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Summary

Energy is fundamental to modern life, but 1.3 billion people around the world
live without “access to modern electricity.” The current definition of modern
energy access—100 kilowatt-hours per person per year—is insufficient and
presents an ambition gap with profound implications for human welfare and
national economic growth. This report summarizes the energy access problem,
the substantial efforts underway to bolster power generation and access in the
poorest regions, and highlights concerns about the specific indicators being
used to measure progress. It then condenses a set of analytical and conceptual
guestions the working group grappled with, such as why and how to better
measure energy usage and the multiple options that should be considered. The
report concludes with five recommendations for the United Nations,
International Energy Agency, World Bank, national governments, major donors,
and other relevant organizations.
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Executive Summary

Energy is fundamental to modern life, but 1.3 billion people around the world live without
“access to modern electricity.” What exactly does that mean? The current commonly used
definition is a mere 100 kilowatt-hours (kWh) per person per year for urban areas — just enough
to power a single lightbulb for five hours per day and charge a mobile phone — and half as
much in rural areas. Such a low bar can have profound implications for national targets, for
international goals like Sustainable Development Goal 7, and on a wide range of critical

investment decisions with long-term effects on development.

This report summarizes the energy access problem, the implications for both for human welfare
and national economic growth, and the substantial efforts underway to bolster power generation
and access in the poorest regions. It then condenses a set of analytical and conceptual questions
the working group grappled with, such as why and how to better measure energy usage and the
multiple options that could be considered. The report concludes with five recommendations for
the United Nations, International Energy Agency, World Bank, national governments, major

donors, and other relevant organizations.

1. Maintain the existing energy access threshold but rename it, more appropriately,
the “Extreme energy poverty” line. The current 100 kWh per capita per year is a
valuable initial indicator, but is the equivalent of an extreme poverty line rather than a

measure of development success.

2. Measure and track household consumption at higher levels for “Basic energy
access” and “Modern energy access.” Thresholds should be added at 300 kWh per
capita per year to capture basic household appliances and at 1,500 kWh to capture on-

demand usage of multiple modern appliances within a household.

3. Create country categories of energy consumption to encourage ambitious national
energy targets that go beyond household consumption. We propose categorizing
countries by energy use per capita just as we do on average income per capita. The
categories could be Extreme low energy (national average of less than 300 kWh per capita
pet year), low energy (300—1,000 kWh), mziddle energy (1,000-5,000 kWh), and Aigh energy (more
than 5,000 kWh).

4. Adopt these new thresholds to inform progress-tracking and investment decisions.
These new household definitions and country categories could be used by the United
Nations, the African Union, bilateral donors, the World Bank and regional development
banks, the US government (e.g., for use in Power Africa monitoring and evaluation), and

most especially by national governments.



5. Invest in data on energy consumption, utilizing new technology to improve
collection. Additional higher-quality data would allow a better understanding of energy

use, help identify gaps, and enable better targeting of new investments.



Introduction

Access to energy is a building block of modern human progress. Energy is essential to the way

humans work, eat, travel, communicate, and strive. Energy is fundamental to modern life.

1.3 billion people around the world do not have
access to electricity.

The International Energy Agency IEA) reports that 2.6 billion people depend on traditional
biomass for cooking, while 1.3 billion people around the world remain without access to
electricity. [1] According to the World Bank, between 2010 and 2012, some 222 million people
gained access for the first time. [2] The globally agreed-upon Sustainable Development Goal
number Seven (SDG 7) is to “Ensute access to affordable, reliable, sustainable and modern

energy for all.”

But what exactly does having “access to modern energy” (or not) actually mean? The extremes of
access are casy to define. Someone living in a home with 24-hour electricity, heating and air
conditioning on demand, refrigerated food, a car, phones and computers connected to the
Internet—and working at a farm, factory, or office that has the same energy services—is a
person living with what everyone would likely recognize as modern energy access. This person
likely also has access to hospitals or clinics with 24-hour lighting, temperature control,
refrigeration, and modern electricity-powered equipment. They likely get their food from
supermarkets with refrigeration, freezers, and lighting. Their school and workplace likely have
constant lighting, temperature control, computers, telecommunications, and everything else that

defines a modern connected and productive life. This is an energy-rich person.

By contrast, someone who lives in darkness at night, cooks by wood or dung, travels solely on
foot, and has no electronic communication is a person completely lacking modern energy access.
Without access to energy-consuming technologies, their life is likely to be dominated by low-
skilled, manual labor, subsistence farming, low productivity, and few prospects for the next
generation. Their schools are lucky to have a roof, much less lights. Their local clinic probably

has no reliable refrigeration for vaccines or medicines. This is an energy-poor person.

But where is the line between these two extremes? What threshold should define “modern
energy access”’? A physical connection to an electrical grid? A solar lamp? A diesel generator? A

refrigerator? An air conditioner?



The definition of “modern energy access” is far
too low: just enough for a lightbulb and a mobile
phone.

The current commonly used definition of “modern energy access,” per the IEA, is 100 kilowatt-
hours (kWh) per person per year for urban areas and half this amount for rural areas. [3] That is
enough for a city dweller to power a single light bulb for five hours per day and charge a mobile
phone. Is that the appropriate threshold? Is this definition of modern energy access consistent
with patterns of human energy consumption? Is this arbitrary line relevant to the aspirations of
the world’s energy poor? Is this definition useful to policymakers striving to expand
electrification to underserved populations? Is a binary access estimate adequate at this level? Is

this sufficient for global goals like the United Nations SDG 7?

The purpose of the Energy Access Targets Working Group is to grapple with these questions, to
assess the current definitions, and to propose a better way forward that is more consistent with
both human aspirations and the measurements that affect critical development policy decision
making. Measuring energy access is difficult in itself. Precision is not the point. But such
definitions have real-world effects, and the current approach of a single binary estimate at a low

level of consumption could clearly be improved upon.

Notes

[1] IEA, “World Energy Outlook—Energy Access Database.”
[2] SE4ALI, “Progress Toward Sustainable Energy,” 3.

[3] OECD/IEA, “Wotld Energy Outlook—Methodology for Energy Access Analysis.”



The Scale and Implications of Energy Access Gaps

Energy poverty — a term used to describe a state of extremely low energy consumption — is
endemic in most developing countries. This lack of access to energy takes different forms at
different stages of development. In some countries, such as Liberia, electricity is a luxury for a
handful of elites with private generators; in others, such as India, urban areas are covered but
some rural populations remain unconnected to the grid. In South Africa and elsewhere, massive
deficits in generation capacity mean rolling blackouts that cripple industry and household usage
for hours at a time. But in each case, the lack of access to modern energy is both a symptom and

a cause of underdevelopment.

The best available estimates of the scale of energy poverty are staggering: the IEA estimates that
nearly 1.3 billion people globally lack access to electricity, and about half of these people live in
sub-Saharan Africa. [1] While South Asia has far to go in reaching the “last mile” of its rural
citizens, sub-Saharan Africa is both broadly and deeply energy poor: only 32 percent of the total
population has “modern energy access” using even the minimal IEA definition. Even in urban
areas, access averages only 59 percent. [2] While rates vary between and within countries, in at
least 37 sub-Saharan countries, less than half the population has access to electricity. In extremely
poor and postcontlict countries — such as Liberia, South Sudan, and Sierra Leone — rates are

less than 5 percent (see figure 1).

Figure 1

Rates of electrification in sub-Saharan Africa are low

Thirty-two percent of the population has “modern energy access” using even the minimal
IEA definition.
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Source: OECD/IEA, “World Energy Outlook—Methodology for Energy Access Analysis” (2014).



For those whose homes or businesses are connected to an electrical grid, the actual flow of
electricity is often sporadic and power outages frequent. Because of outdated and insufficient
infrastructure, many countries do not generate enough electricity to meet growing demand,
leaving actual consumption at extremely low levels. In the United States, annual per capita
electricity consumption is 13,200 kWh. By contrast, the rate in India is 684 kWh and in Ethiopia,
only 52 kWh. [3]

Human and Developmental Implications of Energy
Access Shortages

The harm to people of living without electricity is very real. A major study on global disease
burden in the Lancet estimated that indoor air pollution from biomass contributed to 3.5 million
premature deaths per year. [4] In other words, cooking with wood or charcoal is killing more
people worldwide than AIDS and malaria combined. Furthermore, some 60 percent of
refrigerators used in health clinics have unreliable electricity, compromising the effectiveness of

vaccines and pharmaceuticals used to fight these and other diseases. [5]

Living without power also affects education and human capital. Only 35 percent of primary
schools in sub-Saharan Africa and 48 percent of primary schools in South Asia have electricity.
[6] Not only does this preclude them from using modern learning tools like computers, it makes
it difficult to provide adequate lighting, cooling or heating, or efficient meal programs to create a
conducive learning environment. After school ends, students without electricity at home cannot

study at night, decreasing learning hours and outcomes even further. [7] , [8]

Women and girls bear the brunt of the added
time and labor costs of living without electricity.

In households lacking electricity, women and girls tend to bear the brunt of the added time and
labor costs, from collecting firewood to processing agricultural products. The efficiency gains
from electricity access would allow girls more time for education and women to participate in the
labor force at higher rates, earning more income and gaining a more empowered position within
the household and society. An analysis of women in rural Brazil, for example, found that those
with household access to electricity were 10 percent more likely to be employed than those
without, and those with advanced energy appliances such as a washing machine were 6 percent

more likely to be employed. [9] , [10]

On a macroeconomic level, energy shortages are a massive drag on economic growth and job
creation. While recent growth rates of African economies have been impressive, the African
Development Bank (AfDB) estimates that the economic cost of power outages across the region

can amount to more than 2 percent of gross domestic product (GDP) per year. [11] Similarly,



Wortld Bank Group Enterprise Surveys have consistently pointed to the lack of reliable,
affordable electricity as a top constraint on business expansion. [12] For instance, 76 percent of
firms in Nigeria cite lack of electricity as the biggest constraint on their operations. This is not
surprising since they lose 9 percent of annual sales owing to electricity outages, which occur on

average 302 out of 365 days per year. [13]

This story of energy poverty should be a familiar one to many countries. As recently as 1930,
only 1 in 10 rural Americans had access to electricity. In subsequent years, rapidly increasing
power generation and electrical grid coverage across the country became a major pillar of the
American battle against domestic poverty and a foundation for decades of economic growth and
wealth creation. Today, energy access is universal in the United States. Reliable and affordable
electricity is considered a basic necessity of life — an indispensable input to almost every aspect
of modern living. This holds true for countries as diverse as Canada, Spain, Singapore, France,
Australia, UAE, Chile, and South Korea.

Figure 2

Electricity consumption in Kenya and Nigeria lags far
behind Thailand and Vietnam
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Many later-industrializing nations have likewise completed successful electrification campaigns.
China extended access to more than 650 million people in only 20 years, in the process achieving
a rural access rate of 97 percent. [14] Brazil went from approximately 45 percent to neatly 100
percent access in the last four decades. [15] In Vietnam, just 1.2 million people had access to
electricity in 1976, but by 2009, 82 million Vietnamese were connected to the grid (see figure 2).
[16] That same transformation is possible today in large parts of the developing world. But it will
require concentrated and sustained focus from governments, the private sector, and global

supporters to create the governance environment and to make sufficient investments to close the

gaps.

Notes

[1] IEA. “Energy Access Database.”
2] Thid.
[3] World Bank, “World Development Indicators.”

[4] Lim et al., “A Comparative Risk Assessment of Burden of Disease and Injury Attributable to 67 Risk Factors and Risk Factor
Clusters in 21 Regions, 1990-2010.”

[5] Gavi, the Vaccine Alliance, “National Ownership of Innovative Supply Chain Technologies.”
[6] Corbyn et al., Poor People’s Energy Outlook, 17.

[7] Millinger, Marlind, and Ahlgren, “Evaluation of Indian Rural Solar Electtification.”

[8] ESMAP, “Rural Electrification and Development in the Philippines.”

[9] O’Dell, Peters, and Wharton, “Women, Energy, and Economic Empowerment.”

[10] Dinkelman, “The Effects of Rural Electrification on Employment.”

[11] African Development Bank Group. “Africa’s Chronic Power Problems Have Escalated into a Crisis Affecting 30 Countries.”
[12] Ramachandran, Gelb, and Shah, Africa’s Private Sector.

[13] World Bank Group, “Enterprise Surveys: Infrastructure.”

[14] Peng and Pan, “Rural Electrification in China,” 72.

[15] Bazilian and Pielke Jr, “Making Energy Access Meaningful,” 77.

[16] Wortld Bank, ”One Goal, Two Paths,” sec. A.1.7.



Efforts Under Way

Most important of all, the goal of achieving universal energy access has gained a strong foothold
within the domestic agendas of many developing country governments. India’s 12th Five Year
Plan projects an additional 80,000 megawatts in generation capacity by 2017. [1] In Kenya’s
national energy policy, the government has set a goal of achieving 100 percent rural access by
2020 from a 6.7 percent baseline. [2],[3] The Private Sector Power Generation Project, a Kenyan
government package of incentives begun in 2010, has already attracted a substantial financing

package from the World Bank Group and private investors.

Governments, business leaders, and citizens
agree: energy access is central to health,
education, and jobs.

Fortunately, aggressive internal efforts such as these have encouraged stronger alighment among
current global economic and political agendas to fight energy poverty. [4] The invigorated focus
on energy on the development agenda is a positive step reflecting what governments, business
leaders, and citizens across the developing world agree on: increasing access to energy is a top

priority and central to solving other challenges in health, education, and job creation.

The first set of UN Millennium Development Goals (MDGs) acknowledged energy’s role in
development but left energy access as an implicit step toward reaching other targets. Modi et al.
(2005) quantified the explicit linkages between energy services and each of the human MDGs —
from poverty and gender educational disparity to health service deficits. [5] Increasingly, such
arguments have brought attention to the investments needed to accelerate the closing of the
yawning gap in energy consumption. The United Nations SDGs have proclaimed that “a new
agenda will need to set out the core elements of sustainable lifestyles that can work for all.” [6]
SDG 7 is meant to “ensure access to affordable, reliable, sustainable, and modern energy for
all.” [7] SDG Target 7.1 is slightly more precise: “By 2030, ensure universal access to affordable,

reliable and modern energy services.”

Other multilateral agendas have also increased their focus on energy. The World Bank and
United Nations have launched a Sustainable Energy for All (SE4All) initiative, which aims to
bring universal access by 2030. The World Bank within its own lending portfolio has been
investing heavily in energy projects and infrastructure more broadly, as have all the multilateral
development banks (MDBs) (see figure 3). At the AfDB, for example, the regional bank most
engaged on energy poverty’s front lines, power is a top priority and was the largest sector by
approval amount in 2014. [8] The high demand for this kind of investment is also reflected in the
emergence of the Asian Infrastructure Investment Bank (AIIB), a China-led institution that has
attracted global membership and significant capital to fill the infrastructure gap, including for

energy generation and electrification, in Asia. Other regionally focused bodies have also taken



action, such as New Partnership for Africa’s Development (NEPAD), the African Union’s
technical body, which launched the Africa Power Vision to “accelerate the implementation of

critical energy projects” across Aftica. [9]

Figure 3

Multilateral development banks are investing heavily in
energy projects
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Specific government support for energy projects has also grown. For example, in June 2013, US
President Barack Obama launched Power Africa, the signature initiative of his administration in
the region. The multiagency US government effort was further expanded in 2014 with the goal
of boosting generation by 30 gigawatts and providing first-time access to 60 million homes or
businesses through a mix of public- and private-sector tools. These highly ambitious goals
translate into covering some 300 million Africans, or roughly half of those currently living
without electricity. Initial public resource commitments total $7.3 billion — principally from the
US Export—Import Bank and the Overseas Private Investment Corporation (OPIC), plus some
US Agency for International Development (USAID) technical assistance — as well as $20 billion
in private capital pledges from power development companies and investors. The initiative has
also leveraged additional interest and investment from other multilateral and bilateral actors, such
as $5 billion from the World Bank and $1 billion from Sweden. [10] Other governments have
similarly boosted their efforts on power, including new investments in the sector in sub-Saharan
Africa by China, Turkey, the United Kingdom, France, the European Union, and Japan, among

others.
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Notes

[1] Government of India Planning Commission, Tuwelfth Five Year Plan (2012—2017), 136.
[2] Republic of Kenya Ministry of Energy and Petroleum, “Draft National Energy Policy,” 87.
[3] World Bank, “World Development Indicators.”

[4] In the past year, bilateral programs such as the UK’s Energy Africa campaign and France’s Energie Pour ’Afrique have been
launched to mobilize investment to achieve sustainable and modern energy access in Africa. These campaigns have complemented
similar multilateral initiatives like the United Nations’ Sustainable Energy for All (SE4All) and the African Development Bank’s New
Deal on Energy for Africa.

[5] Modi et al., “Energy Services for the Millennium Development Goals.”

[6] “A New Global Partnership: Eradicate Poverty and Transform Economies through Sustainable Development.”
[7] United Nations, “Open Working Group Proposal for Sustainable Development Goals.”

[8] African Development Bank Group, “Annual Report 2014,” xii.

[9] NEPAD, “Africa Power Vision Launch in Addis Ababa and Washington, D.C.”

[10] The White House, “FACT SHEET: Powering Africa.”
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Shortcomings of Current Data and Targets

The growing attention to energy access as a development priority has been built largely on a
single statistic: the proportion of the population with access to electricity. Understanding the
scope of the access gap is motivating for policymakers and useful for practitioners in targeting
their efforts. However, the data behind energy-access statistics, reported by the IEA, are limited
and potentially misleading. The IEA’s compilation of sources includes the USAID-supported
Demographic and Health Surveys (DHS), the World Bank’s Living Standards Measurement
Surveys (LSMS), national statistics agencies, and other sources in a “network of contacts” at
various international agencies. [1] When using such a variety of sources, the definition of access
is inherently muddled, absent a clear and universal standard that is comparable across countries.
When policymakers and researchers (including ourselves) cite the statistic that 32 percent of sub-
Saharan Africa has access to electricity, it remains unclear what kind of access those 32 percent
really have. Is access based on self-reporting or a physical power-line connection? Or does it
matter how much (if any) electricity flows through that connection? Does owning a generator

count as access? [2]

Thirty-two percent of sub-Saharan Africans have
access to electricity, but it's unclear what kind of
access people really have.

There are also shortcomings with World Bank consumption data. Measuring consumption of
electricity and other energy sources is another — and arguably superior — option for exploring
the scope of energy poverty. Electricity use per capita as reported by the World Bank covers
more countries than the IEA’s access statistics. These data also provide a more useful
comparison with energy-rich or developed countries since the 100 percent upper bound
(inherent in binary access) severely limits disaggregated analysis. However, the current World
Bank data on per capita consumption are not as relevant to individuals or households as they
might initially appear. The World Bank explains that it measures electricity consumption per
capita by measuring a country’s total power generation, minus estimates of distribution losses,
divided by population. This methodology is problematic because, first, it includes significant
nonhousehold uses of energy, such as consumption by commercial enterprises. Although
commercial uses of electricity are highly valuable, their inclusion masks the picture of individual
access. Using a global average, houscholds use just 30 percent of national electricity generation.
[3] Second, national per capita averages obscure the inequality in distribution of access and
consumption. [4] In Liberia, for example, average consumption is very low: 79 kWh per person
per year. But even this number fails to illustrate the fact that the majority of consumption is
driven by a handful of elites with private generators, while the remaining population essentially
consumes zero electricity. In Monrovia, less than 1 percent of the population has access to public

utility electricity, while public electricity utilities are wholly unavailable outside of the capital. [5]
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Neither of these indicators effectively addresses the undetlying purpose of electricity, which is to
enable the use of energy services — lighting, cooking, refrigeration, heating and cooling, and
communicating — that improve quality of life and serve productive economic purposes. Nor do
these indicators incorporate the delineation between access to electricity and access to enetrgy
more broadly, which would also include fuel sources like kerosene or natural gas, which are often
more cost-efficient for cooking or heating, or gasoline or diesel for transportation. For the

purposes of this report, we focus primarily on electricity.

Realizing these limitations, new efforts have sought to create a better measurement tool for
energy access. The SE4All Global Tracking Framework, managed by the World Bank’s Energy
Sector Management Assistance Program (ESMAP), introduced a multitier framework to measure
energy access in 2013. Their five-tier system is based on energy services — not only binary access
or average electricity consumption — with each tier allowing for operation of increasingly
energy-intensive appliances (see figure 4). Pilot surveys in the Democratic Republic of the
Congo, Uganda, and India using the multitier framework have revealed vast discrepancies
between binary reporting of access and real access on the ground. [6] Thanks to the World
Bank’s prominent role in providing global public data, this measurement system will likely prove
to be a strong analytical tool. But if it is to become a tractable global access target, the World
Bank’s energy-access levels need to be translated into simpler terms that governments and
citizens can easily grasp (e.g., “Universal energy access” is more saleable than “Move from

ESMAP Tier 3 to ESMAP Tier 57).
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Figure 4

Multitier Matrix for Access to Household Electricity Supply
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Even with a clear target, the multi-tier framework is only part of the solution for mitigating the
data gap in energy access. SE4All plans to expand the surveying exercise to additional countries
and has proposed incorporating select questions into broader representative household surveys
such as the DHS. However, adding a full module of the framework in enough countries to match
the coverage of IEA access indicators would be prohibitively costly and take years to generate
enough data from which to draw global conclusions. New technologies, such as remote sensing
of electric utilities or mobile phone surveys, offer potential cost- and time-saving alternatives for
gaining a more nuanced understanding of household electricity access. Similatly, researchers have
proposed the new Multidimensional Energy Poverty Index (MEPI) as a way to capture
deprivation of access to energy services. [7] But regardless of the measurement tool, establishing

a relevant standard definition and threshold for modern energy access is an essential first step.



Notes

[1] IEA, “World Energy Outlook: Energy Access Database.”

[2] The IEA itself is unclear on what it is reporting. The methodology annex reports, “Access to electricity involves more than a first
supply to the household; our definition of access also involves consumption of a specified minimum level of electricity, varying based
on whether the household is in a rural or an urban area, which increases over time. The initial threshold level of electricity
consumption for a rural household is assumed to be 250 kilowatt-hours (kWh) per year and for an urban household it is 500 kWh per
year. The higher consumption assumed in urban areas reflects specific urban consumption patterns. Both are calculated based on an
assumption of five people per household.... Our definition is intended to be supportive of the objective to conduct forward-looking
projections, but data availability means that it is not viable to apply it to our estimates of the number of people that do not currently
have access to modern energy services. This definition cannot be applied to the measurement of actual data simply because the level
of data required does not exist in a large number of cases. As a result, our energy access databases focus on a simpler binary measure
of those that do not have access to electricity and those that rely on the traditional use of solid biomass for cooking. This is
disaggregated (cither with data or estimation) between those in urban and rural areas within a given country. This level of reporting is
far from optimal but is driven by severe data limitations.” See “World Energy Outlook — Methodology for Energy Access Analysis”

at http://www.wotldenergyoutlook.org/media/weowebsite/ EnergyAccess_Methodology_2014.pdf .

[3] Author calculations using US Energy Information Administration (EIA) and UN Statistics Division data for a sample of 31

countries, which includes all countries with available data since 2011. See Appendix Table 3.

[4] A potential third shortcoming is that average consumption tells us little about availability or duration.
[5] World Bank, “Options for the Development of Liberia’s Energy Sector,” 7.

[6] World Bank and International Energy Agency, “Progress Toward Sustainable Energy 2015, 179.

[7] Nussbaumer, Bazilian, and Modi, “Measuring Energy Poverty.”
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Analysis and Deliberations of the Working Group

The Working Group considered a wide range of issues and questions. A brief summary includes

the following:

Why bother to set targets? Specific measurable targets have the dual purpose of raising
awareness and tracking progress. However, any meaningful energy access goals must reflect both
the latent demand for modern energy and an allowance for future growth to that level. And
because the push for energy access involves major infrastructure investments, aiming too low has
potentially negative long-term consequences. An “ambition gap” in access targets thus threatens
to waste an opportunity to build an energy system that will power the kind of development we

hope to see and which countries also expect of themselves. [1]

Should we consider access to electricity or all types of energy? Energy access is, of course,
much broader than just electricity access. Many people use energy for heating, cooking, and

transportation from sources other than electricity, such as gas, biofuels, or diesel. However, for
the sake of simplicity in considering modern energy access targets, the Working Group chose to

focus largely on electricity.

What’s wrong with the current access threshold? Per capita kilowatt hours is a very abstract
notion. Once the energy services enabled by 100 kWh per person per year are made clear (see,
for example, figure 5), it becomes obvious that the current definition is simply too low to qualify
as “modern.” If one believes that targets have any meaning — that they potentially affect the
behavior of people, policymakers, and investors — then having insufficient targets could
influence decisions in a harmful way. This is especially true for infrastructure development
because of the high cost and long-term nature of such investments. As an extreme example, if a
country aimed to provide just 100 kWh per person, then it would make investments in certain
technologies and systems that could create path dependency that might not allow for energy
consumption at higher levels conducive to future consumer demand or economic activities. In

plain terms, for the foreseeable future, no one will be able to run a factory on a solar lamp.
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Figure 5

Ownership of energy-intensive assets such as fridges is
low across Africa
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Source: Demographic and Health Surveys (Ethiopia, 2011; Ghana, 2008; Kenya, 2008; Liberia, 2009; Nigeria, 2013;
Tanzania, 2010) beta.statcompiler.com

Is the current threshold just an initial step on the energy ladder? The World Bank’s
ESMARP framework is helpful in suggesting that people move up an “energy ladder,” starting
with simple basic energy services and then graduating to higher-energy uses as conditions (e.g.,
income, urbanization, and economic opportunity) change. Some of the IEA language also
suggests that the 100 kWh level is just an “initial threshold level” with expectations that demand
will rise. [2] However, a source of confusion is that these same estimates are being (mis)used

simultaneously as the definition for “modern energy access.”

Should any threshold be global/universal or national/local/context-specific? There are
inherent tensions in setting a useful universal goal for both South Sudan and South Africa, for
example. Cleatly, any national planning exercise for building a modern energy system must start
from the current local conditions, national priorities, and the economic and other policy choices

that nations must make. At the same time, there is value in providing a global universal definition
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that is comparable across countries. For exercises such as the SDGs, World Bank tracking or
even a common popular understanding of a useful and dignified definition of “modern energy

access’” seems worthwhile.

What to measure? (Or, why consumption?) There are multiple ways to measure energy, such
as physical connections, total electricity generation, and energy services, accounting for efficiency
improvements and various metrics of affordability and reliability. In the end, however, one single
measure stands above the others because it captures all these aspects: consumption. Kilowatt
hours per capita is a faitly reliable proxy for all these other measures. [3] There is, moreover, a

strong correlation between human well-being and energy consumption (see figure 6, below).

Should we target averages, medians, or head counts above a specific threshold? Similar to
the income and poverty measurement debates (between measuring average GDP per capita,
median gross national income [GNI], or poverty head counts [4] ), energy consumption could be
measured in multiple ways. A single national access rate would fail to account for the quality and
reliability of the energy supply. And while average per capita consumption has become a
standardized metric for access, it cannot capture stark inequalities in modern energy usage within
a country. For the purpose of defining “universal access to modern energy,” the preferred
measure is the percentage of a country’s population above a specific level (or levels) of access.
For the purpose of national energy targets, however, per capita generation may be more

applicable.

Should any goal be for household use, or should it include industrial and commercial
uses too? Measuring binary household connections or solely houschold consumption captures
only a partial share of energy use in a country. At the same time, the current per capita
measurements use national electricity generation divided by population, thereby vastly
overestimating household use. For most countries, houscholds use 25-35 percent of total
national energy consumption; the global average is approximately 30 percent. [5] Household
consumption may be the most visible use of energy, yet industrial and commercial uses are
typically what governments have in mind for job creation and economic growth. Moreover,
much household end-use consumption is enabled by less visible but much larger nonhousehold
uses. For example, the energy required to charge a cell phone or run a laptop computer may be
modest, but much greater energy supplies are needed to allow those items to function, such as
those that power cell phone towers and Internet servers. Thus, for national energy targets, it

seems most sensible to include uses beyond the household.

How best to define meaningful levels? The Working Group discussed multiple ways to

estimate meaningful levels of electricity consumption that might provide a reasonable threshold:

o Simple round numbers. The international poverty line of US$1 per day (recently adjusted to
$1.90 on purchasing power parity [PPP] exchange rates [6]) caught on in part because of
its simplicity. This principle applies to 100 kWh or 1,000 kWh per capita thresholds as

well, but on its own, it is largely devoid of any significance.
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o Complex econometric analysis. Statistical analysis of energy consumption and other outcome
indicators could be used to find possible discontinuities or thresholds (see Appendix

Table 1 for a summary of studies).

o Correlations with development outcomes we care about. Energy consumption could be correlated
with health, education, and other social and economic indicators that we understand as
desirable development outcomes. The single simplest example of this is the United
Nations Development Programme’s Human Development Index (HDI), which is a
composite of life expectancy at birth, mean years of education, and GNI per capita. [7] In
use since 1990, the HDI is widely incorporated in economic studies as a proxy for
development and human welfare and has a high level of international legitimacy.
According to Pasternak (2000), a 0.9 score on the HDI correlates with electricity
consumption of approximately 4,000 kWh per capita per year. [8] Looking at the most
recent data, Cuba is the only country in the world that has managed an HDI score above
0.8 with per capita energy consumption below about 3,000 kWh/year (figute 6). [9] At the
same time, no country with per capita energy consumption of more than 7,000 kWh/year
falls below 0.8 on the HDI.
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Figure 6

Higher electricity consumption is correlated with higher development and human
welfare indicators
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o A nutrition basket model. The United Nations calculates the nutritional requirements of the
human body based on age, height, weight, and gender to estimate daily intake of calories.
[10] For household use, a simple similar energy estimate might sum up the possible energy
uses per year for basic household electricity (e.g., to run lights, fan, radio, shared
refrigerator, shared television, and other appliances). This figure might equal 300-1,500
kWh per capita for individual use. [11] As a national generation goal, this approach would
yield targets of 1,000-5,000 kWh per capita.

Notes

[1] Bazilian and Pielke, “Making Energy Access Meaningful.”
[2] OECD/IEA, “World Energy Outlook: Methodology for Energy Access Analysis,” note 25.

[3] Solely counting consumption does not, of course, account for waste or inefficiency. However, in contexts of extremely low
consumption, this is a second-order issue. No reasonable expectations of efficiency gains will suffice in countries at the lowest levels
of generation. Similarly, many people rely on forms of energy other than electricity for heating, cooking, and other tasks. For this

report, we focus principally on electricity.
[4] Birdsall and Meyer, “The Median Is the Message.”

[5] Ibid, note 30. The sample range was from 57 percent for Ghana to 14 percent for Korea, with an unweighted sample average of
30 percent. See also Appendix Table 3.

[6] World Bank, “FAQs Global Poverty Line Update.”
[7] UN Development Programme Human Development Reports, “ Human Development Index (HDI).”
[8] Pasternak, “Global Energy Futures and Human Development,” 5.

[9] The HDI combines life expectancy, years of schooling, and income per capita. See Human Development Index and Its
Components,” http:/ /hdr.undp.org/en/content/human-development-index-hdi. (Note that Iceland [HDI: 0.895, kWh/capita/year:
52,373] has been excluded from the graph.)

[10] Food and Agriculture Organization of the United Nations, “Human Energy Requirements,” sec. 5.4.

[11] This basket could be adjusted in the future based on changing consumer expectations and trends in energy efficiency. For
example, if a low-energy refrigerator or air conditioner became widely available, the energy required for a consumption basket could

be adjusted downward.
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Conclusions: Five Recommendations for Tracking Energy Access

Given the shortcomings of the current approach to defining and measuring modern energy
access, the United Nations, IEA, World Bank, national governments, major donors, and other

relevant organizations should consider the following recommendations:

1. Maintain the existing energy access threshold but rename it, more appropriately,
the “Extreme energy poverty” line. The current use of 100 kWh per person per year
remains valuable as an indicator for the initial rung on the energy ladder. But this level of
energy consumption could be more fittingly titled to clarify that it is consistent with the
usage of only very basic lighting and a phone charger. This is the notional equivalent of
the extreme poverty line when measuring income — merely a bare minimum starting

point rather than the finish line of development success.

2. Measure and track household consumption at higher levels for “Basic energy
access” and “Modern energy access.” Instead of the current single low-level
definition, access to energy should be measured at consumption thresholds that balance
the competing needs of target simplicity and alignment with evidence of energy demand
and historical development patterns. Just as the international community attempts to
measure income at different levels, such as by calculating the income required to be
“middle class,” a similar approach should apply to energy access. Therefore, in addition to
estimating the population above the 100 kWh per person per year extreme energy poverty

line, the following two measurements should be added:

o Basic Energy Access at 300 £Wh/ person/ year, which would enable running basic
appliances, such as a fan, a shared refrigerator, or a television, that are commonly

in demand once families have modest additional income [1]

o Modern Energy Access at 1,500 £Wh/ person/ year, a level of consumption consistent
with the label “modern” that includes on-demand usage of multiple modern

appliances, including air conditioning
3. Create energy-level country categories to encourage ambitious national energy
targets that go beyond household consumption. Modern competitive economies
require high levels of energy, the vast majority of which is consumed outside households,
in the commercial and industrial sectors. Just as countries are categorized as low, lower
middle, upper middle, and high income, energy categories could be established for:

o Extreme low energy (national average of less than 300 kWh/person/year)

o Low energy (300~1,000 kWh/petrson/year)
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o Middle energy (1,000-5,000 kWh/petson/year)
o High energy (greater than 5,000 kWh/person/year)

These recommended levels are not intended to be precise but rather to give a suggested
order of magnitude that is consistent with the evidence and historical trends. These
proposed country thresholds are also consistent with the proposed household definitions
above, assuming that global average household energy consumption amounts to 30
percent of national energy use. Were these categories to be adopted, the current global

picture would approximate figure 7 below and table 2 in the appendix.

23



Figure 7

Energy Use Is Highly Correlated with a Country’s Income Category

Size represents population.
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4. Adopt these new thresholds to inform progress-tracking and investment decisions.
Most immediately, the UN Statistical Commission’s Inter-agency and Expert Group on
Sustainable Development Goal Indicators should measure energy access for Indicator
7.1.1 at both the extreme energy poverty line (100 kWh/person/yeat) and at least one of
the higher household levels (300 kWh or 1,500 kWh). These new household definitions
and country categories could also be adopted by the African Union, the World Bank and
regional development banks, bilateral donors, the US government for use in Power Africa
monitoring and evaluation, and most especially, by national governments in formulating
their own plans for building modern energy systems to serve their populations and their

economies.

5. Invest in data collection on energy consumption, utilizing new technology to
improve collection. This project would include adding energy questions across existing
surveys and much greater use of new technologies to collect data, potentially including
mobile phone polling, geocoded household surveys, satellite mapping, and other emerging
applications. Such approaches would enable collection of actual information about
household consumption via surveys and foster better understanding of which methods
are robust and which are highly imperfect. Additional higher-quality data would ensure a
better understanding of energy use, help identify gaps in access, and enable better

targeting of new investments.

Notes

[1] This level is roughly equivalent to SE4AIl’s Multitier Global Tracking Framework Tier 4, and suggestive based on a reasonable
consumption basket using the current technologies available. As per footnote 47, however, this standard could be revisited in the

future if large technological or energy efficiency gains took place.
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APPENDIX Table 1: Summary of Studies Estimating Energy Access Requirements

Model

Goldemberg,
et al.(1985)

Pasternak
(2000)

Pachauriand
Spreng
(2002)

Pachauriand
Spreng
(2004)

Chidebell-
Emordi
(2014)

Sierra Club
(2014)

Prayas
(2015)

IEA
Standard

ESMAP

Estimate
terminology

Energy for
basic human
needs

Electricity
threshold for
maximum HDI

Energy
Poverty Line

Energy
Poverty Line

Minimal
energy
poverty line

Access to
energy (Tier 2)

Dignified
living

Modern
energy access

Annual
consumption
level for
energy access
(Tier 4)

kWh/cap/year*

8766 total;
3506
noncommercial

4000

4383

2360 (rural)

3068 (urban)

10

2344

100 urban; 50
rural

250

Methodology

Incorporates direct electricity and
fuel needed to meet basic human
requirements, including direct
residential and indirect commercial
consumption needs

Human Development Index is plotted
against annual per-capita electricity
consumption, value of consumption
that maximizes HDI (at 0.9) set

as threshold

Aggregates energy consumption
across urban and rural households,
using Indian consumption data as
basis, incorporating direct and
indirect

consumption.

Breaks down estimates above for
rural consumption

Survey data from Nigeria. Estimates
requirements for basic household
energy needs

Projects energy efficiency
improvements to household
appliance usage in tiered model

Multiple estimation approaches for
the year 2031

N/A

Multi-tier matrix of energy services
and appliances available at each level,
multiplied by daily use estimates

Household needs

Direct Residential: cooking, hot
water, refrigeration, lights, TV,
clothes washer; Indirect residential:
transportation, manufacturing,
agriculture, mining/construction

N/A

Lighting, cooking, hot water,
refrigerator, radio, TV

Five light bulbs, a refrigerator, three
fans, a television, a radio, a DVD
player, an iron, a two-plate electric
cooker, other tasks at

sunset

General lighting, TV, fan

N/A

N/A

Task lighting, general lighting, phone
charging, radio, fan, television, food
processing, washing machine,
refrigerator, iron

* Assumes five individuals per household for household-level models.
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Table 2: Income Levels and Proposed Energy Categories by Country

High Income Countries
(> $12,736 per capita)

Upper Middle Income Countries
($4,126-$12,735 per capita)

Lower Middle Income Countries
($1,046—-%$4,125) per capita

Low Income Countries

(< $1,045 per capita)

Kazakhstan Awstralia Ireland Saudi Arabia
Montenegro Austria Israel Singapore
_ Bahrain Italy Slovak Republic
e Belgium Japan Slovenia
= §' Canada Korea, Rep. Spain
E:S '_':;‘“ Czech Republic  Kuwait Sweden
[ - Denmark Luxembourg  Switzerland
'Eg =4 Estonia Netherlands  Trinidad and Tobago
= §- Finland New Zealand United Arab Emirates
A France Norway United Kingdom
- Germany Oman United States
Greece Qatar
leeland Russia
Armenia Albania Dominican Rep.  Mongoelia Chile
_ Egypt Algeria Ecuador Namibia Croatia
i Georgia Argentina Gabon Panama Cyprus
- §' Kosovo Azerbaijan Iran Paraguay Hungary
b= Kyrgyz Rep. Belarus Iraq Peru Latvia
2 E Moldova Bosnia & Herzegovina  Jamaica Romania Lithuania
: =] Taijikistan Botswana Jordan Serbia Malta
:E §. Ukraine Brazil Lebanon South Africa  |Poland
= & Uzbekistan Bulgaria Libya Thailand Portugal
8_ Vietnam China Macedoenia Tunisia Uruguay
- Colombia Malaysia Turkey Venezuela
Costa Rica Mauritius Turkmenistan
Cuba Mexico
Bolivia Nicaragua El Salvador
Mozambique Ghana Pakistan
= 2 i=| Zimbabwe Guatemala  Philippines
E S. E Honduras Sri Lanka
; 8' -_E"’ India Yemen, Rep.
g & E Indenesia Zambia
Morocco
PN Congo DR Bangladesh  Kenya Angola
g %— Eritrea Cambeodia Myanmar
5 P Ethiopia Cameroon Nigeria
% ?:;“ Haiti Congo, Rep.  Senegal
P Tanzania Céte d'lvoire  Sudan
E =8| Nepal
B Togo
o =
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Table 3: Ratio of Household Electricity Use to National Electricity Consumption by Country

Total Household Consumption, kWH Net National Consumption, kWh Household/National
Country (billions) (billions) ratio
Korea, Rep. 64.13 450.24 0.14
Slovak Republic 4.55 26.55 0.17
Poland 26.05 137.73 0.19
Italy 68.09 311.30 0.22
Mexico 47.52 212.40 0.22
Germany 122.52 543.75 0.23
Brazil 106.83 455.73 0.23
Czech Republic 14.24 60.41 0.24
Romania 11.79 49.98 0.24
South Africa 51.94 218.20 0.24
Austria 17.38 65.08 0.27
Finland 2291 85.06 0.27
Canada 151.20 543.73 0.28
Mauritius 0.72 243 0.29
Iran 56.69 186.17 0.30
Portugal 14.90 48.62 0.31
Latvia 201 6.52 0.31
Hungary 11.50 36.74 0.31
Japan 312.02 994.80 0.31
Uruguay 2.96 9.32 0.32
Spain 78.38 245.99 0.32
Bulgaria 10.61 31.60 0.34
Ireland 8.76 24.58 0.36

Norway 40.47 113.16 0.36
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United Kingdom 119.31 320.21 0.37

Albania 1.94 5.19 0.37
Xgi‘?f‘c?ates of 1,512.28 3886.40 0.39
Croatia 6.27 15.73 0.40
Philippines 23.42 56.84 041
Bolivia 3.09 6.46 0.48
Ghana 377 6.62 0.57

Note: This table represents all countries with available household census data after 2010. The most recent year represented is
2011.

Sources: World Energy Council, EIA International Energy Statistics; UN Statistics Division Demographic Yearbook; authors’
calculations.
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