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Outline 

• Discussion of readings 

• Overview of global energy use 

• Rural energy needs and options 

• Examples from the field 
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Global energy challenges 

• Oil dependency – 
concentrated in volatile 
regions, and finite 

• Global energy supply is 
80% fossil fuels 

• Energy access 

– 3 billion cooking with 
solid fuels 

– 1.4 billion without 
electricity access 



Source: Global Energy Assessment 2012, adapted from Nakicenovic et al., 1996 



http://www.worldenergy.org/data/trilemma-index/ 

Energy security: the effective management of primary energy supply from domestic and 
external sources, the reliability of energy infrastructure, and the ability of participating energy 
companies to meet current and future demand. 
Energy equity: the accessibility and affordability of energy supply across the population. 
Environmental sustainability: the achievement of supply and demand-side energy efficiencies 
and the development of energy supply from renewable and other low-carbon sources. 





World total primary energy supply 



Global energy 







Electricity Access 



Electrification rate by geography 
(outdated) 



Source: Google public data explorer 





Total Energy Access 

Source: http://practicalaction.org/totalenergyaccess 



Practical Action’s TEA standards 



Off-grid lighting options 

Solar lanterns Solar Home System 

Rural microgrid 



Lighting 



Diversity of lighting products 





Important energy trends 

Source: “Off-grid lighting for the base of the Pyramid”, June 2010 



The promise of DG 



Solar Home Systems: La Pintada 

• ~20 homes of 
farmers 

• Primarily coffee 
growers 

• Systems are designed 
for two 7W CFL bulbs 

• 100% subsidized 

• Several months old 

• Funded by Spanish 
funding 

(~30W) Panel 

100Ah marine 
battery 

Charge controller 

7W CFL 

System care and operation



Using the systems 

Using solar study lamps outside 

Testing the 
lighting of one of 
the streetlights 



System painted on wall 



Community Center, Ahmedabad, 
Gujarat 

• 12 day workshop, 2 hrs 
per day 

• 12 children from 3 
slums 

• System installed in 
community center 
library for day-lighting 



• Asofenix 

• 13 kW system w/ 22 houses 

• Community installed/operated 

• Over 1 yr old 

• Primary use is lighting/TV 

• 100% subsidized + in-kind labor 

Intake 
Pelton Housing 
Inlet regulator 
Injection Tube 
Generator (hidden) 

Turbine 
House 

Microhydro - Malacatoya 



Load of a grid connected  house in rural NI 
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Load Estimation
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TV DVD Stereo 20W bulb house

20W bulb bdrm 40W bulds outsd Measured

30 kWh/month. Efficient lighting ~ 55% of load, TV ~25% of load, Radio ~ 22% of load 



On a diesel microgrid 
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 source: WHO, 1999 
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The Global Distribution of Disease 
(Mortality) 



Source:Malla et al, World Bank Policy paper 6903, 2014 



Source: Poor people’s energy outlook 2013, Practical Action 



Motivation for biogas project 

• Heavily deforested area 

• Purchase wood from 10 
km away at 6 Rs/kg 

• School uses 35 kg of 
wood/day (200 Rs/day) 



Other cooking technologies at school 

Sarai cooker Parabolic dish 

Biggest challenge isn’t technical – how to get kids and cooks 
to adopt these technologies that may require a little more 
management/attention… 



Input                       Output 
Feeding: ~ 10 kg dung/day  Gas production: 200-300 l/day 

Cooking: 200 liters/hour 

1 hr cooking: 6 liters water, 2 kg dahl 

Equivalent: 5 kg firewood 

Initial results of the school’s system 

Biodigester record sheet 



Characteristics of biogas 
• 60-70 % methane and 30-40 % carbon dioxide  
• 100 liters of biogas can power a stove for about 

20 min, or a lamp for 1.5 hours 

Note: 1 kWh is the amount of energy used by ten 100W bulbs in 1 hour 
10x100W = 1000 W = 1 kW.  Energy = Power x Time = 1kW x 1 hr = 1kWh 

Units  Energy content  (kWh) 

 Biogas kWh/100 L gas 0.7 (at 15 C, 1 atm) 

natural gas (97% CH4) kWh/100 L gas 1.1 (at 15C , 1 atm) 

Propane kWh/kg 13 

dung  kWh/kg  4.2  

wood  kWh/kg  4.4  

charcoal  kWh/kg  8.1  

kerosene  kWh/kg  12  

kerosene  kWh/liter  9.72  

gasoline kWh/kg  13.3  


