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These notes describe products and services that could greatly improve the lives of the world’s poor if they were widely available.  I share them for several reasons: 

1. I want technologists and businesspeople to work on these challenges. 


2. Many of these products exist in workable forms (e.g., long-lasting insecticide-treated bednets, low-emissions cookstoves).  The research challenge is often more about management—to determine financially sustainable business models –than about technology in the narrow sense of hardware.  Thus, I use the term “technology” broadly enough to include creation of financially sustainable business plans. 


3. Finally, I hope this outline will spur research funding agencies to invest in these priorities.  By “funding agencies” I mean government aid agencies (USAID & MCC) and research agencies (NIH & NSF), foundations, and private enterprises.  By “invest” I mean any combination of direct funding of research in-house or through contracts and grants; funding of research on the effectiveness of new technologies and business models; and credible agreements to purchase a fixed amount of any new technology that adequately addresses one or more of these issues (as Michael Kremer has described at length in the case of new drugs). 

Why new approaches are needed

When markets function well there is little need to recruit more researchers or to encourage funding from government and foundations.  There are three sets of market failures that motivate the research topics listed here. 

A. Research is inherently a public good, in that much of the benefit of new ideas and technologies will be captured as profits by other entrants and as a higher quality of life of consumers and citizens. 


B. The market system by its nature directs research to solve the problems of the prosperous: male pattern baldness gets more attention than tropic diseases; reducing calories in super-premium ice cream gets more attention than breeding strains of tropic crops that are higher in essential vitamins.  Even if most citizens in prosperous nations prefer that all nonpoor citizens in prosperous nations donate $10 each to research the problems of the poor in poor nations (and would be willing to donate $10 if everyone else did), such donations are a public good that will be under-provided.  

a. Research is particularly appealing when governance is extremely poor in a poor nation.  On the one hand, research in rich nations does not help people in poor nations that year.  On the other hand, research –even when taking place in rich nations—that is directed at the problems of the poor may be more effective than direct aid that is lost to corruption or inefficiency. 


C. Many of the problems of the poor also affect prosperous nations, such as: 

a. new infectious diseases such as SARS and avian flu; 

b. military conflict and waves of refugees; 
c. failed states that breed terrorism; and

d. global warming. 

Citizens of the world’s prosperous nations have collective incentives to subsidize research into how to provide global public goods. 

These market failures are joined by government failures. 

D. Politicians in nations both rich and poor face incentives to enrich themselves and to emphasize the goals of powerful constituencies.  Thus, informing and empowering those affected by pollution (for example) can help motivate policy-makers to discourage negative externalities and to promote equity.  In addition, transparency can reduce many forms of corruption.  Finally, democracy is a crucial component of human development and, thus, is an end in itself.  Thus, the final plank of the research agenda is to increase transparency, promote democracy, and empower all citizens. 
These market and government failures motivate the solutions described below.  

In all cases, rigorous evaluations of how new technologies operate in the field are needed to ensure they address market and political failures successfully. 

Energy

· Dispersed energy generating technologies, esp. based on renewable sources.

· Solar

· Wind

· Biomass

· Appliances appropriate for dispersed energy sources off the power grid.

· LCD lights

· Medical and communication technologies

· Irrigation technologies

· Efficient uses of human energy

· Better pumps, bicycles, hand-cranked radios and medical devices, etc.

· Safe means to reuse containers for water, drinks, food, etc.

Air Pollution

· Means to measure air and water pollution to facilitate taxes on polluters and/or subsidies on those with low emissions.

· For point sources such as factories.

· For cars: 

· For example, monitors that measure emissions and photograph license plates of passing cars. 

· Stoves that emit lower indoor air pollution.

· E.g., Kenya Ceramic Jiko stove:

·  http://www.solutions-site.org/cat2_sol60.htm
· http://www.grida.no/climate/ipcc/tectran/329.htm
· Education and other interventions that reduce smoking.

· E.g., experiments with low-nicotine cigarettes that may not be physically addictive. 

· Improve information on air hazards

· Indoor air monitors so families can see the invisible carcinogens emitted from poorly designed stoves and from tobacco; and 

· Indicators of automobile efficiency so car owners can see the costs of poor maintenance 

· In regions with cold winters and/or air conditioning, technology that measures heat loss and gain from structures to see if and where insulation is important. 

· Small solar generators

· Ecologically sustainable biofuels

· Technology to facilitate congestion pricing at low cost and high reliability. 

· Means to monitor which car is driving where. 

· Means to charge drivers.

· Monitoring technologies to determine reductions in greenhouse gases from dispersed projects such as efficient appliances or cookstoves. 

Water

· Improve information on water-related hazards

· Monitors for home and communities to measure water quality

· Technology to detect mosquito species, recommend abatement strategies, and assist abatement.

· E.g., replacements for DDT in killing mosquitoes.

· Technology to detect and reduce hazards of other parasites.

· Water meters that are low cost and tamper-resistant.

· No- or low-sewage toilets

· Wells that resist contamination and clogging.

· Technologies that purify water

· At homes: Ultraviolet cleansing from exposure to the sun

· Community level: filters, etc.

· Technologies to remove arsenic from groundwater

· Water delivery systems from community to home use that resist contamination.
Agriculture

· Seeds that increase yields of tropic crops.

· Agricultural technologies or seeds that increase crop yields while reducing:

· Fertilizer use, 

· Pesticides use, 

· Water use, 

· low-cost and reliable drip irrigation systems

· Erosion, and 

· Soil salinization.

· Adding micronutrients and other nutritional supplements to processed foods and to home-grown foods. 

· Adding iron to women’s intake.

· Adding iodine to salt

· Increasing vitamin A in children’s diets

· In fertile areas, encouraging home vegetable gardens.

· Irrigation 

· Hand-augured tubewells 
· Human-powered irrigation pumps

· Means to map biological hotspots to improve the targeting of wilderness preservation.

· Means to reduce food spoilage and loss to pests

· Pot-in-pot refrigeration

· http://www.bagelhole.org/article.php/Food/212/
· http://www.itdg.org/html/agro_processing/docs29/FC29_34.pdf
Infectious diseases

· Insecticide-treated bed and crib mosquito nets

· Deliver affordable eyeglasses

· Means to educate on and social marketing to promote behavior change around health issues. 

· Topics for an information system might include: 

· The value of hand-washing with soap.

· HIV/AIDS prevention: Abstain, be faithful and use a condom
· Family planning

· Drug delivery and other infectious diseases

· Oral rehydration therapy for sick children.

· Insecticide-treated mosquito nets.
· Why not to use public space as toilets. 

· Nutrition 

· For example, a telephone-based directory of health information that uses voice and/or menus to access health information. 

· Build once and translate into many languages (with local adaptations for health conditions and treatments). 

· First versions might be for para-professional health workers, perhaps with a hard copy of the index (so they could leap directly to topic 4781, for example). 

· Low-cost substitutes for DOTS (directly observed therapies, where a health worker observes people adhering to a treatment plan) for tuberculosis and HIV/AIDS
· Means to make it easier to complete long treatments (e.g., reminders)
· Means to track adherence.  
· Pill bottles that communicate with pharmacies and clinics. 
· Convince the owner of the rotavirus vaccine (currently not in production after losing FDA approval for use in the U.S.) to license it for use in poor nations. 
· Health monitoring is a global public good. Rich countries have an interest in funding monitoring of infectious diseases (SARS, AIDS, etc.).
· Means to use mobile phones, GPS, IP, and other technologies to identify diseases and to map disease outbreaks. 

· Business models for delivering quality health care to poor people. 

· Franchise models.

· Mobile vans. 

· Certified “Barefoot doctors”

· Etc. 

Gates Foundation “Grand Challenges in Global Health”

http://www.grandchallengesgh.org/subcontent.aspx?SecID=408 

Improve Childhood Vaccines
· Grand Challenge #1: Create Effective Single-Dose Vaccines  
· Grand Challenge #2: Prepare Vaccines that Do Not Require Refrigeration
· Grand Challenge #3: Develop Needle-Free Vaccine Delivery Systems
Create New Vaccines
· Grand Challenge #4: Devise Testing Systems for New Vaccines
· Grand Challenge #5: Design Antigens for Protective Immunity
· Grand Challenge #6: Learn About Immunological Responses 
Control Insects that Transmit Agents of Disease
· Grand Challenge #7: Develop Genetic Strategy to Control Insects
· Grand Challenge #8: Develop Chemical Strategy to Control Insects
Improve Nutrition to Promote Health 
· Grand Challenge #9: Create a Nutrient-Rich Staple Plant Species
Improve Drug Treatment of Infectious Diseases
· Grand Challenge #10: Find Drugs and Delivery Systems to Limit Drug Resistance
Cure Latent and Chronic Infection
· Grand Challenge #11: Create Therapies that Can Cure Latent Infection 
· Grand Challenge #12: Create Immunological Methods to Cure Latent Infection
Measure Health Status Accurately and Economically in Developing Countries
· Grand Challenge #13: Develop Technologies to Assess Population Health
· Grand Challenge #14: Develop Versatile Diagnostic Tools  
Additional research tools for tropic diseases

Additional challenges for addressing tropic diseases include.

· Science of how to attack diseases such as HIV & TB that go into a latent phase. 

· Animal models that are relevant for humans for tropic diseases such as TB. 

· Genetic database of disease variants from around the globe, with tests for severity of symptoms for each variant for different populations. 

· Genotypes of major pathogens

· Genotypes of hosts for major vector-borne pathogens such as mosquitoes for malaria and the snails that carry schistomiasis.  Also the genotype of close relations to each host that do not carry the pathogen.

Education

· Means to better train, monitor, motivate, and reward good teachers, principals and schools. 

· Means to better monitor and reward good students. 

· Scholarships

· Awards 

· Using schools to improve health 

· Integrating health education into schools. 

· School lunches

· School-based immunization and anti-parasite programs.

· School programs to train community health workers.

· Understanding how computers can enhance education. 
Means of reducing risk

· Household insurance

· Crop yield insurance based on regional harvests. 

· Weather insurance for poor farmers. 

· Pest insurance for poor farmers. 

· Life insurance for parents of young children

· Life and health insurance bundled into microloans. 

· National-level insurance 

· Natural disaster insurance for poor nations. 

· “disaster bonds”

· Foreign loans that have disaster insurance built into the repayment terms. 

· Risk minimization

· Maps that show flood zones, frequency, expected depth, etc. 

· Warning systems for natural disasters (flooding, tsunamis, etc.) 

Technologies to reduce the costs of financial transactions

· Microsaving

· Microlending 

· Currency exchange and remittances

· Micro-insurance

· Crops

· Life

· Health

· Etc.

Information and communication technology 

· A company could become the preferred information provider for 3 billion BoP information consumers if it provided translation software for the Web that included poor people’s languages.  

· Spoken-word interfaces are a valuable added feature. 

· A company could become the preferred IT provider for 3 billion BoP information consumers if it provided free productivity tools on the Web.  A key requirement is interchange of files with MS Office. 

· A company could lock in: 

· millions of entrepreneurs in poor nations if they offered free web-based accounting and other small business tools; 

· thousands of NGOs if they offered free web-based accounting and other small business tools that linked to donors for accountability purposes; and 

· hundreds of millions of citizens with free web-based good-government software and storage. 

· Internet kiosks with phone service in remote areas.

· For example, CorDECt WLL provides low-cost Wireless in Local Loop developed by Indian Telecomm and Computers Network Group (TeNeT), http://www.tenet.res.in    

· Information on the Web of value to poor people:

· Health information

· Farm information

· Crop prices and input prices

· Advice on crops, fertilizer, etc., relevant to a specific location

· Local government services. 
Peace and Democracy

The United States and the globe benefit from nations that have democracy but not armed conflict. 

· Create means to track sources and flows of weapons:

· heavy arms such as tanks and 
· light arms such as submachine guns. 

· Create inexpensive means to run accurate and credible elections. 

· Voter registration

· Voter education about democracy and about candidates.

· Get out the vote

· Voting machines

· Use the Internet to lower to empower civil society.

· Software to run meetings, remote problem-solving groups, training in problem solving, etc. 

Governance

· Management systems to increase transparency. 

· Empower citizens to measure whether school funds buy desks, road funds buy asphalt, etc. 

· Using the Internet to increase transparency of funding from donors and central governments to NGOs and local governments.  

· Create a transparent and flexible web-based accounting system that governments and NGOs find useful enough to adopt voluntarily.

· Using the Internet to monitor corruption. 

· Internet holds user-friendly satellite images of deforestation, air pollution, etc. 
· Testing various means of low-cost impact evaluations.  
· Understanding when different evaluation techniques yield valid measures of program effectiveness. 

· Other technologies that empower civil society and disseminate democracy.

· Training in how to run a meeting.

· Etc.

Business models for smart pillboxes 

32 million Americans are supposed to take 3 or more medications a day.  Yet even medical professionals routinely forget to adhere to their scheduled doses of antibiotics.  When the patients have anything from depression or limited mobility to dementia or attention deficit disorder, it is clear that adherence is always going to be a struggle. 

Medical non-adherence leads perhaps as many as a tenth of all hospital visits at a cost of $100 billion or more per year.  Adverse drug reactions are the fourth-leading cause of death, responsible for about 100,000 deaths each year.  

Several groups have developed “smart pillboxes” that monitor pill use, remind people to take pills (for example, with lights or sounds), and contact stakeholders such as a nurse or family member if someone forgets to take a pill.  Variations of the model have the pillbox use telephone, text messaging or email to remind people.  Other variations limit people from over-dosing by pacing when users can open compartments. 
One business model for smart pillboxes is the “milk crate” model (or, for younger readers, the “Netflix model”).  In this model a drugstore rents a smart pillbox to consumers.  Each month a consumer picks up a stocked pillbox (perhaps including vitamins, etc.).  If all goes well, 30 days later, the consumer returns with the empty pillbox to the drugstore and picks up a newly filled one. 

This business model is attractive to consumers, as it simplifies their lives.  It is attractive to the drugstore, as it locks in the consumer for both prescription pharmaceuticals and also for other scheduled pills such as non-prescription medicines (e.g., half an aspirin) and dietary supplements (e.g., vitamins).  It is attractive to insurers as adherence should rise substantially, which (for many conditions) reduces hospitalization costs substantially.  It is attractive to both consumers and their family members as real-time announcements of non-adherence can alert others to possible problems (e.g., children learn about a broken hip in an elderly parent living alone).  

An alternative business model has consumers or insurance companies purchasing the smart pillbox and having the drugstore fill it each month.  Consumer ownership gives stronger incentives for consumers to care for the pillbox.  The “milk crate” model is more convenient for consumers because refills are faster and has a stronger upside for the drug store. 

