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Introduction 
In this document we present both a theory and a concrete plan for saving a million lives with 
solar electricity access in rural Africa.  This plan was developed when a small group of family 
and friends realized that the improved distribution of socially beneficial technology in Africa 
could have a big impact on reducing preventable disease.  In response, we created a small 
social benefit corporation called “Medicine from Heaven, Inc.” (See: 
http://www.medicinefromheaven.com/).  Initially we thought that the way to save lives with 
technology in Africa was to create a network of automated delivery drones that could deliver 
medicines. But after visiting the country of Malawi and performing an initial market assessment 
in March 2015, we realized from the information that we collected that we could have a much 
bigger impact on improving health and preventing disease through the simple act of providing 
solar electricity access to rural households.   Since March 2015, we have been developing and 
designing both business models and solar systems that can be effective at improving standards 
of living in rural Malawi.  We now have taken the data and information from our experiments 
and pilot-tests to create a long-range plan that we think can save a million lives in rural Africa 
over the next ten to fifteen years.  
 
This document provides the details of our impact analysis and our plan.   
 
Our “Save a Million Lives with Solar” plan shows how a million lives can likely be saved with ten 
years of effort to accelerate distributed solar electricity development (i.e. 2017 to 2026). The 
plan is based on the implementation and growth of a social-business venture--Distributed Solar 
for Rural Africa (DSRA)--which provides affordable, quality solar electricity systems to low-
income households in rural villages in Africa.  
 
We argue that if we can optimize solar electricity in rural Africa to be (1) affordable, (2) 
financially sustainable, and (3) moderately high quality, then the distribution of such solar 
systems to 20 million to 40 million rural households in Africa will likely save a million lives or 
more in Africa through the disease-reduction and health improvement impacts of poverty 
reduction.  
 
More specifically, we argue—based on evidence and data—that solar electricity access 
combined with simple, inexpensive preventative health interventions for the poorest 
households in rural Africa can potentially reduce mortality rates by 0.1%/year or more. What 
this means is that when a population of more than 100 million is served by anti-poverty rural 
solar electrification, then mortality will likely decrease by more than 100,000 per year.  This 
amount of potential decline in mortality rates implies that by providing solar electricity and 
preventative health interventions to a population of between 100 to 200 million over the next 
decade, it should be possible to save more than a million lives over the next ten years.  
 
We organize our presentation as follows: 
 

• The Logic: Why a linkage between poverty and health? 



• The Data: A review of health and demographic data shows a strong link. 
• Solar as Poverty Reduction: How solar electricity access can reduced poverty & disease. 
• Roll-out Plan: Impacting 20 to 40 million households in 10 years. 
• Next Steps: Organizing our 2017 expansion. 

 
And here we go… 
 

The link between poverty and health  
The key reason that the distribution of solar electricity access in rural Africa can save lives is 
that there is a strong link between poverty and health in developing countries. The practical 
reason that there is a strong link between poverty and health is that raising healthy children 
requires creating a healthy environment for the children to live in as they grow up.  When 
children don’t have sufficient food, clean air, clean water, protection from disease vectors (e.g. 
mosquitos) and sanitation, they acquire infectious diseases.  And when children acquire 
infectious disease at a high rate, they suffer from high rates of mortality.  
 

 
Figure 1: The correlation between infant mortality and income. 
 
Figure 1 shows World Bank data that illustrates the correlation between infant mortality and 
income. What we see from this data is that for relatively rich countries infant mortality is fairly 
low, generally less than 5 per 1000 live births for countries where the per-capita income is 
above $20,000 per year.  But for countries that have per-capita incomes that are 10 to 100 
times less than these rich countries, infant mortality rates can be more than 10 times higher.  
A recent study by O’Hare, et.al., performed a meta-analysis that indicated a link between 
income and child survival that is roughly proportional.  That is for every 10% increase in income, 



there is approximately a 9.5% decrease in infant mortality and a 4.5% decrease in under-five 
mortality: 
 

National Income is an important determinant of child survival. We aimed to quantify the 
relationship between national income and infant and under-five mortality in low-income 
countries through a systematic literature search and a Meta-analysis. The systematic 
literature search identified 24 studies, which produced 38 estimates that examined the 
impact of income on the mortality rates. Using Meta-analysis, we produced pooled 
estimates of the relationship between income and mortality. The pooled estimate of the 
relationship between income and infant mortality before adjusting for covariates is -0.95 
(95% CI -1.34 to -0.57) and that for under-five mortality is -0.45 (95%CI -0.79 to -0.11). 
After adjusting for covariates, pooled estimate of the relationship between income and 
infant mortality is -0.33 (-0.39 to -0.26) while the estimate for under-five mortality is -
0.28 (-0.37 to -0.19). In this case, if a country has an infant mortality of 50 per 1000 live 
births and the GDP per capita purchasing power parity increases by 10%, the infant 
mortality will decrease to 45 per 1000 live births. This work confirms the importance of 
income for child health and provides a pooled estimate for the relationship. 

 
The article mentions “covariates.”  Covariates are factors which tend to be correlated with 
income that can also explain the correlation with income is some cases.   Note that just because 
something is correlated with a result does not mean that is causes that result.   Income can be 
correlated with many things that can impact health: education, food intake, disease vectors (i.e. 
mosquitos and rats).  In some cases, when income changes, these co-variates tend to change 
also.  In other cases co-variates can change independently from income.  We will discuss this 
issue in more detail, later in this analysis.  
 
How high is under-five mortality in rural Africa? 
To give some perspective on how high under-five mortality rates are in rural Africa, we 
translate these rates in the chance that in a family, one of the children in the family will die 
before the age of 5.  Table 1, shows these probabilities.  Specifically, the table shows that for 
families that live in areas where under-five mortality is above 100 per 1000, for most family 
sizes, there is a 30 to 60 percent chance that one of the children will die before the age of 5.  
 
Table 1: Chance that at least one child in a family will die before the age of five. 

 
 

# of Children 70 90 100 110 125 150
2 14% 17% 19% 21% 23% 28%
3 20% 25% 27% 30% 33% 39%
4 25% 31% 34% 37% 41% 48%
5 30% 38% 41% 44% 49% 56%
6 35% 43% 47% 50% 55% 62%
7 40% 48% 52% 56% 61% 68%

Under-5 Mortality Rate (#/1000)



To give this even more perspective, in a village of 100 households, over the course of one 
generation (20-30 years), 30 to 60 children in the village will die, most likely of preventable 
disease.   This means that one child in a small village will die every 4 to 6 months on average of 
preventable disease.  
 
If we can take measures that can cause under-five mortality to decline 10% in these areas, this 
means that it is likely that 3-6 lives will be saved in a small village of 100 households every 20-
30 years.  This corresponds to one live being saved every 3 to 10 years.  If we can drop child 
mortality 30%, then this means that in a village of 100 households, we can save one life 
approximately every 1 to 3 years. These larger declines in under-five mortality might be 
possible if we combine the distribution of solar lights with other measures such as mother’s 
education and distribution of anti-malaria bed nets.  

Review of health and demographic data 
In this section, we provide a quick review of some data gleaned from health and demographic 
surveys that have been conducted in a range of countries in Southern Africa over the last five 
years.1 Specifically, we look at the data for the countries: Angola, Burundi, Democratic Republic 
of Congo, Madagascar, Malawi, Mozambique, Tanzania, Uganda, Zambia and Zimbabwe.  We 
don’t include Namibia, Botswana, and South Africa those three countries are relatively better 
off than the other countries in central and southern Africa.  We also do not include Rwanda 
because it is improving rapidly (under-five mortality has been decreasing at 5% to 10% per year 
for the last decade) and because Rwanda already has ambitious plans for implementing 
distributed solar energy.    
 
The distribution of under-five mortality rates in Southern Africa 
Figure 1 illustrates the child mortality rate distribution for the region.  The higher under-five 
mortality areas consist of large areas of DR Congo, Angola, smaller portions of Mozambique, 
Burundi, Zambia, etc.  According to 2015 World Bank figures, national average under-five 
mortality in the DR Congo (pop. >65 million) is 98.3/1000, and in Angola (population 16 million) 
the under-five mortality rate substantially over 100/1000.  
 
The figure was produced by collecting regional (i.e. sub-national) under-five mortality figures 
from Health and Demographic survey reports and adding the national trend in regional child 
mortality to estimate regional figures in 2015. We then estimate the population of each region 
and use the regional populations to calculate the aggregate cumulative distribution for all of 
the regions. The distribution shows for each under-five mortality rate, the total population if all 
of the regions that have an under-five mortality rate at or above that value.  
 

                                                             
1 See: http://dhsprogram.com/ 



 
Figure 1: Cumulative distribution of under-five mortality rates for administrative regions in 
Central and Southern Africa.  The median under-five mortality rate is slightly larger than 80 per 
1000.  
 
Throughout the region according to World Bank data, under-five mortality does appear to be 
trending downward in recent years at an average rate of approximately 4% per year in the last 
five years. A 4% annual decline in under-five mortality corresponds closely with one of the 
millennium development goals: “Reduce by two thirds, between 1990 and 2015, the under-five 
mortality rate.”   This aspirational rate of decline (2/3 in 25 years) corresponds to a 4% per year 
continuous decline if spread evenly over the 25 years.  But progress has been uneven, and 
some areas of Southern and Central Africa have under-five mortality rates that are more than 
twice the mortality rates of the regions with the greatest progress in mortality reduction.  
 
Observed correlation between under-five mortality and income 
In this section, we review some of the data that shows correlations between income, mother’s 
educational level and under-five mortality.  
 



We compiled under-five mortality statistics for Burundi DR Congo, Malawi, Mozambique, 
Tanzania, Uganda, Zambia and Zimbabwe from health and demographic surveys.2  Specifically 
we examined under-five mortality as a function of income quintile and as a function of mother’s 
educational attainment.  
 
Table 2 shows under-five mortality statistics compiled from these survey reports.  Note that 
most of the surveys were taken in the period 2008 to 2012, and the under-five mortality 
statistics were derived from mortality information from the previous ten years.  Since the 
period of the survey under-five mortality has decreased 10% to 50% from these figures 
depending on the country.  
 
Table 2: Under-5 mortality vs. income quintile 

 
 
To model the correlation between under-five mortality and income, we construct a distribution 
of income for the different quintiles that is consistent with a particular Gini coefficient.  Gini 
coefficients express income inequality in a society.3  The results of the model are shown in 
figure 2. In this figure we assumed that households in the lowest quintile have an income that is 
35% of the national average, while the incomes are 45%, 60%, 90% and 270% of the national 
average in the second, third, fourth, and fifth quintiles respectively.  Such an income 
distribution has a Gini coefficient of 0.41 (which is a rather typical value).  And for such an 
income distribution, the under-five mortality can be written as a power law of the income 
where mortality is the -0.20 power of the income.  
 
This model argues that within a country that the elasticity of under-five mortality with respect 
to income is -0.2.  This is a substantially lower figure than what was quoted in the meta-study 
mentioned above.  

                                                             
2 http://dhsprogram.com/ 
3 See: http://hdr.undp.org/en/content/income-gini-coefficient 

First Second Third Fourth Fifth
Burundi 152 137 139 121 80
DR Congo 117 119 122 116 76
Malawi 133 140 129 126 105
Mozambique 129 105 114 95 91
Tanzania 103 98 91 88 84
Uganda 123 125 100 104 72
Zambia 100 85 79 73 58
Zimbabwe 85 88 81 71 58
Average 118 112 107 99 78

Income Quintile



 
Figure 2: A power law model of the dependence of under-five mortality on income assuming 
that income inequality has a Gini coefficient of 0.41.  
 
Observed correlation between under-five mortality and mother’s educational attainment 
Some studies argue that more important than income in reducing under-five mortality is a 
mother’s educational attainment.   This makes intuitive sense, a better educated mother is 
more likely to be able to solve their children’s health problems relative to a mother who has 
little or no education.  Also educational level is often a determinant of income because higher 
levels of education help increase income earning activities for a household.  
 
Specifically, the study “Increased educational attainment and its effect on child mortality in 175 
countries between 1970 and 2009: a systematic analysis,” by Gakidou, Cowling, Lozano and 
Murray provides the following result: 
 

Methods: We compiled 915 censuses and nationally representative surveys, and 
estimated mean number of years of education by age and sex. By use of a fi rst-diff 
erences model, we investigated the association between child mortality and women’s 
educational attainment, controlling for income per person and HIV seroprevalence. We 
then computed counterfactual estimates of child mortality for every country year 
between 1970 and 2009. 
 
Findings: The global mean number of years of education increased from 4·7 years (95% 
uncertainty interval 4·4–5·1) to 8·3 years (8·0–8·6) for men (aged ≥25 years) and from 
3·5 years (3·2–3·9) to 7·1 years (6·7 –7·5) for women (aged ≥25 years). For women of 
reproductive age (15–44 years) in developing countries, the years of schooling increased 
from 2·2 years (2·0–2·4) to 7·2 years (6·8–7·6). By 2009, in 87 countries, women (aged 
25–34 years) had higher educational attainment than had men (aged 25–34 years). Of 
8·2 million fewer deaths in children younger than 5 years between 1970 and 2009, we 



estimated that 4·2 million (51·2%) could be attributed to increased educational 
attainment in women of reproductive age. 

 
Digging deeper into their analysis we find that they estimate that 4.2 million deaths were 
averted out of a baseline of 16.0 million deaths, a reduction of 26% from an increase of 
approximately 5.0 years on average for a mother’s educational attainment level. This 
corresponds to 5.2% reduction in mortality for each year of increased educational attainment.  
 
Tables 3 and 4 show the statistics gathered from demographic and health surveys for our target 
countries in Southern Africa.  It shows a correlation that corresponds to a 10% decrease in 
mortality for attainment of a primary education (relative to no education) and a 20% to 25% 
decrease in mortality for a secondary education relative to a simple primary education.  
 
Table 3: Under-five mortality and mother’s educational level 

 
 
Table 4: Under-five mortality and mother’s educational level 

 
 
Figure 3, below presents the data from tables 3 and 4 in graphical form.  In constructing the 
graph we assumed that those who stated no education actually had a year of some education 
on average.  We assumed that a primary education corresponds to approximately 6 years of 
education, that a secondary education corresponds to 10 years, and post-secondary 
corresponds to 15 years.  We further assumed that Secondary+ corresponds to 12 years of 
educational attainment on average.  
 
The correlation between under-five mortality and years of education shown in the graph can be 
fit to exponential curves where each year of increase in educational attainment is correlated 
with a 4% to 5% decrease in under-five mortality.  Our result here is largely consistent with the 
Gakidou et.al. study even though the data and methods are very different (the Gakidau study 

None Primary Secondary > Secondary
Malawi 138 129 96 55
Tanzania 97 100 90 73
Zambia 109 82 67 43
Average 115 104 84 57

Mother's Educational Level

None Primary Secondary +
Burundi 141 118 47
DR Congo 122 122 93
Mozambique 109 113 82
Uganda 133 105 79
Zimbabwe 89 89 71
Average 119 109 74

Mother's Educational Level



was a temporal and cross-sectional analysis of country data, our analysis looks at in-country 
variation).  
 

 
Figure 3: Under-five mortality as a function of years of mother’s educational attainment.  
 

Modeling solar electricity access impacts on health  
In the previous sections we review some of the data and literature that describes connections 
between income, mother’s educational attainment and under-five mortality.  In this section we 
now build and describe a model that can be used to estimate the life-saving impacts that our 
solar rural electrification efforts may make for communities in rural Africa.  
 
Key elements of the model include: 

• An accounting of new customer acquisition and customer growth 
• Estimation of the baseline under-five mortality for households touched by the project 
• Estimation of mortality changes due to income effects 
• Estimation of education years impacts for mothers in impacted households 
• Estimation of mortality changed due to education years impacts 
• Estimation of baseline mortality 
• Estimation of under-five lives saved 
• Estimation of over-five lives saved 
• Estimation of key cost-effectiveness ratios 

 
We build the model as an “impact accounting” model at monthly time resolution. The way the 
spreadsheet accounting model is built is that we first assume a monthly unit sales growth 
trajectory which corresponds to rapid customer growth at the beginning that then levels off to 
a more moderate growth rate in the later years.  At the end of 10 years, we assume that sales 
stop and the total number of served households is constant.  



 
We assume that there are two types of effects on under-five mortality: (1) An income effect, 
and (2) a mother’s education effect.   
 
For the income effect we assume that the lights increase standards of living by a fixed 
proportion (say 20%) and then use the income/mortality relationship described above to 
estimate the income-induced change in mortality.  
 
For the mother’s education effect, we assume that on average for every year of solar system 
ownership that the educational attainment of the child-bearing females increases by X.  In the 
model results that are shown, we assume that X is 0.5 years-of-education/years of lights. We 
then use the relationship between a mother’s educational attainment and under-five mortality 
to estimate under-five mortality impacts.  
 

 
Figure 4: Assumed growth trajectory of monthly rural solar electricity system sales. 
 
The final element of the model consists of estimating the potential impacts on above-five 
mortality.  To make this estimate we examined adult mortality statistics the countries of 
interest and examined correlations between under-five mortality and over-five mortality.  We 
found a strong correlation for the mortality rates of young adults (below 30), and used this 
correlation to estimate the mortality rates (and corresponding mortality decrease) for the rest 
of the population.  Our estimate is that for every under-five life saved, there are approximately 
1.3 over-five lives saved.  
 
Figure 5 shows the results of these calculations.  The total number of customers is the 
cumulative sum of the sales, and we run the calculation for five years after sales terminate at 
the end of 2026.  In reality sales will continue, but we stop our sales accounting in 2026 in order 



to have a ten year sales scope. We run the calculation for five additional years because the 
systems should last at least five years after installation.  

 
Figure 5: Projected total number of customers and total lives saved from the impact accounting 
model. 
 
Figure 5 shows a scenario where for slightly more than 30 million households served, slightly 
more than 1 million deaths are estimated to be averted by 2032.  
 
Figure 6 shows the estimated changes in mortality from the model.  Note that because changes 
in mother’s educational attainment has a relatively large effect on under-five mortality (and we 
assume mortality in general), that the reduction in mortality increases over time as members of 
the customer household attain higher levels of attainment for education and literacy.  We 
assume in the model that there will be targeted efforts during the project implementation to 
increase education and literacy amongst the population being served. 
 



 
Figure 6: Estimated changes in mortality per 1000 customers for the project implementation 
period 
 

Roll out plan for 20 to 40 million customer households 
Figure 7 provide a chart that can be used to guide our roll-out plan for the “Save a Million Lives 
with Solar” project.  What the figure provides is a break-out of figure 1 by regions that are more 
or less addressable in a logistical and political sense.  Currently our base of operations is in the 
country of Malawi.  
 



 
Figure 7: Addressable market as a function of regional under-five mortality rate.  
 
We find Malawi to be a rather easy country in which to work and organize, and from Malawi it should be 
fairly easy to expand the project into neighboring areas of Mozambique, Zambia and Tanzania.  These 
regions represent a totally addressable customer population of more than 65 million with under-five 
mortality rates above 65 per 1000, and represent 25 million people living in regions with an under-five 
mortality greater than 85 per 1000.  

These 25 million people represent nearly 5 million households.  Reviewing the customer projection in 
figure 5, 1 million of these customers can potentially be sufficient for the project until the year 2021.  

After 2020, the project will need to expand to areas beyond Malawi, Mozambique, Zambia and Southern 
Tanzania to continue growing.  The next group of promising areas include other, more distant areas of 
Mozambique and Tanzania, and the countries of Uganda and Zimbabwe.   These additional areas 
provide a total addressable market with mortality above 85 per 1000 that has a population of 50 million.  
This population represents a customer base of nearly 10 million households which is enough to sustain 
project growth through 2024.  

Beyond 2024, the project will have to either expand into areas of lower under-five mortality, or areas 
where it may be harder to organize.  These areas include Angola, DR Congo, Burundi, and certain regions 
of Madagascar.  At full scale the project can have potentially an addressable market population of 200 
million currently in regions with under-five mortality greater than 75 per 1000.  This represents a market 
of 40 million customers which is probably the maximum market that can be addressed in 10 years.  



Conclusion and next steps: preparing for our 2017 and 2018 expansion  
In this document we argue that because of the strong connection between standards of living, 
education, and access to electric lights, that solar light distribution is likely to increase 
standards of living and educational levels in rural African households.  We also argue that 
because there is a strong correlation verified in the academic literature between income, 
educational attainment and under-five mortality that accelerated solar light distribution will 
likely decrease mortality and save lives.  
 
We then conduct an analysis that uses available data to try to quantify these effects, and then 
we use this effect quantification to build an impact accounting model for the rapidly 
accelerated distribution of solar electricity systems in rural areas of Central and Southern 
Africa.  
 
The results of the accounting model indicate that more than a million deaths may potentially be 
averted by 2032 as a result of rapidly distributing solar electricity systems to between 20 and 40 
million households by 2027.  
 
Over the past two years, the authors of this report have been organizing and designing solar 
systems and business models that may be able to facility rapid growth and distribution of solar 
systems to such a large number of households.  We believe that the potential of saving a million 
lives provides a strong moral motivation for rapidly growing the business model that we have 
designed.  
 
Capital requirements for implementing the solar electric system business model can be inferred 
from the sales scenario presented in figure 4.  Specifically the capital requirements are 
approximately equal to the cost of the solar systems, times the sales, times the turn-over time 
of the capital investment (i.e. the time period over which invested capital is pay back with new 
sales).  Given a cost of a system of $35, and a capital turn-over time of six months, then the 
capital requirements for sales of 1000 units per month should be $210K.  Similarly the capital 
requirements for sales of 10,000 units per month should be approximately $2.1M.   These are 
the near-term capital fundraising requirements of the venture in 2017 and 2018.  


