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ABOUT THE WORLD ENERGY COUNCIL
The World Energy Council is the principal
impartial network of energy leaders and
practitioners promoting an affordable,
stable and environmentally sensitive energy
system for the greatest benefit of all.
Formed in 1923, the Council is the UN-
accredited global energy body,

representing the entire energy spectrum,
with over 3,000 member organisations in
over 90 countries, drawn from
governments, private and state
corporations, academia, NGOs and energy
stakeholders. We inform global, regional
and national energy strategies by hosting
high-level events including the World
Energy Congress and publishing
authoritative studies, and work through our
extensive member network to facilitate the
worl dés energy policy dialogue.

Further details at www.worldenergy.org
and @WECouncil

ABOUT WORLD ENERGY TRILEMMA 2016

dimensions: energy security, energy equity, and environmental sustainability. Balancing these
three goals constitutes a Otri | e mompéttiveness ofi
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 trlemma goals of
security, equity and sustainability into tangible actions.

The World Energy Councilds definition of en
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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



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.

iren

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

wi de assessment of ategiey this 2016 &/sridl Erengyelrilgmma s t r
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



DEFINING MEASURES TO ACCELERATE THE ENERGY TRANSITION

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 | asting energy tril emma
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 RECOMMENDATIONS INCLUDE:

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

1 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.

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

1 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.

91 Desired transitions in the energy sector must be accompanied and
stimulated by transitions in regulatory fran
enabled by 6regulations 2.06.
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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 20151 2040,
primarily in non-OECD countries."

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.?

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.®

At the same time, the energy sector needs to adapt to emerging risks i such as
increasing volatility of weather patterns and cyber risks T and new market
structures and frameworks to integrate new technologies i 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%i 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).

! International Energy Agency (IEA) (2015), World Energy Outlook 2015 (Executive summary)
z Organization of the Petroleum Exporting Countries (OPEC) (2015), The World Oil Outlook
2015

% |IEA and the World Bank (2015), Sustainable Energy for All 2015 7 Progress Toward
Sustainable Energy
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FIGURE 1: OUTLOOK, CHALLENGES AND OPPORTUNITIES FOR ENERGY

GLOBAL OUTLOOK

Fossil fuels, including coal,
natural gas, and oil, dominate
the world’s global total
primary energy supply
through 2050

Fossil-fuel based energy
generation is the source of
30-40% of global GHG
emissions'

CHALLENGES

« Import dependence can
leave a country exposed to
limited suppliers or volatility
in fuel costs

« Countries are committed to
decreasing reliance on
high-GHG emitting fossil
fuels and increasing focus on
natural gas and renewables in
energy generation

OPPORTUNITIES

Increasing diversity of energy
supply can help increase
energy security and
environmental sustainability

Hydropower contributes to
over 16% of global power
supply and supplies 76% of all
renewable energy?

Emerging economies have
the potential to double
hydroelectric production

by 2050, often using
small-scale hydro®

« The resource can be variable
due to weather patterns
and current and projected
impacts of climate change
on hydrological conditions

« Managing water resources
over transnational
boundaries presents political
issues, such as tensions over
water rights on the
Nile, Colombia, Mekong and
Xingu rivers

Hydropower provides a
low-GHG emitting
renewable power and helps
balance fluctuations in
demand and supply*

SOURCES
ENERGY SOURCE
Fossil fuels .
Hydro .
Non-hydro .
renewables

A growing segment of

global electricity supply is
expected to play a key role in
expanding energy access in
many developing economies
By 2040, it is projected that
renewables-based generation
will be 50% in the European
Union, around 30% in China
and Japan, and above 25% in
United States and India®

« These resources are not yet
at scale and generation can
be intermittent

« Continued technological
developments in storage and
batteries, and effective
market reforms are needed
to stimulate investments in
renewable generation and
the grid

Renewables emit little or
no GHG emissions, and
typically require less water
to generate power

Nuclear .

31 countries already have
nuclear power and a number
of them, including India and
China, are looking to build
new nuclear power units

An additional 20 countries
are looking to develop
nuclear power®

« Social accessibility is an issue

« The technology requires high
capital outlay - up to 10
times as much compared to
an equivalent sized gas plant

« Plants have long
construction periods of
up to ten years

« Long term revenue is
uncertain as nuclear
competes against out-of-
market subsidies for other
carbon-free generation
sources

Nuclear can be an
economical and reliable way
of generating large amounts
of base load electricity
without producing CO2

The marginal cost of
electricity is low

but construction,
decommissioning, and waste
disposal costs are high

xecutive Summary.

. World Energy Council, Hydropower 2015 Status.
. |EA, Hydropower subtopic: https://www.iea.org/topics/renewables/subtopics/hydropower/

. |EA WEO 2015, Executive Summary.

1
2
3
4. |EA, Hydropower subtopic: https://www.iea.org/topics/renewables/subtopics/hydropower/
S
6.

. World Nuclear Association, February 2016: Emerging Nuclear Energy Countries.

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 Nationdwhickustainabl e
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 i Key action priorities).

FIGURE 2: WORLD ENERGY ISSUES MONITOR 7 KEY ACTION PRIORITIES

A »
Sigl
Ru
>
F
£
O
= Hydrog ¢
(] o ommodity
g on prices
> Extreme
weather
risks
Energy
Biofuel Ct a subsidies
Biofuels
Na ! Exchange
EU Cohesion rates Regional
LNG ) interconnection
Unconventionals Talent e “‘
Energy-water ks
\exu
. Energy
efficiency
Land use g Comuption Capital B il
£ markets energies
affordability
Energy
poverty
ydro
World Energy Issues Monitor 2016 - Global Impact

@ Action priorities: what keeps energy leaders busy at work

Vorld Energy Council 2016

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.
need to consider trade-offsaccor di ng t o ®utnoegléectingone ont ext .

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 i mpact on the wor!l dosiesaigve n o my

electrification, promote efficient use of electricity, and the regulations surrounding
electricity will be key.

The | ink between a countrydéds performance

As
0

on

one

and e

t he

steps required to improve is not always self-evident. Acountryds performance c

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,

10

i Pol

cyn
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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. o

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.

* World Energy Council (2011), Policies for the Future

11
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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
20121 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.

12
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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 &6gr eend o rGreembbnds wetl-designdd puble-privaden k s .
partnerships, and carefully applied subsidies, can also be important.

FIGURE 3: THREE KEY INTERCONNECTED POLICY AREAS

Coherent 5 = Stable regulatory
z Integrate long-term policies to
and predictable % : and legal
z reduce political and regulatory risk
energy policy EEEEEE e R P P A PP PP PR R PR R P PR PPERR frameworks for
long-term
< .......................................................................................... investment

Attract and retain investments necessary to
achieve energy policy and sustainability goals

Develop clear, goal-driven,

long-term policies to foster Enable implementation
technology innovation Public and private and commercialisation of
and commercialisation initiatives that new technologies

. enable RD&D  (AGSRRITTILEITITEETIIETEREIMTIEIIIEIY ;

and innovation

Encourage flow of new
technologies to support energy
policy and sustainability goals

upport flow of investments
to boost RD&D of
new technologies

Source: World Energy Council (2012), World Energy Trilemma: Time to get real i 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
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highlight the challenges in developing lasting policy in an evolving context (see
Figure 4: Policymaking during key global energy developments 20107 2015).

FIGURE 4: POLICYMAKING DURING KEY GLOBAL ENERGY
DEVELOPMENTS 20101 2015

AREA OF DEVELOPMENT
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Global electric car sales are
estimated to exceed 1 MM

- 195 countries agree to the
first universal commitment
to tackle climate change

at COP21

Clean energy investment
reaches a record $328.9 BN
with half the investment in
emerging markets

<Y<

CO2 levels exceed 400 parts per
Global electric car sales million for the first time in 55 years
reach 45,000 of measurement — and potentially
: : since the Pliocene Epoch

China becomes the largest energy . U.S ol exporFs surpass imports WTI Crude oil prices fall 48%
consumer and power generator for the first time since 1995 - a .
in the world growing trend sped by the practice

; of hydraulic fracturing

and the year closes at the
lowest level since 2009

201 2013
I S N
2012 2014

- . 2016

Between 2010 and 2012, an For the ﬁrsF time in four decadgs,
2 3 CO2 emissions from consumption
additional 222 MM people gain 3 3
L remain stable while the global

access to electricity

. 8 economy grows

Asia overtakes QECD countries Coal production drops 0.66%, the
as largest contributor to CO2 RSy
9 first annual global decline since 1999
emissions
28% of the world’s power generating
capacity comes from renewables, enough
to supply 23% of global electricity

KEY GLOBAL TRENDS

Total global energy Global CO2 emissions

: Global GDP grows 19% 7
consumption increases from 2010-2014 rise 2009-2013 then

annually at a rate of 2% plateau in 2014 and 2015

Source: World Energy Council/Oliver Wyman, 2016

This challenge is reinforced in the results of the annual Energy Trilemma Index
from 20107 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

14
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trade-offs between the three energy trilemma dimensions.® 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

countri esd pethdspeciiatrilemema dimensions by adding a

O6bal ance scoredé6 and an index o6watch |listdé to gi
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).

® 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 o6balance scored was added t
the trade-offs between the three energy trilemma dimensions and identify top performing
countries with an O06AAAO6 score. The methodology was i mpr

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 I ndex does not
policy or types of policies that drive Index performance. Yet reviews of country
performance yield a number of findings:

T Achieving significant and measurabl e changes
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
5i 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.

i1 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.

i1 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 countries6 performance in
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 per
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 2011-
2015 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,
201171 2015
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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 pol i-term dimate attlenvegy er , t he EUO®Ss
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
CO, emissions growth over the period 20007 2014.°

BOX 3: E UR @B-BDOTARGETS: 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 ®0-20-206targets, 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 2010i 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

growthi f or exampl e, an estimated 0U40.5bn wil!l be
supporting the renewables power sector for 20121 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.

®Aden N (TReBel26 gountriés are cuttingc ar bon whi | e @reeoBizi(6mgri, GDP 0o ,
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.’

Looking at the performance of different regions, North America i led by US and

Canada, with Mexico generally ranking at about the 40th position in the Index i 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 transitontoalow-c ar bon ener gy sector. I n addition, Me
reforms should result in wider improvements over the next 5i 10 years.®

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 exampl e,
to stimulate wind power), increase regional interconnections, and i most critically T
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 17157 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 governmentdéds Mining and Energy Pl a

" Deloitte (2015), Energy Market Reform in Europe; Zachmann, G,El ement s of Europeédés Ener
Union, Bruegel (9 September, 2014)
® 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
promi sing step towards diversifying Col ombiads
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 auctionsi models that have helped Chile and Peru transform their

energy supply.®

Asi abds e n e rpofile includesla divers@array of economies, with less-
developed countries (Nepal and Pakistan), rapidly developing economies (China,
India, Indonesia), and highly-developed nations (Japan, Korea, New Zealand).
Many of the r egi on fowerhalbofithetindex,ealshoughrMalaysim t h e
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).%° 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.'*

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

® Urueta C and Valencia F M (2016), i B | ©heg Role of Renewables in Colombian Energy
Securityo lwana Energy (11 February, 2016)

12 Renewable Energy Policy Network for the 21st Century (REN21) (2015), The First Decade:
20047 2014, 10 Years of Renewable Energy Progress

! 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 20107
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 20111 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 i such as Russia, Australia, US,
Kazakhstan and Qatar i 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 suppor t endingtohemerggyountryods
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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
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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 i 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 supply-
and-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 CO, 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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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
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1. Transforming energy supply

2. Advancing energy access

3. Enabling consumer affordability and industry competitiveness

4. Improving energy efficiency and managing demand
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5. Decarbonising the energy sector

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, Ar gentinads 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

681 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 i driven by high energy consumption growth rates i and
environmental sustainability challenges i 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 exampl e, in France, an estimated
supporting the renewable power sector in 20121 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 low-
carbon energy supply.

Diversifying primary energy supply and electricity generation
Effectively implemented, increased diversity in energy supply and electricity
generation 1 including increases in low-carbon electricity supply, (nuclear, hydro,
wind and solar) i 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.*?

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 energy-
water-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 ltaly). 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® continentos biggest

2 See RE100.org T a collaborative, global initiative of influential businesses committed to 100%

renewable electricity, working to massively increase corporate demand for renewable energy.

13Strzelecki, M and Krasuski, K, il kea | eads green revol
Bloomberg (23 February, 2016)
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BB ITALY

TRANSFORMING ENERGY SUPPLY

POLICY AND GOAL

The 2013 National Energy Strategy sets Italy’s 2020 energy targets.
Reducing dependency on foreign energy supply (from 84% to 67%
of total energy needs) and increasing renewable capacity (19-20%
share of final energy consumption) are two of the strategy’s
security components.' In addition to expanding renewables, the
strategy calls for doubling domestic supply of hydrocarbons,
increasing energy efficiency, diversifying the source and routes for
imported gas, and increasing storage capacity to reduce energy
import reliance.'

IMPLEMENTATION

The supporting “Storage” Decree (2010) and “Sblocca Italia”
(Unlock Italy) Decree (2014) introduced significant amendments to
stimulate energy production and infrastructure investment,
including simplifying the approval procedures for pipelines, gas
terminals, natural gas infrastructure networks and storage, and
domestic production of oil and gas.2 Sblocca Italia is credited for
pushing the Trans Adriatic Pipeline (TAP) development forward after
years of deadlock. To encourage renewable electricity generation,
Italy has used a variety of incentives including green certificates,
feed-in tariffs, market premiums, and reverse auctions. Mechanisms
in place to incentivise energy efficiency include white certificates,
tax deductions, and the “Conto Energia Termico” (Thermal Energy
Account).

ACHIEVEMENT

Italy has made advances in diversification in gas supplies and gas
storage capacity, although domestic gas production has been
decreasing over the past five years. Renewable energy in 2014
reached 39% of total electricity consumption, and construction of
the TAP is adding a sixth source of gas imports (Azerbaijan). The
Storage Decree has been the main driver of year-on-year increases
in capacity offered by the main Italian storage system operator,
Stogit, between 2011 and 2014.2 Italy has also made progress in
energy efficiency: in the period 2006-2013 about 23.5 M Energy
Efficiency Certificates were released and 17.6 Mtep of primary
energy saved. Through these efforts, Italy has improved its ranking
in the Security dimension of the Energy Trilemma Index. Despite
impressive renewable growth, the country’s scores remain relatively
low, mainly as a result of the lack of domestic fossil fuel resources.*

CHALLENGES

Local community opposition and lengthy investment authorisation
processes hampered deployment of large infrastructure projects.
Regional governments are unaligned on the Sblocca Italia decree,
and have driven the repeal of certain procedures that transfer
decision-making power to the central government.®

1. Italian Ministry of Economic Development, 2013: Italy’s National Energy Strategy:
For a more competitive and sustainable energy.

2. Associazione A Sud, Salvatore Altiero and Marica Di Pierri, 2015: Italy’s case in the
global emergency: development, social justice and the environmental crisis.

3. Associazione A Sud, Salvatore Altiero and Marica Di Pierri, 2015: Italy’s case in the

global emergency: development, social justice and the environmental crisis.

. Calculation from Snam Rete Gas, Ten Year Development Plan, 2015.

A referendum on April 17th also sought to repeal procedures in the Sblocca lItalia

degree relating to oil drilling, but failed to receive the necessary quorum.
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Early engagement of
affected communities is
critical in preventing project
delays.

Deregulating policies must
clarify how policies should
be implemented between
local, regional, and national
governments to reduce
complexity for investors and
regulators.

Countries can improve the
efficient use of existing
infrastructure (e.g. liquefied
natural gas (LNG) terminals)
while future looking projects
move through regulatory
processes.

Alignment with EU energy
security priorities and strong
public commitment from
government leaders creates
momentum to secure large
infrastructure projects.
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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 6watch listé for its efforts to divers
fossil fuel subsidies. The policy goals include a target to increase the low-

carbon 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."

The main mechanisms to drive low-carbon energy supply include:
A government-driven investment in large infrastructure projects

A technical assistance and cooperation agreements with international
energy agencies and governments 1 for example, the International
Renewable Energy Agency (IRENA), United Nations Environment
Programme (UNEP), and Korea (Republic) i to support technology
deployment, and develop related policies and procedures

A 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.

I n addition, the UAEG®s-ichwAbu Dhabianpeéethkee emi r ates, o0i
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 1 from funding clean

energy research and deployments, to developing a sustainability curriculum

for universities. Dubai 6s approacm has been mor
technology implementation and sustainable infrastructure, to position itself
as a O6grB8@invermittlye countryodés reliance on fossil

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 i completed and in the
pipeline T demonstrate that the UAE is continuing its strong momentum

“Mittal S, AUAE reiterates targeteanoléchntd(®® cl ean ener gy s
October, 2015)

5 Luomi, M (2015) The International Relations of the Green Economy in the Gulf: Lessons from

t he UAE éesl Er@rigyaTtassition, 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:

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

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

A 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
projects™®

A 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

'8 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

tomaintai n stability of the electricity grid. Today
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.*’

How the Grid 2.0 will work is an area that needs greater focus. As one energy

executive remarked, fiAiWe spend a |l ot of time | oo
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 goal s. o

BOX 6: OUTLOOK ON E-STORAGE*®

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

A 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.

A 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.

A 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
'8 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.

A 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

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

1 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
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Source: Bloomberg New Energy Finance (BNEF), 2015

A At the same time, huge improvements have been made in the energy
density of batteriesia batteryods ability to store ener (
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 1007 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
smeglzeor and lighter, but can potentially produce more than 300 Wh per
kg.l .

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 financi al pressures on oO0traditional 6
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 EUROPE?*

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
mar ket 6s cumul ating | iquidityiscrimimdataryaday mar ket s
market rules by distributing risks equally between all market participants 1
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

renewabl es. Market rules should take into accou
characteristics of variability and limited predictability. Intraday and balancing

Y“HEnergy Storagdthumdhagaeeof The Econdmist (30 May, 2015
L ambert, F, fiSamsung unveils new high energy density b
el ectric vehicles range of 37)3 mileso, Electrek, (13 Joa

2 Epex Spot (2014), Annual Report 2014: A day ahead with Epex Spot
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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 investorso6é confidence. Al ternatively
direct benefit of an equivalent value.

The definition of clear rules for efficient curtailment procedures is also a pre-

condition for delivering a 6fit for RESO® mar ket
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 -dpd& odrbaaclkt ernati ve enfee)jpy supply (such
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 2014i

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 consumer
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. 0

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.? Indeed, in the
winter of 20147 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

6change managementdé, especially in countries wi
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
a reasonable plan for the twanttaalignifutureon peri odé an
commitments to capture the historic development trajectory of major players in the

energy world with an understanding of i mpacts o

For example, in observing the vast shifts in technology, consumer expectations
andener gy prices, many commentators have warned
traditional utility model 7 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.?® 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

2BBC News, ANati onal Gr i d t (@83 Spmeybef, 2004MSSEt 0 use | ess powe
Enterprise (n.d.), Demand-Side Response; National Grid (n.d.), Contingency Balancing Reserve
% 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, i You need to have the courage to make <c
whol e process to the things you | earn throughou
Reflecting a different approach, another energy leader noted,i Real i sti cal ly, i f v
woul dndt hav enewablesbefoecanakmg & decisioreon 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 7 A STUDY OF ENERGY TRANSFORMATION

Ger many 6s a mmbto transfarm itspeheagy system, Energiewende,

has required significant and costly changes to
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 areduction in GHG emissions by 40% by 2020 and 80i 95% by 2050 i
compared with the 1990 level

A anincrease in the share of renewable energy in total energy
consumption to 30% in 2030 and 60% in 2050

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

A 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 7 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 i 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 71 8 years
longer, and require an estimated US$110bn in investment in the high and low
voltage grid systems.?* German policymakers stress that addressing each
pillar of the energy transition in tandem was not politically or economically
feasible T instead, policymakers set the transition in motion by focusing on
renewables.”

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, t he utilitiesd market s
power generation capacity will probably decline by one-third, to less than

“FEritz, T, Manteuffel, D and Staeglich, J (2014), #fASust
energytr an s i t veoWyman Eetgy Journal Vol. 1
% Oliver Wyman interviews

38



DEFINING MEASURES TO ACCELERATE THE ENERGY TRANSITION

50% by 2033.%° 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.?’ To
keep conventional generation viable and encourage financing, Germany has
to redesign the structure of its electricity market to fairly compensate back-
up energy providers. Of particular focus is how to make gas power plants
more attractive instead of the CO, 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 i although there was no increase in the reallocation charge in the past
year , nor i s an increase expected. |t
sectorissubsi di sed wi t kearladdresdidntial gheetricity prices
increased by more than 30% in 2008i 2013.?% The financial burden for SMBs
is expected to rise, irrespective of the EEG reform in 2014.% In some
aspects, the increased prices have stimulated the adoption of energy-
efficiency behaviours and technologies i reinforcing overall energy goals
and minimising the cost burden on consumers.

S

®Fitz, T, Manteuffel, D and Staeglich, J (@fl4),

for change, Oliver Wyman,

27Sopher P (n.ldadpnedlLessmn&er manyds Energi ewendeo,

Law and Policy Review

®Byvon Henni ng K,werflev 20d%emeMilaideEuro mehr EEG-Um|l age bezahl eno,

Wirtschafts Woche (1 February, 2014)
29 verband Der Chemischen Industrie e.V. (VCI), Making the Energiewende Affordable, 24
February, 2016
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Germanybs experiences provide | essons and insig
other countries:

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

A An Oenrcaly-mygr ket & may not be sufficient to gua
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.

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

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

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

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

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

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

A 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 i from the laboratory to
the marketplace.
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FIGURE 9: TOWARDS A LOW-CARBON ENERGY SYSTEM

AREAS OF CHANGE ENERGY SUPPLY ENERGY DEMAND
Hard Generation Renewable energy supported
infrastructure by conventional generation

Co-generation systems

Efficiency upgrades for existing
conventional plants

Storage Efficient storage technologies
Transmission Real-time system intelligence

High voltage direct current

systems
Distribution Smart grids
Consumption Smart metering
Smart appliances
Demand response technology
Soft Governance/ Governance structure of Public support for green
infrastructure stakeholder energy bodies minimizes impact energy transformation
engagement of political cycles

Clear jurisdiction and
accountability among state
and federal government

Policy Renewable energy financing Energy saving schemes
Markets Utility sector reform Dynamic customer pricing
Local energy markets

Capabilities Interregional and international
transmission planning

Advanced instrumentation,
planning, and forecasting of
distribution

Source: World Energy Council/ Oliver Wyman, 2016

The 6rightd sequence of developments to enabl e
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

states06 goailnsi tairgeatsei mihleari ndustryoés climate i mp
integration in the electricity grid, and improve system security and customer

confidence i their approaches diverge. California is using energy policy mandates,
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while New Yorkds Reforming the Energy Vision (R
market structures to encourage customer and DER deployment.*

I n contrast to New Yorkds broad, ambitious pl an
integration through several piecemeal laws. The current effort is largely in
response to Assembly Bill 327, wbwnedh mandated t

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 DEF
initiative creates a distributed resource market where a distributed system

provider, would function as a systemoperatorr The success of the statesbo
approaches rest on the transformation of the traditional utilities, and the quality and

amount of customer and system data available to the industry.**

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 | ocation for DER deployment. | n con
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.*?

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.

%0 Crosby M and Cross-Ca | | D, iANew Yor kbuildingde @giddfthéfotr mi @0 ar e
?I:\;ocky Mountain Institute (RMI) (18 February, 2015)

Ibid.
% Ibid.
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In both states, customer engagement is central to the adoption of DERs and the
utilitiesd chang¥ng role in the market.

As the rest of the country considers how to leverage DER,Cal i f or ni adés and New
Yorkés grids offer a model for emulation. I n Ap
Public Utilities Commission announced that the
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®** Currently, 17 % oftyddmesfrohoendwabe el ect r i ci
sources®, and the state has strengthened its commitment to DERs with a new

plan to reach 50% renewables by 2030.%

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.%’

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 energy-
efficiency choices and modifications in household energy use and behaviour. This
in turn, will support demand management and improved energy security.

* Ibid.

%Martin C and Cr a wdwerrgril sekn ablé t6 bahdlefl@% reinee wa b | e s 0,
Bloomberg, (15 April, 2015)

% New York State Department of Environmental Conservation, How New York uses renewable

energy, www.dec.ny.gov/energy/83070.html

% Fairbrother C and Cross-C a | | D, ipimses plao to keach50% re newab !l es o, Cl ean
Technica (4 February, 2016)

3" world Energy Council (2013), World Energy Perspective: Energy efficiency technologies
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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.*® In Ontario, Canada, the roll-out of smart
meters was subject to much criticism (see case study on page 46 i 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. From2001i2 006, G02bn was invested to r
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) decreasedbZrom 080 per
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 roll-
out 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

¥Cur wen bmartmerisbd worththemoney o, BBC Radi o 4 Moneybox (26 Ma
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investment** Anot her | esson that emerged from Italyds
active involvement of consumers is a necessary step towards successful

adaptation of a new technology. This allows for the opportunity to address

customersd concerns on data collection and moni
and for suppliers to educate customers on the potential to reduce their energy bills

through TOU pricing.*

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, A Ex pl ai ning the value equation to the g
challenge; you need to do it earlier and explore options and alternatives and make

surepeopl e have a good grasp of the issues. 0

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 gover nment aonskcampaiges Ingomirast, or s6 publ i c
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
AUSS$109i $226 (per meter per annum). In Ontario, the distributors carried the cost
of the meter and deployment. From the consumer® 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, i T h e

publicdéds overall energy |iteracy has greatly in
support for the shift in the energy system is increasingly critical, especially in an

¥scott M, fedd thewvorldttoaalsmparter gr i d o Bl oomberg, )(17 November, 2
“° The Business Council for Sustainable Energy/US Agency for International Development
(2004), Increasing Energy Access in Developing Countries: The role of distributed generation
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IMPROVING ENERGY EFFICIENCY AND
MANAGING DEMAND

POLICY AND GOAL

In 2004, the Ontario Ministry of Energy mandated the use of smart
meters as a mechanism to support a shift to time-of-use (TOU)
rates for electricity pricing. TOU rates were aimed at stimulating
energy conservation and managing the province’s energy supply
more efficiently. The target was to install 800,000 smart meters in
homes and small businesses by the end of 2007 and all remaining
customers by the end of 2010, with TOU rates implemented

in 2012.

IMPLEMENTATION

The rollout was implemented by local distribution companies (LDCs)
in two stages:' First, residential customers represented by urban
distribution companies received meters, followed by industrial and
commercial customers with peak loads of 50 kW to 200 kW, and
new installations. In phase 2, remaining distributors deployed
meters to commercial and residential customers." While the roll out
progressed rapidly, the programme cost twice the government’s
estimate, drawing criticism over the purported benefits.?

ACHIEVEMENT

A sample of 140,000 customers from six LDCs offers some
preliminary findings from the first two years of full implementation
(2012-2014). For residential customers, TOU pricing has had a
small, but clear impact in shifting peak consumption to off-peak and
mid-peak periods. TOU pricing has not had a clear effect however
on the General Service Class (non-residential customers and
primarily small businesses). There was no benefit in terms of
conservation from residential customers, and negligible effects
from the General Service Class.® While Canada sustains high scores
in the Energy Trilemma Index, the Ontario programme has not
boosted their relatively lower sustainability scores.

CHALLENGES

Given the speed of technology change and the scale of the roll out,
the technical, interoperability, and privacy standards of the smart
meters have come into question. In March 2016, the province’s
largest utility announced it would pull 36,000 meters due to data
transmission limitations in rural geographies.* Where smart meters
are functional, the price difference between peak and off-peak
periods has not been substantial enough to incentivise customers to
change behaviour patterns significantly.® In 2014, Canada’s Auditor
General published a highly negative report on the programme,
citing cost digressions, lack of governance and oversight, and few
consumer or environmental benefits as key failures.®

1. Ontario Energy Board, 2005: January 26th Press Release, Smart Meter
Implementation Plan: Report of the Board to the Minister.

2. Metering and Smart Energy International, 2014: December 11th, Smart meters:
Canada’s auditor says “few benefits” from US$1.7 BN rollout.

3. The Brattle Group, Ahmad Faruqui, Neil Lessem, and Sanem Sergic, 2014: Year Two
Analysis of Ontario’s Full Scale Roll-out of TOU Rates, Prepared for the Ontario
Power Authority.

4. National Post, Kelley Egan, 2016: January 13th, “Astonishing”: Hydro One pulling
plug on 36,000 rural smart meters after years of complaints.

5. The Brattle Group, Ahmad Faruqui, Neil Lessem, and Sanem Sergic, 2014.

6. Metering and Smart Energy International, 2014.
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Mistakes in implementation
erode political will for
energy system changes, and
skew perceptions of the
legitimate benefits smart
meters could provide.

Better evaluation of the
economic and technological
viability of the smart meter
programme could have been
enabled by a controlled,
representative pilot.

Local constituencies need
to be engaged in terms of
the economic costs and
benefits.

Cost-benefit analyses should
be thorough and conducted
before project approval to
maintain the integrity of
analysis.

Proactively engaging
customers in data privacy
issues mitigates social/
political impediments to
deploying smart meters.
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age of increasing social media and rising global public awareness and energy

focus (see Box 9). As one executive noted,i At first, wind and sol ar we
received, but with time they met resistance, particularly from communities that did
not directly benefit fr om t hose projects directlyé | think
of the community involvement, and everyone involved in infrastructure has had the
same experience, as, thanks to soci al medi a, it

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
rests on a high level of support from 701 80% of the surveyed population. As one

policymaker noted,i €é a cumber some but inclusive and tra
ensures | imited surprises once the policy comes
Similarly, Switzerland | aunched a public consul
energystrategy t o 2050. The need to revise the countr
driven by changes in the energy |l andscape in Eu

decision to withdraw gradually from nuclear power.** Gi ven t he countryods str .
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).*?

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 policyma&mr sd options f
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

:; Swiss Federal Office of Energy (SFOE), (n.d.), Energy Strategy 2050
Ibid.
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technologies. Nearly two-thirds of surveyed households expect their investments to
pay off within three to five years.*

BOX 9: CHIOCHESS $0 FEVELOP 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.**

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.” 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.%° 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,i When we started the proces
had some doubts 1 for example, would we be able to identify common

goal s? But we | earned we could do it.o The proc
main lines of consensus were available, such as the need to ensure

affordability while reaching the targeted goal of 70% of renewable energy

3 Fritz, T, Manteuffel, D and Staeglich, J (2016), fAPocaser Generati o
forchangeo, Oliver Wyman Energy Journal

* Global Economy and Development at Brookings (2015), Global Views: Policy Paper 201571 03,

The Brookings Institute

“° Ibid.

4 | evin, K et al, (2015), Designing and Preparing Intended Nationally Determined Contributions

(INDCs), World Resources Institute/UNDP
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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?o
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

chall enging. There is no single 6correctdé road
each country must chart a course and determine energy policies aligned to its

overall economic and social goals.

The review and analysis of selected countrieso
following lessons:

9 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.

1 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.

9 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
pl an (such as the UAE, or Germany6s Energieuvw
depends on the political conditions and the need to deliver strong investor
signals on the marketds transition to green
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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i 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.

I 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.

i 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 i from scoping through to implementation i to address local
community concerns and design incentives for local community
participation. Regulators and utilities should know that promoting smart grid-
enabled 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.

i 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

World 85%

Europe & Central Asia 100%
North America 100%
Latin America & Caribbean 967%
Middle East & North Africa 96%
East Asia & Pacific 967%
South Asia 78%

Sub-Saharan Africa 35%

m % of population with access in 2010 % of population gained access 2010-2012

Source: IEA and the World Bank (2015), Sustainable Energy for All 2015 i 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.*’ 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.*®

*"World Health Organization (2016), Household air pollution and health, Fact sheet No 292

“8 |bid. This estimate is based on information about pollution exposure among the estimated 2.9
billion people living in homes using wood, coal or dung as their primary cooking fuel, as well as
evidence about air pollution's role in the development of cardiovascular and respiratory diseases
and cancers.
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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.* 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 20141 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).%° (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)

100 s
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k] =
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$0.1BN -
1990 2000 2010 2012 Access to Access to
electricity clean cooking
I Population — Access to m— Access to M Actual investment [ Required annual
in BN electricity non-solid fuel' 20122 investment to reach

universal access by 2030

1. Non-solid fuels include liquid fuels (e.g. kerosene, ethanol, and other biofuels), gaseous fuels (e.g. natural gas, liquefied petroleum gas, biogas), and electricity.
2. The total assumes 2010 investment in access figures for 2012.

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

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

The | ower number refers to the Councilds é6Symphonyd

environmental sustainability through internationally coordinated policies and practices, while the

hi gher number reflects the World Energy Council 6s

equity, with priority given to achieving individual access and affordability of energy through
economic growth.

*|EA (2014), World Energy Investment Outlook; The 2°C scenario would require double the
investments in low-carbon technologies and energy efficiency.
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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, financ
amountsofmoneyi i t 6s a ques-adponsbvoedthesti sk capital.o
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

6bankabl e p rlackjoEhantas résowcesdito baild, 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 511 0 % of a pr o] edstsdveyal yearsstdttee and ad
projectods devel opment .enumberadndspeedaffdroectal t o i ncr ea

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 i
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:

A 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.

A 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.

A The new laws also make it easier for foreign and domestic companies
to participate i n t he ustoyuThdstaie@wneds i | and, gas
oil company will not be privatized; however, greater participation and
competition in exploration and production will be enabled through
regulated contract and tendering processes.

A 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.>

*! The Business Council for Sustainable Energy/US Agency for International Development
(2004), Op. cit
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POLICY AND GOAL

The Off Grid Energisation Master Plan (OGEMP) was launched in
2007 to provide energy access from renewable energy and energy

efficient appliances to those without energy access from the grid.
Most rural households rely heavily on biomass for their basic energy

needs, with the rate of rural electrification around 25% as of 2012.

IMPLEMENTATION ENVIRONMENTAL ENERGY
SUSTAINABILITY EQUITY

The policy introduces the concept of “energy shops” in urban and
rural areas with high population density and low access to

s g : . INDEX RANK AND
electricity. The energy shops offer information and sell equipment BALANCE SCORE
around energy solutions, such as solar water pumps, and efficient
wood stoves. The shops also serve as payment collection centres for 2011 2012 2013 2014 2015
a national off-grid financing mechanism created by OGEMP, the 91 92 90 88 78

Solar Revolving Fund, which offers credit financing for renewable
energy technologies and products.'

In 2010, The Desert Foundation of Namibia carried out a pilot of the
energy shop concept. Ten entrepreneurs in six regions across
Namibia with different local conditions were selected. After
providing technical and business training, the entrepreneurs were
given solar business systems which could provide electricity for
mobile phone charging, electric lantern charging, hair cutting, and
lighting, along with solar and wood-saving stoves. Based on
monitoring the operation and social implications of the pilot energy
shops for eighteen months, the Foundation made recommendations
for a country-wide rollout.?

ACHIEVEMENT

The first energy shop was launched in 2011, and the network has
been gradually expanded yearly. By 2012, thirteen energy shops
were opened, out of a planned 180 shops in the 20 year plan.?

CHALLENGES

Energy shop owners have faced difficulty in accessing affordable
and quality stock, and face technical and financial support issues
with local renewable energy suppliers.* The financial performance of
shops in the pilot was influenced by the proximity to the grid, and
the business savvy of the shop owners in marketing and
merchandising the store.®

1. World Bank, Sustainable Energy for All, 2012: Namibia Rapid Assessment and
Gap Analysis.

2. Desert Research Foundation of Namibia, 2010: Wisions of Sustainability, Report:
Energy Shops - using solar AR PV energy to provide business opportunities.

3. Ministry for Foreign Affairs of Finland, Miika Ramé, Esa Pursiheimo, Tomi Lindroos,
Kati Koponen, 2013, Research Report: Development of Namibian energy sector.

4. Polytechnic of Namibia, Helvi lleka, 2012: Establishment of energy shops under the

Off-grid Energisation Master Plan.

Desert Research Foundation of Namibia, 2010.

Polytechnic of Namibia, 2012.

Desert Research Foundation of Namibia, 2010.

Now

Areas which cannot have
access to the grid in the near
term can achieve at least
partial electricity access
with new approaches
employing renewable
technology.

An energy shop concept can
bring access to modern
technology to off-grid
communities, with the joint
effort of policy makers,
renewable energy suppliers,
international support, and

local entrepreneurs.®

Entrepreneurs who sell
modern energy services in
off-grid areas must be
equipped with business
training to advertise and
educate the community on
the services and the benefits
available to them.”

A thorough pilot testing the
viability of an off-grid
electrification model is
critical to assessing the
financial feasibility and
social impact of a potential
national program.
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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 1 up 4% from $315.9bn (revised) in 2014,
beating the previous record, set in 2011, by 3%.

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.>® (See also the case study on page 61 i 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).

> Bloomberg New Energy Finance (2016), iClean energy defies fossil fuel price crash to attract
record $329bn global investmentin 20156 ( 14 January, 2016)

%3 |nternational Renewable Energy Agency (IRENA) (2015), Off-grid Renewable Energy
Systems: Status and methodological issues
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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.>

BOX 11: NEW BUSINESS MODELS IN AFRICA i PAY AS YOU GO
ELECTRICITY BILLS™®

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.° 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, i Of t en t he
problem is affordability and not only access. People need the physical

access to electricity and be able to pay for

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 T energy is not treated as a private good, but as aright. 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.

** |nternational Telecommunication Union (ITU) (2015) ICT Facts and Figures: The world in 2015
“HPower ptwe it |hes Economist @5 February, 2016)

*% Consultative Group to Assist the Poor (CGAP) (2014): Access to Energy via Digital Finance:
Models for innovation
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The business models of the companies supplying solar home systems can
be identified in two main models:

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

A amicro-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,
mat ching each househol dds 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.>” 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).

" 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 SOLUTIONS®®

Reducing investment risk

A 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

A 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.

%8 Adapted from Doukas, A and Ballesteros, A (2015), WRI, Ibid.
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ADVANCING ENERGY ACCESS

POLICY AND GOAL

Targeting 100% rural village electrification and eventually electricity
to all households over five years, the Rajiv Gandhi Grameen
Vidyutikaran Yojana (RGGVY) scheme incentivises states to develop
access projects by financing them through a 90% government
grant and a 10% loan provided by the Rural Electrification
Corporation (REC).

IMPLEMENTATION

Once state access projects are approved, the project cost is
delivered in four phases to ensure full execution. The primary
approach to rural electrification was through grid extension and,
where not feasible or not cost-effective, through Decentralised
Distributed Generation (DDG) systems. The policy was
complemented by the Remote Village Electrification (RVE)
Programme (2005) targeted at electrifying remote villages with a
population of fewer than 100 inhabitants and where DDG projects
are not implemented by the RGGVY, using mainly renewable energy
sources to provide basic lighting. The scheme was extended to 2012
and, during the 11th plan period, stronger political will to achieve the
100% target ensured the apolitical implementation and monitoring
of the projects. The RRGVY has now been subsumed in the new
rural electrification scheme launched in July 2015, the Deendayal
Upadhyaya Gram Jyoti Yojana (DDUGJY), focusing on feeder
separation (rural households and agriculture) and strengthening of
sub-transmission and distribution infrastructure.!

ACHIEVEMENT

According to a sample survey of RGGVY beneficiaries, the scheme
has largely succeeded in providing electricity to villages and hamlets
in rural areas.? In the study sample, 93.3% of households and 53% of
villages were electrified, and 89% of beneficiaries were paying
electricity bills regularly.?

CHALLENGES

At first, implementation was slow due to India’s rural distribution
system, characterised by low-density with high technical and
commercial losses leading to a high delivery cost. Some cases of
government corruption and mismanagement of funds have further
afflicted the system.

1. Government of India, Ministry of Power Press Information Bureau, 23 July 2015:
Prime Minister to Launch Deendayal Upadhyaya Gram Jyoti Yojana in Patna.

2. Government of India, Planning Commission, Programme Evaluation Organization,
2014: Evaluation on Rajiv Gandhi Grameen Vidyutikaran Yojana.

3. ltisimportant to note that given India’s population growth, there is still much work
to be done: In the 2011 census 74 million rural households were without access to

modern lighting services, a marginal decline from 78 million in the 2001 census. See:

P. C. Maithani and Deepak Gupta: Achieving Universal Energy Access in India:
Challenges and the Way Forward, 2015.
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A combination of grid
extension, enhancement of
village electrification
infrastructure and DDG
projects is an effective
multi-pronged strategy to
expand electrification.

Progressive project
financing helps secure
project completion by
minimising theft and
corruption risks.

A partnership where the
federal government sets
clear guidelines but state
governments implement
policies puts the onus of
deployment on the party
most familiar with local
dynamics.

Strong political will is
necessary to ensure
apolitical implementation.

ENERGY
EQUITY
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FINDINGS AND RECOMMENDATIONS

The worl dbés popul ati on duedopovidmmaden ener gy i nfr as
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.

i 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.

i 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
technologi es t herefore prove to be capable of ad
energy trilemma performance in a balanced manner.

9 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.

1 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.
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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.*® 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, i | f y o u c -@ustpnaer peiceeanrass countries, you
have to consider purchasing power and household incomes. Also energy-
efficiency improvements lead to lower consumption, meaning the burden on
households is equal .o

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 i Brazil: Enabling consumer affordability and industrial
competitiveness, and page 70 7 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).

*|EA (2015), World Energy Outlook 2015, page 343. Subsidies to aid the deployment of
renewable energy technologies in the power sector were US$112bn in 2014 (plus US$23bn for
biofuels).
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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.® 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.® 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 low-
income households.®

Indonesia has subsidised fuel (gasoline, diesel, kerosene, and LPG) since

the oil crisis of the1970s. The subsidies have been a highly political issue in

thecountry®®, and in 2012 amounted to 21% of the cent
budget, and 2.6% of t hdésidyprogramwadrefor@dP. The su
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.? 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.® The finance minister has estimated that the government

would save approximately US$15.5bn from ending fuel subsidies.®®

©palatno,M(2014) AWhy Malaysia reduced its fue)l subsidyo, T
elBrideI, A and Lont oh, L (2014) fuel dulesislysrefonng Glhbelar ne d : Mal a
Subsidies Initiative (GSl)/International Institute for Sustainable Development (iisd)

%2 |nternational Growth Centre (n.d), Low Oil Prices : An opportunity for fuel subsidy reform

®Cochrane, Indonesia 9rdgglgs tofend fuel subsidieso, The New Yor k Times (2 M
2013)

o4 Diop, N (2014), Why is Reducing Energy Subsidies a Prudent, Fair, and Transformative Policy

for Indonesia?, World Bank

s Setiaji, H ( 2 0 1 BPDATE fi-Indonesia may seek to remove diesel subsidies in 2016 budget
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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 0il.*” 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

countryob6s stability has historically rested on
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.®® 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.® 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% ofthe countrydés GDP t hi s
year.”

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

revision i ministero Reuters (24 March, 2016)
®A ndonesiads e ¢ 0 n ® Thy Econdmisy (8 daduarg, 2005 p
67Barany, A and Grigonyte, D S(ubGl H)i ,e sibMe ditsCurrl iNn ¢ cFoonsosm | F

Brief, Issue 40, March 2015

%8 Mills, R (2016), fiThe energy subsidies dam has finally broken in the Middle Easto The

National (8 May, 2016)

“Reed, M (2016 )reinsBainaayentngyesb bai di esd, The Fuse (11 Janua
2016)

“Kerr, S. (2015), fASaudis face f | Enadcialfimés¢3eé j ump under r
December, 2014)
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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 T 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.”

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 20147 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 under-
recoveries).

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

"Pal Singh, S (2016), fADirect transfer of kerosene
Standard (2 JanuarlyKkerd®dséne fisulsn Ayprdilrect |l y

Times of India (1 January, 2016)
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of a c ount-poyedtysrefdenesysuch astthe 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, AiWhen energy is used to address mac.]|
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

i mpl e me n(See Bdx @6mon @age 72 1 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 1 Light for All i 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 oftheconnecti on is only part of the programm
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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