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INTRODUCTION

This is the beginning of a conversation.

When the Millennium Development Goals were launched in 2000, the rallying cry was around the need
for more development aid. As international institutions coalesce around the post-2015 Sustainable
Development Goals, it is likely there will be a heavy emphasis on the role of science and technology in
achieving them.

Through the post-WWII history of efforts to alleviate global poverty, a small number of
breakthrough technologies have had transformative impact: the polio vaccine has all but eradicated a
disease that was leading to life-long paralysis in millions of people around the world; new seed varieties
developed by Norman Borlaug launched the Asian Green Revolution, which led to agricultural self-
sufficiency through much of Asia; insecticide-treated bed-nets have led to remarkable successes in
malaria control; and antiretroviral drugs appear to have rendered HIV/AIDS a chronic and manageable
disease. More recently, the mobile phone revolution has led to innovations like the M-PESA mobile
money platform, which has become the primary means of payment for low-income populations in
Kenya.

Such major breakthroughs, however, are rare. One reason, we found, is that there is limited broad
understanding of the underlying issues, and the role that technology can play. While deep knowledge
rests among a small number of topic-specific experts, the nature of the international development
sector is that a large number of the decision makers—donors, social impact investors, program officers,
employees in government agencies, practitioners working in NGOs or international institutions—often
make their decisions based on limited information and analysis. As a result, far too much of the effort
in the technology-for-development space is focused on incremental technologies, which—despite
compelling narratives, significant funding, and considerable media hype—fail to reach any reasonable
scale or impact.

To be sure, technology is not essential to solving many of the problems surrounding global
poverty. Tremendous progress can be made through institutional reform, infrastructure development,
education, access to user finance, behavior change, and other policy and social interventions. Indeed,
even when technology is necessary, it cannot achieve meaningful impact on its own. This study
focuses on problems for which new technologies are critical. By definition, these breakthroughs do not
currently exist, at least not in the right configuration of cost and usability. Typically, there is no need for
them in industrialized countries, and the private sector likely does not see enough profits to invest in
creating them for developing world markets. They represent breakthroughs because they have to be
dramatically different from existing technologies in industrialized settings: available at a fraction of the
cost, requiring only a fraction of the energy, significantly less reliant on technical skills to operate, not
needing elaborate infrastructure, and being generally robust and maintenance-free.

These breakthroughs are decidedly not ‘low-tech’, in that they cannot be achieved by backyard
hobbyists or part-time volunteers inspired by humanitarian objectives. They require serious science,
robust engineering, and inventive business models for distribution, scale and sustainability. These
breakthroughs have to be part of a new paradigm of technologies for a new set of users. Unlike in past
decades, the proliferation of new off-grid energy and communication platforms offers unprecedented
opportunities to create leapfrog technologies, some of which may even be valuable in industrialized
countries.



Motivation and objectives

In this context, the main purpose of our study is to identify where such paradigm-shaping
breakthroughs are most required. The intended reader of this study is the ‘informed generalist’ in
international development rather than topic-specific experts. The study aims to:

P Launch a thought-provoking conversation among practitioners in the technology-for-development
ecosystem in order to focus collective effort on the breakthroughs that really matter.

P Provide contextual background for technologists who may not yet have realized the relevance of
their work to global poverty.

P Provide funders a guide to asking the right, and likely hard, questions as they evaluate their
investment options.

As a part of this study, we consulted with a large number of topic-specific experts. It is important to
note that not all of them agree with our conclusions. Undoubtedly, new evidence will disprove some of
our conclusions and analyses. In many cases, the evidence that exists—and informs our analysis—does
not rise to the level of academic precision. Notwithstanding these risks, we are sharing our findings with
the belief that the problems we seek to address require urgent decisions with the best data available,
and that our ecosystem needs a common starting point for debate.

Which brings us back to our first point. This is the beginning of a conversation.



LIGTT (pronounced ‘light’), is the Institute for Globally Transformative Technologies at the Lawrence
Berkeley National Lab (LBNL). Founded in 1931 by the Nobel Prize winning physicist Ernest Orlando
Lawrence, LBNL is one of the world’s oldest and most storied institutions for scientific research.

Over the years, its scientists have discovered or synthesized many of the elements in the last
row of the periodic table, invented a range of major technologies such as synthetic antimalarial
drugs, electronic ballasts for more efficient lighting, Home Energy Saver (the web’s first do-it-yourself
home energy audit tool), a pocket-sized DNA sampler called the PhyloChip, windows with embedded
electrodes that enable window glass to respond to changes in sunlight, and synthetic genes for anti-
AIDS superdrugs. One of Berkeley Lab’s most notable breakthroughs is the discovery of dark energy,
a critical construct in astrophysics, which permeates all of space and accelerates the expansion of the
universe. A number of LBNL’s scientists have also served on the Intergovernmental Panel on Climate
Change. Over the years, LBNL scientists have won 13 Nobel Prizes.

LIGTT was created in 2012, with the aim of leveraging LBNL's capabilities—3,500 scientists
and engineers, $800 million in annual R&D, hundreds of patents, and dozens of facilities for
experimentation, simulation, testing and fabrication—to develop and deploy breakthrough technologies
for sustainable global development. LIGTT continues in LBNL's tradition of fostering transformative
technologies, with the difference that we also focus on innovative business models for deployment.
One of the first questions the LIGTT team set about trying to answer was, “what technologies should we
focus on?” This led to an internal study to identify what eventually became the 50 Breakthroughs. LIGTT
aims to develop many of these breakthroughs, working with scientists from LBNL and other research
institutions around the world.



GEOGRAPHIC FOCUS

The geographic focus of this study is sub-Saharan Africa and South Asia, primarily because poverty

is concentrated in these regions. The map below shows the various parts of the world, ranked in

terms of the United Nations” Human Development Index (or HDI, a composite metric which combines
wealth, health and education), and grouped into population deciles. According to the HDI, the worst-
off countries are in sub-Saharan Africa and South Asia (UNDP, 2013). While our focus throughout this
study is on the two poorest regions, poverty persists in other parts of the world as well. In principle, the
solutions identified in this study are just as applicable elsewhere as they are in both South Asia and
sub-Saharan Africa.

. Top decile

. Decile 2-6 . Decile 7-9 . Bottom decile

* Map not to scale
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Traditionally studies focused on future-facing topics have relied on surveys of experts, using approaches
like the Delphi Method?, a structured iterative process of interviews and reviews. Early in our study, we
discovered two challenges with such a process. First, the absence of a broad, credible evidence base
about what works has led to entrenched opinions. Second, such an approach would likely have led to a
laundry list of 50 technologies or devices, rather than to a robust problem analysis which logically leads
to the breakthroughs required—agnostic to specific technologies.

Hence, this study employs a six-part approach to reach its conclusions:
Describe and analyze the 5-10 most important contextual facts about the specific problem.
Identify the key challenges, which have kept effective solutions from becoming a reality.

Identify, based on input from recognized topic-specific experts, the most promising
interventions to overcome those hurdles.

Determine the dependence of each of these interventions on: policy reforms, infrastructure
development, education and human capital development, behavior change, access to user finance, an
innovative business model, and finally, a new breakthrough technology.

We focus on interventions with a significant dependence on a breakthrough technology, and identify
the important parameters the technology needs to fulfill. Based on the underlying technical challenges,
we then estimate the time-to-market by when these breakthroughs may become deployable products.

Finally, we identify the most important hurdles to sustainable, large-scale deployment, based on many
of the factors listed above (e.g., policy reforms, etc.), and score the difficulty of deployment on a 5-point
scale: simple, feasible, complex, challenging, and extremely challenging. The purpose of this final
analysis is to encourage technologists and funders to understand these challenges before making major
investments in their work.

Each chapter is divided into three parts: Core Facts and Analysis, Key Challenges, and Scientific and
Technological Breakthroughs. The 5-point scale and the complexity we ascribe to each of the factors and
constraints relevant to the deployment of a particular technology are illustrated in Table A. The lowest
score (feasible) is reserved for cases when the particular constraint is not relevant to deployment;

the constraint is given the highest score (extremely challenging) if it can be a serious bottleneck to
deployment. The aggregate score reflects the overall degree of difficulty, considering the collective
weight of the individual constraints. The methodology is clearly subjective. Exhibit A is a sample of how
we have illustrated the difficulty of deployment for each breakthrough across the study. This particular
sample highlights a CHALLENGING breakthrough.

1 A structured communication technique, originally developed as a systematic, interactive forecasting method which relies on a panel of experts who anonymously reply to
questionnaires and subsequently receive feedback in the form of a statistical representation of the ‘group response’, after which the process repeats itself. The Delphi method
is based on the assumption that group judgments are more valid than individual judgments. It was originally developed by the RAND Corporation in the 1950’s to forecast the 1 2
impact of technology on warfare.
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