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FOREWORD

In September 2015 the international community will adopt
a new generation of targets, the Sustainable Development
Goals (SDGs), defining how we believe a better world
should look and how we can achieve it. For the first time,
energy looks set to be fully recognized as a fundamental
pillar of development in its own right—a precondition for
progress in a wealth of other areas from health and edu-
cation to jobs and gender equality. Energy production and
consumption also need to be sustainable, if we are to avert
catastrophic changes to our climate that will affect us all.

The UN'’s Sustainable Energy for All (SE4AIl) initiative, a
multistakeholder partnership uniting the public sector, pri-
vate sector and civil society, is seen by many as the logi-
cal rallying point for action on a sustainable energy SDG.
With its three interlinked targets—ensuring universal access
to modern energy services, doubling the global rate of im-
provement in energy efficiency, and doubling the share of
renewable energy in the world’s energy mix, all by 2030—it
provides a road map for a future in which ending energy
poverty does not have to come at the expense of the planet.

But as inspiring as these ambitious targets are, the action
needed to reach them can easily lose both momentum
and direction if there is no clear way to gauge progress.
We need to see what is or isn’t working, what to celebrate,
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and where we need to push harder. We need milestones
along the way. Targets alone are meaningless without a
credible and broadly accepted way of measuring whether
they are actually being met.

SE4All's first Global Tracking Framework (GTF) in 2013,
produced by energy experts from 15 agencies under the
leadership of the World Bank and the International Energy
Agency (IEA), provided that monitoring system. Even-
handed and methodologically rigorous, it drew on data
up to 2010 to provide a comprehensive snapshot of the
status of more than 180 countries in terms of energy ac-
cess, action on energy efficiency and renewable energy,
energy consumption, and policy measures taken by suc-
cessful countries. It identified places where the greatest
gains can and should be made in each of these areas, the
challenges and the success stories.

Two years later, with that baseline in place, we can already
start to measure whether action on sustainable energy is
bearing fruit. This second edition of the GTF, coordinated
once again by the World Bank and IEA along with the En-
ergy Sector Management Assistance Program (ESMAP),
and now with even broader support from more than 20
agencies, draws on new data from the period 2010-2012.
It provides an update of how the world has been moving
toward the three objectives over that period, assesses
whether progress has been fast enough to ensure that the
2030 goals will be met, and sheds light on the underlying
drivers of progress.

GTF 2015 also explores a number of complementary
themes. It includes a new chapter that provides essential
context on the complex links between energy and four
other key development areas: food, water, health, and
gender. It provides further analysis of the financial cost of
meeting the SE4AIl objectives, as well as the geographi-
cal and technological distribution of the investments that
need to be made. It explores the extent to which countries
around the world have access to the technology needed
to make progress toward the three targets. And it identifies
the improvements in data collection methodologies and
capacity building that will be needed to provide a more
nuanced and accurate picture of progress over time.

Part of this will involve reflecting the kind of complexity
on the ground that cannot be captured by simple binary
questions such as: Does this household have electricity
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access or not? For example, it may have power, but only
for a short time in the day, or suffer unpredictable outages.
To address the shortcomings of reporting energy access
in a binary fashion, a new multitier framework designed by
the World Bank has been piloted in a few locations, and
plans are under way to launch a global access survey that
will allow such data to be available in a standardized way
for many countries.

Similar efforts are needed for better tracking of energy ef-
ficiency, requiring detailed reporting on activities and en-
ergy consumption by sector and individual end use. Coun-
tries will need to put resources and effort into collecting
and reporting this more nuanced data, and international

organizations will need to aggregate information from dis-
parate sources to produce a consistent overall view.

In some areas, GTF 20715 shows clear advances toward
the SE4AIl targets. That is a reason to celebrate, without
becoming complacent. In other areas the picture is less
positive—a reason to redouble our efforts. Most important,
GTF 2015 provides tangible findings that will help to galva-
nize and guide further action, within a coherent framework
that is ready to underpin a future sustainable energy SDG.

—Kandeh Yumkella

Secretary General’s Special Representative for
Sustainable Energy for All
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Key findings

The first SE4AIl Global Tracking Framework (GTF 2013) es-
tablished a consensus-based methodology and identified
concrete indicators for tracking global progress toward
the three SE4AIl objectives. One is to ensure universal ac-
cess to modern energy services. The second is to double
the global rate of improvement in energy efficiency. And
the third is to double the share of renewable energy in the
global energy mix. GTF 2013 also presented a data plat-
form drawing on national data records for more than 180
countries, which together account for more than 95 per-
cent of the global population. And it documented the his-
torical evolution of selected indicators over 1990-2010,
establishing a baseline for charting progress.

GTF 2015 presents an update on how fast the world has
been moving toward the goal of sustainable energy for
all.

This second edition of the SE4AIl Global Tracking Framework
(GTF 2015) provides an update on how fast the world has

been moving toward the three objectives. Based on the latest
data, it reports progress on selected indicators over the two-
year tracking period 2010-12 and determines whether move-
ment has been fast enough to meet the 2030 goals.

Overall progress over the tracking period falls
substantially short of what is required to attain the SE4All
objectives by 2030.

Across all dimensions of sustainable energy for all—
whether access, efficiency, or renewables—the rate of
progress during the 2010-12 tracking period falls sub-
stantially short of the rate that would be needed to ensure
that the three objectives are met by 2030 (figure 1). Nev-
ertheless, the 2010-12 tracking period does present some
encouraging acceleration in progress relative to what was
observed in prior decades.

Efforts must be redoubled to get back on track;
particularly in countries with large access deficits and
high energy consumption whose rate of progress carries
substantial weight in the global aggregate.

Figure 1. How far is the rate of progress from that required to attain SE4AII?

Annual growth rafes (%)

8

6

Universal access
to non-solid fuels

Universal access
o electricity

Improvement in Renewable energy share  Moderm renewable
primary energy intensity in total final energy share in
energy consumption total final energy

consumption

B Progress 2000-10 M Progress 2010-12 M Target rate SE4A

Source: World Bank Global Electrification database 2015; IEA, UN, and WDI data (2014); analysis by the International Renewable Energy Agency based on

IRENA (2014).

Note: Figure shows average annual growth rafes for access to electricity and non-solid fuels, and compound annual growth rates for renewable energy and

energy efficiency.
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Energy has a key enabling role in food security and nutrition.

Vanessa Lopes Janik/© World Bank

There have been notable advances in electrification—
driven primarily by India—but progress in Africa remains
far too slow.

The annual growth in access to electricity during the track-
ing period reached 0.6 percent, approaching the target
growth rate of 0.7 percent required to reach universal ac-
cess by 2030, and certainly much higher than the growth
of 0.2 percent registered over 2000-2010 (see figure 1).

As a result, the global electrification rate rose from 83 per-
cent in 2010 to 85 percent in 2012. This means that an
additional 222 million people—mainly in urban areas—
gained first time access to electricity; more people than
the population of Brazil, and well ahead of the 138 million
population increase that took place over the same period.
Overall, the global electricity deficit declined from 1.2 bil-
lion to 1.1 billion. Global progress was driven by significant
advances in India, where 55 million people gained access
over 2010-12.

In order to advance towards universal access to electric-
ity, countries need to expand electrification more rapidly
than demographic growth. Out of the 20 countries with the
largest electrification deficit, only 8 succeeded in doing so
(figure 2a). For Sub-Saharan Africa as a whole—the re-
gion with by far the highest access deficit—electrification
only just managed to stay abreast of population growth;

although even this represents progress compared to ear-
lier decades.

By contrast, access to clean cooking continues to fall
behind population growth leading to negligible progress
overall.

The annual growth in access to non-solid fuels during the
tracking period was negative 0.1 percent, comparable to
what was registered during the 2000-2010 period, and
woefully short of the 1.7 percent target growth rate re-
quired to reach universal access by 2030 (see figure 1).

As a result, primary access to non-solid fuels barely
rose from 58 percent in 2010 to 59 percent in 2012. This
means that only 125 million additional people—mainly in
urban areas—gained first time access to non-solid fuels;
no more than the population of Mexico and falling behind
the 138 million population increase that took place over
the same period. Overall, the global access deficit barely
moved from 2.9 billion; concentrated in rural areas of Africa
and Asia. Out of the 20 countries with the largest access
deficit, only 8 succeeded in expanding access to non-solid
fuels more rapidly than population growth (figure 2b).

Traditional methods for measuring energy access
significantly underestimate the scale of the challenge.

Traditional measures of energy access reported above,
which focus on grid connections, are not able to capture
broader deficiencies in the affordability, reliability and qual-
ity of service. This report presents an emerging multi-tier
approach to access measurement that is able to capture
these broader dimensions.

New evidence from the city of Kinshasa in the Democratic
Republic of the Congo shows that—whereas traditional
access indicators report 90 percent access to electricity
due to widespread grid connections in the city—the multi-
tier approach rates access at only 30 over 100 due to ex-
tensive limitations in hours of service, unscheduled black-
outs and voltage fluctuations. The reality is that the streets
of Kinshasa are dark on most nights and that few house-
holds can actually use the electrical appliances they own.

Progress in reducing global primary energy intensity over
the tracking period was substantial, though still only two-
thirds of the pace needed to reach the SE4All objective.
Primary energy intensity—the global proxy for energy

efficiency, and influenced as well by changes in the
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Figure 2. High-impact countries, progress toward targets, 2010-12

a. Access fo electricity,
average annual growth rate (%)
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d. Modern renewable energy,
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a. Data from Sudan show a very high growth rate in access. This is not shown in the figure as it is due to a lower population in 2012 compared with 2010,
resulting from the split with South Sudan.

b. Nigeria appears to have rapidly increased the use of modern solid biofuels; however, available data on solid biofuels, for modemn or traditional uses, is sfill
not accurate across most countries.
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structure of the world economy—improved by more than
1.7 percent a year over the tracking period, considerably
more than in the base period 1990-2010. The incremen-
tal change in energy intensity from 2010 to 2012 alone
avoided primary energy use of 20 exajoules (EJ) in 2012,
or more energy than Japan used that year. Still, the rate of
improvement is nearly a full percentage point slower than
the SE4AIl objective of an average annual 2.6 percent im-
provement between 2010 and 2030 (see figure 1).

Eight of the top 20 energy consumers—collectively re-
sponsible for nearly three-quarters of global energy
use in 2012—had intensity improvements exceeding
the 2.6 percent a year objective (figure 2c). These were
mainly high-income countries recovering from recession,
including Japan, Germany, the United States, France,
Italy, and Canada, demonstrating that mature economies
can achieve significant economic growth decoupled from
rising energy consumption. But several large emerging
countries also had high rates of improvement, notably
Indonesia, South Africa, and (in a reversal from previous
performance) Saudi Arabia. Russia, the most energy-
intensive of the group due in part to its large fossil fuel
production, showed only a marginal decline in energy in-
tensity. Among the top energy consumers, only Brazil and
Nigeria experienced rising intensity in the tracking period.

Of end-use sectors, industry was the largest contributor
to reduced energy intensity between 2000 and 2012, both
as efficiency increased and as the share of output from
energy-intensive products declined. Transport followed
closely in contribution to lower intensity, since fuel econ-
omy standards have had a major impact even as motor
vehicle use has surged. Energy supply sectors have seen
some improvement in efficiency, as with the declining
midstream losses in the natural gas industry. Electricity
transmission and distribution losses are falling, and many
countries are using more-efficient gas-fired plants. But
continued expansion of coal-fired capacity has led the
average thermal efficiency of fossil power generation to
stagnate.

The growth of renewable energy final consumption
continued to accelerate in recent years, but to achieve
the SE4All objective, the rate of progress will need to
increase over 50 percent.

The share of renewable energy in total final energy con-
sumption (TFEC) grew from 17.8 percent in 2010 to
18.1 percent in 2010-12. This represents a net incre-
ment in annual RE consumption of 2.9 exajoules (EJ),

equivalent to energy consumption of Pakistan or Thailand
in 2012. The increment resulted from both an acceleration
in the growth of renewable energy and a deceleration in
the growth of TFEC. Global renewable energy consump-
tion grew at a compound annual growth rate (CAGR) of
2.4 percent over the tracking period, while global final en-
ergy consumption grew at only 1.5 percent. But the an-
nual growth to attain the SE4All objective in renewable
energy—including traditional uses of solid biofuels—is
estimated at 3.8 percent (see figure 1).

The consumption of modern renewables (which exclude
solid biofuels used for traditional purposes) grew even
more rapidly, at a compound annual growth rate of 4 per-
cent. Still, an annual growth rate of 7.5% would be required
to attain the SE4AIl objective with modern renewables.

Five out of the top 20 largest energy consumers suc-
ceeded in increasing their annual growth in the consump-
tion of modern renewables above 7.5% during the track-
ing period 2010-12 (figure 2d). These countries included
Nigeria, China, Korea, United Kingdom and Australia. In
large middle income countries, such as China and Nige-
ria, increases in the share of modern renewables (such
as hydro, wind and solar) were offset by reductions in the
share of traditional uses of solid biofuels. Thanks largely
to China, East Asia increased consumption of modern re-
newables more than other regions.

Modern energy provision is a critical enabler of universal health coverage.

Nick van Praag/© World Bank
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The uptake of renewable energy was stronger in electricity
generation than in heat production or transport during the
tracking period. The share of renewable energy consump-
tion in the electricity sector rose by 1.3 percent over the
tracking period, compared with much smaller increases
in heating at 0.3 percent and transport at 0.1 percent. In
both tracking years, renewable energy power genera-
tion capacity additions accounted for half of all capacity
additions.

Declining technology costs have certainly helped foster
growth of renewable consumption. In particular, solar PV
(photovoltaic) saw rapidly declining costs, with PV module
prices halving between 2010 and 2012. Increased use of
solar energy accounts for a fifth of the increase of modern
renewable energy consumption over the tracking period,
behind wind (a fourth) and hydro (a third).

Today’s investment flows of $400 billion a year would
need to triple to achieve the necessary pace of progress.

A partial explanation for slow progress on sustainable en-
ergy objectives is the shortfall in investment. Global invest-
ment in areas covered by the three objectives was esti-
mated at around $400 billion in 2010, while requirements
are in the range of $1.0-1.2 trillion annually, requiring a
tripling of current flows (table 1).

Energy and water resources are inextricably tied fogether.

Grant County Public Utility District/© NREL 12487

The bulk of these resources are needed for energy effi-
ciency and renewable energy—about $500 billion per year
for each—although the shortfall in energy efficiency invest-
ment is substantially larger than the shortfall of investment

Table 1. Annual global investment—actual and required ($ billion)

Universal
access to

Annual
investment

services services

Universal
access to
modern energy | modern energy

Doubling the
global rate of

Doubling
the share of
renewable
energy in the

improvement
in energy

efficiency

global mix®

Source Electrification Cooking Energy efficiency | Renewable energy Total

Actual for 2012° 9 0.1 130 258 397
Required to 2030¢ 45 4.4 560 442-650 1,051-1259
Gap 36 4.3 430 184-392 654-862

a. This is the range for significantly increasing the share of renewable energy in tofal final energy consumption.

b. The total assumes 2010 investment in access figures for 2012,

c. Estimates are derived from various sources: Energy access, electrification: SE4AIl Finance Committee Report, World Bank (2014); Energy access, cooking:
Energy for All Scenario, WEO (IEA, 2012); Energy efficiency: 450 scenario, WEO (IEA, 2014); Renewable energy lower bound: WEO 450 (IEA, 2014),
corresponds fo a 29.4 percent renewable energy share in total final energy consumption by 2030; Renewable energy upper bound: REmap 2030 (IRENA,

2014, corresponds to a 36 percent renewable energy share in fotal final energy consumption by 2030.

Source: Prepared by authors.
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in renewable energy. Additional investments for energy
efficiency are particularly needed in the transport sector
where a high volume of new vehicles is expected to be
sold. For renewables, increased adoption of renewable
energy targets signals strong interest in scaling up renew-
able energy, yet new policies in place will need to be com-
bined with emerging financing mechanisms to lower the
spectrum and size of financial risks.

In 2013-14, the SE4All Advisory Board convened a Fi-
nance Committee that brought together private commer-
cial and development banks to further identify financing
gaps and to propose concrete approaches for attracting
more capital. The Committee identified four broad invest-
ment themes that could help mobilize $120 billion in in-
cremental annual investment by 2020: green-bond market
development, structures that use development finance
institutions’ de-risking instruments to mobilize private cap-
ital, insurance products that focus on removing specific
risks, and aggregation structures that focus on bundling
and pooling approaches for small-scale opportunities.

Also imperative is transferring state-of-the-art knowledge
and technologies to countries with less capacity to
adopt sustainable energy.

Countries will need to access cutting-edge knowledge
and technologies relevant to sustainable energy if they are
to contribute to the global achievement of the three SE4AII
objectives. Trade data for a basket of clean technol-
ogy products demonstrates that about three-quarters of
low- and lower-middle-income countries are participating
in trade in clean energy products, particularly solar PV and

Access to affordable energy services can reduce both time and effort spent in

John Isaac/® World Bank

productive labor.

energy efficient lamps. Trade volumes have grown steeply
over the last decade, even if they remain small in abso-
lute terms. Thanks to China’s growing role in the solar PV
industry, developing countries became net exporters of
clean technology products in 2007.

Nevertheless, access to clean technologies remains con-
strained by import taxes and other non-tariff barriers. For
instance, 50-70% of low and lower middle income coun-
tries apply import taxes to small hydropower turbines, as
against 20% of high income countries. Developing coun-
tries are also constrained by the technical and commer-
cial capacity of institutions and companies, as well as by a
shortage of relevant skills among workers.

Understanding the interactions between energy and
such priority areas of development as water, food,
health, and gender is fundamental to meeting the
objectives of the SE4AII.

Analysis of the nexus between energy systems and other
key areas of development—water, food, health, and
gender—suggests that numerous opportunities can arise
from wider cross-sector perspectives and more holistic
decision-making in energy.

For example, energy efficiency typically has positive and
synergistic feedbacks to other resource systems. Efficient
use of energy reduces the need for power generation and
thus the need for cooling water. Water efficiency is also
energy efficiency: using water more efficiently can cut
electricity consumption, as lower water demand reduces
the need for pumping and treating water. Exploring the co-
benefits of water saving tied to energy efficiency, as well
as the potential to save energy through water efficiency,
can thus help secure additional benefits.

Renewable energy can be either water-efficient or water-
intensive. PV panels and wind turbines require little water
and are generally much more water-efficient than conven-
tional sources of electricity. Hydropower depends fun-
damentally on water, and lower rainfall (perhaps due to
greater variability and to climate change) could reduce
electricity production from that source.

Access to energy and to other energy-intensive products,
services, and facilities can increase farmer incomes and
boost agricultural productivity. Agricultural machinery and
inputs such as fertilizers and pesticides can raise yields
for farmers. Better access to roads and freight services as
well as refrigeration and processing facilities can improve
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market access while reducing the spoilage of food, thus
increasing the productivity of land by reducing field-to-
consumer losses and improving farmers’ incomes.

Health, too, gains from sustainable energy services in
community health clinics, through cost-effective and life-
saving interventions. Clinics need reliable access to en-
ergy for running medical equipment, for storing supplies
such as blood, vaccines, and antiretroviral drugs, for stay-
ing open after dark, and for helping retain qualified staff.
And street lighting may increase women’s and girls” mobil-
ity before sunrise and after dark and by improving security
reduce the risk of gender-based violence.??

All these areas have numerous interwoven concerns, in-
cluding access to services, long-term maintenance and
sustainability, environmental impacts, and price volatility.
These issues manifest themselves in different ways in
each, but the impacts are often closely related. Identifying
these linkages early can help in targeting synergies and
preempting subsequent potential tensions.
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Meeting the SE4All objectives will require the
implementation of a transformational strategies and
policies.

Attaining the SE4AIl objectives will require significantly re-
ducing fossil-fuel based activities, supporting technology
innovation, introducing new finance and business models,
and implementing transformational strategies and poli-
cies. This will be critical in high-impact countries—those
with large access deficits and high energy consumption—
but also in countries that wish to move in the direction of
sustainable energy.

Notes

—_

SE4AIl Finance Committee Report 2014.
Cecelski and others 2005.
3. Doleac and Sanders 2012.
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Overview

Sustainable Energy for All (SE4AIl) is a global initiative co-chaired by the secretary-general

of the United Nations and the president of the World Bank. It draws the world’s attention

to three key development objectives for the energy sector by 2030—ensuring universal

access to electricity and modern cooking solutions, doubling the rate of improvement of

energy efficiency, and doubling the share of renewable energy (RE) in the global energy

mix. These objectives have been endorsed by the UN General Assembly, which in 2011
declared 2012 the Year of Sustainable Energy for All and in 2012 made 2014-24 the

Decade of Sustainable Energy for All.

The international community soon recognized the im-
portance of a tracking system to gauge global progress
toward the three objectives and to hold policymakers ac-
countable. Since the energy sector did not feature among
the Millennium Development Goals, such a comprehen-
sive tracking system was not fully in place and needed to
be assembled from a range of sources.

To meet this need, the first edition of the SE4All Global
Tracking Framework—co-led by the World Bank/ESMAP
and the International Energy Agency (IEA)—was published
in 2013, accomplishing several tasks. First, it established a
consensus-based methodology and identified concrete in-
dicators for tracking global progress toward the SE4AIl ob-
jectives (table O.1). Second, it presented a supporting data
platform drawing on national data records for more than 180
countries, which together account for more than 95 percent
of the global population. Third, it documented the evolution
of the indicators over 19902010, to provide a baseline for
assessing progress during the SE4AIl 2010-30 period.

This second edition of the GTF updates how the world has
been moving toward the three objectives over 2010-12.
Based on the latest data from many national sources, it
reports progress over this period and sheds light on the
underlying drivers. It also assesses whether progress has
been fast enough to meet the objectives for 2030.

The report explores complementary themes. It provides
further analysis of the investment volumes and geographic
and technological distributions needed to meet the SE4AIl
objectives. It explores the extent to which countries around
the world have access to the technology and knowledge
to progress toward those objectives. And it identifies the
improvements in data collection methodologies and ca-
pacity building that will be needed to provide a more nu-
anced and accurate picture of progress over time.

2 PROGRESS TOWARD SUSTAINABLE ENERGY 2015

The report also introduces and explores “nexus” con-
cepts focusing on the links between energy and four pri-
ority areas of development: water, food, human health,
and gender. Links between most of these areas and en-
ergy are well established but often presented in isolation
from each other. The analysis considers the existing data
and indicators as well as the related gaps that might be
filled for tracking aspects of SE4AIl's work related to these
nexus issues.

Energy access

Ensuring universal access to modern
energy

Electrification

The global electrification rate increased from 83 percent in
2010 to 85 percent in 2012, up from 76 percent in 1990
(figure O.1). The rate in urban areas stayed largely stable
during this tracking period, rising by 1 percentage point
from 95 to 96 percent, but that in rural areas rose from 70 to
72 percent. Among the regions, improvements have been
notable in South Asia (75 to 79 percent), Sub-Saharan Af-
rica (32 to 35 percent), and Oceania (25 to 29 percent).

The absolute population living without electricity fell from
1.2 billion to 1.1 billion during the tracking period. The
population to be electrified by 2030 is today’s access
deficit of 1 billion plus the projected population growth
between 2012 and 2030 of 1.5 billion. The access deficit
in 2012 is overwhelmingly rural, the forecast population
increment almost entirely urban. By region, the deficit re-
mains overwhelmingly concentrated in Sub-Saharan Africa
and South Asia. The 20 highest access-deficit countries
account for 83 percent of the global deficit. India, with an
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Table O.1. Overview of central GTF indicators developed in 2013, rationale, and data source

Ensure
universal
access to
modern
energy,
including
electricity and
cooking

Percentage of population
with an electricity
connection

* The presence of an electricity connection
is a prerequisite for receiving electricity
supply, but does not guarantee it

Percentage of population
with primary reliance on
non-solid fuels

» Solid fuel use for cooking (wood, charcoal,
dung, crop residues, etc.) in the developing
world is often associated with inefficiency
and undesirable health impacts, although
the extent of these depend on the
characteristics of the cookstove used and
the behavioral practices of the user

* Non-solid fuels tend to be associated with
efficient and healthy cooking practices,
with some exceptions such as kerosene

* Many households rely on multiple fuels for
cooking, hence the focus on the primary
fuel the household relies on

National household
surveys following
internationally
standardized
questionnaires (such
as Demographic and
Health Surveys, Income
and Expenditure
Surveys, Living
Standard Measurement
Surveys, Multi-Indicator
Cluster Surveys, and
Some Censuses)

Double the rate
of improvement

Compound annual growth
rate of total primary
energy supply to gross

* Energy intensity is a proxy for energy
efficiency

e Primary energy demand also
captures energy lost in various energy

of energy domestic product (GDP) i
. ; . transformation processes
efficiency at purchasing power parity
(PPP). * PPP measures of GDP avoid undervaluing
the output of developing economies
* Renewable sources are all those

replenished as they are consumed

Double the (including wind, solar, hydro, geothermal,

share of Percentage of total final biomass, biofuels, and ocean)

renewable

energy in the
global energy
mix

consumption of energy
from renewable sources

* Final energy consumption does not include
thermal energy lost in transformation
processes and thus provides a fairer
comparison with renewable energy sources
where no transformation losses take place.

National energy
balances collected in
standardized form by
the International Energy
Agency (IEA) for larger
countries and by the UN
for smaller countries

Source: Prepared by authors.

unelectrified population of 263 million, is followed by Nige-
ria (75 million) and Ethiopia (67 million).

The 222 million people who benefited from first-time ac-
cess between 2010 and 2012 exceed the population of
Brazil. The annual access increment of 111 million people
marks a sharp acceleration from around 84 million people
a year over 1990-2000 and 88 million in the subsequent
decade. Yet universal access is still some distance away
and requires an even higher annual pace of growth of
135 million from 2012 through 2030.

Urban areas accounted for 79 percent of the access in-
crease between 2010 and 2012, about 34 percent of it
in South Asia and 22 percent in Sub-Saharan Africa. Na-
tionally, India was the highest absolute gainer at close to
55 million (figure O.2).

Although global electrification was faster than popula-
tion growth over the tracking period—222 million against
138 million—regional experiences varied. Of the two larg-
est access-deficit regions, South Asia’s access outpaced
its population increase by 54 million, while Sub-Saharan
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Figure O.1. Trends in access to electricity, 1990-2012
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Source: World Bank Global Electrification database 2015.

Figure O.2. Global access to electricity increment, 2010-12
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Source: World Bank Global Electrification database 2015.

Africa’s population growth equaled it. In all other regions
of the world, access improvements stayed ahead of pop-
ulation increase.

Growth of the net increase in access over population in-
crease was 0.6 percent a year during the tracking period,
significantly higher than the average growth rates of the
past two decades (figure O.3), and close to the required
(or target) growth rate of 0.7 percent.
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Population (million)

India
Nigeria
China
Indonesia
Bangladesh
Pakistan
Mexico
Philippines
Brazil
Ethiopia

The recent experience of the regions is noteworthy com-
pared not only with each other but also against their own
historical performance. Every region improved in the track-
ing period from the historical period of 1990-2010. Even
Sub-Saharan Africa, where as noted the access increase
equaled the population increase in the tracking period,
performed better than its historical reference period when
access fell behind population. But the most promising
performance was in South Asia, where the growth rate
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Figure O.3. Annual growth rate of access to electricity
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Source: \World Bank Global Electrification database 2015.

showed an impressive jump between the two periods
(figure O.4).

Achieving the objective of universal electrification will de-
pend critically on the top 20 access-deficit countries (the
“high-impact” countries). Nine of them managed an ac-
cess increase higher than or equal to the population in-
crease in 2010-12, and eight of them achieved a growth
rate higher than global annual growth rate of 0.6 percent.
The rest saw no net increase in access or lagged behind
the population increment (figure O.5).

Modern cooking

The global rate of access to non-solid fuels as the primary
cooking fuel hardly budged from 58 percent to 59 per-
cent between 2010 and 2012, compared with 48 percent
in 1990 (figure O.6). The urban and rural access rates re-
mained similar at 87 percent and 27 percent respectively
during the tracking period. Among the regions, instances
of improvement are limited to Caucasian and Central Asia,
West Asia, Oceania, and East Asia, where the access rate
rose by 2 percentage points.

The absolute population living without access to non-solid
fuels actually rose from 2.8 billion to 2.9 billion during the
tracking period. The population to be served during the
period to 2030 corresponds to the current access deficit
plus the new population likely to be added (around 1.5 bil-
lion). While the access deficit in 2012 is a mix of rural and

urban, the new population increment between 2012 and
2030 is almost entirely urban.

The access deficit remains overwhelmingly concentrated
in South Asia, Sub-Saharan Africa, and East Asia and in
rural areas everywhere. Even so, the urban challenge still
accounts for 17 percent of the current access deficit. The
20 highest access deficit countries contribute 83 percent
of the global deficit of a billion people. India and China,
with the largest access deficits of 791 million and 610 mil-
lion, are followed by Bangladesh and Nigeria, with 138 mil-
lion and 127 million.

Thus, only 123 million people benefited from first-time non-
solid fuel access during the tracking period, no more than
the population of Mexico, a deceleration to around 63 mil-
lion annually from historical progress of around 81 million
over 1990-2000 and 62 million the following decade. This
is much slower than the required annual pace of 222 mil-
lion to reach the 2030 objective, which is unlikely to be
attained without sharply accelerated performance.

Urban areas saw almost all the access increase between
2010 and 2012 (figure O.7), with little net progress in rural
areas. South Asia gained 18 percent of this new popula-
tion having non-solid fuel access, with 19 percent in East
Asia. Among countries, China was the highest absolute
gainer, with close to 22 million over the tracking period, fol-
lowed by India at 14 million. In Sub-Saharan Africa, South
Africa is the other large gainer, with an access increase
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Figure O.4. Growth rate of access to electricity by region, 1990-2000 and 2010-12
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Figure O.5. Access to electricity: Access deficit and growth in the 20 high-impact countries, 2010-12
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Figure O.6. Evolution of access to non-solid fuels
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Figure O.7. Global access to non-solid fuels increment, 2010-12
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Source: WHO Household Energy database 2015.

of 2.4 million, while Nigeria and Angola also made some
progress in reducing the access deficit.

The world’s growth in access did not keep pace with popu-
lation growth in the tracking period. In fact, compared with
the access increment of 123 million, the population rose by
138 million. In East Asia and South Asia, access expansion
stayed ahead of the population increase by 12 million and
1 million, while in Sub-Saharan Africa it lagged the population

increase by 38 million. In all other regions, access improve-
ments stayed ahead of the population increase.

The growth of the net increase in access over population
growth was —0.11 percent each year during the tracking pe-
riod (figure O.8), continuing the negative growth of —0.2 per-
cent annually between 2000 and 2010. (In 1990-2000, the
access improvement at —0.01 percent annually just about
kept pace with the population increase.) A comparison with
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Figure O.8 Annual growth rate of access to non-solid fuels
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Figure O.9. Growth in population with access to non-solid fuels by region, 1990-2010 and 2010-12
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historical growth rate suggests that South Asia turned the
corner in the tracking period after negative growth during
1990-2010. Sub-Saharan Africa lagged the farthest behind
in both the historical and the tracking periods (figure 0.9).
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(aribbean

The net increase falls dismally short of the pace required
to meet the global objective of universal access to modern
cooking solutions—1.7 percent (222 million) annually from
2012 to 2030. And the current indicator cannot capture
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Figure O.10. Access to non-solid fuels: Access deficit and growth in the 20 high-impact countries, 2010-12

Access deficit (million people|

Annual net growth in population with access, 2010-12 (%)

800 6
600 - 3
400 = 0
200 - -3
0 N -0
@ ST & @SS S & S
T IOITFITE TR S A ETE@ T O FTF S TS
& TTE SENTEE T fS@¢@ W

progress in the adoption of improved biomass cook-
stoves, which will be a big part of the solution.

The achievement of the SE4AIl objective of universal ac-
cess will depend on the top 20 access-deficit countries.
Only eight of them had an access increase higher than
the population increase in 2010-12 and stayed above the
global annual growth rate (figure O.10). The rest lagged
behind the population increment.

Energy efficiency

Doubling the rate of improvement in
energy efficiency

Global primary energy consumption grew at over 1.9 percent
a year from 1990 to 2000, kept down by continual improve-
ments in energy intensity. Had that not changed, energy
consumption in 2012 would have been 25 percent higher
(figure O.11). The incremental change in energy intensity
from 2010 to 2012 alone (when primary energy use rose by
1.8 percent annually) avoided primary energy use of 20 exa-
joules (EJ) in 2012, or more energy than Japan used that year.

Progress in the tracking period

Primary energy intensity fell by more than 1.7 percent a
year over the tracking period (figure 0.12), far more than

the average drop of about 1.3 percent a year from 1990
to 2010 and the 1.2 percent drop in 2000-2010. Still,
even this recent improvement falls far short of the annual
2.6 percent needed between 2010 and 2030 to meet the
SE4All objective of doubling the historical rate of decline in
energy intensity.

The recent acceleration was driven primarily by high-
income countries, whose compound annual growth rate of
primary energy intensity fell even faster from 1.5 percent
a year in the base period to 2.6 percent in the tracking
period (figure O.13), taking them to the global target rate.
Middle- and low-income countries, by contrast, experi-
enced no such acceleration, although the pace remained
relatively rapid. The striking exception is the upper-middle-
income countries (UMICs), where the fall in primary energy
intensity remained stubbornly low at around 0.5 percent a
year. Owing in large part to rapid industrialization in these
countries, energy intensity remains well above the global
average.

In all the periods analyzed, upper-middle-income countries
(UMICs)—with China the prime example—were by far the
largest sources of avoided final energy consumption (fig-
ure O.14)." High-income countries (HICs) also contributed a
great deal—one-third in the tracking period—demonstrating
that large decoupling effects are not restricted to industri-
alizing nations. Lower-middle-income countries (LMICs)
saw a growing, but still small share of avoided final energy
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Figure O.11. Actual and avoided global primary energy consumption due to declining energy intensity
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Source: Energy intensity decomposition analysis based on IEA, WDI, and UN data.

Note: Primary energy consumption is represented by total primary energy supply (TPES). Avoided energy consumption is esfimated from the energy intensity
component of decomposition analysis, with a base year of 1990; see chapter 3, annex 1.

Figure O.12. Rate of change in global energy intensity (CGAR, PPP) compared with target
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Source: IEA and WDI data.
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Figure O.13. Primary energy intensity by income group: rate of change and energy intensity
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Figure O.14. Share of avoided global final energy consumption by income group and time period
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Source: Energy infensity decomposition analysis based on IEA, WDI, and UN data.

Note: Avoided energy consumption is calculated relative to a base year of 1990.
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consumption in the tracking period, but low-income coun-
tries (LICs) did not exert an appreciable influence.

Among end-use sectors, industry was the largest contrib-
utor to reduced energy intensity between 2000 and 2012,
followed closely by transport (figure O.15). Industry’s en-
ergy efficiency has improved broadly, and many countries
have set or strengthened their fuel economy standards.
The relatively small contributions from the services and
residential sectors points to a large store of potential fu-
ture energy savings in buildings.

Provision of higher-quality energy in the form of electricity
and gas contributes to national development, but it has
a cost in rising conversion, transmission, and distribution
losses. These rising inherent losses are partly offset by the
introduction of more efficient technologies and better man-
agement to reduce loss rates from energy extraction and
delivery. Attention to reducing leaks and better pipeline
pressurization, for example, has led to a long-term decline
in midstream gas sector losses. The picture is less rosy
for electricity generation, because an ever-larger share of
primary fossil energy is converted to electricity, and fossil
fuels will continue to dominate the generation mix.

Technological progress means that the frontiers of effi-
ciency for all fuels are constantly rising, but the average
may not always follow (figure O.16). There has even been

Figure O.15. Share of avoided global final
energy consumption by sector, 2000-12
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Source: Energy intensity decomposition analysis based on IEA, WDI, and
UN data.

Note: Transport sector effects are based on global results of the IEA Mobility
Model. These results cannot be disaggregated by country, region, or income
group and are available only for 2000 and later.

Figure O.16. Thermal efficiency of fossil power generation by fuel and income group
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a slight decline in the average efficiency of coal-fired
power generation, due to rising self-use by power plants
and the rapid construction of new coal-fired plants that
do not use the best available technology. As coal dom-
inates overall additions to generation capacity, average
thermal efficiency of power supply has stagnated since
1990.

For transmission and distribution (T&D) losses, on the
other hand, the trends are more promising. In 2012, global
T&D losses of 1,880 terawatt-hours (TWh) were incurred,
equivalent to 8.8 percent of worldwide generation that
year. Loss rates have gradually fallen over the past de-
cade, though trends vary widely among countries. Glob-
ally, the decline of 0.7 percentage points from 2002 to
2012 saved about 160 TWh a year, equivalent to Poland’s
electricity generation in 2013.

The regions that led the renewed decline in energy in-
tensity in the tracking period included regions with high-
income countries, like the European Union (EU) and North
America, but also developing regions, notably Southeast
Asia, and to a lesser extent Central Asia, Eastern Europe,
and Sub-Saharan Africa (figure 0.17). West Asia saw a de-
cline in energy intensity, marking a turnaround, whereas

North Africa exhibited a significant upward acceleration,
attributable to the disruptions the region experienced at
that time.

High-impact countries

The top 20 primary energy-consuming countries have
a huge effect on achieving the global SE4AIl objective,
as they were collectively responsible for nearly three-
quarters of global energy use in 2012 (figure 0.18). The
top five alone accounted for more than half of all energy
consumption.

China led the declines in intensity from 1990 to 2010, fol-
lowed by the United Kingdom, India, and Nigeria, but a
very different group emerged as leaders in the tracking
period (figure O.19), when eight of the top 20 saw inten-
sity declines exceeding 2.6 percent a year—showing that
it is possible for mature economies to decouple economic
growth from rising energy consumption.

While high-income countries drove the global accelera-
tion in reducing energy intensity after 2010, several large
emerging countries—notably Indonesia, South Africa,
and Saudi Arabia—also contributed. Russia, the most

Figure O.17. Rate of improvement in primary energy intensity by region

Compound annual growth rate (%)
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Figure O.18. Twenty largest primary energy consumers, 2012
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Figure O.20. Avoided final energy consumption for top 20 primary energy consumers, 1990-2012
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Source: Energy intensity decomposition analysis based on IEA, WDI, and UN data.

Note: Avoided energy consumption is calculated relative to a base year of 1990.

energy-intensive of the group, showed only a marginal
decline. Although during the two-decade base period in-
tensity rose in four rapidly emerging countries—Brazil,
Thailand, Iran, and Saudi Arabia—after 2010 only Brazil
showed rising intensity. Saudi Arabia saw a major rever-
sal, with intensity dropping by 3 percent a year during the
tracking period.

On cumulative avoided energy consumption, many of
the largest consumers play roles commensurate with
their ranks as consumers (figure 0O.20). China, the
United States, India, and to less extent Germany con-
tributed to global energy savings on a large scale.
Russia, because of a sharp rise in intensity in the early
1990s, actually subtracted from avoided energy de-
mand over the period, even though from 2007 it began
contributing positively. The contribution from Japan was
quite small set against its rank as an energy consumer,
as it suffered from low economic growth through most
of the period and already had relatively low energy
intensity.

Renewable energy

Doubling the share of renewable energy
in total final energy consumption

On this third key development objective, the share of RE
in total final energy consumption (TFEC) increased from
17.8 percent to 18.1 percent globally in the tracking period
(figure O.21). This represents a net increment in RE con-
sumption of 2.9EJ, equivalent to the entire national con-
sumption of Pakistan or Thailand in 2012.

The average annual increase in the share of renewable en-
ergy over 2010-12 compares favorably with the previous
20 years. It was equivalent to 0.17 percentage points, up
from 0.04 percentage points in the previous decade (fig-
ure 0.22). But this still falls short of the average annual
change of 0.89 percent required to meet the SE4AIl ob-
jective of doubling the renewable energy share from 2010
to 2030.

The growth of renewable energy consumption is outpacing
the growth of total final energy consumption and the gap
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Figure O.21. Trends and RE share of total final energy consumption by source, 1990-2012
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Figure O.22 Average annual increase of renewable energy share, actual and required
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is widening. The compound annual growth rate (CAGR) of
TFEC fell from 2.1 percent during 2000-10 to 1.5 percent
over the tracking period, while the CAGR of RE increased
from 2.3 percent to 2.4 percent (figure O.23). Exclud-
ing traditional solid biofuels, the CAGR accelerated from
3.7 percent in 2000-10 to 4.0 percent in 2010-12.2 Still,
IRENA’s REmap 2030 study suggests that a renewable

16 PROGRESS TOWARD SUSTAINABLE ENERGY 2015

energy CAGR of 3.8 percent would be required between
2010 and 2030 to attain the SE4All RE objective, assum-
ing a CAGR for TFEC on the order of 1.6 percent over the
same period.®

The global slowdown in the growth of TFEC over 2010-12
was mainly attributed to high-income economies where
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Figure O.23. Compound annual growth rate of total final energy consumption
and renewable energy final consumption in different periods
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Figure O.24 Compound annual growth rate of renewable energy
consumption and total final energy consumption, 2010-12

Compound annual growth rate (%)

6
4
2
)
-2 o )
High-income Upper- Lower- Llow-income World
countries middleincome  middle-income countries
countries countries

B Renewable energy M Tofal final energy consumption

Source: IEA and UN data.

OVERVIEW

17



Figure O.25 Renewable energy additions and retirements by region and resource type, 2010-12
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Figure O.26. Composition of the net increment of modern renewable
energy in total final energy consumption, 2010-12
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TFEC actually fell. The TFEC of middle- and low-income
economies still grew faster than renewables’ consumption
growth in these countries (figure 0.24).

The absolute increase of RE consumption over the track-
ing period was primarily driven by progress in East Asia,
and to a lesser extent the EU, Southeast Asia, and North
America (figure O.25). RE final consumption also grew
rapidly in Sub-Saharan Africa, but this was driven almost
entirely by the consumption of solid biofuels for traditional
uses. By contrast, East Asia and Latin America showed
steep reductions in traditional uses of solid biofuels, con-
sistent with relative progress in the access to non-solid
fuels in these regions (see figure O.7).

Excluding solid biofuels used for traditional purposes, the
net increase of RE consumption over 2010-2012 is 2.3 EJ.
By technology, increases in hydro, wind, and solar resources
accounted for roughly three-quarters of the net increase; by
end use, increases in electricity generation did the same;
and by region, increases in East Asia, the EU, Southeast
Asia, and North America also did the same (figure O.26).

Progress on RE partly reflects a significant scale-up in ef-
forts by policymakers. From 2010 to early 2014, 35 more

countries introduced RE targets, lifting the total to 144 from
109. Furthermore, 103 new regulatory policy instruments
to promote RE were introduced globally in the period, with
competitive bidding for grid-connected renewables and
net metering for distributed generation by far the most
popular. Continual reductions in the cost of key technolo-
gies have contributed to progress in RE deployment and a
trend toward cost grid-parity in some technologies.

Doubling the share of RE in the global energy mix will de-
pend on the top 20 countries with the largest TFEC (fig-
ure 0.27). Over the tracking period, 15 of them increased
their consumption of modern RE. In China and Nigeria,
high growth of TFEC was exceeded by even higher growth
of modern RE consumption, increasing the modern re-
newables share. In India, Russia, Brazil, and Turkey, TFEC
grew faster than modern RE consumption, reducing that
share.

Summary of progress

There has been positive progress towards sustainable en-
ergy, but this progress is not yet on track to meet the 2030
targets. Table 0.2 below summarizes the historic and pro-
jected values of the main SE4AIl indicators.

Table O.2. Summary of progress, 1990-2012, and projected values

Universal access to modern energy

services

Doubling share of
renewable energy
in global mix

Doubling
global rate of
improvement of

energy efficiency

Electrification Cooking Energy efficiency | Renewable energy
1990 76 47 -1.3 16.6
2010 83 59 -1.3 17.8
2012 84.6 58.4 1.7 18.1
2030 (projected) 89 72 —2.2° 242
2030 (target) 100 100 26 36

Source: Prepared by authors based on World Bank Global Electrification Database 2015, IEA, UN, WDI data (2014).

a. Projections consider the New Policies Scenario of the IEA's World Energy Outlook (2014).
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Figure O.27. Top 20 energy consuming economies: modern renewable energy increment, 2010-12
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Annual
investment

Table O.3. Annual global investment—actual and required ($ billion)

Universal
access to

Universal
access to

modern energy | modern energy

services

services

Doubling the

global rate of

improvement
in energy
efficiency

Doubling
the share of
renewable
energy in the
global mix®

Source Electrification Cooking Energy efficiency | Renewable energy Total

Actual for 2012° 9 0.1 130 258 397
Required to 2030° 45 4.4 560 442-650 1,051-1259
Gap 36 4.3 430 184-392 654-862

a. This is the range for significantly increasing the share of renewable energy in total final energy consumption.

b. The tofal assumes 2010 investment in access figures for 2012.

¢. Estimates are derived from various sources: Energy access, electrification: SE4AIl Finance Committee Report, World Bank (2014); Energy access, cooking:
Energy for All Scenario, WEO (IEA, 2012); Energy efficiency: 450 scenario, WEO (IEA, 2014); Renewable energy lower bound: WEO 450 (IEA, 2014),
corresponds fo a 29.4 percent renewable energy share in fotal final energy consumption by 2030; Renewable energy upper bound: REmap 2030 (IRENA,

2014, corresponds to a 36 percent renewable energy share in fotal final energy consumption by 2030.

Source: Prepared by authors.

Investment gap

To meet the three SE4AIl energy objectives, Global Track-
ing Framework 2013 showed that doubling or tripling his-
torical capital flows would be needed. It estimated that
global investment in areas covered by the three objec-
tives was around $400 billion in 2010, and that additional
annual investments of at least $600 billion to $850 billion
would be required to achieve the three objectives.

Since GTF 2013 was published, new estimates of actual
and required investment have been made for reaching
the energy efficiency and RE objectives (table O.3). Ac-
tual investments remain near $400 billion, but the required
investments rise to around $1,050-1,250 billion.* That im-
plies an investment gap of around $650-850 billion and
point to a tripling of annual investments to achieve the
SE4AIl objectives.

Taking up this challenge, the SE4AIl Advisory Board con-
vened a Finance Committee in 2013-14 that brought to-
gether private commercial and development banks to fur-
ther assess the financing gaps and to propose concrete
approaches for attracting more capital. The committee
identified four broad investment themes that could help
mobilize $120 billion in incremental annual investment
by 2020: green-bond market development, structures

that use development finance institutions’ derisking in-
struments to mobilize private capital, insurance products
that remove specific risks, and aggregation structures that
bundle and pool for small-scale opportunities.®

Energy access

Estimates in the World Energy Outlook (WEQ) suggest that
a fivefold increase in capital is needed—from $9 billion ac-
tual investment in 2010 to an annual $45 billion until 2030
to meet the universal access objective.5”

The WEO projected cumulative investments of around
$320 billion globally in power plants and new T&D lines,
according to the IEA’s latest New Policies Scenario, in
which all investment commitments and policy pronounce-
ments are realized.® This translates into an average annual
investment of $19 billion to 2030, higher than historical es-
timates but not yet reaching the levels to attain the SE4Al
objective of universal access.

For modern cooking solutions, a 44-fold increase in capi-
tal is required—from $0.1 billion in 2010 to $4.4 billion an-
nually until 2030—to meet the objective. According to the
latest New Policies Scenario to 2030, around $11 billion
of cumulative investments are projected in cleaner cook-
ing technologies, such as liquefied petroleum gas (LPG)
stoves, improved biomass stoves, and biogas digesters,
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or $0.6 billion a year. The IEA, in a special edition of Africa
Energy Outlook (2014), projected investments in access
to clean cooking in Sub-Saharan Africa at a cumulative
$4.4 billion to 2030. The main component is the cost of
improved or alternative cookstoves. It excludes the cost of
infrastructure related to LPG, electricity, or natural gas dis-
tribution, and covers only the cost of the first stove and half
the cost of a second stove, assuming that the path toward
such investment becomes self-financing. Around 40 per-
cent of the total is related to LPG cookstoves, 30 percent
is for biogas digesters, and 30 percent is for solar cookers
and improved biomass cookstoves.

Energy efficiency

To meet the SE4AIl objective, a quadrupling of current en-
ergy efficiency investment is needed, from about $130 bil-
lion in 2012 to an annual average of $560 billion through
2030. Transport is expected to account for slightly more
than half the investment due to the sheer volume of new,
more efficient cars and trucks projected to be sold and
the high investment costs per unit of energy saved com-
pared with other end-use sectors (figure O.28). The share
of industrial energy efficiency investment is relatively low
at 11 percent because much of the efficiency potential is
already embedded, unit investment costs are lower, and
most of the efficiency improvement occurs during stock
turnover, which is slow.

From a regional perspective, Europe, developing Asia
(mainly China and India), and North America dominate
energy efficiency investment, accounting for almost
80 percent of the required investment through 2030 (fig-
ure 0.29). This partly reflects the size of current energy
consumption, but is also a consequence of current and
planned policies. North America, Europe, and China, for
example, are the world’s largest car markets and have all
adopted stringent fuel-economy standards or emission
standards for cars. Several other regions—such as Af-
rica and the Middle East—account for far less investment
than their share in final energy consumption, owing to, for
example, smaller industrial capital stocks, different space
conditioning needs, less cost-reflective energy prices,
and the need to build capacity to set and enforce energy
efficiency measures.

Renewable energy
Between 2010 and 2012, the global annual investment in

RE increased by 13 percent from $228 billion to $258 bil-
lion, far short of the near doubling to steer toward the
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Figure O.28. Share of annual average energy
efficiency investment in the 450 Scenario
by sector and region, 2014-30
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Source: IEA (2014).

Note: The OECD 450 Scenario in WEO 2012 assumes different groups of
counfries adopt binding economywide emissions fargefs in successive steps,
reflecting their economic development and responsibility for past emissions.

450 ppm carbon dioxide concentration target (IEA, 2014)
and a more than doubling to achieve the SE4AIl RE objec-
tive as estimated by REmap 2030 (IRENA, 2014).

The 450 Scenario of the WEO lays out a trajectory of en-
ergy investments in which RE accounts for 29.4 percent
of TFEC by 2030.° This share lies below the 35.8 percent
target of the SE4AIll agenda, thus the 450 Scenario of RE
investment requirements presented here should be taken
as conservative. Even so, the 450 scenario requires an-
nual investment of $442 billion, implying a $184 billion
investment gap. This gap is spread among regions, ex-
cept OECD Europe, where annual investment in the last
years has exceeded that required in the 450 Scenario
(figure ©.30). Broad policy commitments and plans an-
nounced by countries in the New Policies Scenario do not
change the overall picture much, as global investment in
that scenario totals $281 billion annually.™

REmap 2030 provides a pathway for scaling up renew-
ables that is aligned to doubling the renewables share in
TFEC. In REmap 2030, annual investment in renewable
energy will have to be on the order of $650 billion, implying
a nearly $400 billion investment gap in 2012 and requiring
a 2.5-fold increase over 2012’s investment volume. As in
the WEO 450 scenario, the 2012 investment gap is highest
in developing Asia (figure 0.31). However, REmap 2030
requires relatively higher scale-ups in the economies of
the Middle East, Africa, and Latin America.
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Figure O.29. Annual average energy efficiency investment in the 450 Scenario by region, 2014-30
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Figure O.30. Annual renewable energy investment, actual (2010 and 2012) and
required by World Energy Outlook’s New Policies and 450 Scenarios
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Figure O.31 Annual renewable energy investment, actual (2010 and 2012) and required by REmap 2030
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Source: [EA 2014; analysis by the International Renewable Energy Agency based on IRENA (2014).

Note: The regional classification is adapted to align as much as possible with the WEQ. The Reference Case (IRENA 2014) considers policies in place and

currently under consideration.

Both the 450 scenario and the REmap 2030 options analy-
sis predict that more than a third of investment will occur
in developing Asia and that the bulk of investment will
focus on the power sector. But the pathways differ in their
investments in technologies. While the WEO predicts wind
and then hydro to be the largest recipient technologies of
investments, REmap 2030 predicts solar to attract most
investment, followed closely by wind (figure 0.32). What is
clear is that current investment is below that required, and
current and planned policies are insufficient to address
the gap.

Access to sustainable energy
technologies

Countries will need to acquire cutting-edge technologies
relevant to sustainable energy if they are to attain the three
SE4AIll objectives. An initial perspective on how much
countries are acquiring these key technologies comes
from data on international trade, a proxy for access to a
relatively narrow range of products." Complementing the
trade analysis is a review of tariff and nontariff barriers to
trade, as well as indicators for scientific journal citations
and engineering qualifications, which give a sense of
whether countries have the capacity to absorb and apply a
technology even if they have access to it.

24 PROGRESS TOWARD SUSTAINABLE ENERGY 2015

The trade analysis considers a basket of 12 products
relevant to sustainable energy, including solar photo-
voltaic (PV) cells, light emitting diodes (LEDs), small
hydro turbines (capacities below 1 megawatt [MW] and
1-10 MW), wind turbines, biodiesel fuels, insulation
materials, fluorescent lamps, heat pumps, reversible
heat pumps for air conditioning, electric vehicles, and
portable electric lamps and parts of portable electric
lamps.™2

Developing economies’ share in this 12-product trade
basket grew steeply in absolute terms in the decade
2001-11, although it has stabilized more recently. In 2013,
trade in developing countries was about half the trade vol-
ume in developed countries (figure O.33). For the technol-
ogies selected, China alone accounts for 19 percent of the
global trade value and for 56 percent of the developing-
economy trade value, mainly due to its large volume of ex-
ports for solar PV cells. As groups, developing economies
became net exporters and developed economies net im-
porters after 2007.

Even though the value of trade for the basket in develop-
ing economies is still smaller than that of developed econ-
omies, a growing number of countries are trading some
of these products (tables 0.4, 0.5, and 0.6). Starting
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Figure O.32. Annual renewable energy investment requirement by technology
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Source: [EA 2014; analysis by the International Renewable Energy Agency based on IRENA (2014).

Figure O.33 Balance of trade in technologies relevant to sustainable energy, 2001-13
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Source: \World International Trade Solutions database (World Bank 2015b).

Note: The 12 products in the frade basket are solar photovoliaic cells, light emitting diodes (LEDs), small hydro turbines (capacities below 1 megawatt [MW] and
1-10 MW), wind turbines, biodiesel fuels, insulation materials, fluorescent lamps, heat pumps, reversible heat pumps for air conditioning, electric vehicles, and
portable electric lamps and parts of portable electric lamps.
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Table O.4 Trade in products relevant to renewable energy, 2013

Income group Solar photovoltaic | Wind turbines Biodiesel Hydro turbines

(number of and LEDs HS Code 850231 HS Code 382600 (1-10 MW)

countries) HS Code 854140 HS Code 841012
Access Trade valve Access Trade valve Access Trade valve Access Trade value
(% of (% of global (% of (% of global (% of (% of global (% of (% of global

countries) total) countries) total) countries) total) countries) total)

Low income (34) 74 0.18 9 0.47 0 0.00 3 1.82

Lower middie 70 3.81 18 299 > 7.35 14 1255

income (50)

Upper middie 75 33.22 07 18.70 20 10.05 13 49.94

income (55)

High income (75) 76 62.79 37 77.84 43 82.60 15 35.69

All (214) 74 26 21 12

Total global trade 103.00 14.00 19.41 0.18

value ($ billion)

Source: World Integrated Trade Solutions database (World Bank 2015b).

Note: The estimation of the percentage of countries with access to the technology considers only countries with a trade value above US$100,000. The
percenfage contribution fo the fofal value of frade is based on total amount traded; a similar estimation based on frade as a percentage of GDP is provided in
chapter 5 (annex 3) of Global Tracking Framework 2015.

Table O.5 Trade in products relevant to energy efficiency, 2013

(%, unless otherwise specified)

Income group Reversible Heat pumps Fluorescent Insulation Electric- and

(number of heat pumps HS Code discharge HS Code gas-powered

countries) for air 841861 lamps (CFLs) | 701939, 680610 vehicles
conditioning HS Code & 680690 HS Code

HS Code 841581 853931 870390

Acess |Tradevalve | Access |Tradevalve | Access | Trade valve | Access |Tradevalue | Access | Trade value
(%o of |[(%ofglobal| (%of |(% ofglobal| (% of [(%ofglobal| (%of |(% of global| (% of |(% of global

countries) total) countries) total) countries) total) countries) total) countries) total)
Low income (34) 18 0.47 38 0.22 85 0.69 53 0.23 71 0.93
Lower middle 36 298 | 58 132 | 82 661 | 65 391 | 66 6.73
income (50)
Upper middie 65 | 3686 | 78 | 1029 | 85 | 4807 | 79 185 | 75 6.21
income (55)
High income (75) 63 | 5060 | 71 | 8817 | 79 | 4463 | 76 | 7736 | 73 | 86.13
Al (214) 50 64 82 70 71
Total global trade 4.98 4.31 11.64 11.26 6.80
value ($ billion)

Source: World Integrated Trade Solutions database (World Bank 2015b).

Note: The estimation of the percentage of countries with access to the technology considers only countries with a trade value above US$100,000. The
percentage contribution to the tofal value of trade is based on total amount traded; a similar estimation based on frade as a percentage of GDP is provided in
chapter 5 (annex 3) of Global Tracking Framework 2015.
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Table ©.6 Trade in products relevant to energy access, 2013

Income group
(number of
countries)

Portable electric lamps
with their own source of
energy
HS Code 851310

Parts of portable electric
lamps with their own

Hydro turbines
(<1 MW)
source of energy HS Code 841011

HS Code 851390

Access Trade value Access Trade value Access Trade value
(% of (% of global (% of (% of global (% of (% of global
countries) total) countries) total) countries) total)
Low income (34) 88 0.18 12 0.92 0 1.16
Lower middie 82 3.81 12 6.01 12 8.20
income (50)
Upper middie 84 33.22 29 30.04 13 26.28
income (55)
High income (75) 75 62.79 43 63.03 15 64.35
All (214) 81 27 11
Total global trade
value ($ billion) G ik il

Source: World Integrated Trade Solutions database (World Bank 2015b).

Note: The estimation of the percentage of countries with access to the technology considers only countries with a trade value above US$100,000. The
percenfage contribution fo the fofal value of frade is based on total amount traded; a similar estimation based on trade as a percentage of GDP is provided in

chapter 5 (annex 3) of Global Tracking Framework 2015.

with RE, although low-income countries (LICs) and lower-
middle-income countries (LMICs) accounted, for instance,
only for about 4 percent of the global value of trade in solar
PV cells/LEDs in 2013, 70-74 percent of countries in these
income categories registered trade in this technology. Ac-
cess to PV cells in LICs increased from two countries to
25in 2001-13. The proportion of LICs with trade activity in
wind turbines and small hydro turbines (1-10 MW) in 2013
was, however, very small, around 9 percent and 3 percent,
and no LIC registered trade in biodiesel fuels that year.

In energy efficiency, access to fluorescent discharge
lamps (CFLs), insulation materials, and electric- and gas-
powered vehicles was acceptable across income levels
in 2013, with 85 percent, 53 percent, and 71 percent of
LICs trading these products, although again their contri-
bution to the global value of trade was smaller than higher
income countries. The number of lower income countries
trading heat pumps has increased gradually: in 2013,
38 percent of LICs and 58 percent of LMICs traded these
technologies.

In access to electricity, portable electric lamps with their
own source of energy serve as a good proxy as they are
a direct substitute for kerosene lamps and other forms of

traditional lighting. In 2013, 81 percent of all countries had
access to this technology. From 2001 to 2013, 29 LICs
and LMICs gained access to this type of lamp, when the
number of countries in the high-income group remained
stable. Trade in parts of portable electric lamps tells a very
different story, however, as in 2013 there were just 10 LICs
and LMICs trading this product, suggesting that mainte-
nance and repair of these lamps is constrained in lower
income countries, which implies higher household energy
expenditures.

The trade of small hydropower turbines is low across
income groups, notably in LICs. A well-developed RE
technology, it can help improve electricity access in rural
areas, lower the unsustainable harvesting of solid biofu-
els, and be part of the solution for scaling up sustainable
energy. But no LIC and only 12 percent of LMICs imported
more than US$100,000 of this key technology in 2013 (in
the 0-1 MW capacity range).'®

Access to sustainable energy technology is the result of
many factors, not just trade but also energy demand, re-
source potential, market-formation policies, industrial pol-
icy (including manufacturing and local-content provisions),
customs and trade regulations, cost relative to other
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options, and access to affordable finance. So, while trade
data provide a good proxy for whether the most sophisti-
cated or needed products are crossing boundaries (and
reaching beneficiaries), the broader question of access to
technologies requires all these factors to be considered,
too, including countries’ technical capacity for absorbing,
adapting, and applying technologies. Data on engineering
qualifications and number and quality (citations) of scien-
tific journal papers delivered at country level, which are re-
garded as good proxies for technical capacity, show that
knowledge transfer and training need to be significantly
strengthened in lower income countries.

The energy nexus

A discussion of “nexus” issues is part of the GTF for the
first time. Different from the other three main chapters,
chapter 6 is conceptual rather than quantitative, introduc-
ing and exploring nexus concepts in four priority areas
of development (water, food, human health, and gender)
and their links to energy. Energy has links to, and influ-
ences, many other areas (such as education), but these
four form the initial foray for the GTF. Links between most
of these areas to energy are well established but often
discussed in silos. Chapter 6 considers the existing data
and indicators that might be useful for tracking aspects of
SE4AIl's work related to these nexus issues and for high-

lighting gaps.

The energy interactions with these four areas, closely tied
to energy services and energy systems, are fundamental
to meeting the objectives of SE4AIl. Numerous opportu-
nities will arise from more holistic decisionmaking in en-
ergy if wider cross-sectoral perspectives can be brought
to bear. For instance:

* Renewable energy can be either water intensive or
water efficient. PV panels and wind turbines require lit-
tle water and are generally much more water efficient
than conventional sources of electricity. Solar ther-
mal, biomass, geothermal, and carbon sequestration
and storage, in contrast, can be “thirsty” sources of
electricity, depending on the cooling technologies,
and can increase water intensity. Technology choice
in clean energy provision can therefore have severe
implications for water security. Hydropower depends
fundamentally on water, and lower rainfall (perhaps
due to greater variability and to climate change) could
reduce electricity production from that source.
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* Energy efficiency typically has positive and syner-
gistic feedbacks to other resource systems. Efficient
use of energy reduces the need for power generation
and thus the need for cooling water. Water efficiency
is also energy efficiency: using water more efficiently
often cuts electricity consumption, as lower water
demand reduces the need for pumping and treating
water. Similarly, energy efficiency interventions like
low-flow showerheads save energy by reducing the
volume of water to be heated. Washing machines
have become more energy efficient largely by using
less water per load. Exploring the co-benefits in water
saving tied to energy efficiency, as well as the poten-
tial to save energy through water efficiency, can there-
fore help secure additional benefits.

* Access to energy and to other energy-intensive prod-
ucts, services, and facilities can increase farmer in-
comes and boost agricultural productivity. Agricul-
tural machinery and inputs such as fertilizers and
pesticides can raise yields for farmers. Better access
to transportation (roads and freight services) as well
as refrigeration and processing facilities can improve
market access while reducing spoilage of food. This
can increase overall land productivity by reducing
field-to-consumer losses and improve farmer in-
comes. Health, too, gains from sustainable energy
services in developing-country community health
clinics, through cost-effective and life-saving interven-
tions. These clinics need reliable access to energy for
running medical equipment, for storing supplies such
as blood, vaccines, and antiretroviral drugs, for stay-
ing open after dark, and for helping retain qualified
staff. Finally, street lighting may increase women's
and girls’ mobility after dark and in the early morning
and, by improving security, reduce the risk of gender-
based violence.'*'®

All these areas have numerous interwoven concerns, in-
cluding access to services, long-term maintenance and
sustainability, environmental impacts, and price volatility.
These issues manifest in different ways in each area, but
the impacts are often closely related. Identifying the links
early can help in targeting synergies and preempting sub-
sequent potential tensions.

Energy and water
The trade-offs between energy and water have been gain-

ing international attention in recent years as demand for
both resources mounts and governments continue to
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struggle to ensure reliable supplies. About 748 million
people still lack access to improved sources of drinking
water—nearly half in Sub-Saharan Africa. And more than
one-third of the global population—around 2.5 billion
people—remain without access to improved sanitation.'®
It is expected that, by 2025, 1.8 billion people will live in
countries or regions with absolute water scarcity, and two-
thirds of the world’s population could be in water-stress
conditions."”

Energy and water resources are tightly enmeshed: large
amounts of water are needed in almost all energy genera-
tion, including thermal power plants, hydropower, and bio-
fuels, as well as in extraction of fossil fuels. Conversely,
the water sector needs energy to extract, treat, and trans-
port water, run municipal water and wastewater facilities,
irrigate land, and desalinate water. Energy and water are
both used in producing crops, including those to generate
energy through biofuels. This relationship is the energy-
water nexus (sometimes the energy—water—food nexus).
These interdependencies could complicate solutions and
make a compelling case to improve integrated water and
energy planning.

Water indicators:

* Reliable and comprehensive data on the energy—
water nexus are scarce.

e Indicators must track water withdrawal, consump-
tion, and discharge, over time and space (at power
plants).

Energy and food

Assessing the links between energy and food security re-
quires understanding what food security means. The in-
ternationally agreed definition is that “Food security exists
when all people, at all times, have physical and economic
access to sufficient, safe, and nutritious food to meet
their dietary needs and food preferences for an active
and healthy life” (Rome Declaration on World Food Secu-
rity and World Food Summit Plan of Action; World Food
Summit 1996). For this definition, food security has four
dimensions—availability, access, utilization, and stability
—which need to be fulfilled simultaneously.

Energy has a key enabling role in food security and nutri-
tion. It is essential for agricultural processes, including irri-
gation, and is necessary at every stage of agrifood chains.
Energy prices often influence the prices of agricultural

inputs. Biofuels in particular are linked to all four dimen-
sions of food security. At household level, better access to
modern energy services may increase the quality of food
by improving food conservation through refrigeration and
by allowing proper cooking.

Food indicators:

* Dataexist on inputs to “behind farm-gate” operations,
on use of traditional fuels, and on effects of bioenergy
development on food supplies and prices.

e Complementary indicators would include energy
used to manufacture agrifood chain inputs, energy
use beyond the farm-gate, and RE produced along
agrifood chains.

Energy and health

Energy is a prerequisite for good health and a source
of many serious health risks, notably air pollution, which
comes from dirty fuels and inefficient technologies. Less
appreciated is that much of it comes from inefficient
strategies—for, say, housing, transport, and urban de-
sign. Optimizing the health benefits of energy access,
efficiency, and use of renewables and minimizing energy-
related risks are critical for achieving SE4All's three sus-
tainable development objectives. Outdoor and household
(indoor) air pollution are responsible for about 7 million
premature deaths annually, making air pollution one of the
largest single causes of premature mortality and morbidity
worldwide.

Many other health risks are linked to a lack of modern en-
ergy access or inefficient energy use. Rudimentary solid
fuel cookstoves or kerosene lamps, for instance, can be a
factor in domestic injuries, such as burns and poisonings.
Energy-inefficient buildings and homes require more heat
and power, and vulnerable groups like the elderly also
are at higher risk of stroke, heart failure, and other acute
events related to extreme weather and heat or cold ex-
posure.' Increased incidence of asthmas, allergies, and
respiratory illnesses are associated with chronic damp
and cold conditions that are more common in energy-
inefficient dwellings, particularly affecting the poor, the el-
derly, and children. In urban areas, physical inactivity and
traffic injury rates among pedestrians tend to be higher
when public transport is inefficient, leaving people reli-
ant on private motor vehicles that burn more energy and
produce more air pollution per unit of travel than efficient
rapid transit modes.™®
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Health indicators:

* Existing indicators approximate exposure and bur-
den of disease from indoor and outdoor air pollution.
Measurement of electricity access in health care facil-
ities is being developed.

»  Efforts should be reinforced to improve indicators on
the energy-health nexus, including safety standards
for cooking solutions, and exposure rates to indoor
air pollution from heating and lighting.

Energy and gender

The energy—gender nexus emerged as a discourse
in development at the Beijing Conference in 1995.20
As highlighted in the 2012 World Development Report
(WDR) and the 2014 World Survey on the Role of Women
in Development,?' gender equality is critical for devel-
opment across all sectors.?? Access to sustainable en-
ergy can liberate men and women from drudgery and
free time for leisure, rest, and investing in human cap-
ital. However, women in most developing countries
suffer more than men from energy deficits and energy
poverty.??

The energy—gender nexus reflects energy demands based
on women and men’s roles that are met through energy
supply chains of different degrees of formality (from self-
collection to commercial provision).2* At household level,
men generally take the final decision about energy ac-
cess. At macro level, decisions about policy instruments
(including incentives to encourage a transition to cleaner
energy) require gender analysis and gender budgeting to
avoid inadvertent gender blindness or bias in energy poli-
cies.?® Most links of the chain offer entry points for women
to be a target group in three areas—time poverty and
drudgery reduction, economic empowerment, and health
and safety gains.

Gender indicators:

e Existing surveys and databases shed light on the
relationships between gender and energy, providing
information on time poverty, women’s economic em-

powerment, and mortality and morbidity.

* Quantitative assessments of the differential impacts
of energy on women, men, girls, and boys are few.

30 PROGRESS TOWARD SUSTAINABLE ENERGY 2015

The data revolution for
sustainable development

The November 2014 report, “A World That Counts,” un-
derscores the pressing need to upgrade capacity and
resources to more accurately measure and track the di-
mensions of sustainable development.?® Improving data
is a development agenda in its own right, and can better
focus targeting of existing resources and spur new eco-
nomic opportunities. Gaps can be overcome through new
investment and strengthened capacity.

A new funding stream to support the data revolution for
sustainable development should be endorsed. That will
require assessing the scale of investments, capacity de-
velopment, and technology transfer, especially for LICs,
and developing proposals for mechanisms to leverage the
creativity and resources of the private sector. Funding will
also be needed for an education program to improve the
capacity and data literacy of the public, information inter-
mediaries, and public servants to break down barriers be-
tween people and data.

The GTF seeks to catalyze such a data revolution for the
energy sector. The philosophy in the first GTF was to bal-
ance the ideal metric that best captures progress in the
energy sector with the constraints posed by the need to
use data sets already at hand for all countries in the world,
so that tracking could be truly global. That report achieved
a workable solution with reasonable and widely available
proxy indicators, while acknowledging that they were less
than ideal in some ways, and that the GTF should simul-
taneously set an agenda for gradually improving data
(figure 0.34).

Since 2013, progress has been significant in develop-
ing improved metrics for energy access. The first GTF
proposed and consulted on a conceptual framework for
measuring access to electricity and to modern cooking
using multitier approaches. The framework went beyond
traditional binary measures of presence or absence of an
electricity connection or primary use of non-solid fuels,
proposing eight attributes of energy supply to determine
whether a user has effective access, and to what degree:
capacity, availability, reliability, quality, affordability, legality,
convenience, and health and safety. Increasing levels of
these attributes were required to achieve higher tiers of
energy access.
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Figure O.34 Improving measurement and tracking

Available Ideal
data metrics

Workable

solution

Agenda for

improvement

Source: Prepared by authors.

This framework has since been elaborated by develop-
ing tools for capturing data for energy supply attributes,
including a survey instrument that has been piloted in half
a dozen country contexts. The results show that this ap-
proach is a much more refined way of measuring energy
access. For example, Kinshasa city in the Democratic Re-
public of Congo, which reports a 90 percent access rate
under the traditional binary measurement, scores only 30
on a scale of 0 to 100 on the binary metric that reflects all
eight attributes of energy supply (box O.1). Similar muilti-
tier metrics have also been conceptualized and piloted to
measure energy access for household cooking, produc-
tive engagement, and community facilities. A global sur-
vey based on the multitier approach is planned for 2015.

Other issues of measuring energy efficiency and the sus-
tainability of biomass under RE are equally pressing. En-
ergy efficiency—the relationship between energy inputs
and physical outputs—cannot be directly measured at
global level. Instead, energy intensity—the amount of GDP
produced for every unit of energy consumed—is widely
used as an imperfect proxy. Going beyond this would
require more detailed disaggregation of data to sectors,
subsectors, and individual end-use activities. That would
entail both improving the resolution of the national energy
balances that characterize where energy is consumed in
each country and obtaining complementary information
on the physical outputs associated with energy consump-
tion in each sector—for example, freight-kilometers of
transportation or square meters of office space. A recent
IEA energy-efficiency statistics manual provides a solid
methodological basis for doing so.2” But building capacity

for countries to apply this methodology and collect all the
supporting data poses a major challenge.

National and international entities already have roles in
building capacity to better track energy efficiency. National
governments are the only entities with the responsibility
and authority to collect and publicly report the statistics to
construct national energy efficiency indicators, while inter-
national and regional energy organizations are important
in developing and promulgating standardized approaches
to energy efficiency indicators. For an international initia-
tive like SE4AIl to produce a set of detailed tracking indi-
cators ultimately requires sufficient information provided
by a plurality of the most important countries and organi-
zations, and sufficient resources accompanied by a man-
date to sustain a reporting activity.

To go further, tracking requires a consensus-building pro-
cess that would make decisions—first, on which indica-
tors to pursue to secure meaningful, global tracking indi-
cators, and second, on which key sectors, segments, and
activities, as well as countries. This would include identi-
fying the keeper and reporter of global energy efficiency
indicators, specifying the range of information needed
from countries, identifying bodies that prepare and carry
out associated capacity building, and generating the tech-
nical assistance to establish and maintain surveying and
reporting capacities. This process would also identify the
necessary funding, including investment capital, and pos-
sible sources.

Switching to the sustainability of biomass, about half of
what we know as RE takes the form of traditional use,
often by households in developing countries for cooking
and heating. The volumes used this way are imperfectly
estimated at present, and little is known about whether
the associated wood and charcoal are harvested and pro-
duced sustainably.

Measuring and tracking the sustainable use of solid
biofuels—and bioenergy in general—at country level is
extremely complex for at least four reasons. First, the as-
sessment of sustainability relates to multiple dimensions
(economic, environmental and social) with their own set of
indicators. Second, the assessment of sustainability is ap-
plied at a “situation” level (zone, project, subregion), such
that several assessments are needed for national esti-
mates. Third, because measurement is data-intensive and
few data are in the form required for a comprehensive or
even pragmatic assessment, harvesting data is intensive
and expensive. And fourth, periodic tracking would require
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Box O.1 Pilot Implementation of a Multitier Framework in Kinshasa
A multitier analysis for Kinshasa demonstrated how an attribute-based multitier approach provides a deeper picture

of the state of energy access, helps conduct a gap analysis that points to the reasons for access deficiency, and
suggests possible approaches for alleviating them.

Binary or multitier measurement of access to electricity in Kinshasa

Share (%)

Multitier index of
- access to appliances

Multitier index of
- electricity access

Binary metric of
electricity access

100 §1oo §1oo

75 75 75

50 50 50 .

25 g 25 —m
No access Access O 1 2 3 4 5

90

The binary measurement indicates that 90 percent of the people in Kinshasa city have access to electricity—
implying that only an incremental access challenge remains. The multitier metric presents a very different picture.
With an energy supply index of 30 (on a scale of 0 to 100), the city’s households have poor access to electricity, de-
spite a high rate of grid connectivity (close to 87 percent). More than three-quarters of the households (79 percent)
are on tier 2 or below, and most of the remaining households are on tier 3.

The multitier framework also allows for a gap analysis that examines why households are stuck at lower levels and
the interventions that may help them. While about 10 percent of the households do not have a connection, another
21 percent join them on tier 0, despite being grid connected, because they receive less than four hours of supply
each day or less than one hour in the evening. Furthermore, 48 percent of households are held at tiers 1 and 2 be-
cause of quality of supply issues (low voltage) and less than eight hours of supply a day. Interventions can therefore
be more accurately designed to address the access deficiencies that affect each of these sets of households.

Source: Prepared by authors.

an organizational structure and data collection platform
that few countries now have.

A pragmatic approach to roughly assessing progress on
the sustainable development and use of bioenergy reg-
ularly could rely on a mix of proxy, semiquantitative, and
qualitative measurements. That mix could include esti-
mating the wood harvested in excess of the incremental

32 PROGRESS TOWARD SUSTAINABLE ENERGY 2015

growth rate at national level (or estimating the fraction of
nonrenewable biomass) with the methodology recently pro-
posed and applied by Bailis and others?; assessing and
monitoring of bioenergy sustainability at national level using
Global Bioenergy Partnership indicators; and estimating the
amount or share of land used under certification schemes.?
The adoption of any of these approaches would require
the consensus of, among others, international agencies,
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Table O.7 Challenges in measuring and tracking SE4AIl objectives and proposed actions for improving data

Energy access

Binary measurement of energy, with or
without connection, does not capture the
nuances of energy supply

A multitier metric for electricity and modern
cooking solutions was proposed in GTF 2013

to present access as a combination of seven
attributes of energy supply. Preparations are
under way to launch a global access survey that
will ramp up the ability to evaluate energy access.
New frameworks for productive uses, community
facilities, and small-lighting solutions, presented
in this GTF, will be pilot-tested to ensure the
reliability of results before global roll-out.

Energy efficiency

Energy efficiency, the relationship
between energy inputs and physical
outputs, would require a set of more-
disaggregated data across countries than
energy intensity

A consensus-building process could choose
key sectors, end-use activities, and countries

for which to develop more meaningful global
tracking indicators. It would prioritize indicators,
specify required information, and identify needed
technical assistance and financial resources.

Renewable energy

Measurement and tracking of the
sustainable use of solid biofuels is based
on the assumption that all solid biomass
consumed in developing economies is
used in a traditional way

International organizations and statistics groups,
and national governments, have initiated steps to
agree on methodologies to progressively account
for the sustainable use of solid biofuels in energy
statistics. A roadmap of actions that considers
approaches already piloted could include:

Short term: Use proxy, semiquantitative, and
qualitative measurements, including proportion
of land following established good practice
and share of land under certification schemes.
Emerging methodologies allow the fraction

of wood fuel (firewood and charcoal) used

in a nonrenewable or unsustainable way

to be quantified, based on spatially explicit
assessments.

Medium term: The assessment and monitoring of
bioenergy sustainability could be progressively
conducted at national level in high-impact
countries using Global Bioenergy Partnership
indicators, though not annually due to the
complexity and funding needs. Thus periodic
tracking would be more challenging under this
approach.

Other data and methodological
constraints

Definitions and data collection in distributed
renewable energy power generation for grid-
connected and off-grid systems need to be
improved. With regards to renewable energy
policy, it would be desirable to convert existing
targets into a common metric to allow the
estimation of an aggregate global target.

Source: Prepared by authors.
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international statistics groups, and national governments.
Table O.7 summarizes the challenges in measuring and
tracking the SE4AIl objectives and the wider agenda for im-
proving data availability and quality.

The Open Working Group on Sustainable Development
Goals of the UN General Assembly adopted a document
proposing 17 sustainable development goals (SDGs) and
169 targets (United Nations 2014).%° SDG 7 on Energy—
Ensure access to affordable, reliable, sustainable, and
modern energy for all—includes the following targets and
means of implementation (7a and 7b):

e Target 7.1 By 2030, ensure universal access to af-
fordable, reliable, and modern energy services.

* TJarget 7.2 By 2030, increase substantially the share
of renewable energy in the global energy mix.

e Target 7.3 By 2030, double the global rate of im-
provement in energy efficiency.

e TJarget 7a By 2030, enhance international coopera-
tion to facilitate access to clean energy research and
technology, including renewable energy, energy effi-
ciency and advanced and cleaner fossil-fuel technol-
ogy, and promote investment in energy infrastructure
and clean energy technology.

e TJarget 7b By 2030, expand infrastructure and up-
grade technology for supplying modern and sustain-
able energy services for all in developing countries, in
particular least developed countries and small island
developing states.

The indicators in GTF 2015 correspond closely to the tar-
gets articulated by the Open Working Group.

Notes

1. Worldwide, roughly one-third of total primary energy
supply is attributable to energy production, conver-
sion, refining, transmission, and distribution. The re-
maining two-thirds is final energy consumption in end
uses.

2. Analyzing the net increment with and without the con-
tribution of traditional solid biofuels—which include
primary solid biofuels and charcoal—is important as
they are assumed to be used in a non-sustainable way
by the residential sector in developing economies. It

34 PROGRESS TOWARD SUSTAINABLE ENERGY 2015

10.
11.

12.

13.

14.
15.
16.
17.
18.
19.

is expected that the attainment of the SE4AIl objec-
tive of universal access to modern energy will reduce
the consumption of solid biomass used for traditional
purposes and therefore make the SE4AIl objective on
renewable energy easier to achieve. Chapter 5 dis-
cusses in more detail the challenge of defining and
measuring bioenergy. Renewable energy resources
that exclude solid biofuels for traditional uses are here
referred to as modern renewable energy resources.
REmap 2030 (IRENA 2014) is an energy options
analysis that provides a roadmap toward doubling
the share of renewable energy in TFEC between 2010
and 2030.

Actual investment fell from $417 billion in 2010 to
$397 billion in 2012, largely reflecting IEA method-
ological updates in calculating energy efficiency in-
vestments. This decline in energy-efficiency invest-
ments was partly offset by an increase of $30 billion
in RE investment.

World Bank and others 2014.
http://www.worldenergyoutlook.org/publications/
weo-2014.

WEQO;, IEA 2014.

I[EA 2014.

IEA 2014.

IEA 2014.

Products are identified at the six-digit level of the Har-
monized System (HS) subheadings of the Harmo-
nized Commaodity Classification and Coding System
(UN COMTRADE database).

The product known as a photosensitive semi-
conductor device (HS Code 854140) aggregates
both photovoltaic cells (whether or not assembled in
modules or made up into panels) and LEDs.

There is growing consolidation of companies man-
ufacturing hydro turbines globally: in 2013 just five
countries accounted for 65 percent of exports of
small hydro turbines (China, Germany, Austria, the
United States, and ltaly). Very few developing coun-
tries have developed value chains for manufacturing
small turbines, and those that have generally have lit-
tle production capacity and a narrow range of capac-
ity scales. Only one LIC and two LMICs export small
hydropower turbines (India, Democratic Republic of
Congo, and Sri Lanka).

Cecelski and others 2005.

Doleac and Sanders 2012.

WHO/UNICEF 2014.

WWAP 2012.

Robbel 2011.

Hosking 2011.

GLOBAL TRACKING FRAMEWORK



20. Clancy and others 2011.

21. UN Women 2014.

22. World Bank 2012.

23. Defined as an absence of sufficient choice in access-
ing adequate, affordable, reliable, clean, high-quality,
safe, and benign energy services to support eco-
nomic and human development (Clancy and others
2003; UNIDO/UN Women 2013).

24. Detailed reviews of the energy—gender nexus may be
found in Clancy and others (2011), Kéhlin and others
(2011), and World Bank (2005).

25. Clancy 2009.

26. Produced by an Independent Expert Advisory Group
on a Data Revolution for Sustainable Development for
the UN Secretary-General; IEA 2014b.

27. Independent Expert Advisory Group 2014.

28. Bailis and others 2015.

29. Balilis and others 2015.

30. United Nations 2014b.
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Introduction

In 2011, the United Nations General Assembly set three global energy-related objectives

for 2030: ensure universal access to modern energy services, double the global rate

of improvement in energy efficiency, and double the share of renewable energy in the

global energy mix. It subsequently announced 2012 and 2014-24 as the year and decade

of Sustainable Energy for All (SE4AIl). Some 102 countries have formally opted into the

SE4AIl initiative, of which 83 are developing economies, and numerous corporations and

agencies have pledged tens of billions of dollars in support.

Sustaining the momentum to achieve these objectives re-
quires a means to chart global progress to 2030. In 2013,
the World Bank/Energy Sector Management Assistance
Program and the International Energy Agency, with 13
other agencies, launched a framework for regular global
reporting based on feasible, rigorous methodological ap-
proaches and a set of indicators that offer scope for pro-
gressive improvement.

The first edition of the SE4AIl Global Tracking Framework
report (GTF 2013) performed several tasks. It established
a consensus-based methodology and identified concrete
indicators for tracking global progress toward the three ob-
jectives. It presented a data platform drawing on national
data records of more than 180 countries that account for
more than 95 percent of the global population. And it doc-
umented changes in the indicators over 1990-2010, gen-
erating a baseline for assessing progress over 2010-30.

This second edition, GTF 2015, updates progress over
2010-12 and assesses whether it has been fast enough
to meet the 2030 objectives. It also analyzes changes by
sector, country, and technology.

GTF 2015 explores additional and complementary themes:
It provides further analysis of the investment required to at-
tain the SE4AIl objectives, examines how much countries
have accessed the technology and knowledge needed
to move toward sustainable energy for all, and identifies
the improvements needed in data collection and capac-
ity building for a more nuanced and accurate picture of
progress.

Lastly, GTF 2015 explores and introduces “nexus con-
cepts” focusing on links between energy and four prior-
ity areas: food, water, gender, and human health. While
the links between energy and these areas are generally

38 PROGRESS TOWARD SUSTAINABLE ENERGY 2015

well established, they are often presented in an isolated
fashion. The analysis describes the nature of interde-
pendencies and cross-sector dynamics, and it identifies
gaps in existing data and indicators for tracking the nexus
relations.

The nexus analysis brought in eight new international or-
ganizations to work with the partners preparing GTF 20175.
As with the first edition, this GTF has gone through inter-
national public consultation and expert peer review. This
formal process ensured a wide consensus on the content
and quality of the analysis and conclusions.

The SE4AIl GTF is one of four activities aimed at measur-
ing and tracking progress in sustainable energy under the
SE4AIl initiative (figure 1.1): Readiness for Investment in
Sustainable Energy (RISE) is an index based on a suite
of indicators that assess the existence and quality of stra-
tegic, legal, and regulatory frameworks at country level
to promote private investment in sustainable energy. The
multitier frameworks for measuring energy access pro-
pose metrics based on attributes of energy and its us-
ability across households, productive engagements, and
community facilities to measure the multifaceted nature of
energy access. And the State of the Energy Access report
on just that at country and program level, documenting
progress, best practice, and lessons learned, based on
formal development analytics and socioeconomic impact
assessments.

The four activities are interrelated and together allow a
comprehensive assessment of trends, emerging prac-
tices, and progress toward the SE4AIl objectives.

GTF 2015 is structured into two sections. The first fo-
cuses on tracking core indicators to verify progress to-
ward the SE4AIl objectives, with chapters on each of the
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Figure 1.1 How the GTF links to other SE4All initiatives

Investment climate Global and Measuring and
country-level action tracking outcomes
Market condifions Global tracking framework
Macroeconomic stability Measures and tracks progress

Private sector participation ~ —— in energy access, renewable

Private investment energy, and energy efficiency

Sustainable energy scaleup af the global and country level
Readiness for investment
in sustainable energy
Status of strafegic, legal, and Public sector Multitier frameworks for
regulatory environment to —> Planni measuring energy access
! . annin
arames vEsimen 17 Sngy 9 ) | Technology-neutral multitiered
access, energy efficiency and Strategy standards with successive
renewable energy legal frameworks thresholds fo measure access
Regulation o energy
Public investment
Financial environment Sustainable energy scale-up State of the energy access
Others such as resource 4—¥ Reports on energy access af
availability, perception of risk the country level

Table 1.1 Targets (7.1-7.3) and means of implementation (7a—7b)

m Sustainable Development Goal

71 By 2030, ensure universal access to affordable, reliable, and modern energy services.
7.2 By 2030, increase substantially the share of renewable energy in the global energy mix.
7.3 By 2030, double the global rate of improvement in energy efficiency.

By 2030, enhance international cooperation to facilitate access to clean energy research and
7a technology, including renewable energy, energy efficiency, and advanced and cleaner fossil-fuel
technology, and promote investment in energy infrastructure and clean energy technology.

By 2030, expand infrastructure and upgrade technology for supplying modern and sustainable energy
7b services for all in developing countries, in particular least developed countries and small island
developing states.

three areas: energy access, energy efficiency, and re- The three objectives are closely aligned to the energy
newable energy. The second has two chapters, one on targets proposed by the Open Working Group on Sus-
methodological improvements emerging for measuring tainable Development Goals of the United Nations Gen-
and tracking the SE4AIl indicators and one on the nexus eral Assembly in its report of November 2014." Goal
relations. Number 7, on energy, is to ensure access to affordable,
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reliable, sustainable, and modern energy for all, and has NOte
five targets and means of implementation (table 1.1).
1. United Nations. 2014. Open Working Group Proposal

The SE4All GTF consortium will continue to report prog- for Sustainable Development Goals; Open Working
ress toward the SE4AIl objectives every two years, and it is Group of the General Assembly on Sustainable De-
hoped that the work and emerging experience of the activ- velopment Goals. New York: Division for Sustainable
ity contributes to the measurement and tracking efforts of Development. https://sustainabledevelopment.un.org/
Sustainable Development Goal Number 7. content/documents/1579SDGs%20Proposal.pdf.
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Energy access

Highlights

The global electricity access deficit in 2012 was about
1.1 billion people—down from around 1.2 billion people in
2010—representing about 15 percent of the population.
About 87 percent of those lacking access lived in rural areas,
and 88 percent lived in Sub-Saharan Africa and South Asia.

During the tracking period, 2010-12:

* The global electrification rate rose from 83 percent in
2010 to 85 percent in 2012, an increase of 222 million
people. Incremental global access growth was over-
whelmingly in urban areas, with only 46 million in rural
areas, including about 36 million in South Asia, fol-
lowed at a distance by Sub-Saharan Africa and Latin
America and the Caribbean.

*  Access expansion more than kept pace with the pop-
ulation increase. Of the 222 million, 85 million people
in excess of population growth gained access.

* Annual growth in access (net of population) was
0.6 percent, much higher than growth over the base
period (1990-2010) of 0.1 percent and much closer
to the target growth rate for reaching universal ac-
cess by 2030 of 0.7 percent. Among the two high-
est access-deficit regions in 2010-12, South Asia
reported the highest rate at 1.6 percent, but Sub-
Saharan Africa only 0.03 percent.

* Nine of the 20 high-impact access-deficit countries
reported access growth that was faster than the aver-
age global rate of 0.6 percent.

About 2.9 billion did not have access to non-solid fuels
as a primary source for cooking purposes, equivalent to
41 percent of the global population, in 2012. About 84 per-
cent of them live in rural areas, and about two-thirds in
Sub-Saharan Africa and South Asia.

During the tracking period:

* The global access rate rose from 58 to 59 percent,
with an increase of 123 million people. India and
China showed the greatest absolute population in-
crease on this measure. The incremental access
growth was entirely in urban areas.
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e Global annual growth was a negative 0.1 percent, the
same rate as in the base period. East Asia reported
the highest annual growth rate, 0.4 percent.

e Only India and China among the 20 high-impact
access-deficit countries reported access growth
higher than the global rate.

Reaching universal access by 2030 will bring in about
$19 billion annually in the New Policies Scenario of the In-
ternational Energy Agency (IEA 2014a), still less than the
about $49 billion required, but higher than historical an-
nual investments of $9 billion.

The global annual investment needed for electricity access
could be between $2 billion and $55 billion depending on
the “tier” of access (section 5). Countries can reach uni-
versal access through various paths, choosing tiers based
on their political and financial realities. Therefore if coun-
tries aspire toward higher access, the investment need
could vary between tiers 1 and 5 access by multiple times.

Introduction

Access to clean, modern, sustainable energy is critical for
improving the health and livelihoods of billions of people
around the world. There is growing evidence linking socio-
economic benefits with access to a reliable and affordable
supply of electricity. For example, with adequate lighting
and a reliable supply of electricity in the evening, children
can read and do homework longer, families can listen to
the radio, watch television, or generate income. Adding
to these social benefits are health benefits: many alterna-
tive lighting sources, like kerosene lamps, emit a dull light
and are a major source of pollution, harming the health of
household members and the local environment.

Like electrification, the sustained adoption of clean and
affordable cooking solutions can improve the health and
well-being of hundreds of millions around the world. The
household air pollution emitted from such inefficient en-
ergy use is a major source of health risk and premature
mortality, particularly among women. The concentrations
of small particulate matter in solid fuel used at home can
be a multiple of ten times—if not a hundred times—higher
than the recommendations of the World Health Organiza-
tion (WHO). Such high concentrations pose major risks for
diseases like childhood pneumonia, heart disease, can-
cers, and chronic respiratory diseases among the poorest
populations, with little or no access to health care. In 2012,
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WHO estimated that over 4 million premature deaths were
attributable to the household air pollution created from a
primary reliance on solid fuels for cooking.

Primarily for these reasons, the first objective of Sustain-
able Energy for All (SE4AIl 2014) is to achieve universal
energy access to modern energy by 2030. Two tracking in-
dicators were adopted, drawing on readily available data:
“percentage of population with electricity access” and
“percentage of population with primary reliance on non-
solid fuels.” However, these binary access metrics have
shortcomings, and so the GTF Multitier Framework captur-
ing attributes of energy supply was built to address them
(chapter 5). A medium-term agenda has been drawn up
for data that have the potential to serve as a key source for
identifying factors holding back energy access.

This chapter has four more sections. Sections 2 and 3 re-
port on progress of electrification and of non-solid fuels,

mainly over the 2010-12 tracking period. Section 4 dis-
cusses the scale of challenge remaining to achieve the
SE4AIl universal access objective. Section 5 reviews the
investment requirements, unveiling a new tool, the "Ac-
cess Investment Model”, which focuses on how countries
can choose to achieve universal access through various
tiers of the GTF Multitier Framework.

Tracking electrification

The indicator to track electrification is the percentage of
population with access to electricity. This indicator is un-
derpinned by the World Bank’s (2015) Global Electrifica-
tion database,' updated to include the 2012 electrifica-
tion rates to go alongside the three data points for 1990,
2000, and 2010. The database, covering 212 countries,
measures household connections, and therefore gener-
ally relies on household surveys (demographic and health

Box 2.1. Disparities in World Bank and IEA databases on global access deficits

The difference in the global access deficit between IEA’s Energy Access Deficit and the World Bank’s Global Elec-
trification database is close to 200 million (the World Bank records the lower figure). For the majority of countries
access rates are similar, but not in a handful of large countries (box table 1).

There are pros and cons of relying on official estimates that draw on utility connections (IEA) or household surveys
(World Bank). Some utility data fail to capture highly decentralized forms of electrification in rural areas and illegal
access to electricity in urban areas, while household survey data can be plagued with sampling errors and incon-
sistencies and unreliability of responses. However, as the SE4AIll objective is to measure the population’s use of
electricity, household surveys as the primary source are preferred.

Differences in country electrification estimates, IEA and World Bank

Population National | Population National Difference
without electrifica- without electrifica- in
electricity tion rate electricity tion rate population
(millions) (%) (millions) (%) (millions)
(WEO 2014) | (WEO 2014) | (World Bank | (World Bank |(World Bank
2014) 2014) 2014)
Indonesia 60 76 10 96 DHS (2012) 50
Pakistan 56 69 11 94 DHS (2013) 45
India 304 75 263 79 NSSO (2012) 40
Nigeria 93 45 75 56 DHS (2013) 18
Philippines 29 70 12 88 DHS (2013) 17
Myanmar 36 32 25 52 Estimate 11

Source: WEO 2014 (IEA 2014a); World Bank 2014.
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surveys, censuses, living standards measurement sur-
veys, etc.). For missing data points, modeled estimates
based on a regression specification are used.? The other
comparable access database is the IEA’s Electricity Ac-
cess database.®* A number of discrepancies between the
two databases exist, underscoring the need to improve
data collection (box 2.1).

Over 1990-2012, electrification rose from 76 to 85 percent,
covering 1.9 billion people. Regionally, the most dramatic
increase was in South East Asia and South Asia. Sub-
Saharan Africa and Oceania continued lagging behind.
Electrification in rural areas rose from 61 to 72 percent,
and in urban areas from 94 to 96 percent. This absolute
expansion slightly exceeded the population increase, as
the global population grew by 1.7 billion (and the urban
population by 1.4 billion). In rural areas, the access in-
crease was 555 million versus a population increase of
308 million (figure 2.1).

During the 2010-12 tracking period, global electrification
rose from 83 to 85 percent, for an increase of 222 mil-
lion people. Incremental access growth was overwhelm-
ingly in urban areas (figure 2.2), with only 46 million in
rural areas—about 36 million in South Asia, followed far
behind by Sub-Saharan Africa and Latin America and the

Caribbean. Among countries, India was the largest con-
tributor with around 55 million gaining electrification, fol-
lowed by Nigeria with around 18 million—the two largest
access-deficit countries.

Access expansion more than kept pace with the popula-
tion increase during the tracking period. Of the 222 million
gaining access, 85 million exceeded population growth.
However, the performances of the two highest access-
deficit regions—South Asia and Sub-Saharan Africa—
were vastly different: South Asia provided electricity to
54 million people over its population increase, but Sub-
Saharan Africa barely kept pace, adding just about half
a million people over the population increase (figure 2.3).
In fact, the performance of urban and rural areas in Sub-
Saharan Africa is also a study in contrasts: in urban
areas, access growth exceeded population increase by
25 million; in rural areas, it fell short by 23 million.

India experienced the highest net increase, 43 million
people, with new access above population growth during
the tracking period. About 55 million people were electri-
fied against the growth in population of 12 million, giving
a net annual increase of 21 million. Nigeria followed with
a 3.7 million net annual increase. A group of eight coun-
tries (Argentina, Bangladesh, Brazil, China, Indonesia,

Figure 2.1. Electrification rate, 1990-2012

Population (billion)

/.5

50 —

2.5 —

Urban

Rural

Total

B Population with access in 1990
B Incremental access, 1990-2012
B Population without access in 2012

Source: \World Bank Global Electrification database 2015 (World Bank 2015).
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Figure 2.2. Global electricity access growth, 2010-12
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Source: \World Bank Global Electrification database 2015 (World Bank 2015).

Pakistan, Philippines, and Vietnam) had net annual in-
creases of more than 1 million.

The electricity access deficit in 2012 was about 1.1 billion
people—down from about 1.2 billion people in 2010—or
about 15 percent of the global population in some 200 mil-
lion households. About 87 percent of those lacking access
lived in rural areas, and 88 percent were in Sub-Saharan
Africa and South Asia. The unelectrified urban rate was
small, at 139 million people, largely in Sub-Saharan Af-
rica. Sub-Saharan Africa accounted for 55 percent of the
total access deficit, with 589 million people. The rest was
around the world, but with a sizable proportion in South-
east Asia (figure 2.4).

Among the regions, electrification in 2012 varied from
29 percent in Oceania to 35 percent in Sub-Saharan Af-
rica and to near universal access in the Caucasus and
Central Asia, East Asia, North Africa, and developed coun-
tries. Oceania may have the lowest rate, but also has only
7 million people without electricity. More urbanized and
higher-income regions typically exhibit higher rates. North
Africa, East Asia, Southeast Asia, and the Caucasus and
Central Asia are clustered, demonstrating a sharply higher
rate than other developing regions. West Asia and Latin
America are to some extent outliers that report by far the
highest income and urbanization rates (that is, growth in
urban share) among developing regions, yet have lower
electrification than East Asia and North Africa. South Asia
also stands out with electrification around double that in

Population (million)

India
Nigeria
China
Indonesia
Bangladesh
Pakistan
Mexico
Philippines
Brazil
Ethiopia

Sub-Saharan Africa and Oceania, both with comparable
incomes and urbanization rates (figure 2.5).

A group of top 20 high-impact countries, accounting for
83 percent of the global access deficit, is key to achieve-
ment of the universal access objective. India alone had
a little less than one-third of the global deficit (263 mil-
lion), followed by Nigeria and Ethiopia (figure 2.6). In this
group, 13 are in Sub-Saharan Africa. Another group of top
20 countries is those with the lowest electrification rates,
comprising about 316 million people. Nine countries, all
in Sub-Saharan Africa, overlap the two groups: Burkina
Faso, Democratic Republic of Congo, Kenya, Madagas-
car, Malawi, Mozambique, Niger, Tanzania, and Uganda.
While progress in the former group is essential in meeting
the universal access goal, a focus on the latter is essential
for human development and economic productivity.

Average electrification rates mask differences among in-
come quintiles. Among the two top 20 groups, 14 coun-
tries are examined more deeply to assess inequality in
access among the top 60 percent of the population and
the bottom 40 percent, based on data from the latest
household surveys. In most of these countries, even the
top 60 percent in urban areas do not enjoy near univer-
sal electrification—the closest is Cambodia at 86 percent
(figure 2.7). The difference in access between the richer
60 percent versus the poorer 40 percent is also stark in
many countries. In urban areas, the gap between access
of the top 60 percent and bottom 40 percent is more than
50 percentage points in Mozambique, Uganda, Rwanda,
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Figure 2.3. Electricity access and population growth, 2010-12
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Source: World Bank Global Electrification database 2015 (World Bank 2015).

and Angola. (The other extreme is Ethiopia.) In rural
areas, the inequality is less pronounced, partly because
overall access is low. Even then the gap can be very wide,
and is highest in Angola at 40 percentage points. The ac-
cess rate in the bottom 40 percent in rural areas is less
than 5 percent in 11 of the 14 countries, and the situa-
tion is similar in urban areas in South Sudan, Malawi, and
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Rwanda—the bottom 40 percent have barely any access
to electricity.

Lower electrification is associated with higher inequal-
ity. The concentration index (Cl)*—a common measure
of inequality—suggests that electrification is concen-
trated more among the rich than the poor as Cls for all
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Figure 2.4. Electricity access deficit, 2012
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Figure 2.5. Regional electrification rate in 2012, by urbanization and income
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Note: Size of bubble reflects electrification by region.

the selected counties are positive. Inequality is worst in
Rwanda, Tanzania, Malawi, and Mali (figure 2.8), where
the index is more than 0.6. Further, inequality is worse
among countries with low electrification rates, such as
Malawi, Rwanda, Tanzania, and South Sudan. The correla-
tion between the Cl and electrification is —=0.5. Inequality
is less among countries with higher electrification, like Pa-
kistan, India, and Mexico. Afghanistan and Cote d’lvoire

are exceptions with relatively low access and low Cl—they
have performed well in creating more equitable electricity
access.

Over the tracking period, annual access growth ac-
celerated to 0.6 percent from base-period growth
(1990-2010) of 0.1 percent. Growth is calculated as the
ratio between the absolute net increase (access less
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Figure 2.6. Top 20 countries: Highest electricity access deficit and lowest electrification rate, 2012
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Source: World Bank Global Electrification database 2015 (World Bank 2015).

population) and population at the end of the period
(annex 1). This way the access performance of a country
is normalized with respect to its population. Every region
improved in the tracking period from the base period.
South Asia reported the highest annual access growth
in 2010-12 at 1.6 percent, followed by West Africa with
0.9 percent over 2010-12. The largest access-deficit
region—Sub-Saharan Africa—showed a mere 0.03 per-
cent annual growth, just above the population increase,
but still better than its negative growth in the base period
(figure 2.10).

Looking ahead, progress toward the universal access
objective is closely tied to the performance of the high-
impact countries. Among the top 20 access-deficit coun-
tries, nine have been unable to keep up with population
growth; Afghanistan and Nigeria register the highest
growth rate at about 2.6 and 2.2 percent, and India regis-
ters 1.7 percent (figure 2.9). Overall, 75 developing coun-
tries achieved an annual growth rate of at least the global
growth rate of 0.6 percent during the tracking period; 79
are still below this rate, home to about 440 million people
without electricity.
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Unless all countries move according to their individual
target of universal electrification, the global access target
cannot be met. If global access expansion continues at
the same pace as in the tracking period (0.6 percent—
figure 2.11) until 2030 in developing countries, global
electrification could reach universal access by 2030.
However, some countries will need to ramp up their per-
formance sharply as universal access is a country-level
target.

Tracking non-solid fuels

The indicator to track access to modern cooking solu-
tions is the percentage of population primarily relying on
non-solid fuels for cooking. This binary indicator is under-
pinned by the WHO Household Energy database,® which
regularly reports on the percentage of the population pri-
marily relying on solid fuels for cooking (the population
without access to non-solid fuels). In 2014, WHO updated
its estimates for 191 countries using a nonparametric sta-
tistical model based on data from over 750 household sur-
veys (Bonjour et al., 2012).
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Figure 2.7. Inequality in electricity access between the top 60% and bottom 40% of the population
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But current global data collection focuses on the primary
fuel used for cooking and fails to collect data on the type
of device or technology used. A recent WHO publication®
highlights the importance of the technology, too, for public
health. Its guidelines recommend what fuels and technol-
ogy (stove, lamp, and so on) combinations in the home are
clean and discourage use of coal and kerosene (a non-
solid fuel) in the home. With the rollout of the GTF Multitier
Framework paired with the technical recommendations in

® Total average

Average of top 60%

the WHO guidelines, access to modern cooking solution
in the home will be defined as “access to clean fuels and
technologies” rather than “access to non-solid fuels.” This
shift will help ensure that health and other “nexus” benefits
(chapter 6) are better counted, and thus realized.

Over 1990-2012, the global non-solid fuel access rate
rose from 48 to 59 percent. In rural areas (where access is
lowest) it increased from 22 to 27 percent, in urban areas
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Figure 2.8. Concentration index and electrification rate
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Figure 2.9. Top 20 access-deficit countries: Electricity access deficit, 2012,
and annual growth in electricity access, 2010-12
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(million) 2010-12 (%)
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Figure 2.10. Annual growth in electricity access, base and tracking periods, by region
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Figure 2.11 Annual growth in electricity access, historical and target
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from 70 to 87 percent. The Caucasus and Central Asia,
East Asia, and South East Asia turned in impressive per-
formances (figure 2.12).

Over 2010-12, the access rate edged up from 58 percent’
to 59 percent, an increase of 123 million, including 22 mil-
lion in China, 14 million in India, and 11 million in Indone-
sia (figure 2.13). India and China—previously the two larg-
est access-deficit countries—also showed the greatest

progress in the absolute number of people gaining access
to non-solid fuels. The incremental access growth was en-
tirely in urban areas.

The natural growth in population during the tracking pe-
riod exceeded the growth in the population with access
to non-solid fuels. The global population grew by 138 mil-
lion—145 million in urban areas set against a 7 million
decrease in rural areas—outpacing the growth in energy

Figure 2.12. Regional access to non-solid fuels, 1990-2012
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Figure 2.13. Global non-solid fuels access growth, 2010-12
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access—123 million. This gap is notable in Sub-Saharan
Africa, where the population increased by 48 million but
only 9 million gained access to non-solid fuels. In all other
regions, the increase in access exceeded or matched
population growth, notably East Asia with a net gain of
about 12 million people (figure 2.14).

In 2012, about 2.9 billion lacked access to non-solid fuels
for cooking, or around 41 percent of the global popula-
tion. Some 84 percent of the population lacking access
to non-solid fuels are in rural areas. South Asia and Sub-
Saharan Africa account for around two-thirds of the pop-
ulation without access, East Asia one-fifth. The access

Figure 2.14. Non-solid fuel access and population growth, 2010-12
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rate varies considerably, from 18 percent in Sub-Saharan
Africa to 34 percent in Oceania and to near-universal ac-
cess in the West Asia and high-income countries. South
Asia—access rate 36 percent—is home to about 1.1 bil-
lion people who cook primarily with solid fuels, followed
by Sub-Saharan Africa and East Asia, which together add
another 1.4 billion (figure 2.15).

The average non-solid fuel access rate varied from
18 percent in Sub-Saharan Africa to 34 percent in Oce-
ania to near-universal access in the North Africa, Latin
America and the Caribbean, and developed countries. Of
the eight developing regions, three have an access rate
of less than 50 percent (figure 2.16). More urbanized and
higher-income regions typically exhibit higher non-solid

Figure 2.15. Global non-solid fuel access deficit, 2012
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Figure 2.16. Regional non-solid fuel access rate in 2012, by urbanization and income
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fuel access rates. North Africa, Southeast Asia, and
the Caucasus and Central Asia are clustered together,
demonstrating a sharply higher access rate than other
developing regions.

The top 20 countries with the absolute highest access
deficit account for 83 percent of the global deficit. Nine are
in Sub-Saharan Africa, four in South Asia, two from East
Asia, and four from Southeast Asia (figure 2.17).

Another group of 20 countries have the lowest non-solid
fuel access rate. Seven of them—all in Sub-Saharan
Africa—have rates of 2 percent or less; all the other coun-
tries in this group are from the region, Laos (Lao PDR)
aside. These 20 countries add up to about 357 million
people who lack access to non-solid fuels for cooking
(12 percent of the total access deficit).

A handful overlaps between these two groups: Ethiopia,
Madagascar, Mozambique, Tanzania, and Uganda. While
the former group is more important to meet the global

goal, a focus on the latter is important for human develop-
ment and economic productivity.

Differences in access rates between the richer 60 percent
of the population and the poorer 40 percent are stark in
many countries. The gap is 66 percentage points in Ne-
pal’s urban areas and more than 40 percentage points
in Cote d'lvoire, Ghana, and Cambodia (figure 2.18). In-
equality is less pronounced in rural areas, except in Nige-
ria, Nepal, and Zambia, partly because the overall national
access rates are so low. Access in the bottom 40 percent
is less than 5 percent in 13 of the 17 countries.

The gap between the rich and poor is wider in access to
non-solid fuels for cooking than electrification. All the Cls®
are greater than zero, suggesting that the richer popula-
tions are more likely to have access to non-solid cooking
fuels than poorer households, particularly in countries with
the lowest access rates, like Malawi and Tanzania. In con-
trast, countries with the highest access rate have less in-
equality in access among the income quintiles.

Figure 2.17. Top 20 countries—lowest access rate and highest access deficit, non-solid fuels
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Figure 2.18. Inequality in access to non-solid fuels between the top 60% and bottom 40% of the population
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Increasing the access rate globally will rely on progress
of the high access-deficit countries. This is evident in the
experiences of China, India, and Indonesia, which re-
port access expansion shifting millions of households to
non-solid fuel use. But even then, India and China’s an-
nual growth was only about 0.5 percent. Among the top
20 access-deficit countries, Nepal had the highest annual
growth of 3.2 percent (figure 2.19).
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® Total average

Average of top 60%

Over the tracking period, global annual growth was a
negative 0.1 percent, the same rate as in the base period
(1990-2010). (Growth is calculated the same way as for
electricity access.) Among developing countries only, an-
nual access growth in the tracking period was even worse,
at a negative 0.2 percent, the same as during the base
period. In the tracking period, East Asia reported the best
rate at 0.4 percent annually, Sub-Saharan Africa the worst
with an annual decline of 2.1 percent. South Asia may
have turned the corner (figure 2.20).
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Figure 2.19. Top 20 access-deficit countries: Non-solid fuel access deficit, 2012,
and annual growth in non-solid fuel access, 2010-12

Access deficit, 2012 Annual growth in non-solid fuel access,
(million) 2010-12 (%)
800 6
600 - 3
400 = 0
200 - -3
0 -6
P TS T E LTSS S & &
T OO ITEEFRT T ET TS E D¢
T @S T IS¢
Source: WWHO Household Energy database 2015 (WHO 2015).
Figure 2.20. Growth in non-solid fuel access: Base and tracking periods, by region
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Figure 2.21 Annual growth in access to non-solid fuels: Historical and target
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Access growth needs to accelerate to achieve the SE4AIl
goal of universal access to modern cooking by 2030. An-
nual growth needs to be 1.7 percent globally and 1.9 per-
cent among developing countries over 2010-30 to attain
the goal by 2030 (figure 2.21). This requires dramatic im-
provements in focusing policies and resources.

The scale of the challenge with
a focus on Sub-Saharan Africa

Electrification

The number of people without access to electricity is pro-
jected to decline to around 950 million people in 2030,
or 11 percent of the global population at that time in the
New Policies Scenario of the World Energy Outlook (WEO)
2014 (IEA 2014a). This scenario reflects a continuation of
current policies and cautious implementation of propos-
als, even if they are yet to be formally adopted. The cau-
tion stems from the many institutional, political, and eco-
nomic obstacles, as well as at times a lack of detail on
announced intentions and a lack of foreknowledge on how
well they are likely to be implemented.

The projections draw on the IEA’s WEO 2014 global da-
tabases on electricity access and the traditional use of
solid biomass for cooking as its baseline.® They are under-
pinned by the World Energy Model (box 2.2). But as seen
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Tracking period Target rate

(box 2.1), there are material differences in electricity esti-
mates between the IEA’s global databases and the World
Bank’'s Global Electrification database. This means that
the World Energy Model's 2012 baseline for those without
access to electricity is 1.3 billion people and that its base-
line for those without access to modern cooking facilities
is 2.7 billion.

About 1.7 billion people will gain access to electricity by
2030, but much of this gain will be offset by population
growth (figure 2.22). Those attaining electricity access will
reach a range of consumption levels by 2030—equivalent,
in turn, to a range of tiers in the GTF Multitier Framework
(chapter 5)—ranging from defined minimum consump-
tion in urban and rural areas to consumption above the
regional average at that time. The number of people with-
out electricity access will decrease in all regions by 2030
except Sub-Saharan Africa, where it will be in decline by
then, but still higher than in 2012. Given that this region
will account for around two-thirds of the global population
without access to electricity in the New Policies Scenario
by 20830, it receives close review in the rest of this section.

Around 540 million people are projected to gain access to
electricity in Africa by 2030 in the New Policies Scenario,
500 million of them in Sub-Saharan Africa. But around
635 million in Sub-Saharan Africa are projected to remain
without electricity by this date, leaving a huge gap in the
global energy system (figure 2.23) and revealing that
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Box 2.2. World Energy Model: Methodology

The projections come from the IEA’s World Energy Model, a large-scale simulation model to replicate how energy
markets function. It is data intensive, covering the whole global energy system. Much of the data on energy supply,
transformation, and demand, as well as energy prices, come from the I[EA’s own databases on energy and eco-
nomic statistics, with further data from a wide range of external sources. Updated every year and developed over
many years, the model consists of three main modules: final energy consumption (covering residential, services,
agriculture, industry, transport, and non-energy use); energy transformation including power generation and heat,
refinery and other transformation; and energy supply.

Within the World Energy Model, projections for access to electricity and to modern cooking solutions are based
on separate econometric panel models that regress the electrification rates and rates of reliance on biomass over
many variables at the regional level. Investment requirements, fuel demand, and carbon dioxide emissions are
based on the regional power generation mix for electricity access, whereas for clean cooking a set of assumptions
about clean cookstoves is used.

The panel models are run under the following economy and population assumptions: world gross domestic prod-
uct (purchasing power parity) grows by an average of 2.7 percent a year over 2012-30, with the rate of growth
slowing gradually over time as the emerging economies mature. The rate of economic growth varies by region.
The rates of population growth assumed for each region are based on United Nations projections (UNDP 2012),
and world population is projected to grow from an estimated 7.0 billion in 2012 to 8.4 billion in 2030. In line with
the long-term historical trend, population growth slows over the projection period. Almost all the increase in global
population is expected in countries outside the Organisation for Economic Co-operation and Development, mainly
in Asia and Africa.

Figure 2.22. Share of world population with and without access to electricity: New Policies Scenario
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Source: \World Energy Outlook 2014 (IEA 2014a).
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Figure 2.23. Population without access to electricity by subregion in Sub-Saharan Africa: New Policies Scenario
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Note: Subregions are derived from those used by the United Nations and existing regional power pools (bodies set up to strengthen regional power sector
infegration across Africa). For members of more than one pool, such as Tanzania, a decision has been taken fo assign if to just one subregion, driven mainly by
analytical considerations specific fo this study, and so may not be consistent with other groupings (such as Alfrica’s regional economic communities). For more
detail on the regional breakdown, see IEAs (2014b, 21) Africa Energy Outlook.

current and expected efforts still fall short of meeting uni-
versal access by 2030.

Contributory factors include the current state of electricity
infrastructure, the type and extent of expected investment
in the various parts of the power sector, and the huge
geographic size of many African countries. Demographic
trends are also important, with Sub-Saharan Africa ex-
pected to continue recording steep population growth
and, unlike many other parts of the world, an increase
in the rural population. By 2030, around 80 percent of
the Sub-Saharan population without access to electricity
will live in rural areas, where providing electricity is much
harder than in urban areas.

But the size of the challenge should not obscure the
progress being made, aided by numerous national and
multilateral initiatives. At present, population growth is out-
pacing electrification, but projections point to this trend
reversing in the mid-2020s. The pace of change is fastest
among the urban population, where the number of people
without access is cut by more than half.

Nigeria brings new electricity access to more people than
any other country in Africa, reducing the absolute number
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of those without access by around 10 percent by 2030 de-
spite massive population growth. Other parts of West Af-
rica see continued progress in raising electrification rates,
and the subregion as a whole reaches 65 percent in 2030.

The access problem is more persistent in Central Africa,
with almost two-thirds of the subregional population ex-
pected to remain without access in 2030. East Africa
achieves the fastest pace of access growth, with Ethiopia,
Kenya, and Rwanda leading the way; but a large part of
the rural population here, too, remains without access. In
South Africa, the government aims to reach 97 percent
electrification—defined as universal access—by 2025
through a mix of on- and off-grid technologies (mainly
solar home systems). This target is achieved by 2030 in
the New Policies Scenario.

The type of access provided depends on country-specific
factors, including the type of policies and financing for
access projects, the current state and coverage of trans-
mission and distribution systems, the status of plans
to extend the grid, and the capacity and financing to
realize these plans. Alongside policy-related consider-
ations, actual costs are strongly affected by population
density in the areas without access. For areas with high
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concentrations—urban areas or larger settlements—
on-grid supply is typically the most cost-effective. Indeed,
urban populations gaining access in the projections do so
entirely via the grid because of the relatively low cost of
additional connections and because the fixed costs of ex-
tending the grid are spread over a larger amount of elec-
tricity consumed (box 2.3).

Grid extensions are expected to remain largely within the do-
main of the public authorities and utilities, relying on a com-
bination of self-financing from within the power sector (if the
tariff structure allows for a degree of cross-subsidization),
government budgetary allocations, and funding from inter-
national donors. The spread of decentralized access also
involves other public entities, such as rural electrification

agencies, and a range of nongovernmental organizations
and private entities, as well as local communities.

Beyond a certain distance from the grid, the cost of extend-
ing it becomes prohibitive, tipping the balance in favor of
mini-grids or off-grid systems (figure 2.24). Higher density
settlements favor mini-grids. The main technologies are
diesel generators or RE technologies—solar photovoltaic
(PV), small hydropower, and small wind systems. The at-
tractiveness of renewable technologies is much higher
when costs are considered on a life-cycle basis, but fi-
nance must be available to meet the relatively high upfront
outlay, which—even as costs come down—remains far
above that required for a diesel generator. There are also
potential synergies between technologies: hybrid systems

Box 2.3. With or without a grid? The dynamics of expanding electricity access in Nigeria and Ethiopia™

The most cost-effective way to expand electrification varies widely between countries and within countries them-
selves in Sub-Saharan Africa. It also changes over time as incomes and consumption patterns change. A detailed
spatial analysis for Nigeria and Ethiopia illustrates how a range of factors—including population density, tariffs for
grid-based electricity, technology costs for mini-grid and off-grid systems, and the final cost of diesel at point of
consumption—affect the optimal mix of grid-connected, mini-grid, and off-grid generation options.

In Nigeria, higher population density and more widespread coverage by the transmission grid tend to favor on-grid
supply as the most cost-effective route to electricity access (box figure). In the New Policies Scenario, this is the
principal means by which the electricity rate is increased to around 70 percent by 2030. In areas where grid exten-
sions are not cost-effective, mini-grids tend to provide the preferred solution. In Ethiopia, too, a significant propor-
tion of the population lives in areas that can be best connected through the grid. But the overall population density
of Ethiopia is half that in Nigeria, meaning that mini-grid and, especially, off-grid facilities are much more prominent.

Optimal split by grid type in Nigeria and Ethiopia, based on anticipated expansion of main transmission lines

Nigeria

Ethiopia

Access type Transmission lines (=133 kilovolts) ~ Power plants
+ Ongrid « Mini-grid Offgrid ~ — Existing  -=- Planned m Operating ~ Under construction ™ Planned or
under consideration
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Figure 2.24. Indicative levelized costs of electricity for on-grid, mini-grid,
and off-grid technologies in Sub-Saharan Africa, 2012
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a. Costs of grid extension are calculated as the average cost of extending a medium-voltage grid a certain distance (1 km, say) to each community on a
levelized cost basis.

Source: Africa Energy Outlook (IEA 2014b).
Note: Costs are indicative and will vary widely by local conditions such as electricity tariffs, population density, and the delivered cost of diesel. The quality of

service for the fechnologies also varies: additional investment in batteries or back-up power may be needed to compensate for the variability of renewables or
infermittent grid supply.
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combining fossil fuel and renewable-based power genera-
tion (such as diesel and solar PV) can bring considerable
flexibility and higher reliability of supply.

Non-solid fuels

Worldwide, the number of people without modern cook-
ing solutions is projected to decline to 2.4 billion people
in 2030 in the New Policies Scenario, around 200 million
fewer than in the projections of the Global Tracking Frame-
work 2013, but still 28 percent of the global population by
then (figure 2.25). The number of people without modern
cooking facilities is still far higher than the number of peo-
ple without electricity, suggesting that a large swathe of
the population has electricity but continues to cook using
solid biomass and traditional stoves. Around 1.6 billion
people are projected to gain access to modern cooking
solutions between 2013 and 2030 in the New Policies Sce-
nario, averaging 110 million people a year.

In Sub-Saharan Africa, around 80 percent of residential
energy demand is for cooking, compared with around
5 percent in countries of the Organisation for Economic
Co-operation and Development. This is mainly due to
households prioritizing energy for cooking within very re-
strictive budgets (when paid for) and the low efficiency of
cookstoves (typically 10-15 percent efficiency for a three-
stone fire, as against 55 percent for a liquefied petroleum

gas [LPG] cookstove). Estimates of the amount of fuel-
wood consumed by households differ markedly, within
and between countries, which has a huge impact on esti-
mates of total solid biomass use (figure 2.26).

The correlation between high levels of solid biomass
use for cooking and high levels of poverty in much of
Sub-Saharan Africa can give rise to a perception that
an increase in average incomes will lead to a fall in the
traditional use of solid biomass, as use of other fuels in-
creases. However, this is not borne out by historical trends:
in Sub-Saharan Africa, outside South Africa, GDP per cap-
ita has increased by 3 percent on an annual average basis
since 1995, and population by 2.7 percent a year. But the
number of people without access to clean cooking facili-
ties has still increased by 2.4 percent a year. That is, the
population relying on traditional use of solid biomass has
tracked population growth closely, despite rising incomes.

In the New Policies Scenario, the number of people in Sub-
Saharan Africa without access to clean cooking increases
to around 760 million by 2030. With a rising population,
this means, more positively, that around 660 million people
have access to clean cooking facilities in 2030, which is
an improvement over today. Examining the trends by sub-
region, the number of people without access in East Af-
rica decreases by around 30 million by 2030 (figure 2.27).
Without the shift to more efficient use of biomass, the risks

Figure 2.25. Share of world population with and without access to modern cooking solutions: New Policies Scenario
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Figure 2.26. Fuelwood consumption per capita a day, selected African countries
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Figure 2.27. Sub-Saharan Africa: New Policies Scenario
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to an already depleting forest biomass stock would be of the deforestation in these areas (GlIZ, 2014). By con-
much higher in East Africa, especially around urban areas trast, in Central Africa, where forest biomass is more plen-
where high demand for solid biomass and lack of regula- tiful (and therefore relatively cheap), the population without
tion of the charcoal industry are blamed for 10-20 percent access increases by around one-third.
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What factors can raise access to clean cooking facili-
ties if economic development and income growth do not
automatically lower traditional use of solid biomass? In
practice, numerous considerations besides income are
in play—particularly relative prices, availability of alterna-
tives, and scarcity of forest biomass—in availability and
price of fuelwood, or the time required to collect it. In
some cases, an increase in solid biomass prices makes
alternative fuels competitive. This is particularly likely in
urban areas, where charcoal can be more costly than or
around the same cost as other cleaner alternative fuels.
In Sub-Saharan Africa, the projections reveal important
distinctions between urban and rural populations in the
type of access gained from 2013 to 2030, and between
different regions. Within urban areas, most of those gain-
ing access do so by switching to other fuels, with LPG
the best placed.!" The share of urban households outside
South Africa relying on traditional cookstoves decreases
from 65 to 35 percent over the projection period. In rural
areas, where household energy use stays dominated by
solid fuels, those gaining access do so almost entirely via
improved biomass cookstoves.

The projected level of investment in access to clean cook-
ing in Sub-Saharan Africa reaches a cumulative $4.4 billion

over the period to 2030. The main component is the cost
of improved or alternative cookstoves (table 2.1). (The
cost of infrastructure related to LPG, electricity, or natu-
ral gas distribution is not included.) Cookstoves require
replacement, but only the cost of the first stove and half
of the cost of a second stove is included in the projec-
tion, reflecting an assumed path toward such investment
becoming self-financing.” Around 40 percent of the total
is related to LPG cookstoves, 30 percent biogas digest-
ers, and 30 percent solar cookers and improved biomass
cookstoves.

Investment requirements

WEO 2014 (IEA 2014a) estimates about $19 billion of
annual investments globally to 2030 in power plants and
new transmission and distribution lines to increase elec-
tricity access in the New Policies Scenario. This is higher
than historical estimates but not yet reaching the levels
required to attain the goal. It will require greater clarity
and consultation over the pace and direction in which
the main electricity grid will be extended. For cooking,
WEOQO 2014 estimates about $0.6 billion of annual invest-
ments globally to 2030 in cleaner cooking technologies,

Table 2.1. Technology characteristics of different cooking options

Investment Efficiency (%) Daily hours Consumption
cost ($) for cooking per household
(tons of oil
equivalent per
year)
Traditional cookstoves
Charcoal 3-6 20 2-4 0.5-1.9
Fuelwood, straw 0-2 11 2-4 1.0-3.7
Alternative cookstoves
Kerosene 30 45 1-3 0.1-0.2
LPG 60 58 =3 0.08-0.15
Electricity 300 75 1224 0.07-0.13
Biogas digester 600-1,500 65
Improved cookstoves
Charcoal 14 26 .68 0.4-1.5
Fuelwood 15 25 1.9-3.8 0.5-1.6

Source: Africa Energy Outlook (IEA 2014b).
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including LPG stoves mainly in urban areas, and im-
proved biomass stoves and biogas digesters largely in
rural areas.

All previous estimates find that a significant scale-up in
investments is required from current levels and from ex-
pected levels based on current and announced policies
(table 2.2). Unsurprisingly, the large majority of these ad-
ditional investments are required in Sub-Saharan Africa
and developing Asia. For electricity, additional investments
in grid electrification are required to meet the needs of
fast-growing urban populations, although mini-grid and
off-grid solutions are expected to take up a hefty share
of investments in remote areas where extension of the
main grid would not be the most economically attractive
approach. New business models involving, for instance,
prepayment or pay-as-you-go for a certain level of service
have been used in some countries and can be commer-
cialized by the private sector. The scale of investments
required to realize universal access to modern cooking
solutions by 2030 is, in some cases, assumed to be much
smaller than for electricity, but progress is still slow, and
clean cookstoves need to be further disseminated through

different channels, such as concessional financing and
microfinance.

A non-comprehensive review of the access investment
estimates (Bazilian et al., 2014) published over the last
decade highlights that the models and assumptions
behind these calculations sometimes lack transpar-
ency, and those that are transparent reveal the following
limitations:

*  Most studies focus solely on capital costs and do not
explicitly consider recurrent costs like fuel or opera-
tion and maintenance (O&M).

* Investment needs are disaggregated by region but
not by country.

*  Some approaches lack an explicit breakdown between
generation, transmission, and distribution costs.

e Per capita demand assumptions imply that the
world’s poor will continue to live in poverty and de-
mand small amounts of electricity over 2010-30.

Table 2.2. Estimates of investment needs to reach universal access

Investment needs
estimates ($ billion/year)

Period Source

Electricity Cooking
Universal electricity access 45 2011-30 SE4All (2014) Finance Committee
Universal energy access 12-279 18-41 2010-30 Bazilian et al. (2014)
tf:g;izlnfxrgy access 65-86 2011-30 | Pachauri et al. (2013)
Universal energy access 44.5 4.5 2011-30 IEA (2012)
Universal energy access 15 71 2010-30 IIASA (2012)
Universal energy access 48 2010-30 Dobbs et al. (2011)
Universal energy access 35-40° 39-64¢ 2010-30 AGECC (2010)
Universal electricity access =505 Saghir (2010)
Universal electricity access 429 2005-30 World Bank Group (2006)

Source: Adapted from Bazilian et al. (2014).

a. Pachauri et al. {2013] calculate the incremental cost above current trends o achieve universal EA by 2030 in rural areas only; reported in 2005 dollars.

b. Based on IEA (2009).

¢. Estimates include the capacity development costs of multiple supply options in $ billions/year: improved cookstoves (11-31), biogas (30-40), and PG (7-17).
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* Most approaches do not distinguish between the
shares of grid extension, mini-grid, and off-grid sys-
tems from one region to the next and fail to isolate
the costs of various technologies from one region to
the next.

e Studies exclude the impact of geography and popu-
lation density on costs.

This report unveils a new country-level investment needs
model called the Access Investment Model (AIM), devel-
oped to provide greater clarity on the scale of the access
challenge based on the multi-tier access framework for
electricity (World Bank 2013). This model has been used
to estimate the investment required to achieve different
levels of electricity access among countries with high
access deficits. The assumptions of AIM are detailed in
annex 2.

This model draws on two previous modeling efforts. Ba-
zilian et al. (2014) present a methodology for estimating
regional electricity-access investment needs that incor-
porates capital and recurrent costs as well as transmis-
sion and distribution costs by using the total levelized
cost of each generation technology; that simulates low,
medium, and high scenarios of per capita consumption
(in efforts to move beyond household demand and per-
petual conditions of poverty, and to incorporate basic
productive activities); and that makes separate energy
mix assumptions for generating electricity in mini-grid
and off-grid settings. Similarly, in preparation for the June
2014 release of the SE4All Finance Committee Report,
in which the World Bank Group, Bank of America Mer-
rill Lynch, and the Brazilian Development Bank (BNDES)
have assessed the investment and innovative financing
required to achieve SE4All's three global energy goals,
the World Bank developed a global electricity access
investment needs model that disaggregates investment
required in each country; assumes growth in per capita
electricity demand over the model horizon; uses Bazil-
ian et al.’s formulation for generation, transmission, and
distribution, capital and recurrent costs; and specifies
the shares and costs of electrification technologies per
region.

AIM builds upon these estimates to develop a transparent
global model, based on country data, with the following
features and capabilities:

*  FElectricity access tiers. The multi-tier measurement of
EA provides the flexibility of choosing from a range

of target-setting approaches. In one such approach,
targets may be set by assigning the minimum EA
tier that must be delivered to every consumer. Such
targets will depend on the baseline situation in a se-
lected geographic area, its development status, the
most pressing needs of its population, and the bud-
get. For example, countries in which a high proportion
of the population lacks electricity in any meaningful
form might set a target of moving people from tier 0 to
tier 1 to ensure basic lighting services, whereas coun-
tries in which most people already have some form
of access to electricity could focus on moving people
into tier 4 or 5. These five access tiers are incorpo-
rated into AIM to help policy makers understand the
cost implications of providing varying degrees of ac-
cess, which will also assist countries develop national
EA targets.

Improved demand representation. Three elements of
demand are modeled: (i) as described above, there
are varying levels of access that translate into differ-
ing levels of electricity demand. The power and en-
ergy requirements of each access tier are explicitly
modeled and incorporated; (ii) research and expe-
rience shows that demand typically increases over
time due to the gains from increased productivity
afforded by EA. AIM users can specify and alter the
evolution of demand over time by defining the rate
at which households move from one tier to the next;
and (iii) industrial and commercial demand growth
is also captured as it is important to represent the
power sector transformation needed to support
basic productive uses and community services,
and a move to a more vibrant and equitable global
economy.

Improved supply cost formulation. For each of the
access tiers described above, capital and recurrent
costs for generation, transmission, and distribution
are explicitly defined (where applicable) for each re-
gion and, if possible, each country. A portfolio of sup-
ply options for each region (or country), electrification
method, and tier are specified.

Scenario and sensitivity analysis. The future is highly
unpredictable: demand may shift unexpectedly; cost
estimates may need to be improved or updated as
prices change; and each country may set sepa-
rate energy-access tier targets. AIM therefore al-
lows users to test scenarios and conduct sensitivity
analysis.

CHAPTER 2 ENERGY ACCESS 67



AIM is a transparent tool that can be used by govern-
ments and stakeholders. However, it is not meant to pro-
vide more than a first-order estimate of the magnitude
of the investment challenge and a snapshot of the pos-
sibilities for expanding access. It is available on request
so that governments can simulate scenarios that best
embody the strategy and access pathway to universal
electricity most appropriate for their social and political
aspirations. Governments are encouraged to change
and improve input parameters—demand estimates,
transmission and supply costs, population density in
regions—as well as use the output of the tool to guide
more detailed planning efforts when developing SE4AIl
Investment Prospectuses (as Rwanda, for instance, is
doing).

The case of Tanzania is used here to simulate the provi-
sion of universal access via different access scenarios.
The electricity access rate in 2010 was 16 percent, with
urban access of 46 percent and rural access of only 4 per-
cent. Five scenarios are explored to move the uncon-
nected households into access tiers.

e Scenario 1: all new access connections are tier 1
*  Scenario 2: all new access connections are tier 2
e Scenario 3: all new access connections are tier 3
e Scenario 4: all new access connections are tier 4
*  Scenario 5: all new access connections are tier 5

It is assumed that universal access is reached by 2030 via
grid, mini-grid, and off-grid (single-user) supply options
depending on the level of access provision (figure 2.28,
top panel shows rates for Scenario 3). While AIM enables
users to specify growing demand of newly connected
households, for illustrative purposes it is assumed that de-
mand remains constant over time.

Grid power supply is assumed to evolve based on the
2012 Update to Tanzania’'s Power System Master Plan
(TANESCO, 2012) (figure 2.28, bottom panel). Mini-grid
power supply is assumed to comprise solar (27 percent),
micro-hydro (37 percent), and diesel (36 percent), and the
primary sources for off-grid systems are solar PV and die-
sel generation.

Cumulative costs of electricity access provision range
from $1.5 billion to $42 billion for Tanzania, reflecting the
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tremendous difference in costs for national access tiers
and rural and urban households. The lower bound is Sce-
nario 1 and the upper bound Scenario 5, indicating in-
vestment ranging from 5 to 150 percent of 2012 GDP (in
current $)—a huge challenge for Tanzania. This equates
to average annual investment needs of $65 million to
$2.1 billion (figure 2.29). The average cost per capita each
year ranges from $2 to $215 depending on the supply
technology (table 2.3).

The SE4AIl Finance Committee (2014) estimated that the
cost of universal access provision in Tanzania is $1.2 bil-
lion a year for 2010-30. The Committee’s methodology
differs from that of AIM. For example, newly connected
urban households were assumed to demand, on aver-
age, 500 kWh a year within the first year of being con-
nected, while newly connected rural households 250
kWh a year; consumption was then projected to reach
750kWh a year. This is roughly equivalent to the provision
of tier 3 to tier 4 access for all newly connected house-
holds, estimated to require $0.5 to 1.2 billion a year using
AIM.

For a group of selected high-impact developing countries,
the aggregate annual investment needs range from $1 bil-
lion for tier 1 access to $40 billion for tier 5 access. For
these high impact countries, the five scenarios described
above are explored to move the unconnected households
into access tiers. Figure 2.30 presents an upper bound
of tier 5 access and a lower bound of tier 1 access (with
the SE4All Finance Committee estimate for comparison).
Three findings emerge.

First, the investment required varies dramatically for any
single country—by more than thirty-five times. There-
fore, given an investment budget, a country has options
from which to select the tier or tiers of access provision.
Second, Nigeria and Ethiopia, the largest access-deficit
countries in Sub-Saharan Africa, have to spend $100 mil-
lion-160 million annually to deliver even tier 1 access,
and $4-$5 billion per year to deliver Tier 5 access. Third,
SE4AIl's Finance Committee (2014) estimate is at the
higher end of the AIM estimate, falling between the invest-
ment required for Tier 4 and Tier 5 access.

The Committee estimated that the cost of universal access
provision for these select high impact countries is roughly
$25 billion USD per year for the period 2010 through 2030.
However, the underlying assumptions of the Commit-
tee analysis differ from that of this AIM assessment. For
instance, the methodology employed by the Committee
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Figure 2.28. Assumptions in Tanzania’s Access Investment Model
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assumed a different breakdown of grid, mini-grid and off-
grid supply technologies than that of AIM. Additionally,
the level of consumption of newly connected households
also differs, as demand grows from tier 3 to tier 4 in the
Committee’s assessment. The provision of tier 3 to tier 4
access for all newly connected households was estimated
to require investment between $8 and $20 billion USD per
year using AlM.
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The global investment requirements could therefore
range from $1.5 billion to $52 billion a year. This esti-
mate is arrived at by scaling up the figures for the 18
countries that make up 79 percent of the global electric-
ity access deficit. At the higher bound, this equates to
at least double the investment observed in WEO 2014 in
the New Policies Scenario. While this assessment con-
firmed that the absolute value of the range of investment
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Figure 2.29. Average annual cost of electricity access provision in Tanzanig, five scenarios, 2010-30
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Figure 2.30. Range of annual investment required for various scenarios of universal access provision
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Table 2.3. Annualized cost of electricity access provision per capita per supply

type under five scenarios: Tanzania ($ per capita a year)

Grid 14.54 31.53 54.53
Mini-grid n/a 17.38 29.33 n/a n/a
Off-grid 2.21 24.40 93.53 212.30 n/a

Source: Author's esfimates.

Note: n/a is not applicable.

required for any single country is proportional to the
number of people living without access, additional fac-
tors such as the area of the country and correspond-
ing population density, the supply technologies under

consideration, and the cost of transmission and dis-
tribution infrastructure have a tremendous impact on
the investment needed to achieve universal electricity

access.
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Annex 1. Annual growth rate of access

The annual growth rate is calculated by using the absolute The total is divided by the total years comprises in the period
net increase of population with access as a numerator with to annualize the growth. This way the growth performance of
the population at the end of the period as the denominator. a country is normalized with respect to its population.

To summarize, the formula is:

AA(y[_yt_1) _AP(yf_y[_‘]) 1
Annual growth rate of access = X x 100

Py) v, =y

MWy, -y, ) —APly,—y, ) = Netincrease in population with access
MA(y, -y, ,) = Increase in population with access between the year -1 and the year t
AP(y, -y, ,) = Increase in total population between the year -1 and the year t

P(y,) = Total population in the year t

To give a practical example:

Population with Total population AA(y,-y,,) | AP(y,-y,) Annual
access (million) (million) growth rate
(%)
Bangladesh 82.1 92.2 148.7 154.7 101 6.0 1.3
Brazil 191.0 197.7 194.9 198.7 6.6 3.7 0.7
Ethiopia 19.1 24.4 82.9 91.7 5.3 8.8 -1.9
India 918.5 973.3 1,224.6 1,236.7 54.8 121 1.7
Indonesia 226.0 237.0 239.9 246.9 11.0 7.0 0.8
Mexico 112.3 119.8 113.4 120.8 7.5 7.4 0.0
Nigeria 76.0 93.9 158.4 168.8 17.8 10.4 2.2
Pakistan 158.7 167.7 173.6 179.2 9.0 5.6 1.0
Philippines 777 84.6 93.3 96.7 6.9 3.4 1.8
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Annex 2. Assumptions and methodology of the

Access Investment Model

The Access Investment Model (AIM) calculates the invest- .
ment, operating, and fuel costs to provide enough on-grid,
mini-grid, or off-grid electricity for meeting a specified sce-

nario for electricity access (figure A2.1). Costs are calcu-

lated for five-year intervals from 2010 to 2030, the study
horizon.

Specifying the energy access scenario

AIM allows users to specify an electricity access scenario
for a single country. Four elements must be defined:

*  Split between type of access for households: For each
year (2010, 2015, 2020, 2025, and 2030), the user
specifies the fraction of the population (disaggre-
gated by urban and rural categories) with access to
on-grid, mini-grid, and off-grid supply sources.

Split between tiers for households with access: For
2010 the user specifies the fraction of connected house-
holds with tier 1, 2, 3, 4, and 5 supply. The user must
also specify the rate of progress from one tier to the next
(as a fraction of the customers in any access tier).

Split between access tiers for newly connected house-
holds: For each year (2015, 2020, 2025, and 2030),
the user specifies the fraction of newly connected
households provided with tier 1, 2, 3, 4, and 5 supply.

Industrial and commercial demand: The user speci-
fies industrial and commercial peak power demand
in up to 10 subsectors. Demand growth can be spec-
ified by entering an annual growth rate or manual
values for peak demand for each year (2010, 2015,
2020, 2025, and 2030).

Figure A2.1. Overview of access investment model

Demand

Inputs: Population, rural vs. urban split, industrial demand

On-grid/off-grid/mini-grid split
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The tool draws on the United Nations World Urbaniza-
tion Prospects' to generate population projections for
rural and urban areas within the country. The fraction of
the population with access to the grid, mini-grids, and
off-grid supply technologies in 2010 is input into AIM. For
the analysis presented here, it is also assumed that new
access provision will be achieved via these technologies
in the proportions presented in table A1.1. The evolution
of household access from 2010 to 2030 is calculated as
a simple linear progression. For example, if in 2010 ac-
cess to off-grid supply is 2 percent of the population but
by 2030 reaches 10 percent, then by 2020 off-grid access
is estimated at 6 percent of the population. See table A1.2
for the split between type of access assumed for house-
holds in Tanzania in the case of Tier 3 provision.

For the purpose of the analysis presented above, it is as-
sumed that solar is the dominant off-grid supply technol-
ogy for households given Tier 1 and Tier 2 access. Off-grid
supply is equally split between solar and diesel gensets
for Tier 3 access, while the dominant off-grid supply tech-
nology for Tier 4 access is the diesel genset. AIM users
can change these assumptions as appropriate and can
consider additional off-grid system technologies.

The fraction of connected households with tier 1, 2, 3, 4,
and 5 supply in 2010 is input into the AIM model for each
country, and users can specify the rate of progress from
one tier to the next as a percent of the customers in any
single tier. For the simplified analysis presented here, it
is assumed that demand remains constant from 2010 to
2030, and there is no shift from one tier to the next. Access
tiers are defined in table A1.3.

Finally, the split between access tiers for newly connected
households for each year (2015, 2020, 2025, and 2030)
is assumed as follows for the scenarios explored in this
Global Tracking Framework:

e Scenario 1: all new access connections are tier 1

e Scenario 2: all new access connections are tier 2

e Scenario 3: all new access connections are tier 3

e Scenario 4: all new access connections are tier 4

e Scenario 5: all new access connections are tier 5

Table A2.1. Assumed split between type of access provision per tier level for newly connected households (%)

Rural Urban
Off-grid ‘ Mini-grid ‘ Grid Off-grid ‘ Mini-grid ‘ Grid
Tier 1 100 100
Tier 2 50 50 100
Tier 3 25 50 25 100
Tier 4 20 80 100
Tier 5 100 100

Table A2.2. Example of the split between type of access for households:
the case of tier 3 provision in Tanzania case study (%)

Type

Grid 3.7 9.5 15.3 21.1 26.9 45.9 59.5 73.0 86.5 100.0

Mini-grid 0.0 12.2 24.4 36.5 48.7 0.0 0.0 0.0 0.0 0.0

Off-grid 0.0 6.1 122 18.3 24.4 0.0 0.0 0.0 0.0 0.0
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Table A2.3 Definition of household access tiers in AIM

Capacity Tier 1 Tier 2 Tier 3 Tier 4 Tier 5
Tier
Very low Low Medium High High
capacity | capacity capacity capacity capacity capacity

Minimum 5 watts 70 watts 200 watts 800 watts 2,000 watts
daily supply . } ]
capacity 20 watt-hours | 275 watt-hours | 1.0 kilowatt-hours| 3.4 kilowatt-hours| 8.2 kilowatt-hours
Supported Very low power | Low power Medium power | High power Very high power
appliances appliances appliances appliances appliances appliances
Typical supply Solar lantern Rechargeable | Medium solar Large solar Large fossil fuel-
technologies battery home system home system based generator

Solar home Fossil fuel- Fossil fuel- Central grid

system based generator | based generator

Mini-grid Mini-grid
Central grid

Industrial and commercial demand values assumed for
each country of the analysis are based on the most recent
power system development plans or publicly available
sector strategies.

On-grid demand

Within AIM, on-grid demand is composed of household
demand, and of industrial and commercial demand.
Based on the input scenario for the level of on-grid access
for urban and rural households through 2030 (above), the
peak load (W) and average daily consumption (Wh) per
household in each tier, along with an estimate of current
and future peak power demanded by up to 10 subsectors
of industry and commerce, AIM generates a projection of
country-wide peak and energy grid demand over time.

AIM also allows users to specify a typical daily demand
profile for each category of consumer. For the household
sector, different access tiers can have a different daily pro-
file (for example, households with lower-tier access levels
may have lower base-load levels of consumption, mostly
using the electricity for lighting after dark). Industrial and
commercial users are likely to have higher consumption
during normal working hours. The profile assumed for the
Tanzania case study is in figure A1.2.

These profiles are aggregated to generate a countrywide
load-duration curve, which provides an estimate of both
the peak demand (MW) and the total amount of electricity

(GWh) expected to be generated during the year, to 2030.
The user can then specify a reserve margin that provides
some additional capacity to increase reliability and secu-
rity of supply. In some cases, there may be a shortfall be-
tween supply and demand, and the user can also specify
if this is the case.

On-grid supply

The tool allows users to input the grid generation tech-
nologies to meet projected demand. More specifically,
the user enters the share of installed capacity for each
technology during each year of the study horizon (2010,
2015, 2020, 2025, and 2030). The values assumed for the
analysis in chapter 5 are based on the most recent power
system development plans or publicly available sector tar-
gets. Information on the generation technologies, along
with the load duration curve, is used to determine optimal
dispatch of installed power supply and subsequently the
costs of on-grid power generation for each five-year pe-
riod from 2010 to 2030.

The dispatch algorithm calculates how the load dura-
tion curve is to be filled using the specified generation
technologies. Some generation types such as wind and
solar have much lower firm capacity than others, so that
meeting a particular level of power demand with these
technologies would require a higher installed capac-
ity (table A1.4). For each of these technologies, the user
defines the average firm capacity at both base-load and
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Figure A2.2. Example of demand profile for different categories of user
and of load duration curve, from Tanzania case study
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peak periods. Statistically, non-dispatchable plants often
have a lower contribution to peak than to base load. Hydro
plants with reservoirs, on the other hand, may function dif-
ferently if system operators choose to dispatch them pref-
erentially during peak hours.

The dispatch algorithm subtracts the firm capacity of
non-dispatchable renewables (wind, solar, run-of-the-river
hydro, etc.) from the load duration curve. Subtracting in
this way gives a residual load duration curve that has to be
met by dispatchable (mostly thermal) plants. The tool cal-
culates a merit order dispatch such that technologies with
the lowest marginal cost are assumed to be dispatched
first, and the highest marginal cost plants are dispatched
last, so that they operate only during peak hours. This
roughly represents the lowest cost way of using a given
fleet of power generation plants.' The procedure identifies
how much electricity each technology type generates.

Capital and recurrent costs, including fuel and O&M costs,
of various generation technologies are drawn from the
World Bank/ESMAP ‘Model for Electricity Technology As-
sessment’ (META) with projections for oil prices for 2030
based on IEA World Energy Outlook 2014 scenarios. The
price of other fuels is assumed to follow the same trend as
oil. The total installed capacity (MW) and total generation
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(GWh) for each type of plant is combined with data on
capital and operating costs to calculate the total invest-
ment and running cost of electricity generation for each
five-year period to 2030.

Transmission and distribution

The methodology for calculating transmission and dis-
tribution (T&D) costs in the AIM model was designed to
allow a bottom-up analysis of T&D needs, while simplify-
ing the analysis as much as possible to enable multiple
countries to be assessed based on basic country charac-
teristics, including total land area and population density.
The methodology also accounts for increasing consump-
tion per household over time leading to higher T&D costs
to carry the additional power.

A country’s population is divided into two groups, rural
and urban. Using publicly available demographic and land
use information, the population density for each group is
determined and input into AIM. Based on the population
density and populations of urban and rural groups, the
area populated by each group is also calculated. House-
holds are assumed to be evenly spaced across this area.
This enables AIM to modify the land area under consider-
ation if there are unpopulated areas within the country.
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Table A2.4. Assumed firm capacity for renewable generation technologies in AIM (% of installed capacity)

Renewable generation type Max contribution to peak Max contribution to base load

Solar PV (micro) 0 36
Solar PV (mini) 0 36
Solar PV (middle) 0 36
Solar PV (large) 0 36
Wind onshore (micro) 5 50
Wind onshore (mini) 5 50
Wind onshore (middle) 5 50
Wind onshore (large) 5 50
Wind offshore 5 68
PV—wind hybrid (micro) 5 41
PV—-wind hybrid (mini) 0 54
Solar thermal with storage 50 50
Solar thermal without storage 0 36
Pico hydro (micro) 30 30
Pico hydro (mini) 30 30
Micro hydro 30 30
Mini hydro 45 45
Large hydro (reservoir) 70 34
Large hydro (run-of-the-river) 50 50

T&D lines are divided into six different voltages (0.24 kV,
11 kV, 33 kV, 66 kV, 110 kV and 230 kV). The lowest voltage
0.24V lines are assumed to go to every house. If we con-
sider a particular (square) distribution area that has n line
units along one side of the square, the total length of these
low-voltage lines is approximately equal to d(n? + 2n), where
d is the average distance between houses (see below).

** "7 Numberoflines along one edge (n) = 3

Total number of lines to connect all
units (n? + 2n) = 15

The total number of houses that can be supplied by the
low-voltage line is limited by the accumulated power de-
mand of houses in that area. That is determined by the
power requirement per household (as defined according
to the multi-tier access demand scenario), and the num-
ber of households in the area. Once this power threshold
is reached, either multiple lines must be installed to carry
the power, or the next voltage level of transmission must be
employed. To calculate the costs of the next level, the same

process is applied, but this time, instead of each unit repre-
senting a household, it represents a whole distribution zone
of the lower voltage level. This process is repeated for each
of the voltage categories, each time scaling up the total
area served until the whole area of the country is covered.

The maximum power-carrying capacity of a line is deter-
mined by its surge impedance load (SIL), a function of the
distance over which the power is to be carried and the volt-
age level of the line. SIL is a measure of power-carrying
capacity (measured in MW), but for short distances, power
lines can carry many multiples of the SIL value (as mea-
sured by the St Clair curve).'® These two relationships are
shown in figure A1.3, and a parameterized relationship for
each curve was derived for use in the model. These two re-
lationships, combined with the fact that the power demand
is a function of the area served (therefore increases with
the square of the line length), provides a basis for calcu-
lating the maximum line length for each voltage category.

Once the line lengths for each voltage category have been
calculated, they are multiplied by the cost per km for each
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Figure A2.3. Relationship between the maximum carrying capacity
(line length), surge impedance load, and line voltage

line loading (multiples of surge impedance load)
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Note: The curve (on the lefi) was developed by St. Clair in the early 1950s based on empirical knowledge. In 1979, Dunlop et.al. published a paper

demonstrating the physics and mathematics behind St. Clair's curve. Both were the subject of IEEE papers and are available online through either IEEExplore or

the PES digital library.

type of line to obtain total T&D costs.'® This is used to pro-
vide an estimate of the T&D cost per household. Substa-
tion costs are estimated as a percentage additional cost
on top of the line costs. Variations in T&D costs between
countries are accounted for by a “country cost premium,”
which can be calibrated against measured costs for coun-
tries where data exist, and used to extrapolate results to
other similar countries.

This simple procedure allows T&D costs to be estimated
based on a small number of inputs, namely the density of
rural and urban populations, information on power require-
ments per household (drawing on the multi-tier access
framework), and basic cost per km for different catego-
ries of T&D lines. The algorithm has advantages in terms
of being able to apply a consistent methodology across
many countries where data may be limited, but it should
be kept in mind that important aspects of real-world T&D
rollout are excluded. For example, there may be cases
where rollout of a centralized grid is impractical, and other
solutions such as mini-grids may be more appropriate.
However, the relative advantages of centralized grids and
mini-grids requires a more detailed geographic analysis
of each country. Just as well, the assumption that popu-
lations are homogeneously spread out over a given area
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is a considerable simplification. In reality, populations tend
to be more or less clustered into villages and towns, and
these population centers themselves can be clustered in
particular areas of the country. To some extent, this clus-
tering can be accounted for by focusing on the effective
land area of the country where the majority of people live
to give a more indicative figure for population density.

Mini-grid generation

Cost calculations for mini-grid generation are also driven
by the household access scenario for each five-year pe-
riod through 2030. As for the on-grid calculations, the ac-
cess scenario is specified by the breakdown of access
into the five-tier access levels, subdivided by urban and
rural populations. Technology options for mini-grid gen-
eration include solar, micro-hydro, and diesel generation.
AIM allows users to specify per year (2010, 2015, 2020,
2025, 2030) the fraction of mini-grid capacity contributed
by each of the technologies.

Based on the access scenario defined by the user, AIM
calculates the total power (W) and energy (Wh) to be
supplied by mini-grids. Using technology cost data from
ESMAP’s META model, capital and recurrent costs of
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Table A2.5. Assumed capital costs of off-grid supply options in AIM for Tanzania

Capital cost per unit in 2010 ($)

Fixed operation and maintenance ($/year)

Solar Pico-hydro Diesel Solar Pico-hydro Diesel
photovoltaic photovoltaic
Tier 1 94 n/a 75 0.1 n/a 0.2
Tier 2 700 343 100 09 2.6 3.3
Tier 3 1,680 981 100 25 7.4 9.4
Tier 4 6,720 3,925 360 9.8 29.4 37.5
Tier 5 16,800 9,812 900 24.5 73.6 93.8

Table A2.6 Average annual cost of electricity access provision for access scenarios for 2010-30 ($ billion/year)

India 9.915 0.305 1.090 1.605 4.500 8.955
Nigeria 3.090 0.155 1.075 0.920 2.575 5.370
Ethiopia 1.440 0.110 0.610 0.750 1.960 3.970
Bangladesh 2.145 0.095 0.570 0.505 1.160 2.265
Congo, Dem. Rep. 1.490 0.095 0.645 0.720 1.940 3.355
Tanzania 1.220 0.065 0.425 0.475 1.175 2.090
Kenya 0.910 0.045 0.255 0.305 0.650 1.150
Uganda 0.870 0.050 0.315 0.465 1.165 1.610
Myanmar 0.550 0.030 0.195 0.225 0.540 0.945
Mozambique 0.525 0.035 0.205 0.245 0.635 1.130
Madagascar 0.390 0.025 0.245 0.305 0.855 1.845
Afghanistan 0.730 0.030 0.170 0.200 0.560 1.130
Niger 0.468 0.020 0.220 0.335 0.770 1.275
Burkina 0.405 0.025 0.145 0.240 0.575 1.160
Malawi 0.425 0.020 0.135 0.195 0.470 0.860
Angola 0.395 0.020 0.230 0.270 0.660 1.070
Philippines 0.825 0.045 0.270 0.245 0.630 1.330
Yemen 0.540 0.015 0.170 0.200 0.535 1.010

through 2030. The access scenario is specified by the
breakdown of access into the five-tier access levels, sub-

generation are calculated. Additionally, the capital cost
of low-voltage distribution to each household is assumed

to be the same as the cost of distribution for homes con-
nected to the centralized grid.

Off-grid generation

Off-grid generation cost calculations, too, are driven by
the household access scenario for each five-year period

divided by urban and rural populations. Technology options
for off-grid generation include solar PV, pico-hydro, and die-
sel and gasoline generators. AlM allows users to specify,
per access tier, the fraction of households with off-grid elec-
tricity access that use the various supply options. Technol-
ogy cost data are taken from ESMAP’s META model, except
for solar PV where updated figures have been substituted to
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reflect recent cost reductions in this technology. Table A1.5
depicts the capital costs assumed for the Tanzania analysis.

Each access tier is defined by peak load (W) and average
daily consumption (Wh) per household. Given the number
of households in each tier, the total capacity and energy
requirements for the off-grid sector is calculated. House-
holds are assumed to meet their own consumption needs
independently of other households, and total power ca-
pacity need is simply the sum of all the individual house-
hold demands.

Given the technology mix used to meet this demand for
each five-year period, and provided cost characteristics
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for each technology type, the total capital and recurrent
costs for meeting off-grid demand are then calculated.

Summary of AIM assessment for high
access-deficit countries

Table A1.6 depicts a summary of AIM simulation output
obtained while assessing the investment required for the
electricity access scenarios in 18 high-impact countries.
These 18 countries make up 79 percent of the electricity
access deficit, and altogether require annual investment
ranging from $1 billion for tier 1 access to $40 billion for
tier 5 access.
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Notes

10.

11.

12.

13.
14.

http://databank.worldbank.org/data/views/
variableselection/selectvariables.aspx?source=
sustainable-energy-for-all.

For details on the Global Electrification database, see
World Bank (2013).
http://www.worldenergyoutlook.org/resources/
energydevelopment/energyaccessdatabase.

Cl derives from the concentration curve that plots the
cumulative proportion of the population ranked by
socioeconomic status, beginning with the least ad-
vantaged against the cumulative proportion of the vari-
able. The range is between —1 and +1. Cl is zero when
the curve coincides with the line of equality, meaning
that there is no inequality by socioeconomic status. Cl
is below zero when the curve lies above the diagonal; a
negative Cl indicates that electrification is favorable to
the poor. If the concentration curve lies above the line,
Cl is greater than zero; a positive Cl implies that electri-
fication among the rich is higher than among the poor.
http://www.who.int/indoorair/health_impacts/he
database/en.

Indoor Air Quality Guidelines: Household Fuel Com-
bustion (WHO 2014) (http://www.who.int/indoorair/
publications/household-fuel-combustion/en/).

WHO updated the model estimates in 2014, and
therefore the starting point estimates of 2010 reported
in GTF 2013 are slightly different.

A Cl above zero implies that access to non-solid fuels
is higher among the wealthier. A ClI below zero indi-
cates that such access is favorable to the poor.
http://www.worldenergyoutlook.org/resources/
energydevelopment/energyaccessdatabase.

The geographic analysis of the type of access that
contributes to increased electrification rates in Nige-
ria and Ethiopia has been developed in collaboration
with the KTH Royal Institute of Technology, division of
Energy Systems Analysis (KTH-dESA).

As the efficiency of alternative cookstoves is higher
than traditional ones—and cooking times are gener-
ally shorter—the move from traditional cookstoves
results in far lower energy consumption.

An improved biomass cookstove typically requires re-
placement every 2-4 years, stoves using LPG every
5-15 years, and those using kerosene every 4-6 years.
http://esa.un.org/unpd/wup/default.aspx.

AIM uses a simplified dispatch algorithm, excluding
some technical details from the calculations. For ex-
ample, optimizing dispatch of hydro with storage re-
quires more detailed analysis to account for seasonal

15.

16.

and multiyear variations in rainfall and storage capac-
ity. Other technical details such as maximum ramp
rates of steam-cycle plants, and potential constraints
in transmission capacity between different parts of
the country, also affect real-world decisions about
dispatch that are not reflected in the model.

It is currently assumed that the line loading as a frac-
tion of maximum SIL loading from the St Clair curve is
50 per cent above the St Clair curve value.

T&D costs may be underestimated as a result of geo-
graphical factors being excluded. For example, coun-
tries with challenging terrain are likely to face consid-
erably higher costs—where possible, these should be
incorporated into the ‘country cost premium’ factor
where it is possible to calibrate a country’s situation to
another similar country where good data exists.
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Energy efficiency

Highlights

* After a slowdown at the end of the last decade,
progress in improving energy intensity—the proxy
indicator chosen in Global Tracking Framework
(GTF) 2013 (World Bank 2013)—has resumed, but
still falls short of the rate needed to meet the Sus-
tainable Energy for All (SE4AIl) goal of 2.6 percent
ayear.

e East Asia and North America—regions with large,
energy-intensive countries that have made signifi-
cant progress—have contributed the most to avoided
energy demand.

* High-income countries have led the global acceler-
ation in improving energy intensity since 2010, with
emerging countries also contributing strongly.

e Continued dominance of coal in fossil power gen-
eration has held down progress in overall thermal
efficiency, despite wide availability of improved tech-
nologies and the spread of natural gas.

*  From 2010 to 2012, eight of the 20 largest energy-
consuming countries, including several with low
levels of primary energy intensity, experienced inten-
sity declines exceeding 2.6 percent a year.

* In industry, falling energy intensity offset the upward
effect of structural changes. Among the top 20 energy
consumers, Indonesia, the Russian Federation, the
Republic of Korea, the United States, and the United
Kingdom had the most rapid reductions in energy in-
tensity since 2000.

* Intransport, the number of upper- and middle-income
countries implementing fuel economy standards for
cars is rising, now covering the world’s largest mar-
kets, and a number of high-income countries have,
or will soon have, standards for heavy-duty vehicles.

* Building energy codes are becoming more wide-
spread, but Europe is leading the way on policies and
financial programs to improve the building stock and
to strengthen energy performance requirements for
new buildings.
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e Japan, the United States, and the European Union
(EU) lead in regulating energy-using equipment,
though many middle-income countries are adopting
minimum energy performance standards (MEPS) for
appliances as well. Reducing network standby power
use is an emerging area of best practice.

e Expanding energy efficiency finance through perfor-
mance contracting, new repayment methods, pub-
lic and private funds, and novel business models is
helping to scale up energy efficiency activities.

* Estimates of the size of the energy efficiency market
vary depending on scope and method, but were at
least on the order of $130 billion in 2012, potentially
greater than $300 billion.

* Reaching the SE4AIl goal will require approximately
quadrupling the average annual investment in energy
efficiency from now until 2030, with investment needs
in transport expected to be especially large.

This chapter begins with a summary of trends at a global
level, in sectors, among different income groups, in regions,
and in the countries that will most powerfully influence the
pace and direction of global energy efficiency. The second
section reviews important developments in efficiency policy
and delivery mechanisms, spotlighting exemplars of good
practice that have potential and that, if adopted more broadly,
would aid in accelerating uptake of more efficient technolo-
gies and practices. The chapter concludes with a discussion
of the scale of investments needed to reach the energy effi-
ciency goal—a challenge that will necessitate raising energy
efficiency investments to several times their current levels.

The first edition of the GTF examined the available meth-
ods and data for tracking energy efficiency. Owing to lim-
itations in data availability and methodological challenges,
it is not possible to represent energy efficiency as a single
number at a national or global level. Therefore, primary en-
ergy intensity was selected as the “headline” indicator for
tracking global progress toward the SE4All efficiency goal.
Energy intensity is the ratio of total primary energy supply
to the economy’s value added, measured in purchasing
power parity (PPP) for a fairer comparison across coun-
tries at different stages of economic development. It is not
identical to energy efficiency—for which there is no single
indicator—but intensity is typically used as a proxy for ef-
ficiency in macro analysis. See chapter 5 for details of the
analytic methods used for this chapter and what would be
needed to improve tracking of energy efficiency.
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Global, regional, and sectoral
trends in energy intensity

The starting point and developments to
2012

As reported in GTF 2013 (World Bank 2013), the decline
in the compound annual growth rate (CAGR) of primary
energy intensity worldwide was about 1.3 percent in the

base period (1990-2010). Based on the latest figures
from the International Energy Agency (IEA)' and the
United Nations (UN) Statistics Division,? the pace of im-
provement slowed from the first to the second decades
of the base period, from 1.5 percent to 1.2 percent a year
(figure 3.1).% However, the most recent data show that
after slowing in the second decade of the base period,
the pace of decline in energy intensity in the tracking pe-
riod (2010-12) accelerated to over 1.7 percent a year.

Figure 3.1. Rate of change in global primary energy intensity across periods and annual
growth in primary energy supply, GDP, and energy intensity in the tracking period

Share (%)
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Base period
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This is the result of gross domestic product (GDP) grow-
ing nearly twice as fast as primary energy consumption.
Thus after a period of slower progress due to the eco-
nomic crisis at the end of the last decade, real progress in
reducing energy intensity is being made, though still short
of the 2.6 percent a year gain needed over 2010-30 to
meet the SE4AIl objective of doubling the historical rate of
decline in energy intensity.

Annual variations in primary energy intensity trends can
be wide, so short-term variations should not be read as

long-term trends (figure 3.2). But performance over the
span of several years offers important information about
the overall direction of progress. After decelerating and
even reversing at the end of the last decade, the pace
of decline in energy intensity has quickened. Still, the av-
erage 2.6 percent a year global objective has been ap-
proached in only two years since 1990. Not only has the
world never experienced long-term decline in energy in-
tensity at the intended rate, it also has rarely reached the
objective in any single year, though individual countries
have occasionally done so.

Figure 3.2. Evolution of global energy intensity, annual change, and five-year moving average
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Note: PPP is purchasing power parity.

86 PROGRESS TOWARD SUSTAINABLE ENERGY 2015

5
2002 2004 2006 2008 2010 2012

GLOBAL TRACKING FRAMEWORK



Variability from transient phenomena can be screened
out by examining moving averages. Figure 3.2 displays
a five-year moving average of annual changes in energy
intensity: a medium-term variation around a strong central
trend of declining intensity that nevertheless emphasizes
that the targeted rate of decline has not been sustained.

The long-term decline in energy intensity means that the
world now consumes less energy than if energy intensity
had remained fixed. Global primary energy demand grew
by over 1.9 percent a year in the base period, but contin-
ual improvements restrained energy intensity growth. Had
energy intensity not changed, world energy consumption
in 2012 would have been 25 percent higher (figure 3.3).
The incremental change in energy intensity in the track-
ing period alone—without considering any of the intensity
improvements—avoided primary energy consumption of
20 exajoules (EJ) in 2012, or more energy than Japan used
that year. This was solid progress, but more is needed.

Sectoral shares of final energy consumption have been
very stable even as total final energy consumption (TFEC)
has grown by 41 percent since 1990 (figure 3.4). The
share of households, for instance, has dropped merely
from about 26 percent to near 24 percent, and services
have risen by half a percentage point, remaining around

8 percent. Transport grew by two percentage points to
a little over 28 percent. Although industry’s share varied
slightly over the period, it began and ended the period
virtually unchanged. Agriculture declined by about half a
percentage point.

Sectoral shares of global GDP have also shifted very lit-
tle, even though shifting between sectors is often cited
as a major driver of intensity change (figure 3.5). In 2012,
services were 54 percent of GDP, virtually the same as in
1990. Industry accounted for 32 percent in both 1990 and
2012.

Similarly, the sectoral structure of the global economy re-
mained stable even as the share in global GDP of industri-
alizing non-Organisation for Economic Co-operation and
Development (OECD) economies grew substantially, es-
pecially after 2000 (figure 3.6). In 2012, non-OECD coun-
tries accounted for 53 percent of world output, up from
39 percent in 1990. The universal decline in energy inten-
sity helps explain the stability in sectoral shares of energy
consumption.

All sectors witnessed falling energy intensity in the base
and tracking periods (figure 3.7). The pattern for industry
most closely matched the overall pattern of slower growth

Figure 3.3. Actual and avoided global primary energy consumption due to declining energy intensity
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decomposition analysis, with a base year of 1990; see chapter 5, annex 2.
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Figure 3.4. Global final energy consumption by sector and share of total
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Figure 3.5. Global GDP by sector and shares of total
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in the latter half of the base period, followed by faster in-
tensity improvement in the tracking period. Intensity im-
provement in agriculture decelerated over time, while the
services sector exhibited the opposite pattern. Residential
energy intensity improved more slowly than that of the
other sectors.
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2005 2011 2012

Services

Transport presents special challenges, as its energy in-
tensity is not well represented by the ratio of energy con-
sumption to value added. In many countries, much mo-
torized passenger transport is used by households, so a
large fraction of fuel consumption is attributed to the res-
idential sector in national energy balances rather than to
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Figure 3.6. Shares of global GDP by OECD affiliation

Share of global value added (%)
100

/5 —
50 —

25 —

0
1990 1995 2000

B OECD M NonOECD

Source: DI dafabases.

2005 2011 2012

Figure 3.7. Rate of change in global final energy intensity by sector
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Note: Energy intensity in the residential sector is calculated as energy consumption per household. Transport is shown in figure 3.8.

transport. Moreover, passenger and freight transport have
very different characteristics. To better capture actual ac-
tivity, energy consumed per passenger-km (pkm) and per
freight ton-km (tkm) is reported separately. Mode (road,
rail, air, or water) is an important influence but cannot be
disaggregated at global level.

The IEA-led Mobility Model shows that transport energy
intensity for passengers and freight transport has fallen
for most of a decade (figure 3.8). Road transport is much
more energy intensive than any other mode apart from
air (which carries a far smaller share of passengers and
freight). Since OECD countries have a higher fraction of
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Figure 3.8. Global average passenger and freight transport energy intensities
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passengers and freight carried by motor vehicles, average
energy intensity is higher than for non-OECD countries.
The vast differences between trucks and rail or waterway
shipping, and between small passenger vehicles and rail
or buses, show clearly the potential savings from mode
shifts.

Energy supply-side indicators
Provision of higher-quality energy to end users in the

form of electricity and gas is an important contributor
to development, but it has a cost in rising conversion,
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transmission, and distribution losses, even as technol-
ogies become more efficient and loss rates from energy
extraction and delivery networks continue to shrink.* Fig-
ure 3.9 shows an important element in this, that is, that
attention to reducing leaks and improving pipeline pres-
surization has led to a long-term decline in midstream gas
sector losses.

Worldwide, an ever larger share of primary fossil energy
is being converted to electricity, and fossil fuels will long
dominate the generation mix. The efficiency of fossil power
generation is thus a crucial determinant of global energy
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intensity. Technological progress has shifted the frontiers led to a rise in average efficiency associated with natural
of efficiency for all fuels, but the average in practice does gas of more than three percentage points. But this gain
not always follow them (figure 3.10). In 1990-2012, the was offset by a slight decline in the efficiency of coal-fired
widespread introduction of combined-cycle natural gas generation, due in part to rising self-use by power plants to
turbines and concurrent global expansion of natural gas meet tightening pollutant emissions standards and to the

Figure 3.9. Global losses in natural gas transmission and distribution
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Note: To compensate for inconsistencies in the underlying data, U.S. refinery losses are assumed constant at 2012 levels throughout the period.

Figure 3.10. Thermal efficiency of fossil power generation by fuel and by income group
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rapid construction of new coal-fired plants that do not use
the latest technology. And as coal has dominated overall
additions to generation capacity worldwide, average ther-
mal efficiency of fossil power generation has stagnated.

Efficiencies of fossil power generation are generally
greater in higher-income countries. In the lower middle-
income group, efficiency has been declining for the past
decade, as coal’s share in the generation mix has risen.
The wealthier countries are the largest power generators,
so the global figure reflects trends in the top two groups—
high-income and upper middle-income countries—result-
ing in the sluggish trend in thermal efficiency, again be-
cause of the rising share of the least-efficient fuel, coal.

Energy demand can be reduced by increasing the ef-
ficiency of energy conversion, distribution, and use. In
2012, global transmission and distribution (T&D) losses
of 1,880 terawatt-hours (TWh) were incurred, equivalent to
8.8 percent of worldwide generation that year. T&D losses
are affected by the efficiency of the grid and its operation,
climatic conditions, distances, density, and nontechnical
matters such as theft (often referred to as commercial
losses). T&D loss rates have gradually fallen worldwide
over the past decade, though loss rates and trends vary
greatly among countries and regions (figure 3.11). For

instance, they average less than five percent in Japan but
are more than 10 percent in Russia. In India and many
other developing countries, nontechnical losses add heav-
ily to overall T&D losses. Globally, the decline of 0.7 per-
centage points in T&D losses over 2002-12 saved about
160 TWh a year, equivalent to Poland’s electricity genera-
tion in 2013.

Global trends by income level

Upper middle-income countries are on the verge of dis-
placing high-income countries as the biggest energy con-
sumers. The share of primary energy consumed by high-
income countries is in long-term decline. At the start of
the base period they accounted for 63 percent of TPES,
but by 2012 only 50 percent (figure 3.12). In the two years
after that, the share dropped further to 48 percent. This
decline has come mainly through the growth of middle-
income countries, especially upper middle-income coun-
tries, whose share of TPES grew by 2.2 percentage points
over 2010-12, to near 34 percent.

Lower middle-income countries started in 1990 at a sim-
ilar level of energy intensity as upper middle-income
countries and made the most rapid progress through
2012 (figure 3.13). Despite solid progress, low-income

Figure 3.11. T&D loss rates in the power sector, selected countries and regions
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Figure 3.12. Primary energy supply by income level, 1990-2012
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Source: IEA and WDI dafabases.

Note: For operational and analytical purposes, economies are divided among income groups according fo 2013 gross national income (GNI) per capita,

calculated using the World Bank Atlas method. The groups are: low income, $1,045 or less; lower middle income, $1,046-$4,125; upper middle income,
$4,126-$12,745; and high income, $12,746 or more.

Figure 3.13. Primary energy intensity by income group: Rates of change and energy intensity levels
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Note: CAGR is compound annual growth rate; PPP is purchasing power parity.
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countries remain by far the most energy-intensive income
group. Particularly after 2000, upper middle-income coun-
tries saw the slowest improvement in energy intensity, in
part due to investment in energy-intensive infrastructure
and production capacity. Upper middle-income countries
aside, all income groups accelerated their rates of energy
intensity improvement over 2000-10.

After 2010, global primary energy intensity was driven
primarily by high-income countries, which saw their de-
cline move from 1.5 percent a year in the baseline pe-
riod to 2.6 percent a year in the tracking period, owing in
large part to recovery from recession (see Lower middle-
income countries started in 1990 at a similar level of
energy intensity as upper middle-income countries
and made the most rapid progress through 2012 (fig-
ure 3.13). Despite solid progress, low-income countries
remain by far the most energy-intensive income group.
Particularly after 2000, upper middle-income countries
saw the slowest improvement in energy intensity, in part
due to investment in energy-intensive infrastructure and
production capacity. Upper middle-income countries
aside, all income groups accelerated their rates of en-
ergy intensity improvement over 2000-10.). Middle-
and low-income countries, by contrast, experienced no
such shift after 2010, although in lower middle-income
and low-income countries the pace of improvement re-
mained rapid at near 2.0 percent. The striking exception
is the upper middle-income group of countries, where
the decline in CAGR for primary energy intensity re-
mained stubbornly low at around 0.5 percent a year. Due
in large part to rapid industrialization in these countries,
energy intensity remains well above the global average.

94 PROGRESS TOWARD SUSTAINABLE ENERGY 2015

Sectoral energy intensities across income groups reveal
disparate trends across different sectors, even as intensi-
ties in each sector are similar for each of the four income
groups—except in agriculture and households, where
high-income countries are notably more energy intensive
(figure 3.14). High-income countries are the only group for
which intensities in all productive sectors fell in the track-
ing period, though industrial energy intensity fell across
the board.

Trends by region

By examining regional performance in the earlier and lat-
ter parts of 1990-2012 (the base period and the tracking
period combined), one can see which regions contributed
most to global trends (figure 3.15). For instance, the rate of
decline in 2000-12 was slower than in the first decade of
the base period—a phenomenon seen only in West Asia,
North Africa, and East Asia. Elsewhere, energy intensity
declined faster or at a similar rate to the first decade of the
base period. Similarly, the resurgence in improvement in
energy intensity in 2010-12 was mirrored by the trends in
North America, the EU, Southeast Asia, West Asia (despite
overall growth in energy intensity), and Latin America and
the Caribbean. In terms of overall shares of energy con-
sumption, in the tracking period, developing regions were
ascendant. East and South Asia in particular continued to
climb, while North America and Europe contracted (figure
3.16). Other regions with mainly developing countries con-
tinued to grow in share.
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Figure 3.14. Change in final energy intensity (2010-12) and energy intensity (2012) by sector
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Note: CACR is compound annual growth rate. Owing to data limitations, fransport is not included.
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Figure 3.15. Average annual rate of improvement in primary energy intensity by region
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Figure 3.16. Total primary energy supply by region, 1990-2012
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Attributing impact:
Decomposition analysis of
global intensity trends

Results of an updated decomposition analysis confirm
that changes in energy intensity are almost entirely re-
sponsible for the global decoupling of energy consump-
tion from GDP growth; shifts in global economic structure
contributed very little (figure 3.17). The energy intensity
component fell by about one-fourth over 1990-2012. With
the exception of the global economic slowdown in the last
decade, the growth of economic activity has exerted a
consistent upward pull on energy demand. At the same
time, the economic structure index has remained almost
flat, with a very slight increase since the late 1990s. World-
wide, there has been no shift from energy-intensive activ-
ities, like mining and manufacturing, toward less energy-
intensive services activities; in fact, output from both has
grown.

The energy intensity component has provided the main
offset to rising economic output. Understanding the
sources of the intensity trend, however, requires much
more finely detailed analysis than is possible globally.
The same is true for structural changes. A later section

discusses how tracking can be improved where data are
available. On the basis of the decomposition analysis, one
can assign values of avoided energy consumption to sec-
tors and regions.

East Asia contributed more than twice as much to
avoided energy consumption in the base period as did
North America (figure 3.18). In the tracking period, East
Asia remained the largest contributor, even as North
America’s share fell. The EU contributed at a noticeable
though declining level, while Eastern Europe and South
Asia grew from virtually undetectable to small. Southeast
Asia emerged in the tracking period as a growing con-
tributor. The unsettled political situation in North Africa re-
sulted in economic difficulties even as energy consump-
tion continued rising, such that energy intensity rose and
its performance subtracted from the global total (and so
does not appear in the chart).

Upper middle-income  countries—China the prime
example—were by far the largest sources of avoided
energy consumption (figure 3.19). High-income coun-
tries contributed one-third in the tracking period, demon-
strating that large decoupling effects are not restricted
to industrializing nations. Lower middle-income countries
saw a growing but still small share in the tracking period,

Figure 3.17. Decomposition of trends in global final energy consumption:

Contributions of activity, structure, and

Trends by component (index, 1990 = 1.0)
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Source: Energy intensity decomposition analysis based on IEA, WDI, and UN databases.

Note: See annex 1 for data and methods used for this and following figures. Includes industry, agriculture, transport, and services with activity measured as

value added, and households with activity measured as household numbers.
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Figure 3.18. Avoided global final energy consumption by region and time period
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Source: Energy intensity decomposition analysis based on [EA, WDI, and UN databases.

while low-income countries did not exert an appreciable
influence.

Using the data set that includes transport, industry was the
largest contributor to reduced energy intensity in 2000-12,
closely followed by transport (figure 3.20). Worldwide,
energy efficiency in industry has improved broadly, and
many countries have adopted or strengthened fuel econ-
omy standards. The relatively small contributions from ser-
vices and households imply there is a large store of poten-
tial future energy savings in buildings.

On the link between per capita energy consumption and
energy intensity, high-income countries exhibit the most
variation in per capita energy consumption, while low-
income countries show the greatest intragroup difference
in energy intensity (figure 3.21). Low-income countries
tend to have the lowest per capita energy consumption,
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but also have the greatest country variation in energy in-
tensity, ranging from Myanmar and Bangladesh at the low
end to the resource-rich Democratic Republic of Congo
and relatively energy-poor Ethiopia at the high end.

High-income countries, by contrast, exhibit the broadest
range of per capita energy consumption by group, from
energy-intensive North America and Saudi Arabia at the
high end to ltaly and the United Kingdom at the low end,
while energy intensity is within a relatively narrow band,
low compared with other income groups. Lower middle-
income countries tend to cluster around both relatively low
per capita energy consumption and low energy intensity,
except for some former Soviet republics. Upper middle-
income countries form a group with somewhat higher
per capita energy consumption and energy intensity. The
world averages for per capita energy consumption and
energy intensity fall within this cluster of countries.
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Figure 3.19. Avoided global energy consumption by income group and time period
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Source: Energy intensity decomposition analysis based on IEA, WDI, and UN databases.

Note: Avoided energy consumption is calculated relative fo a base year of 1990. Values for low-income countries are insignificant compared with other income

groups.

Figure 3.20. Avoided global final energy consumption by sector, 2001-12
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Source: Energy intensity decomposition analysis based on IEA, WDI, and UN databases.

Note: As with figure 3.4, transport sector effects are based on global results of the IEA-ed Mobility Model. These results cannot be disaggregated by country,
region, and income group, and are only available for 2000 and later.
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Figure 3.21. Primary energy intensity versus primary energy consumption per capita, selected countries, 2012
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Performance of key countries

Achieving the global SE4AIll goal is most dependent on
the performance of the world’s largest energy-consuming
countries. Twenty countries accounted for nearly 74 per-
cent of global primary energy consumption in 2012 (fig-
ure 3.22). The top five alone accounted for over half. They
range greatly in share—from just over 21 percent for China
to just under 1 percent for Australia and Thailand—and
each faces a different set of opportunities and obstacles,
but each is important for raising the rate of improvement in
energy intensity.

Of course, energy efficiency is also important to smaller
consumers. It helps, for instance, maximize the develop-
ment impact of new electricity supplies to communities
and households, reduce energy bills and import depen-
dence, raise economic competitiveness, and limit pollut-
ant emissions. For global tracking, however, the larger
countries warrant particular attention.

China led declines in intensity over 1990-2010, followed
by the United Kingdom, India, and Nigeria, but a very
different group of leaders emerged over 2010-12 (figure
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3.23). In the latter period, eight of the top 20 energy con-
sumers, including several with relatively low absolute
levels of primary energy intensity, experienced intensity
declines exceeding 2.6 percent a year—showing that de-
coupled growth is possible for mature economies. While
high-income countries drove the global acceleration in
reducing energy intensity after 2010, several large emerg-
ing countries—notably Indonesia, South Africa, and Saudi
Arabia—also recorded high rates of improvement. Rus-
sia, the most energy-intensive of the group due in part to
its large fossil fuel production, showed only a marginal
decline in energy intensity. Intensity rose over the two-
decade base period in four rapidly emerging economies:
Brazil, Thailand, Iran, and Saudi Arabia. After 2010, how-
ever, only one of them, Brazil, saw continued rising inten-
sity, and Saudi Arabia had a major reversal, with intensity
dropping by around 3 percent a year.

Analysis of these countries using the same approach as
in figure 3.17 to figure 3.19 shows wide variation among
them in the contribution of the structural and intensity
components (figure 3.24).5 China, now the largest annual
energy consumer, saw the highest growth in its structural
component (a shift toward more energy-intensive sectors)
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Figure 3.22. Top 20 primary energy consumers, 2012
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Figure 3.23. Top 20 primary energy consumers: Primary energy intensity
improvement across periods and energy intensity at PPP in 2012
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Note: Countries ordered by compound annual growth rate (CAGR) in 2010-12.
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Figure 3.24. Decomposition of trends in total final energy consumption, top 20 primary energy consumers, 2012
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with activity measured as value added.

at an average of 1.2 percent a year. It also saw the fastest
decline in its energy intensity component, at 3.5 percent a
year, resulting in a large decoupling of energy consump-
tion from activity.

Like China, the two next largest consumers—the United
States and India—exhibited falling energy intensity
components alongside shifts in structure that tended to
pull energy consumption upward. Other countries with
declines in intensity but rising structural components
were (in energy-consuming order) Germany, the Repub-
lic of Korea, France, Indonesia, Saudi Arabia, Mexico,
Italy, Nigeria, and Australia. Some countries exhibited
declines in intensity and in structure: Russia, Japan,
Canada, the United Kingdom, and South Africa. Only
two countries—Brazil and Iran—exhibited a rise in the
energy intensity component over the period. In Brazil, a
mild downward trend in structure was a countervailing
factor, whereas in Iran structural change pushed up en-
ergy consumption.
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On avoided energy consumption based on the above de-
composition analysis, many of the largest consumers play
roles commensurate with their ranks as consumers (figure
3.25). China, the United States, and India (and to a lesser
extent Germany) contributed to global energy savings on
a large scale. Russia, given its relatively high energy inten-
sity, actually increased its energy demand. The contribution
from Japan was quite small relative to its rank as an energy
consumer, as it had slow economic growth through most
of the period and started with relatively low energy intensity.

Which countries outside the top 20 primary energy con-
sumers saw big declines in energy intensity? Figure 3.26
illustrates the 20 fastest-moving countries for reduced
primary energy intensity over 2010-12. Some are among
the high-income group of countries, showing that rapid
progress need not be confined to developing countries,
but it is hard to generalize from this group, as diverse and
often transient trends often drove energy intensity in these
countries.
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Figure 3.25. Top 20 primary energy consumers: Avoided final energy consumption, cumulative 1991-2012
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Figure 3.26. Annual change in primary energy intensity in the 20 fastest countries, 2010-12
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Exemplars: policies and
technologies

This section identifies end-use energy efficiency policy and
technology developments since the GTF 2013 edition (World
Bank 2013) in industry; transport; buildings; and appliances,
lighting, and electronic equipment. (The chapter annex con-
tains further detail on energy efficiency policy in the largest
energy-consuming countries.) Although many of the cases
come from the top 20 energy consumers, some are from
other countries, whose recent accomplishments demon-
strate approaches that could be fruitfully adopted elsewhere.

Industry

Industrial energy consumption has increased 36 percent
since 2000, to reach 143 EJ in 2011. Rising material de-
mand in non-OECD countries have largely fueled this in-
crease. Non-OECD countries use 66 percent of industrial
energy, up from 50 percent in 2000 (IEA 2014b).

Global industrial energy intensity is decreasing as energy
efficiency improves, even as some countries have seen
countervailing structural changes within the sector. China
and India have had the highest annual reductions in en-
ergy intensity since 2000.

Policies to improve energy efficiency in industry include
energy management programs; MEPS for industrial equip-
ment and systems; energy services for small and medium
enterprises such as audits, benchmarking, and informa-
tion on proven practices; and complementary policies
such as removing energy subsidies and offering financial
incentives (to buy efficient vehicles, for instance).

Several countries, including China and India, have launched
new programs since the GTF 2013 edition (World Bank
2013). Even in 2013 China, for example, mandated super-
vised implementation of energy management programs
in companies covered by the Top-10,000 (energy conser-
vation) Program (IEA 2014b). This program, introduced in
2011 and building on the Top-1,000 Program launched in
2006, covers over 15,000 enterprises (mainly industrial)
that consume more than 10,000 tons of coal equivalent per
year® as well as around 160 large transport enterprises,
public buildings, hotels, and enterprises that use more than
5,000 tons of coal equivalent a year (IEA 2014a).

In 2012, India launched a market-based Perform, Achieve

& Trade mechanism (box 3.1). Otherwise, innovations in
energy-savings technologies in energy-intensive industries
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have been slow since the GTF 2013 edition (World Bank
2013), although there have been a few notable advances.
For example, in the pulp and paper industry, the Confed-
eration of European Paper Industries (CEPI) announced
in 2013 promising laboratory-scale results of deep eutec-
tic solvents (DES), which allow production of pulp at low
temperatures and atmospheric pressure (IEA 2014b). Ap-
plying DES-based pulp making throughout the pulp and
paper sector has the potential to reduce its carbon dioxide
(CO,) emissions by 20 percent from current levels by 2050
(CEPI).

Transport

Between 2000 and 2011, energy consumption for trans-
port increased 25 percent to 102 EJ. Road transport ac-
counts for the largest share (76 EJ, 75 percent), with pas-
senger light-duty vehicles (PLDVs) consuming just over
40 percent of total transport energy demand. Road freight
accounts for nearly 30 percent of energy demand, ship-
ping and air 10 percent, and buses and trains 7 percent.

Important policy developments in recent years include
the increasing number of governments—whether OECD
members or not—adopting fuel economy standards that
set corporate average efficiency targets, which now cover
around 70 percent of global passenger vehicles on the
market (figure 3.27). Fuel economy standards are in place
for PLDVs in Canada, China, the EU, Japan, the Repub-
lic of Korea, Mexico, and the United States. And they are
under development in Brazil.

The next step is to address freight haulage. China, Japan,
and the United States have set fuel economy standards
for heavy-duty vehicles, and the EU plans to implement
such standards this year. Canada, the Republic of Korea,
and Mexico are developing proposals for heavy-duty vehi-
cle fuel economy standards.

Sales of electric vehicles are advancing in several mar-
kets thanks to new or continued rebates, tax credits, pur-
chase subsidies, or exemptions from vehicle registration
taxes and licensing fees. Sales of electric vehicles grew
50 percent from 2012 to 2013, reaching 170,000 units.
The global electric vehicle stock reached 350,000 vehicles
at the end of 2013. In the