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SOLAR MICROGRIDS:  
SOLAR & ENERGY STORAGE FOR OFF GRID APPLICATIONS 



SUMMARY 

•  About Joe O’Connor 
•  Why solar as an energy source? 
•  Why lithium batteries for energy storage? 
•  Defining Microgrids 
•  Case study: Virunga National Park, 

in The Congo with GivePower 









WHY DID I WRITE THIS BOOK? 

The first and only book to focus on: 
•  Off Grid solar only, eliminating the 

confusion of grid-tied systems 
•  Future technologies, primarily Lithium-

Ion batteries 
•  Global audience, using internationally 

recognized codes and standards 



1655 / 16 = 103 years 



Figure 1. World Energy Consumption by Source, Based on Vaclav Smil estimates from Energy Transitions: History, 
Requirements and Prospects together with BP Statistical Data for 1965 and subsequent 





“If  we use our fuel to get our power, we 
are living on our capital and exhausting it 
rapidly. This method is barbarous and 
wantonly wasteful, and will have to be 
stopped in the interest of  coming 
generations.” 
 

 – Nikola Tesla, 1915 



"I’d put my money on the sun and solar 
energy. What a source of  power! I hope 
we don’t have to wait until oil and coal 
run out before we tackle that. I wish I 
had more years left!” 
 

 – Thomas Edison, 1931 
 



In 1954 Bell Labs exhibited the 
first high-power silicon PV cell.  
“The New York Times forecasts 
that solar cells will eventually 
lead to a source of "limitless 
energy of the sun”. 



"There is no energy crisis, only a crisis 
of  ignorance. 

 – Buckminster Fuller, 1969 
 













RURAL ELECTRIFICATION 

1.2+ billion people without electricity worldwide 

550 million 
in Africa 

400 million 
in India 







“The 1.2 billion people living without access to the 
power grid spend about $27 billion annually on 
lighting and mobile-phone charging with kerosene, 
candles, battery torches or other fossil-fuel powered 
stopgap technologies.”  

 
—Off-Grid Solar Market Trends Report 2016, Bloomberg New Energy 
Finance and Lighting Global. 

 





SUMMARY:  
LITHIUM-ION ADVANTAGES OVER LEAD ACID 
1.  Energy density à 3x lighter & 2x smaller 
2.  Amp-hour efficiency à 100% versus 85% 
3.  Depth of Discharge à 100% versus 50% 
4.  Cycle life à 2-3x longer 
5.  High C-rate à 20x faster 

Initial Cost of Battery ≠ the Levelized Cost of Storage (LCOS) 



BATTERY ENERGY DENSITY 
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AMP-HOUR EFFICIENCY 
•  Charging Lithium-ion cells is 100% efficient* 

 *Practically, unless it sits long enough to experience self leakage 

•  Every electron that goes into a cell while charging from 0% to 
100% SOC is available to come back out while discharging back 
down to 0% SOC, regardless of the rate of charge or discharge. 
•  Note: The full charge can be recovered but not the energy, because the cell 

voltage is lower during discharge than during charge. 



FULL DEPTH OF DISCHARGE 



CYCLE LIFE 

Notes: 
2000 cycles ~ 
5.5 years 
 
3000 cycles ~ 
8 years 

Source: https://www.altenergymag.com/content.php?post_type=1884 



 DISCHARGE CAPACITY VS TERMINAL VOLTAGE 

Source: https://www.victronenergy.com 

Lithium-ion 
Holds capacity at high c-rate 

 

 

 

 

Lead Acid 
Efficiency drops fast at high c-rate 



C-RATE EFFICIENCY 

0% 5% 10% 15% 20% 25% 30% 35% 

Lead Acid (Flooded) 

Lead Acid (Sealed AGM) 

Lead Acid (Sealed Gel) 

Lithium-Ion 

Sodium-Ion 

Nickel-Iron 

Percent reduction in Ah from 20-hr to 8-hr rate 

Based on datasheets of common readily available products 



INITIAL COST VS LIFETIME COST 

0 $100 $200 $300 $400 $500

$/kWh

LA Flooded (Budget)

LA Flooded (Standard)

LA Flooded (Premium)

VRLA AGM

VRLA Gel

Lithium-Ion

INITIAL COST PER BATTERY CAPACITY

0 $0.10 $0.20 $0.30 $0.40 $0.50 $0.60 $0.70

$/kWh

LA Flooded (Budget)

LA Flooded (Standard)

LA Flooded (Premium)

VRLA AGM

VRLA Gel

Lithium-Ion

TOTAL LIFECYCLE COST

Graphs from my book: Off Grid Solar 



INITIAL COST OF BATTERY ($/KWH) 

 $-     $200   $400   $600   $800   $1,000   $1,200  

Lithion-Ion NMC 

Lithion-Ion NMC 

Lithion-Ion LFP 

LA (Sealed AGM) Trojan 

LA (Sealed AGM) Concorde 

LA (Sealed AGM) Universal 

LA (Sealed Gel) 

LA (Flooded) Premium 

LA (Flooded) Standard 

LA (Flooded) Budget 

Nickel-Iron (NiFe) 

Sodium-Ion 

Prices from online stores in August 2017 



LIFETIME COST OF BATTERY 

$0.00 $0.10 $0.20 $0.30 $0.40 $0.50 $0.60 $0.70 $0.80 $0.90 $1.00 

Lithion-Ion NMC 

Lithion-Ion NMC 

Lithion-Ion LFP 

LA (Sealed AGM) Trojan 

LA (Sealed AGM) Concorde 

LA (Sealed AGM) Universal 

LA (Sealed Gel) 

LA (Flooded) Premium 

LA (Flooded) Standard 

LA (Flooded) Budget 

Nickel-Iron (NiFe) 

Sodium-Ion 

Prices from online stores in August 2017. Recommended DOD, cycle life, round-trip efficiency, 20-hr capacity from datasheet.  



WHAT IS A MICRO GRID? 

A small energy system capable of balancing captive 
supply and demand resources to maintain stable service 
within a defined boundary. 



KEY CHARACTERISTICS OF A MICRO GRID: 

•  Connecting to the traditional grid is optional. 
•  Resiliency, reliability, and sustainability are the core 

responsibilities. 
•  Powering all system loads, not just the backup loads. 
•  Modern technology is needed to optimize energy 

production and usage. 





VIRUNGA NATION PARK 
CASE STUDY 

•  GivePower Foundation 
•  Installed in July 2016  

by SolarCity staff 
•  45 kW of solar PV 
•  45 kWh of energy storage 
•  Goal: change local energy 

economy 



https://player.vimeo.com/video/189078589 



WHERE IS VIRUNGA NATIONAL PARK? 















SINGLE LINE DIAGRAM 



GLOBAL LIGHTNING FREQUENCY 

Data from space-based sensors reveal the uneven distribution of worldwide lightning strikes. Units: flashes/km2/yr. 
Data obtained from April 1995 to February 2003 from NASA's Optical Transient Detector and from January 1998 to February 
2003 from NASA's Lightning Imaging Sensor. 
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THANK YOU! 
•  Joe O'Connor, Senior Application Engineer at Mercedes-Benz Energy 

•  Fellow NYU Reynolds, Consultant, speaker, writer on solar. 

•  Find me on: 

•  Email: jo3.oconnor@gmail.com  

•  Twitter: @jo3oconnor 

•  LinkedIn: www.linkedin.com/in/josephoconnor 

•  Off Grid Solar is available on Amazon.com in both Paperback and Kindle 

 


