this momentum in
implementation, despite barriers such as market instability and technology risk.
Beyond avoiding the damaging impacts of climate change, reducing GHG
emissions through renewable use and energy efficiency can increase energy
security.

BOX 19: COP 21 – CORE COMMITMENTS AND IMPLICATIONS FOR THE
ENERGY SECTOR
The Paris Agreement sets out a goal to put the world on track to hold the
increase in the global average temperature to well below 2°C, above preindustrial levels and pursue efforts to limit the temperature increase to 1.5°C.
While there were no top-down commitments imposed on the energy sector,
meeting the goals of the Paris Agreement will require a radical transition to a
low (and an eventual net zero) GHG emissions economy. Many countries will
look to their energy supply and use as the key agent of change to achieve a
peak emissions as soon as possible, and achieve net zero GHG in the
second half of this century.
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The energy sector (electricity and heat) currently accounts for 41% of the
global CO2 emissions and transport accounts for 23%.91 To limit global
warming to 2°C, energy-sector CO2 emissions will need to decline at an
annual rate of 3.8% compared with a business as usual projected annual
increase of 1.9%. Given these figures, many countries will need to make
significant changes to their GHG emissions profile by decreasing emissions
associated with energy supply or use and transportation.
The agreement provided a strong signal to companies, governments and
investors that countries will have to transform their energy mix to adapt to a
carbon-constrained future. Actions to promote the environmental
sustainability of the energy system have to be weighed against specific
national challenges faced in the balancing act with the two other trilemma
dimensions: energy security and equity. Securing a sustainable energy
supply requires investment in a low-carbon energy future, while avoiding
stranded assets (i.e. assets that have been written off, devalued or converted
into liabilities unanticipatedly or prematurely) and ensuring affordability.
The long-term challenges of decarbonisation are multifaceted: building in a
cost for negative externalities (i.e. a cost that is paid for by a third party),
delivering returns on capital-intensive renewable technologies, phasing out
the reliance on high-carbon generation, and ensuring supply security, while
diversifying resources.92 In the short-term, these objectives will manifest
themselves in policy changes and ‘quick win’ investment strategies:
•

Governments will create or strengthen policies to decarbonise the
power sector through regulation (such as renewable energy
standards) and increasing the price of carbon, particularly in the
current environment when hydrocarbon prices are low.

•

The risk of additional emission controls, which could result in
stranded assets, will continue to make traditional coal generators less
attractive investment options in many countries. For example, in the
US, coal plants are retiring early and the UK has set a goal to close
coal plant generation by 2025.

•

As the market diversifies, the cost and speed of deployment of
renewables makes certain technologies, such as solar PV, more
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attractive in the short-term. The cost of utility scale Solar PV projects
has plummeted and deployment is significantly faster than wind,
hydro and thermal projects.
•

In developing economies, COP 21 will further facilitate the
participation of the private sector in renewable energy projects.

•

There will be a greater focus on the energy efficiency of energy
supply, including the O&G sector, power generation and transmission
and distribution system.

•

There will be continued focus on carbon mitigation strategies such as
carbon capture and storage, especially as coal is predicted to remain
a key fuel source in growing energy markets such as China and India.

•

Countries will focus on decreasing emissions from the transportation
sector by decreasing fossil fuel use for transport, setting performance
emission standards, and supporting the adoption of biofuels and
electric vehicles.

In addition, developed countries will be held responsible for: mobilising
financial assistance of US$100bn per year by 2020 (including private
finance); and defining a new target for increased funding by 2025 for
mitigation and adaptation support for developing nations. A broad
framework to expand the development and deployment is emerging: the
Technology Mechanism of the Convention will not be the only mechanism,
but rather other channels for innovation could deliver significant results. For
example, the Mission Innovation group and the supporting Breakthrough
Energy Coalition have set goals to advance the development and large-scale
market deployment of disruptive technologies in the energy sector.

Policies to stimulate the decarbonisation of the energy sector – primarily the
electricity generation sector, fall broadly into three core approaches


Targeted support for low-carbon technologies incentivises the development
of new sustainable technologies. Support for renewables can reduce the
competitive advantage of cheaper emission-intensive energy generation
and consumption.



A focus on carbon mitigation technologies such as CCS can help countries
maintain the energy security offered by existing fossil fuelled energy assets.



Carbon pricing (including carbon taxes and emission trading schemes) is a
key incentive for emission reduction, by reflecting the true cost of highemission technologies and processes. Regulations limiting GHG-intensive
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activities also apply an implicit cost on emissions. Facilitating long-term
agreements can thereby help to reduce uncertainty for decision makers.
There are challenges, however, with decarbonising the energy sector, including
technology issues and concerns about the costs. It is therefore important to
unbundle electricity bills from taxes and levies. For example, in the US, the proposed
Clean Power Plan to reduce CO2 emissions from existing power plants is being
highlighted and has been criticised because of its potential costs to utilities and
consumers. These cost impacts can diminish civil support for the energy transition,
creating political and regulatory risks for the energy sector and its investors.

Low-carbon energy generation technologies
Most countries have commitments to increase their renewable energy generation
to improve energy security and decrease GHG emissions. For example, Korea
(Republic) – one of the top energy importers in the world – relies on fuel imports
for about 97% of its primary energy consumption. The nation sets targets for new
and renewable energy to supply 11% of the country’s total primary energy supply
and a 15% reduction in energy demand by 2035.
The types of policy instruments used to support low-carbon technologies vary
across market maturity, sectors, and countries’ institutional contexts. Policy
instruments include: ‘demand pull’ measures to create or strengthen the demand
for low-carbon technologies, for example, feed-in-tariffs and renewable portfolio
standards; and ‘supply push’ instruments, such as RD&D financing and tax
incentives that can be leveraged to reduce barriers in producing the technology,
and correct market failures. Within the scope of this report, we focus on demandside measures to transition to low-carbon technologies.
Feed-in policies now exist on every continent, and more than 98 states, provinces
and countries have feed-in policies.93 Feed-in tariffs typically make use of longterm agreements and pricing tied to the costs of production for renewable energy
producers and the policy allows for variety in design and implementation –
although the common features of feed-in tariffs include a price per kilowatt hour
that is determined administratively (rather than through market competition) and is
available on a standard offer basis. By offering a set price for electricity by
renewables, the feed-in tariff minimises key investor risks when compared to other
policy types, thereby lowering the cost of capital required to finance projects.
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REN 21 (2015), The First Decade: 2004 – 2014, 10 years of yenewable rnergy progress; For a
detailed discussion of the effectiveness of feed-in tariffs, please see: World Energy Council/
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financing energy systems
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In Turkey, feed-in tariffs have been used successfully to diversify the country’s
energy mix (see case study on Turkey). With substantial potential for renewable
energy resources, Turkey ranks 7th in the world with regard to geothermal
resources and has set a target of producing 30% of its electricity from renewables
by 2023.94 Unlike other feed-in tariff schemes, the country also adds a premium for
domestically produced components. However, the emission reduction benefit from
increased renewable use has been counterbalanced by heavy investment in coal
to fuel the country’s economic growth. Turkey’s energy strategy is
multidimensional due to its extreme reliance on imported energy – while it expands
its energy portfolio with renewables and nuclear, it is also diversifying the sources
of its existing supply to increase energy security. Observers caution that the
country has not fully come to terms with the consequences of increased emissions
from coal power plants – a question Germany is also dealing with, albeit on a
different scale.
Renewable energy auctions (‘tendering’) are emerging as a popular way to reach a
competitive price for renewable energy and replace FIT schemes in early adopter
countries such as Germany. Auctions promise a number of benefits including,
cost-effectiveness of energy deployment, transparent processes, and relative ease
in raising capital in riskier developing countries. By 2015, more than 60 countries,
the majority developing economies such as Brazil, China, Morocco, and South
Africa, had planned or conducted renewable energy targets.95 Germany is also
reforming its Renewable Energy Act in 2016 in favour of an auction system that will
enable easier renewable management in relation to grid expansion, and improve
planning security in the power sector for Germany as well as its neighbours.96 For
FITs and renewable portfolio standards, there is no ‘one-size-fits-all’ formula. The
design of the auction should be crafted according to the country’s characteristics
and goals.97
Renewable portfolio standards are another policy instrument to stimulate
renewable investment, where the regulator mandates targets for renewable
generation in electricity. Utilities can meet the target by buying renewable energy
from independent providers, or by developing renewable generation in house.
Successful implementation of renewable portfolio standards are accompanied by a
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renewable energy certificate market, where utilities can trade renewable energy
credits to meet their portfolio obligations and minimise the cost of compliance.98
These approaches encourage utilities to meet their renewable goals costeffectively as they must use renewable sources at market prices.99 However, if the
target does not differentiate the type of energy, this will result in the lowest-cost
technology being favoured. Programmes vary widely in their structure, targets and
enforcement mechanisms, depending on the country’s resource base and energy
goals.

Carbon mitigation technologies
Given the dominant role that fossil fuels continue to play, particularly in developing
countries, a portfolio of carbon mitigation solutions is needed to confront rising
emissions. Alongside renewable energy generation and energy efficiency, CCS is
a critical component of the technology portfolio.
CCS is a set of technologies to capture and transport CO2 from key sources to a
storage site where it is permanently trapped in porous geological formations deep
below the surface of the earth.100 CCS is attractive for the industrial sector, where
cement, iron, steel, chemical and refining plants together contribute to 20% of
global emissions, and where currently there is no other technology which would
enable the transition to low (or zero) carbon operation.101 According to the World
Energy Council’s energy scenarios, CCS can play an important role after 2030 in
cost-effective CO2 mitigation.102 This is supported by the IEA’s Energy Technology
Perspectives 2012 2°C Scenario (2DS), where CCS contributes one-sixth of total
CO2 emission reductions required in 2050, and 14% of the cumulative emissions
reductions through 2050 against a business-as-usual Scenario (6DS).103
While the urgency for CCS is growing, the challenge remains to deploy the
technology cost-effectively (see Box 20). It is estimated that the cost of a new
average-sized, coal-fired power plant that captures up to 90% of its CO2 emissions
is US$1bn over 10 years.104 Under the World Energy Council’s energy scenarios,
the cost of avoiding CO2 in coal and gas power plants equipped with CCS, ranges
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from around $40–80/tCO2 in 2020 reducing to $30–60/tCO2 in 2050.105 The
technology is still in its early days, and findings from large-scale CCS projects
launched to date, such as the Saskatchewan’s Boundary Dam 3 (2014) and
Australia’s Gorgon liquefied natural gas (LNG) project (2016), will help drive costs
down for later technology adopters. Despite design issues affecting the efficiency
of carbon capture from the Saskatchewan Boundary Dam, CCS is still viewed as
an essential solution.106 Australia’s experience demonstrates the substantial role a
government must take to implement a CCS project, including advocating for the
technology, supporting cost digressions, and taking responsibility for long-term
liability should any gas escape.107

BOX 20: DECARBONISATION TO REDUCE WATER-STRESS
Available resources are an important element of picking decarbonisation
policies. Some of the technologies highlighted as part of the low-carbon
transition, such as biofuels or CCS, require nearly double the water needs of
a coal power plant and could put additional pressure on the energy-water
nexus.108 Currently, thermal power and hydropower generation together
contribute 98% of the world’s electricity generation and these rely on water
for cooling and efficient functioning respectively. A recent study revealed
that climate change impacts on water resources could lead to reductions in
electricity production capacity for more than 60% of the power plants
worldwide from 2040–2069.109 Water stress impacts are already being felt.
For example, Zimbabwe depends mostly on hydroelectric power from Kariba
Dam, and the 2014–2015 drought, coupled with a 2016 El Niño-induced
drought, resulted in power output decreasing by half. Similar difficulties are
seen in Zambia which generates 90% of its electricity from hydroelectric
power plants. By January 2016, generation reduced by three-quarters at one
plant due to water levels.110 Brazil has likewise faced hydro-generation
production cuts due to drought. In December 2014, the biggest dams in
Brazil were only at 16.1% capacity.
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Current and emerging water stress risks are particularly acute in areas with
some of the highest current and future energy demands, including China,
India, Southwestern US, the Middle East and Sub-Saharan Africa. Looking
forward, it is estimated that the total electricity demand for desalination in
the Middle East is expected to triple over the period 2007–2030 as the region
races to meet rising water and energy demands.111

For developing countries that rely on fossil fuels to power their growth, CCS
promises a strategy to mitigate carbon emissions, without stalling progress
towards their development goals. In Kazakhstan, where the fuel mix currently
consists of 80% coal, CCS will be deployed as an interim low-carbon measure. As
one energy executive stressed, “For the transition period, we must use this
opportunity for safe, stable supply in the domestic market. CCS can give us the
possibility to survive the transition before starting with the renewables.” This
strategy can allow time for renewables to be developed towards the country’s 2050
goal of 50% renewables mix, and the gradual phase-out of fossil fuels.
In the absence of a market for CCS created by regulation or higher carbon prices,
or permanent funding for prototypes, few CCS demonstration projects have been
launched in Africa, Asia or Latin America. Accelerating CCS demonstration efforts
in non-OECD countries is critical to keep up with emission-reduction targets.112
Projects in developing countries can also serve as an innovation ground to
improve policymaking, technology and implementation, at a potential lower cost
than possible in developed countries.113

Carbon pricing
Countries are implementing policies to internalise the costs and impacts of GHG
emissions and to increase the adoption of technologies that decrease emissions
from fossil fuels (such as CCS), or to stimulate efficiencies in fossil fuel generation.
The carbon pricing toolbox includes carbon taxes, carbon trade markets and
emission standards. Carbon pricing is being increasingly recognised by
governments and the private sector as an effective market-based mechanism to
meet global emission reduction targets. As one energy executive noted, “This
market based instrument has the advantage that it does not discriminate certain
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generation technologies and furthermore it implements a platform for technology
neutral innovation.The CO2 emission reduction is being achieved at the lowest
possible costs.”
According to the World Bank, since 2012, the number of carbon pricing
instruments implemented (or scheduled for implementation) has almost doubled,
from 20 to 38. The share of emissions covered by carbon pricing has increased
threefold over the last decade. By 2015, carbon pricing was in place in 40 national
jurisdictions and 20 cities, states and regions, and a number of policies are due to
be enacted by 2020, including in Chile and South Africa. The Canadian province of
Ontario is building an emission trading scheme modelled after neighbouring
Quebec, while Quebec and California expanded their cap-and-trade programmes
in the past year by including transport fuel. In 2015, the combined value of carbon
pricing instruments was estimated at just under US$50bn globally. However, 85%
of emissions are priced below what economic models estimated is needed to
reach the 2°C climate goal.114
Private companies, including more than 400 leading international companies in all
sectors, are also using carbon pricing internally as a risk management strategy to
test the impact of potential mandatory emission pricing, and locate opportunities
for operational and energy efficiencies.115 Leading up to COP 21, chief executives
from 79 major firms, representing over US$2.1trn in revenues in 2014, called on
climate leaders to include carbon pricing as a mitigation mechanism in the climate
agreement.116 This was also a key priority for energy leader’s surveyed in the
World Energy Council’s 2015 Trilemma Report. A coalition of 11 European energy
companies, called the Magritte Group that produce more than 50% of the
electricity in Europe, also lent their support to a carbon price leading up to the
COP 21 negotiations.117
With increasing consensus on the need for carbon pricing, new countries, such as
Korea (Republic), are embarking on creating carbon markets, while others are
adapting their existing markets, like the European Union Emission Trading System
(EU-ETS), in response to the lessons learned. EU-ETS, the largest international
carbon-pricing instrument, has faced issues with excess emission allowances that
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have driven the price of carbon too low to incentivise significant mitigation
efforts.118 An energy executive stresses that a key finding from carbon markets is
that “The fidelity of the price signal is critical and the clearer it is, the better… as it
will result in a better allocation of resources and clearer signals for consumers.”
A reform of the programme will go into effect in 2019 to improve the costeffectiveness of emissions reduction and make the system more resilient to
macroeconomic dynamics.119 Korea (Republic) is a new player in carbon trading
that has also faced challenges in administering its programme, though in this case
there are not enough emissions being traded due to a lack of liquidity and the price
of emissions has been volatile in its first year (see case study on Korea, Republic).
The Korea (Republic) case provides cautionary lessons for other emerging
economies – and China in particular, as it prepares to launch its emission trading
scheme in 2017.
The chief concern in both contexts has been the impact of carbon pricing on the
competitiveness of domestic industrial sectors. However, the World Bank
highlights that the risk is generally limited to emission and trade intensive
industries, and can be abated through policy components, including free
allocations, exemptions, rebates and financial assistance. With the COP 21
agreement extending climate commitments to all countries, and the use of carbon
pricing in many countries’ NDCs, the risk of carbon leakage is also declining.120
However, the mechanics for international linking of carbon markets and out of COP
21 have yet to be developed.
As noted above, regulations limiting GHG-intensive activities also apply an implicit
cost on emissions. Regulations limiting GHG emissions in the transport sector are
a prime example of this.
Approximately 25% of all GHG emissions in Europe and the US, and 10% in
China, are made up of road transport emissions. The decarbonisation of
transportation will therefore play an important role in reaching the climate targets
set out in the COP 21 agreements.
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Indeed, the EU, US and China – the world largest automobile markets – have set
fuel economy improvement targets of approximately 30% for cars from 2014 to
2020. If the majority of these fuel economy improvements are met through electric
vehicles, an estimated 7.6 million additional electric vehicles will be needed by
2020 in the EU, US and China alone.
The key policy strategy adopted by the Chinese government has been the use of
subsidies for both producers and buyers. Through the use of subsidies, in 2015
China’s electric vehicle industry had more than four times the sales figures for
2014, with 330,000 sold. However, this did not reach the target of 500,000 EV for
2015.
However, the use of subsidies as a policy strategy is being phased out and will be
replaced by a government focus on the manufacturing of battery-related
technologies, an industry where China has a natural advantage, due to its
abundance of rare earth metals such as lanthanum, a key ingredient in hybrid
technologies.
Decision makers have the opportunity to encourage alignment between electric
vehicles manufacturers and utility companies. Utilities are increasingly recognising
electric vehicles as one of their largest growth opportunities, especially in more
mature EU and US markets. The additional electricity required to fuel the
estimated 7.6 million additional electric vehicles needed to achieve the fuel
economy targets would correspond to approximately half of the electricity
consumed in Switzerland in 2011. This also underlines the importance of
decarbonising the electricity sector.
There could be an opportunity for utilities to act as a catalyst to overcome the
barriers for consumers to adopt electric vehicle technologies, including providing
finance to address high vehicle prices and range anxiety, and provide access to
charging infrastructure.

FINDINGS AND RECOMMENDATIONS
Decarbonising the economy demands a broad policy package, including a price on
carbon and incentives to ensure low carbon and carbon mitigating technologies
are financed and deployed. With the long-term goal of net zero carbon emissions,
policymakers must avoid decisions that would lock in high-emission trajectories
and infrastructure investments that will be obsolete in a low carbon economy. The
case studies discussed offer some evolving lessons for countries implementing
decarbonisation measures while balancing growth priorities and public support.
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Renewable energy investment policies need to be dynamic: Policies must

be designed at the outset to enable adaption in relation to the market,
technological developments, and lessons from other countries’ experiments.


The process to amend policies needs to be transparent and phased:

Nascent renewable and carbon markets respond sharply to policy
uncertainty. Policymakers should develop clear channels to communicate
policy changes and ensure predictable implementation.


The government has a strong role in educating and incentivising the
private sector to embrace green goals: As Korea’s early experience with

emission trading schemes demonstrates, the private sector (particularly in
developing countries) may require additional engagement and education to
embrace green policies. This can take many forms – from monetary support
for green RD&D to ‘soft’ levers such as capacity building with international
organisations (see Box 5 on page 30 – UAE vision 2021 to diversify the
energy mix), or reputational incentives to be ‘branded’ green/energy
efficient (see case study on page 83 – Japan: Top Runner programme).


Carbon markets allow emissions to be reduced in the most cost-efficient
way. Tools to keep supply and demand of allowances in balance are

needed to cope with possible external shocks (such as financial crisis).
Such tools should be based as much as possible on automatic mechanisms
to avoid government intervention.
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The energy sector has ambitious goals and significant challenges to meet its
commitments under the COP 21 agreement and the Sustainable Development
Goals, while continuing to balance the energy trilemma to provide secure,
affordable and environmentally sustainable energy. The five years of energy
trilemma assessments, and many countries’ initiatives to drive changes in their
energy systems, provide a range of policies which yield learning to support
country-level and global goals. There are examples of policy initiatives focused on
all dimensions of the energy trilemma, from nearly every country in the world –
spanning different country contexts, GDP groups, geographic regions and energy
resources. Policymakers and the energy sector can learn and benchmark from
these efforts as countries look to transform their energy sectors and put in place
the policy frameworks to support ongoing change.
Through case studies and interviews, this 2016 World Energy Trilemma report has
identified five key areas to stimulate development in energy systems and balance
the energy trilemma. Common lessons can be found across the five areas to
support energy policy development. The review also reinforced three
interconnected policy areas to create an attractive foundation for private sector
investments in all aspects of the global energy sector as identified in 2012:


a coherent and predictable energy policy



stable regulatory and legal frameworks for long-term investment



public and private initiatives that enable RD&D and innovation.

ENERGY POLICYMAKING POST COP 21: LESSONS FOR
POLICYMAKERS AND THE ENERGY SECTOR
Provide clarity to the market
Throughout the energy trilemma research, one message has been clear around
the globe: the level of policy and regulatory risk around energy investments must
be minimised. Clarity in energy policy and regulations is key to reducing the cost of
capital and attracting investments. As one energy executive noted, “The clearer
the goal is, the better allocation of resources.”
As they update energy policies to meet COP 21 commitments, policymakers will
need to provide more detail on the instruments they will use to attain these goals
and to generate public and industry support. Broad consensus on the approaches
to be used in the medium- and long-term is crucial to create a stable business
environment to support energy investments.
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Push change in critical areas using a staged approach
The policy review also highlighted the importance of mechanisms that keep
policies up-to-date. In a period of continued volatility in energy markets and
technological developments, policymakers must find the balance between
consistency, transparency and stability while not locking-into costly or
unsustainable approaches. For example, a renewable-energy promotion system
based on ‘produce and forget’, with long-term guaranteed margins for investors, is
not a sustainable solution in the long term. It is only appropriate at the very starting
point. As one policymaker advised, “Take a more staged approach, especially
when it is related to new technologies, and their cost could come down.”
While acknowledging the benefits of moving forward in stages, energy leaders also
noted the need for a strong push to make changes. As one energy leader noted,
“Do a plan and go ahead… political leadership matters and sometimes you need
to make critical pressure to ensure things move forward.”

Take a change management approach in communicating policies
and setting expectations
The evolution of the global energy system, including expanded access, new
regulatory frameworks, new technologies, and new players in the energy system,
to name a few, is gathering pace. There will be some more and some less
successful policies; some areas of RD&D will lead to breakthrough and others will
not; cost savings may be achieved in the short-term but, in some cases, may not
materialise. However, long-term agreements are essential to reduce the cost of
capital, ensure investors' confidence and therefore support the transition to
decarbonisation. Politics will have an impact on policies. In this context, (as one
policymaker suggested), “You need a clear communication plan and a risk-tolerant
public willing to accept failures here and there for the overall good.”

Stimulate a broader industry engagement
Robust and strong dialogue between policymakers and industry is crucial to
ensuring the development of a regulatory framework to support a resilient 21st
century energy system. The energy system is undergoing many changes and
governments are pilot testing or evolving regulatory frameworks to support the
increased use of renewables, the development of the smart grid or the expanding
use of electric vehicles. Dialogue on what works, and insights on technology
developments, will help ensure up-to-date policies.
As well as the investment community, it is also important to discuss the expanding
range of companies that are involved in the energy sector. For example,
information technology companies are heavily invested in developing energy
storage solutions. Corporations are also driving growth in renewables as an
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increasing range of companies – including retail, IT, manufacturing and hospitality
– across all sectors, are entering into power purchase agreements for renewable
energy through large- and utility-scale, off-site, renewable energy procurement. In
2015 corporations – rather than utilities – accounted for the majority of wind
energy deals in the US.121 This power purchase agreement approach is also being
used in many developing countries where companies could face scheduled load
shedding, electricity price hikes, forced load curtailment, or no access to the state
grid. Research indicates that, for many companies, the shift to renewable energy is
driven by cost as well as environmental considerations.122

Look beyond the energy sector to meet climate and energy goals
Decarbonising the economy and meeting COP 21 goals will require huge changes
in the energy sector, but the climate goals will not be achieved solely through
these changes. Decarbonisation of the broader economy will be necessary and will
require changes in energy demand across all economic sectors – transportation,
manufacturing, agriculture and commercial and residential buildings.
The necessary changes to the energy sector and energy demand must be aligned
to the broader national economic agenda. For example, are energy sector policies
aligned to the country’s industrial growth or transportation policies at city, regional
and national levels? And are planned developments in the energy sector aligned
with job stimulation plans?

Support strategies to finance the equitable transition to a lowcarbon energy system and an expanded energy system
The financial community and high rates of investment in the energy sector are
critical to achieving energy goals. As noted in the 2014 World Energy Trilemma
report: Time to get real – the myths and realities of financing energy systems, the
financial sector has the view that the necessary level of capital to meet energy
needs exists, but questions whether the energy sector will be able to attract and
absorb capital on the necessary scale.
To reduce their risk, institutional investors, who are a large segment of potential
infrastructure investors, are increasingly assessing investments against long-term
trends, including climate risks and the risks of stranded assets.123 Indeed over 500
institutions with assets totalling more than US$3trn have divested from fossil fuel
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portfolios over the past couple of years.124 The challenge for the energy sector is
to ensure that high volumes of investments remain in the sector, that there are
clear mechanisms to support investments, and that divestiture from fossil fuels
(which will provide the backbone of global energy supply through 2050) does not
jeopardise energy security.
The financial community and entrepreneurs can also bring forward innovative
mechanisms to pay for expanding energy access, as the examples of cell-phoneenabled systems have demonstrated.

Increase communications with the public
In a period of rising social media use, more and more segments of the population
and communities are voicing their perspectives on the development and siting of
energy infrastructure and the focus of energy policies. The experience of one
energy executive sums it up for many globally, “I think we underestimated some of
the community involvement, and everyone involved in infrastructure has had the
same experience.”
Leadership to build social acceptance for changes to energy supply and demand is
more critical than ever before. In a period of transition and rising energy literacy
from the public, communication with the wider society is increasingly important in
energy planning. “Explaining the value equation to the general public is a
challenge – you need to do it earlier and explore options and alternatives and
make sure people get a good grasp of that.”

Meet the need for more research and development to support
private sector innovation
Research, development and deployment, along with innovation, are critical to
achieving current and future energy goals. Government-funded RD&D can help
accelerate and attract private investment in key areas and remains critical in the
area of carbon mitigation.
Private sector innovation has been key to reducing costs in energy technology
development and often in financing the adoption of energy technology –
particularly in energy efficiency, (such as building efficiency or residential energy
efficiency). Alongside energy storage, private sector innovation will also support
needed reductions in energy demand.
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APPENDIX: EXPERT INTERVIEWS
The World Energy Council and Oliver Wyman, a subsidiary of Marsh & McLennan
Companies, would like to thank the following global energy leaders and their
teams for taking the time to talk to us during the preparation of this report and for
taking an active role in driving forward this critically important dialogue regarding
our global energy future. Your perspectives and insights have been very helpful
and enriched the process greatly.


Robert Pritchard, Executive Director, Energy Policy Institute of Australia



Ricardo Gorini, Head of the Energy Economic Department, Energy
Research Office (EPE), Brazil



Roberto Schaeffer, Professor, Energy Economics, Federal University of Rio
de Janeiro, Brazil



Alexandre Szlko, Professor, Energy Planning Programme, Federal
University of Rio de Janeiro, Brazil



Colin Andersen, Chair, Energy Council of Canada



Jeff Labonté, Director General, Energy Safety and Security, Government of
Canada



Corissa Petro, Professional, International Section, Ministry of Energy, Chile



Satu Helynen, Vice President, Operations, Smart Industry and Energy
Systems, VTT Technical Research Centre of Finland



Pentti Puhakka, Proeject Leader, Energy conservation and Energy
efficiency, Energy Department, the Ministry of Employment and the
Economy, Finland



Rolf-Martin Schmitz, Chief Operating Officer, RWE, Germany



Martin Schöpe, Head of Division, General Iissues of International and
External Energy Policy of the Ministry of Economics and Energy,
Government of Germany



Carlo Pignoloni, Head of Italy and Europe Area, Enel Green Power, Italy



Masakazu Toyoda, President and CEO, Institute of Energy Economics
Japan (IEEJ), Japan



Almasadam Satkaliyev, Chairman, Samruk-Energy JSC, Kazakhstan
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Joo Young Joon, Director, Ministry of Trade, Industry and Energy Korea
(Republic)



Francisco Xavier Salazar Diez Chair, World Energy Council Mexican
Committee, Former Chairman, Energy Regulatory Commission of Mexico



Abubakar Sambo, Former Director General, Energy Commission, Nigeria



Paddy Padmaathan, President and CEO, ACWA Power, Saudi Arabia



Brian Statham, Chair, South African Member Committee



Suhail Al Mazrouei, Minister of Energy, Government of the UAE,



Peter Mather, Country Head of UK and Vice President of Europe, BP,
United Kingdom



Tony Cocker, Chief Executive Officer, E.ON, United Kingdom



David Turk, Deputy Assistant for International Climate and Technology, US
Department of Energy, United States



Olga Otegui, National Energy Director of the Ministry of Industry, Energy
and Mining, Government of Uruguay
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