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Examples: Soil Moisture Sensors
  Solar Street Lights
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Corruption Index

https://en.wikipedia.org/wiki/Corruption_Perceptions_Index

"the misuse of public power for private benefit"



On Ohio Avenue in Clifton

About 40% of electricity use
(they don’t use AC!)





Energy Consumption in the World
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Cincinnati           2,100,000
Addis             ~3,400,000
Johannesburg ~10,000,000
Dar es Salaam  ~6,500,000
Cape Town       ~3,800,000
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Most of Africa is near the equator, this distorts the size in a 2d projection.

TrueSize.com

https://www.thetruesize.com/
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Population



10

Poverty

One cup of rice ~ $0.22
One cup of beans ~ $0.30
A wage of $2/day is a 
survival wage
Typically 12 hour work 
7 days a week (Possibly 10 
on Sunday)
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Energy Consumption in the World
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Population with no electricity
(millions)
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Sugarcane
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Solar Irradiance
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Solar Irradiance
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Solar Irradiance compared to Population Density
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Average Wind Power Potential compared to Population Density



US        325,600,000
Ethiopia   ~110,000,000
Tanzania     ~57,000,000
South Africa
     ~57,000,000
Lesotho       ~2,200,000
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Population Density
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Population Density
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Population Density
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How the west views Africa as a whole.
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2014

US Science Budget for NSF
In 2014 $7.62B
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How the west views Africa as a whole.

Current: 
https://data.worldbank.org/indicator/DT.ODA.ALLD.CD?view=map

https://data.worldbank.org/indicator/DT.ODA.ALLD.CD?view=map
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Nigeria 21%
    In 2019
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How the west views Africa as a whole.
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How the west views Africa as a whole.
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From Reuters News:

Electric motorbike gives women in rural Zimbabwe a path out of poverty

In the rural Zimbabwe district of Wedza, a new electric-powered motorcycle is helping bring 
income to poor women and easing the burden of looking after families.

https://reut.rs/3c7mmbY
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What is Photovoltaic (PV) Solar Energy?

A typical off-grid installation
A typical solar well

How to manufacture a solar panel

How silicon PV works



Crescent Dunes Nevada



Noor Power 
Plant, 
Morroco
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1) PV Panels
2) Other sources of Power:  Wind Turbine, Diesel or Gasoline 
Generator, Hydropower
3) Charge Controllers
4) Battery Bank
5) AC Inverter/Direct DC systems
6) Fuse box(es)
7) Appliances/Loads
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Process for design of an off-grid PV system

1) Determine the needed AC and DC loads
Typically, DC is for lighting and any RV type appliances that inhabitants are willing to accept as substitution for AC 
appliances (you lose ~50% of the power in conversion to AC)
The entire system is designed around the anticipated load for an off-grid system and typically it is difficult or impossible 
to increase this load with the existing system once it is built.  So off-grid systems are inflexible in terms of the load.  Peak 
load controls the cost of every component in the system.

2) The total cost (including cost to the environment per kW-hr from the PV system needs to be carefully compared to 
alternatives
 Increased insulation and energy conservation
 Other solar energy sources of heating
 Biomass and wood heat etc.
3) Once the AC and DC loads are determined the voltage of the PV/Battery system is decided based on the load, distance of 
transmission from PV to batteries, available battery and PV module voltages and associated costs, step-up or step-down 
needed for appliance voltage and the associated loss, inverter/charge controller costs.
4) Location for the PV modules must be determined, and the solar irradiance must be determined to estimate the power output 
of the PV modules, the optimal location and the optimal tilt of the PV modules.  The need for a tower or other support 
structures, distance of transmission from PV modules to batteries and needed cabling must be determined.
5) A ventilated housing for the battery bank must be constructed (produces H2 and O2 and contains sulfuric acid, batteries 
may require routine maintenance.
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Process for design of an off-grid PV system

1) Determine the needed AC and DC loads
2) Compared to alternatives
3) Voltage of the PV/Battery system
4) Location for the PV modules
5) A ventilated housing for the battery bank must be constructed

6) A detailed plan for burying power cables, grounding and other safety issues needs to be developed.  PV modules CAN 
NOT BE TURNED OFF so consideration of means to block the modules during repair and routine maintenance needs to 
be considered.
7) A plan for wiring of the facility needs to be developed and the costs assessed including appropriate circuit breakers 
and grounds.
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Pumps when the sun shines
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Simple Solar Lights at Elementary School 20 km from Haramaya
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Brief Recent History of Ethiopia
Haile Rastafari Selassie Emperor of Ethiopia and head of Coptic (Egyptian Christian) Ethiopian Church
 With formation of the African Union with headquarters in Addis Ababa and the UN African headquarters in
  Addis, Haile Salassie took on the role of the leader of Africa in the 1960’s.  (Close friend of JFK, US builds
  Universities (Haramaya University/Oklahoma State) etc.)
 (Ethiopia was the first Christian country 
  also was a refuge for Islam when they were historically driven out of Saudi Arabia
  and the center of Rastafarian Religion by accident)
1974 Military sergeants and below had a coup and killed the royal family, the generals, government ministers etc., buried
 Haile Selassie under a urinal in the palace in Addis.  (Selassie was the head of the Coptic church etc.)
 Ruling military called themselves the Derg.  Brutal Stalinistic group that held Albania as a model.
 Had a prison in Addis called the prison from which you will not return.  Mengistu found guilty of genocide.
In the 1970’s Cuba and USSR were friendly with the Derg though they thought they were crazy.  Cuba tried to unite 
Ethiopia, Somalia and Yemen into a socialist Horn of Africa. Somalia decided to attack Ethiopia and the Ogadon war was 
fought with 16,000 Cuban troops in Ethiopia.  It resulted in 40,000 dead 500,000 displaced.  Somalia severed ties with 
USSR to become a US ally (leading eventually to the black hawk down incident).

1975-1976 Red Terror by the Derg (not a good time) :: 1984-85 political famine due to Derg in Tigray (1.5m dead; 3m refugees)
1961-1991 Eritrean War of Independence (350,000 dead) EPLF takes over Eritrea
EPLF fosters TPLF in Tigray region basically high school and college students trying out Maoism
1992 USSR fell, support for Derg disappeared overnight, Mengistu fled to Zimbabwe (Mugabe), TPLF literally walked
 into Addis Ababa and took over the second largest military in Africa (after South Africa) government of Tigray
2018 Peaceful transition of power to Oromo (Christian/Muslem) Abiy Ahmed (2019 Nobel Peace Prize)
2020 Political unrest….  2021 Tigray separatist using annexed part of military, 2022 Tigray isolated 5 M people starving
Problems spread to Amhara (Large population and historic importance) and Afar (desert/nomad population Lucy site)
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https://www.youtube.com/watch?v=p0sbWl0HoRA

https://www.youtube.com/watch?v=p0sbWl0HoRA
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Simple Solar Lights at Elementary School 20 km from Haramaya
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Simple Solar Lights at Elementary School 20 km from Haramaya
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Simple Solar Lights at Elementary School 20 km from Haramaya
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Solar Well at Elementary School 20 km from Haramaya

Well # 2
30 m, almost dryWell # 1

10 m, dry
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Solar Well at Elementary School 20 km from Haramaya
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1) PV Panels
2) Other sources of Power:  Wind Turbine, Diesel or Gasoline 
Generator, Hydropower
3) Charge Controllers
4) Battery Bank
5) AC Inverter/Direct DC systems
6) Fuse box(es)
7) Appliances/Loads
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Deep-Cycle Lead-Acid Batteries are needed
(different than car batteries)
Car Battery: Large current for short times not substantially discharged
PV battery smaller currents for longer times with routine discharge cycles
(In developing countries car batteries are sometimes used due to availability)

Self-discharge rates of 3%/month
Coulombic or charge efficiency 85% percent of charge put in that comes out
Voltage efficiency 90% of voltage when discharged
Energy efficiency 75% Coulombic * Voltage 

Flooded or Wet cell: liquid electrolyte must be topped up with DI water, need ventilation for H2, O2
versus 
Sealed or Valve-regulated cell: gas tight valve allows gas to escape on overpressure H2, O2 make water internally
Gel electrolyte sealed battery.
Sealed batteries require low maintenance but are more expensive

Batteries

Batteries are the most important component for an off-grid PV system
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Battery capacity:  Ampere Hours (Ah), product of current supplied and time

12V battery that provides 20 A for 10 hr is a 200 Ah battery (at 20°C at the 10 hour rate)
(slower discharge leads to larger capacity, lower temperature leads to lower capacity 1% per degree)

For PV we are interested in 100-hour rate
A 200 Ah battery at 12V can provide 2.4 kWh total energy storage.

The PV array must produce more voltage than the battery in order for the system to work.
So, we need to know how the voltage of the batter varies during charging and discharging.

Batteries
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Batteries
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12V 200 Ah battery shown for constant current discharge
20 A for 10 hours or 2 A for 100 hours

11 V is where damage to battery occurs

For extended discharged state sulphation occurs; lead sulphate crystals form on the plates

Batteries
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Charge Controllers

Control the flow of current from PV array into the battery bank
and from battery bank to loads

Prevent overcharging of the batteries and over-discharging when demand exceeds supply by disconnecting PV array 
above 14V for float charging, 14.4 for boost charging and 14.7 for equalization charging in a flooded 12 V battery.

Prevent excess discharging by disconnecting the load when voltage falls to 11 V.
Protects the batteries. LVD= low voltage disconnect
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Charge Controllers
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Inverters
AC offers flexibility to use “normal” household devices
Grid connected inverters must match frequency and phase to match the grid
Off-grid is self-commutated
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Inverters
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High Inverter Efficiency means 
smaller battery bank and PV array

Red = low frequency transformer
Yellow = high frequency transformer

Inverters
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Hybrid Systems
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System Sizing

Sizing problem is the most difficult of system design

Estimate the total amount of electricity required on an average day.
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Diesel-PV Hybrid System
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System Sizing
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System Sizing
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System Sizing
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Solar System for Clinic in Village 20 km from Haramaya
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Solar System for Clinic in Village 20 km from Haramaya
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Haramaya University/High School (Concordia Humana)

Well and Solar Pump

Storage Tank and
Distribution (X)
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Well and Solar Pump

Solar Panels

Haramaya University/High School (Concordia Humana)
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Distribution for Village of 2,000

Distribution at School
Haramaya University/High School (Concordia Humana)



Small Business Manufacturing Solar Street Lights for Villages: 

Outdoor lighting for safety improvement in a rural 
 Ethiopian village. 

-Safety at night can be enhanced by lighting, especially in rural villages

-Low-cost solar lighting is simple to manufacture in Ethiopia

-Demonstration of manufacturing at Dire Dawa University

-Demonstration of usefulness of solar lighting at small village near Haramaya

-Improved design by DDU/DDIT 

-Commercialization?
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Outdoor lighting for safety improvement in a rural 
 Ethiopian village. 
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Outdoor lighting for safety improvement in a rural 
 Ethiopian village. 
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Outdoor lighting for safety improvement in a rural 
 Ethiopian village. 
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Outdoor lighting for safety improvement in a rural 
 Ethiopian village. 
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Outdoor lighting for safety improvement in a rural 
 Ethiopian village. 
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50 Solar Street Lights Installed in Village in 2015
Improved Design Installed in 2016 by DDIT Students and Faculty
(Commercialization was not followed through to date)
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How to Assemble a Solar Panel
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How to Assemble a Solar Panel

Construct an Aluminum Frame

Seal a Piece of  Glass with Silicon
Sealant to the Frame
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How to Assemble a Solar Panel

Fix the Glass with Braces

Tap the Cells
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How to Assemble a Solar Panel

Layout the Tabbed cells

Solder the Cells
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How to Assemble a Solar Panel

Connect the Cells in Parallel/Series
To Achieve the Desired Voltage
Using Bus Wires

Seal with Silicon Sealant
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How to Assemble a Solar Panel

This seems easy
Could we make a company assembling Solar Panels in Ethiopia?



POWER ETHIOPIA
BUSINESS PLAN

Prepared by:

Dr. Greg Beaucage
Professor of Chemical 
and Materials Engineering
University of Cincinnati
Cincinnati, Ohio 45221, USA

Mr. Berhanu Mengistu
Lecturer of Physics
Haramaya University
Department of Physics
Haramaya, Ethiopia

Dr. Fekadu Lemessa
Academic Vice President
Dire Dawa University
Dire Dawa, Ethiopia
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Power Ethiopia

-Photovoltaics are missing in Ethiopia
 high import tariffs
 no financing
 architectural adaption
 no technical support
 aversion to new technology
 no sales team
-Solve these issues using University Resources
 manufacture (assemble) PV panels
 train technologists/businesspeople
 profit for faculty and students
-HU/DDU area is unique for this opportunity
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Ethiopians (and others) are risk adverse (they have their reasons)
Ethiopian university leaders are too busy to undertake serious management of an outside project
Need competent (trustworthy) people to run a moderate size business

There are investors available in Ethiopia for this project
There are investors in the US interested in this project
There are international corporate investors interested in this project

In the end the first step could not be achieved, incorporation of the group since cross institutional 
agreements and associations were weak

There was too much risk for the university administrators and too little direct/personal gain

A smaller scale project(s) aligned with the University/Education Ministry master plan is needed

Assessment of Power Ethiopia
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How do PVs work?
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Breakdown of the causes for the Shockley–Queisser limit (33% for Si). The black height is energy that can be extracted as 
useful electrical power (the Shockley–Queisser efficiency limit); the pink height is energy of below-bandgap photons; the green 
height is energy lost when hot photogenerated electrons and holes relax to the band edges; the blue height is energy lost in the 
tradeoff between low radiative recombination versus high operating voltage. Designs that exceed the Shockley–Queisser limit 
work by overcoming one or more of these three loss processes.
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Summary:

 -Development needs are tied to energy

 -Solar energy is highly applicable in Ethiopia and is under utilized

 -Several examples of solar installations in Haramaya were given

 -a business plan for solar panel assembly was shown

 -Some details of the physics of silicon PV were given
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Homework 3 Development Technology
December 17, 2018

Viability of a simple solar light manufactured in Ethiopia

There are many online sources for the design of a solar light.  For example https://www.youtube.com/watch?v=8earltsP35w 
and https://www.youtube.com/watch?v=VyZM4pEWG3o .  
(https://www.mikrocontroller.net/attachment/158139/QX5252.pdf)

Compare this design with existing products such as the following NGO: 
https://www.indiegogo.com/projects/unite-to-light-solar-usb-charger-led-light#/
which will be offered for $15 in the developing world and is manufactured in China.

Or the $50 Panasonic solar lantern for the developing world
https://news.panasonic.com/global/stories/2013/24710.html

Try to find the approximate cost of the design given on the first webpage by searching at Mouser.com  
https://www.mouser.co.uk 
https://www.mouser.com

Or just from Amazon
Consider the logistics of setting up manufacturing, marketing and distribution for an Ethiopian solar light/cell phone charger 
system and give a crude assessment of the viability of manufacturing these devices in Ethiopia for the Ethiopian market.

https://www.youtube.com/watch?v=8earltsP35w
https://www.youtube.com/watch?v=VyZM4pEWG3o
https://www.indiegogo.com/projects/unite-to-light-solar-usb-charger-led-light
https://www.mouser.co.uk/
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Resistor and Transistor
                LED Transistor switches to solar charge when sun hits solar panel.

Resistor reduces the voltage from solar panel V = IR to run the LED

https://www.youtube.com/watch?v=8earltsP35w

When powered charge battery
Use Battery to power LED, could have a switch
Use Battery to charge cell phone 
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https://www.indiegogo.com/projects/unite-to-light-solar-usb-charger-led-light#/

https://www.indiegogo.com/projects/unite-to-light-solar-usb-charger-led-light
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https://news.panasonic.com/global/stories/2013/24710.html



173

https://www.mouser.com

https://www.mouser.co/
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Batteries

Lead acid batteries
Deep cycle batteries
Flow batteries
Nickel iron battery
Lithium ion battery
Battery assembly business plan
Sensors business plan



Oxidation/Reduction Metal Displacement Reaction

oxidation

reduction

1.10 Volts for each cell

176FeO2 + C => CO2 + Fe



Oxidation/Reduction Metal Displacement Reaction

-0.76 V

0.34 V
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Deep Cycle Lead Acid Battery Manufacture

Lead Acid Battery Technologies (eBook at UC) 179

http://www.crcnetbase.com/isbn/9781466592230


Reduction

Oxidation
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Deep Cycle Battery Manufacture in the Developed World
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https://www.youtube.com/watch?v=DFtepc9Tpmc
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Battery Manufacture in Nepal Part 1

Battery Manufacture in Nepal Part 2

https://www.youtube.com/watch?v=MOTFBDLziHI

194

https://www.youtube.com/watch?v=MOTFBDLziHI
https://www.youtube.com/watch?v=XSn0UuuHD_A
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Rest of world
Asia Pacific

Europe and Middle East

North America

Europe, Middle East, Africa = EMEA
Asia, Pacific = APAC
Rest of World = ROW = Russia, Turkey, Australia, Brazil
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Vitriol = Sulfate

207



208



209



210



211



212



213



214



215



216



217



218



219



220



221



222



223



224



225



226



227



Alkaline Dry Cell
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Flow Cells (Flow Batteries)
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Zinc Bromide Flow Cell

230



Zinc Bromide Flow Cell

231



Iron Water Flow Cell

https://www.youtube.com/watch?v=HmtI8Wat7rY 232

https://www.youtube.com/watch?v=HmtI8Wat7rY
https://www.youtube.com/watch?v=HmtI8Wat7rY


Iron Water Flow Cell

https://www.youtube.com/watch?v=HmtI8Wat7rY 233

https://www.youtube.com/watch?v=HmtI8Wat7rY
https://www.youtube.com/watch?v=HmtI8Wat7rY


Iron Water Flow Cell

https://www.youtube.com/watch?v=HmtI8Wat7rY 234

https://www.youtube.com/watch?v=HmtI8Wat7rY
https://www.youtube.com/watch?v=HmtI8Wat7rY


Iron Water Flow Cell

https://www.youtube.com/watch?v=HmtI8Wat7rY 235

https://www.youtube.com/watch?v=HmtI8Wat7rY
https://www.youtube.com/watch?v=HmtI8Wat7rY
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How to build a small version of this battery

Iron water battery construction
https://www.youtube.com/watch?v=WZkqgj1J_WE

https://www.youtube.com/watch?v=WZkqgj1J_WE


PNL
Zinc Polyiodide

Cell

237



PNL
Zinc Polyiodide

Cell
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Lithium Ion Battery

Silicon
Anode

Lithium 
Cobalt Oxide
Cathode
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Sizing up a battery – basic parameters and  calculations

Voltage (V), Current (A)

Parallel and series circuits

Capacity, energy (Ah, Wh)

C-rate (C)



241

Sizing up a battery – voltage, current, power

Electrical Engineering parameter Chemical Engineering equivalent parameter

Voltage (V) Fluid pressure (kPa, psi)

Current (A) Flowrate (m³/s)
Electrical power (W) Mechanical, or pump power (W)

𝑉𝑜𝑙𝑡𝑎𝑔𝑒 ∗ 𝐶𝑢𝑟𝑟𝑒𝑛𝑡 = 𝑃𝑜𝑤𝑒𝑟 𝑃𝑟𝑒𝑠𝑠𝑢𝑟𝑒 ∗ 𝐹𝑙𝑜𝑤𝑟𝑎𝑡𝑒 = 𝑃𝑜𝑤𝑒𝑟
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Sizing up a battery – parallel and series 
circuits

In series circuit (S), output voltage increases, 
current stays the same

In parallel circuit (P), output current increases, 
voltage stays the same

Batteries have maximum safe operating voltage 
(and current)
Approx. 4V for Li-ion
1.2 - 1.5V for NiMH

Increase voltage and current by connecting in P 
and S

𝑉!"#$% = 3.6𝑉

𝑉!"#$% = 1.2𝑉

𝐼!"#$% = 0.3𝐴

V

1.2
V

1.2
V

1.2
V

A
V

0.1
A

0.1
A

0.1
A

0.3
A

0.3
A

0.3A1.2
V
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Sizing up a battery - capacity

I = Current, in amperes
C = Charge, in coulombs

t = time, in seconds

Capacity, measured in amp-hours 
(Ah)

𝐼 =
𝐶
𝑡

𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦 = 𝐼 ∗ 𝑡

𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦 =
𝐶

𝑡
∗ 𝑡

𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦 = 𝐶

1 Ah capacity can supply a current of 1 A for 1 hour
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Sizing up a battery - energy

Capacity (Ah)
Voltage (V)
Power (W)

Energy content (Wh)

Hence, energy content = capacity x voltage
Units of energy content in a battery given in watt-hours

𝑃 =
𝐸
𝑡

𝐸 = 𝑃 ∗ 𝑡 𝑉𝑜𝑙𝑡𝑎𝑔𝑒 ∗ 𝐶𝑢𝑟𝑟𝑒𝑛𝑡 = 𝑃𝑜𝑤𝑒𝑟

𝐸 = 𝑉 ∗ 𝐼 ∗ 𝑡
Capacity
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Sizing up a battery – C-rate

Rate of charging/discharging of a battery
Quoted as multiple of capacity of battery

For example: taking a 3 Ah battery

C-rate Current (A)

1C 3 

0.5C 1.5

0.1C 0.3

0.01C 0.03
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Problem 1 – Boiling the kettle 
2 kW kettle

Takes approx. 45 sec to boil 1 cup of tea

2
𝑘𝐽
𝑠
∗ 45 𝑠 = 90 𝑘𝐽

𝒐𝒓 𝟐𝟓𝑾𝒉
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Problem 2 - charging your phone
3000 mAh capacity (Samsung Galaxy S8)

Charger capable of 3A
Charging time (nominated 0% to 100%) approx. 1 hour (1C)

Voltage: 5V
𝐸𝑛𝑒𝑟𝑔𝑦 𝑐𝑜𝑛𝑠𝑢𝑚𝑒𝑑 = 3𝐴 ∗ 5𝑉 ∗ 4000𝑠

60 𝑘𝐽 𝑜𝑟 𝟏𝟔𝑾𝒉
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Comparing energy storage techniques

Luo, X., Wang, J., Dooner, M., Clarke, J., 2015. Appl. Energy.
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Comparing batteries

Tarascon, J.-M., Armand, M., 2001. Nature.
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Lead acid

Negative	plate:
𝑃𝑏(") + 𝐻𝑆𝑂$(%&)

' → 𝑷𝒃𝑺𝑶𝟒(𝒔) + 𝐻(%&)
* + 2𝑒'

Positive plate:
𝑃𝑏𝑂+(") + 𝐻𝑆𝑂$(%&)

' + 3𝐻(%&)
* + 2𝑒' → 𝑷𝒃𝑺𝑶𝟒(𝒔) + 𝐻+𝑂(,)

Overall reaction:
𝑃𝑏(-) + 𝑃𝑏𝑂+(") + 𝐻+𝑆𝑂$(%&)

' → 𝑷𝒃𝑺𝑶𝟒(𝒔) + 𝐻+𝑂(,)

Battery voltage roughly 2V
Overcharging can cause water splitting

Measure state of charge by 
Measuring voltage,

Gravimetric measurement of electrolyte

May, G.J., Davidson, A., Monahov, B., 2018. J. Energy Storage 15, 145–157.
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Nickel metal hydride
Negative electrode:

𝐻!𝑂 +𝑴 + 𝑒" ↔ 𝑂𝐻" +𝑀𝐻

Positive electrode:
𝑵𝒊(𝑶𝑯)𝟐 + 𝑂𝐻" ↔ 𝑁𝑖𝑂 𝑂𝐻 + 𝐻!𝑂 + 𝑒"

Hydrogen ion shuttling back and forth
Nominal voltage of 1.2V
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Lithium ion battery

Intercalation reactions occur
Lithium-ions move into material lattices

Lithium ions shuttle back and forth
Graphite stores lithium when fully charged
Cathode accepts lithium during discharge
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Cell configurations

Cylindrical cells are most efficient
Can be wound with high tension

Commonly made into 18650
AA batteries are 14500, not usually lithium ion
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Lithium ion battery calculations
What is the minimum amount of lithium in your smartphone?

Smartphone battery capacity around 2500 mAh (2.5 Ah)

9000 𝐶 𝑜𝑢𝑙𝑜𝑚𝑏𝑠

5.61798 ∗ 10++ 𝑒𝑙𝑒𝑐𝑡𝑟𝑜𝑛𝑠

5.61798 ∗ 10++ 𝐿𝑖𝑡ℎ𝑖𝑢𝑚 𝑖𝑜𝑛𝑠

0.093 𝑚𝑜𝑙𝑒𝑠 𝑜𝑓 𝐿𝑖

0.6475 𝑔 𝑜𝑓 𝐿𝑖𝑡ℎ𝑖𝑢𝑚

0.6475g of lithium metal was required to make the battery, but no longer in elemental 
form in the battery.
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Lithium ion batteries for EVs

Tesla Model S 85
85 kWh battery pack 

18650 cell type
6 cells per module, 16 

modules
74 in parallel

7104 cells total
360V

Nissan Leaf
24 kWh battery
Pouch-cell type

4 cells per module, 48 
modules

32.5 Ah per cell
192 pouch cells total

1 
cell

1 module

1 
cell

1 module
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Nickel Iron battery

Discharge reactions:

𝐹𝑒 + 2𝑂𝐻! → 𝐹𝑒(𝑂𝐻)"+2𝑒!

2𝑁𝑖𝑂 𝑂𝐻 + 2𝐻"𝑂 + 2𝑒! → 2𝑁𝑖(𝑂𝐻)"+2𝑂𝐻!

Start with iron, dissolve in sulfuric acid:

𝐹𝑒 + 𝐻"𝑆𝑂# → 𝐹𝑒𝑆𝑂# +𝐻"

Precipitate by dissolving in a strong base:

𝐹𝑒𝑆𝑂# + 2𝐾𝑂𝐻 → 𝐹𝑒(𝑂𝐻)"+𝐾"𝑆𝑂#

Overall charging reaction:

𝑭𝒆(𝑶𝑯)𝟐+𝟐𝑵𝒊(𝑶𝑯)𝟐→ 𝟐𝑵𝒊𝑶 𝑶𝑯 + 𝟐𝑯𝟐𝑶+ 𝑭𝒆

BBC Ni Fe battery

https://www.bbc.com/future/article/20210223-the-battery-invented-120-years-too-soon?ocid=ww.social.link.email
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Capacitors, supercapacitors  

Store charge in an electric field

Charge stored is directly related to:

Distance between plates

Surface area of plates

Permittivity of dielectric
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Capacitors, supercapacitors 

Ceramic capacitors
Small capacitance

Used in electronic circuits for smoothing

Electrolytic capacitors
Makes use of an electrolyte (solid or liquid)

High capacitance
Oxide layer on metal is the dielectric

Asymmetric

V

Dielectric 
oxide 
layer

Electrolytic 
cathode

Cathode 
current 
collector

Anode

Separator
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Capacitors, supercapacitors – EDLC

Electrochemical double-layer capacitor

Charge separation

No electrochemical reaction

Chemical reactions can be introduced
Called pseudocapacitance

Transition metal oxide electrode material
Conducting polymers
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Simple symmetric EDLC construction

Components:
Electrodes
Electrolyte

Current collectors
Separator

Preparation:
Electrode usually in powder form, need to be made into an ink

Electrolyte – salt solution that won’t evolve gas, and similar ionic radius
Current collector – low resistance metal strip

Separator – prevents short circuit between electrodes
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Batteries vs supercapacitors
Batteries Supercapacitors

Relatively slower rate of charge/discharge Quick rate of charge/discharge

Higher energy density Lower energy density

Energy stored in chemical reactions Electrostatic charge is stored, no 
chemical reactions

Lower durability (cycles to failure) 
approx. 1000 cycles

Higher durability, approx. 100,000 cycles
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What type of batteries could 
be economically produced 
in the developing world for 
long term energy storage 
related to renewable energy?

Ludington Hydrostorage on Lake Michigan

https://en.wikipedia.org/wiki/Ludington_Pumped_Storage_Power_Plant
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Printed Soil Moisture Sensors for Drip 
Irrigation
• Uses printable 

conductive ink
• Doped titania

nanoparticles
• RFID interrogation
• Moisture affects 

impedance
• Can be used for 

chemical detection 
(CO)
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Niobium-doped titania nanoparticles

• Chemical synthesis
• Reagents:

• Titanium chloride
• Niobium ethoxide
• Tert-butyl alcohol

• Challenging to produce printable 
consistency
• Requires screen printer
• Alternative to titania is silver nanoparticles
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Electronic sensor

• Electronic sensor platform system
• 5V system
• Controlled by microcontroller
• Inductive power transfer
• Data sent wirelessly to smartphone
• Can charge using solar panel
• Can be modified to accept power 

from supercapacitors
• Costs roughly $5
• (cost does not include smartphone)
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Electronic sensor

• Capacitive sensor
• Additional Sensors included, but 

not necessary
• Temperature
• Humidity
• Light

• Expandable (NodeMCU
microcontroller has many digital 
I/O pins)
• Soil conductivity measurement?
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Field test

• Tested in field
• Initial reading taken
• Reading increased when water added
• Reading decreased as soil dried (10 mins)
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ETHIOPIA SENSORS ELECTRONICS COMPANY
BUSINESS PLAN

ESEC has three goals: 
1) Manufacture of moisture sensors targeting initially foreign 

development funding for drip irrigation systems and later 
the larger Ethiopian agricultural market.  

2) Training of a new generation of entrepreneurial 
technologists and businessmen who will expand the market 
for sensors and battery technology in Ethiopia, as well as 
support indigenously manufactured and locally installed 
equipment.  Market expansion will take advantage of 
expertise and centers at TUoS and UC.  

3) Enhance the economic situation for faculty and 
administrators at Ethiopian universities through an 
Ethiopian adaptation of the US/UK university-based start-up 
incubator model. 
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Strengths
• The proposed sensor design is efficient, sustainable,

cheap and easily constructible
• Availability of trained human power with technical

expertise
• Associated Universities management have a strong

commitment and initiation to the implementation of
the project and are pioneers in irrigation regulation

Weaknesses
• Need for full characterisation and scale up production

of sensors
• Need for RFID devices for measurement read

Opportunities
• Promising market in the rural area of the region
• Development of the sensor technology to suit other

applications
• Possibility of sensor being produced from locally

sourced starting materials in the near future
• Provision of taxes relief by the government to import

inputs to the solar panel production plant

Threats
• Delay at maritime transit and shortage of foreign

currencies
• Lack of basic knowledge and trust of the customers in

purchasing the product manufactured locally
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Program Title:  Ethiopian Manufacture of Drip Irrigation Control Systems
      US Embassy Addis Ababa Cultural Affairs Project

Proposed Start Date:  October 1, 2021 
Proposed End Data:  September 30, 2022

Purpose of Program:  The funds will be used to initiate a business in Addis to manufacture drip irrigation control systems that 
were previously designed and field tested during a Fulbright Fellowship by Prof. Greg Beaucage (University of Cincinnati, 
Addis Ababa University, Dire Dawa University, University of Sheffield, UK). In the first year, with US Embassy funding, we 
plan to develop a manufacturing protocol for drip irrigation (DI) control systems and to install the systems in two agricultural 
test sites including in East Hararghe/Dire Dawa with the Fair Planet NGO and at Bishoftu near Addis at the AAU agricultural 
test facility. At the end of the first year we hope to have a business plan for a marketable DI control system, manufacturing 
protocol and capital investment to initiate commercial activity in Ethiopia to manufacture DI control systems for Ethiopian 
farms. The program chiefly involves the Stem Synergy International NGO which has recent experience with Ethiopian startups 
and has manufacturing facilities and an office in Addis, 22 STEM centers across Ethiopia and offices in the Washington DC 
area. The one-year funding will result in the initial manufacture of soil moisture sensors, solar irradiance, temperature and 
humidity detectors, electronic valves and a control app for control of the system using a cell phone. In the first year these initial 
systems will be field tested in collaboration with Fair Planet, an Israeli NGO operating at Dire Dawa and in the East Hararghe 
region, as well as in collaboration with Addis Ababa University at their Bishoftu agricultural test facilities near Addis. This seed 
funding will be coupled with further investment developed during the first year so that a functional startup business will result 
that employs Ethiopian trained engineers and scientists towards the manufacture of DI control systems for Ethiopian farms run 
by a cell-phone app and including solar powered electronic valves, solar-powered soil moisture/temperature/humidity/irradiance 
detectors and a new app that can take the humidity/temperature/irradiance/soil moisture readings and calculate and implement 
the needed irrigation and fertilizer addition based on existing algorithms available in textbooks on drip irrigation. 
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Applicants:
Yisehak Shata, MEng, PE, ENV SP  
Chairman and Board of Directors STEM Synergy International
Mobile: 540-355-5250
Email:yshata@stemsynergy.org Website: https://stemsynergy.org/

Tsegaye Legesse MBA/CPA
President and Executive Director STEM Synergy International
Cell Phone: 202-203-8240
Email: tlegesse11@stemsynergy.org

Abiyot Lakew, Manager of STEM Synergy’s Addis Ababa facility.

Prof. Gregory Beaucage, 
Department of Chemical and Materials Engineering
University of Cincinnati
513 373 3454 (Cell)
beaucag@uc.edu

Berhanu Assefa (Dr.- Ing) Associate Professor, Chemical Engineering 
Addis Ababa Institute of Technology, Addis Ababa University 
Addis Ababa, Ethiopia Tel: +251 (0) 911 40 54 91 hmberhanu@yahoo.com

mailto:yshata@stemsynergy.org
https://nam11.safelinks.protection.outlook.com/?url=https%3A%2F%2Fstemsynergy.org%2F&data=04%7C01%7CBEAUCAG%40UCMAIL.UC.EDU%7C5fd7639b522b4ab1debb08d943ea8405%7Cf5222e6c5fc648eb8f0373db18203b63%7C1%7C0%7C637615497212206168%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C2000&sdata=R2XZeT2id%2FFTTMVqe%2FJk8XzmrM4sTjcAV%2B9E69M6QoM%3D&reserved=0
mailto:tlegesse11@stemsynergy.org
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Max Yan and Horace McFarlane:  Max Yan and Horace McFarlane are collaborators from Sheffield. The have agreed 
to participate in the development of the drip irrigation control system manufacturing startup in Addis. This is a 
continuation of the collaboration in the development of the existing field-tested device.
Fair Planet:  Fair Planet is an Israeli NGO that targets agricultural development in Ethiopia through providing more 
productive seed varieties, training farmers, providing agricultural experts to interact with local farmers with extended 
visits, and by demonstration of improved farming practices such as crop rotation, trellising, fertilization, and drip 
irrigation. Fair Planet has test farms in Dire Dawa and in the Eastern Hararghe area affiliated with DDU and HU. Fair 
Planet has agreed to participate in the project by providing test plots for the drip irrigation control systems.  
Berhanu Assefa: Dr. Assefa is a Professor of Chemical Engineering at AAU/AAIT who has worked with Beaucage, Yan 
and McFarlane in the manufacture of soil moisture sensors and the field testing of the sensors. Assefa has links with the 
drip irrigation test facilities at AAIT where field testing of the drip irrigation control system will be carried out.
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Program Goals and Objectives:
The goal of the project is to develop a viable business plan for the manufacture of drip irrigation control systems in Ethiopia and 
to attract startup funding from Ethiopian, US, and other foreign investors. The control systems will contribute to employment of 
recent technical graduates of Ethiopian Universities in work that contributes to domestic food security and export through 
increased crop yields and lowers water and fertilizer usage as well as slows the degradation of irrigated land through salt buildup, 
and reduction in weeds.
1) 1-6 months: Design of a complete drip irrigation control system that can be run from a cell phone based on our existing soil 

moisture sensor which currently simultaneously detects soil moisture, temperature, atmospheric humidity, and solar 
irradiance. We hope to add pH sensing. The new phone app will also control solar powered valves and possibly solar pumps 
for irrigation. This work will be done in collaboration with the University of Sheffield, AAU/AAIT, and Fair Planet. 

2) 4-12 months: The design will be field tested in Dire Dawa on about a 1-hectare field at the Fair Planet research farm preferably 
with vegetables during the dry season. The timing may be somewhat difficult if the project is initiated in October 2021. The 
Fair Planet test site is typical of the Somali Region with arid conditions and sandy soil. Parallel to the Fair Planet test site we 
will test the system in Addis at a test agricultural fields outside of the city. The soil at this test site is rich loam with moderate 
climate conditions. We previously used both the Fair Planet and the AAIT facilities to test the cell phone-controlled soil 
moisture sensors which were assembled at AAIT and at DDIT.

3) 6-12 months: Preparation of a business plan to solicit commercial investment based on the field tests and consultation with 
agricultural experts. We plan to solicit capital from contacts in Addis, the US, and possibly other locations such as Turkey 
and Israel. We are looking for an initial market value of about $1.5M. 

4) 12 month and onward: Further growth of the business after this one-year grant will rely on long term interaction with Fair 
Planet, AAIT, and the Ethiopian Agricultural Transformation Agency (ATA) and will involve more significant funding. 
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Table 1.  Timeline for project.
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Go to other slides
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Non-PV Solar
Solar desalinisation/Solar disinfection
Solar hot water
Solar boiler for electricity
Solar chimney
Solar cooling
Solar cooking
Solar charcoal processing
Solar redox hydrogen processes
Biogas
Algae for food
Oil from algae
Summary of the potential for technical business opportunities 
to solve development problems
Questions



Non-Photovoltaic Solar Energy Harvesting 

Solar Chimney
Solar Greenhouse
Biomass
Solar Heat
Passive Solar
Solar Water Heater
Solar Oven
Desalination
Solar Towers
ZnO Redox Reaction
Biomass/syngas
Solar Thermolysis
Solar Electricity & Electrolysis
Algae Tower



Solar Desalination/Water Purification

Solar Still Video  (http://www.youtube.com/watch?v=GrPRnaS449w)

http://www.youtube.com/watch?v=GrPRnaS449w


Solar Desalination/Water Purification



Solar Desalination/Water Purification





Solar Desalination/Water Purification



Solar Desalination/Water Purification



Solar Desalination/Water Purification



Solar Desalination/Water Purification



Solar Desalination/Water Purification



Solar Desalination/Water Purification
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Carocell Australia

https://www.youtube.com/watch?v=mPzFfqaXkJU
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King Abdullah’s Desalinization Plant

https://www.youtube.com/watch?v=RYRuQCMG1Uk
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Seawater Greenhouse



Seawatergreenhouse.com

https://seawatergreenhouse.com/


Solar Heat Collectors
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Do it yourself webpage
http://www.n3fjp.com/solar/construction101/construction101.htm

http://www.n3fjp.com/solar/construction101/construction101.htm
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Solar Heat Collectors



Solar Heat Collectors



Solar Heat Collectors



Solar Heat Collectors



Solar Heat Collectors

Sterling Engine Water Pump (Large)  
(http://www.youtube.com/watch?v=CEBuzq5iIqk)

Sterling Engine Wiki (http://en.wikipedia.org/wiki/Stirling_engine)

Eurodish Solar Sterling Engine (https://www.youtube.com/watch?v=wfDWDqyToBg)

http://www.youtube.com/watch?v=CEBuzq5iIqk
http://en.wikipedia.org/wiki/Stirling_engine
https://www.youtube.com/watch?v=wfDWDqyToBg




Solar Heat Collectors



Solar Heat Collectors



Solar Heat Collectors

Solar Tres (Gemasolar)

How it works
http://www.youtube.com/watch?v=GhV2LT8KVgA

https://www.youtube.com/watch?v=5nd7fGMXciA

http://www.youtube.com/watch?v=GhV2LT8KVgA
http://www.youtube.com/watch?v=LMWIgwvbrcM




Aoroa Solar Ethiopia

Aoroa Solar .com

http://www.alternative-energy-news.info/tulip-solar-ethiopia/

https://sustainability.asu.edu/research/project/aora-solar-tulip/

http://www.alternative-energy-news.info/tulip-solar-ethiopia/
http://aora-solar.com/




Enviromission (Australia)

Solar Chimney Spain (Madrid)

Solar Chimney’s

http://www.enviromission.com.au/EVM/content/about_companyprofile.
html

http://www.youtube.com/watch?v=XCGVTYtJEFk

http://www.enviromission.com.au/EVM/content/about_companyprofile.html
http://www.youtube.com/watch?v=XCGVTYtJEFk


Solar Chimney’s

Gaborone, Botswana



Hot Water 
Systems

http://www.alternative-energy-tutorials.com/solar-hot-water/evacuated-tube-collector.html

This webpage goes through types of solar water heaters

http://www.alternative-energy-tutorials.com/solar-hot-water/evacuated-tube-collector.html


Hot Water 
Systems



Hot Water 
Systems



Direct vs Indirect Systems

Hot Water 
Systems



Hot Water 
Systems





Hot Air Heating Systems







Industrial Solar Water Heating Mek’elle Ethiopia

http://www.solarthermalworld.org/sites/gstec/files/Kahsay_ISES%
20Kassel.pdf

http://www.solarthermalworld.org/sites/gstec/files/Kahsay_ISES%20Kassel.pdf


Solar Power Cooling



Swamp Cooler (http://www.youtube.com/watch?v=6ooAAcsbf_0)

http://www.youtube.com/watch?v=6ooAAcsbf_0


Psychrometric Chart















A simple system (http://www.youtube.com/watch?v=cz-kquRmvqk)

http://www.youtube.com/watch?v=cz-kquRmvqk


Evaporative cooler to cool milk

http://www.dairyreporter.com/Processing-Packaging/Sub-Saharan-
milk-cooler-project-awarded-1m-grant

http://www.dairyreporter.com/Processing-Packaging/Sub-Saharan-milk-cooler-project-awarded-1m-grant


BBC Article
http://www.bbc.com/future/story/20120727-when-good-milk-
turns-bad

http://www.bbc.com/future/story/20120727-when-good-milk-turns-bad




Solar Refrigeration Using 
Absorption/Desorption/Evaporation



Carbon/Solvent Systems



A Simple Solar Ice Maker



A Simple Solar Ice Maker (Anthony Tong/Amanda)

Methanol/Carbon Based 
Absorption Refrigerator/Ice 
Maker



Amy Ciric University of Dayton (aciric1@udayton.edu)   

Ethanol/Carbon Based
Absorption Refrigerator

mailto:aciric1@udayton.edu


A Simple Solar Ice Maker



A Simple Solar Ice Maker



Ammonia/Water Systems









ISAAC write-up

http://www.energy-concepts.com/_pages/app_isaac_solar_ice_maker.htm










Issac Ice Maker (http://www.energy-concepts.com)

http://www.energy-concepts.com/


Issac Ice Maker (http://www.energy-concepts.com)

http://www.google.ch/patents/US6715290

http://www.energy-concepts.com/






Michael John UDSM

Cuthbert Kimambo, Provost UDSM 





LiBr/Water Systems



LiBr/Water
Refrigerator







SOPOGY Solar Air Conditioning LiBr

http://www.youtube.com/watch?v=2usC_Bb1LSw

http://www.youtube.com/watch?v=2usC_Bb1LSw


How it works: Absorption Refrigerator
https://youtu.be/udeSVyx6_9A

Industrial Solar Refrigerator in Tunisia
http://www.youtube.com/watch?v=EPbjwv-7fWI

https://youtu.be/udeSVyx6_9A
http://www.youtube.com/watch?v=EPbjwv-7fWI


Example of one of these large scale systems (http://www.youtube.com/watch?v=AtMC2MXc_n8)

http://www.youtube.com/watch?v=AtMC2MXc_n8


Einstein Refrigerator





Ted Talk on Developing World Refrigerator

http://www.ted.com/talks/adam_grosser_and_his_sustainable_fri
dge.html

http://www.ted.com/talks/adam_grosser_and_his_sustainable_fridge.html






https://sundanzer.com/product/bfrv15/

3-5% propylene glycol in water

https://sundanzer.com/product/bfrv15/


2

4

Total = $3500



Solar Cooking









Solar Cookers International (http://video.nationalgeographic.com/video/environment/energy-environment/solar-cooking/)

http://video.nationalgeographic.com/video/environment/energy-environment/solar-cooking/


Advanced Energy Systems

https://advancedenergysystemsllc.com/hybrid-solar-ovens














To Cook at Night

-Large collection area focused to an insulated heat storage material
1500 W-hr/day delivered to food

-Heat storage materials:  NaCl; Bricks; Ceramic tiles; Silicon oil;  Water; Sand; 
Combinations of heat storage and heat transfer materials

-Insulation

-Ideally you would cook indoors, collect heat outdoors

-Ideally the head supplied to food would be adjustable

http://www.webplaces.org/solaroven/design.htm



To Cook at Night

http://www.webplaces.org/solaroven/design.htm

http://www.webplaces.org/solaroven/design.htm


To Cook at Night

http://www.webplaces.org/solaroven/design.htm



To Cook at Night

http://www.webplaces.org/solaroven/design.htm



To Cook at Night

http://www.webplaces.org/solaroven/design.htm

http://www.webplaces.org/solaroven/design.htm


https://www.engineeringforchange.org/wp-
content/uploads/2015/10/sol_r_final_report.pdf

https://www.engineeringforchange.org/10-solar-cookers-that-
work-at-night/

https://www.engineeringforchange.org/wp-content/uploads/2015/10/sol_r_final_report.pdf
https://www.engineeringforchange.org/wp-content/uploads/2015/10/sol_r_final_report.pdf
https://www.engineeringforchange.org/10-solar-cookers-that-work-at-night/
https://www.engineeringforchange.org/10-solar-cookers-that-work-at-night/


Heat transfer fluid is air
Heat storage material is Sand
Large parabolic collector
Also uses metal heat transfer plate

https://www.engineeringforchange.org/wp-
content/uploads/2015/10/medp_final_report_2011.pdf

https://www.engineeringforchange.org/wp-content/uploads/2015/10/medp_final_report_2011.pdf
https://www.engineeringforchange.org/wp-content/uploads/2015/10/medp_final_report_2011.pdf


Heat transfer fluid is air
Heat storage material is Sand
Large parabolic collector
Also uses metal heat transfer plate

Transfer to cook indoors by wheels

https://www.engineeringforchange.org/wp-
content/uploads/2015/10/medp_final_report_2011.pdf



https://www.engineeringforchange.org/wp-
content/uploads/2015/10/medp_final_report_2011.pdf





https://www.engineeringforchange.org/wp-
content/uploads/2015/10/Solar_Cookstove_Final_Report.pdf



https://www.engineeringforchange.org/wp-
content/uploads/2015/10/sol_r_final_report.pdf

Georgia Tech



User Interface











https://www.engineeringforchange.org/wp-
content/uploads/2015/10/sol_r_final_report.pdf



Go Sun Stove (http://www.kickstarter.com/projects/707808908/gosun-stove-portable-high-efficiency-solar-cooker)

Go Sun Fusion

http://www.kickstarter.com/projects/707808908/gosun-stove-portable-high-efficiency-solar-cooker
https://www.youtube.com/watch?v=AtpDwkzqvIk


Solar Drying, Solar Kiln
Solar Baking
Solar Charcoal





https://pubs.ext.vt.edu/content/dam/pubs_ext_vt_edu/420/420-
030/420-030_pdf.pdf
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http://solarfire.org/GoSol



http://www.fao.org/docrep/x5555e/x5555e03.htm

about 0.50 USD/kg in Tanzania

http://www.fao.org/docrep/x5555e/x5555e03.htm


https://ac.els-cdn.com/S1876610214015501/1-s2.0-
S1876610214015501-main.pdf?_tid=2825d798-b4f4-11e7-b1ff-
00000aab0f26&acdnat=1508434819_32b09327f2c7717ac422cf07c
1e471ce







http://solarcooking.wikia.com/wiki/Solar_charcoal

200°C  water vapor
Above 200 below 400 wood gas
Charcoal in about 2 hours from sticks



https://www.bladesmithsforum.com/index.php?/topic/32781-
charcoal-through-solar-power/

https://www.youtube.com/watch?v=8Makaciz3Xc

Small solar charcoal kiln for cloth

Fresnel Lens

https://www.bladesmithsforum.com/index.php?/topic/32781-charcoal-through-solar-power/
https://www.bladesmithsforum.com/index.php?/topic/32781-charcoal-through-solar-power/
https://www.youtube.com/watch?v=8Makaciz3Xc


http://www.halfbakery.com/idea/Home_20Solar_20Charcoal_20Di
stiller

http://www.halfbakery.com/idea/Home_20Solar_20Charcoal_20Distiller
http://www.halfbakery.com/idea/Home_20Solar_20Charcoal_20Distiller


https://file.scirp.org/pdf/JSBS_2016081016170057.pdf

https://file.scirp.org/pdf/JSBS_2016081016170057.pdf


https://file.scirp.org/pdf/JSBS_2016081016170057.pdf







http://www.scienceforums.com/topic/6307-solar-parabolic-
trough-charcoal-oven/page-18















UDSM Charcoal briquette production Dr. Hassan M. Rajabu



Dr Hassan M. Rajabu’s briquette equipment UDSM





http://www.cleanfuels.nl/Sitepics/Kilning-principle.png

http://www.cleanfuels.nl/Sitepics/Kilning-principle.png


https://www.youtube.com/watch?v=fBYaP5K0AkE

A retort kiln using wood gas

Wood Gas Byproduct

https://www.youtube.com/watch?v=fBYaP5K0AkE


https://en.wikipedia.org/wiki/Wood_gas#/media/File:Planet_Mec
hanics_wood_gasifier.png

https://en.wikipedia.org/wiki/Wood_gas
https://en.wikipedia.org/wiki/Wood_gas


Biomass/Syngas/Wood Gas

Moderate Scale Plant (http://www.dailymotion.com/video/xit4aj_xylowatt-biomass-gasification-renewable-syngas_tech)

http://www.dailymotion.com/video/xit4aj_xylowatt-biomass-gasification-renewable-syngas_tech


https://terrapreta.bioenergylists.org/biofuelenergysystems

https://terrapreta.bioenergylists.org/biofuelenergysystems




Brazil
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Zn => ZnO Cycle (http://en.wikipedia.org/wiki/Zinc%E2%80%93zinc_oxide_cycle)

UNLV (http://www.hydrogen.energy.gov/pdfs/review06/pd_10_weimer.pdf)

PSI/ETHZ (https://www.psi.ch/media/producing-pure-recycling-zinc-with-concentrated-solar-energy)

France Solar Furnace Talk (http://sfera.sollab.eu/downloads/Conferences/SolarPACES_2012_SFERA_Meier.pdf)

http://en.wikipedia.org/wiki/Zinc%E2%80%93zinc_oxide_cycle
http://www.hydrogen.energy.gov/pdfs/review06/pd_10_weimer.pdf
https://www.psi.ch/media/producing-pure-recycling-zinc-with-concentrated-solar-energy
http://sfera.sollab.eu/downloads/Conferences/SolarPACES_2012_SFERA_Meier.pdf


Zn => ZnO Cycle
(Solar Driven Redox Reactions)



Zn => ZnO Cycle
(Solar Driven Redox Reactions)

Need to rapidly quench and dilute Zn + O2 mixture



http://sfera.sollab.eu/downloads/Conferences/Sola
rPACES_2012_SFERA_Meier.pdf





Zn => ZnO Cycle
(Solar Driven Redox Reactions)









California Mojave Desert



Odeillo, France
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Zn => ZnO Cycle
(Solar Driven Redox Reactions)

Need to rapidly quench and dilute Zn + O2 mixture



Two Other Redox Systems (http://energy.gov/eere/fuelcells/hydrogen-production-thermochemical-water-splitting)

http://energy.gov/eere/fuelcells/hydrogen-production-thermochemical-water-splitting


Solar Thermochemical Hydrogen Production Research (STCH)
Thermochemical Cycle Selection and Investment Priority
Robert Perret

http://energy.gov/sites/prod/files/2014/03/f9/solar_thermo_h2.pdf
http://energy.gov/sites/prod/files/2014/03/f9/solar_thermo_h2.pdf
http://energy.gov/sites/prod/files/2014/03/f9/solar_thermo_h2.pdf








Ammonium	sulfite

Ammonium	sulfate





NiFe2O4



NiFe2O4













Biomass/Syngas

Fischer-Tropsch Reaction:  H2 and CO to Liquid Fuel

Steam Reforming Reaction:  CH4 to H2 and CO

Water Shift Gas Reaction:  CO to H2



Biomass/Syngas



More Polar Molecules will Adsorb



Biomass/Syngas

More Polar Molecules will Adsorb



Biological Digestion



India Biogas Reactor (https://www.youtube.com/watch?v=9kKRdlAFuZw)

https://www.youtube.com/watch?v=9kKRdlAFuZw


Biogas Reactor for the Developing World (https://www.youtube.com/watch?v=Cwm5Rm8uIsk)

https://www.youtube.com/watch?v=Cwm5Rm8uIsk


Biomass/Syngas

Single House Biogas (http://www.youtube.com/watch?v=3th2bcqHbsk)

http://www.youtube.com/watch?v=3th2bcqHbsk


Biomass/Syngas

Biogas in Kenya (http://www.youtube.com/watch?v=qh3mmgiybTw)

http://www.youtube.com/watch?v=qh3mmgiybTw
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Photocatalysis
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Solar Thermolysis

Direct solar theromlysis (http://www.youtube.com/watch?v=fBLGIVm-B2A)

Titania Catalyst (http://www.youtube.com/watch?v=8kJqsDh8cs0)

http://www.youtube.com/watch?v=fBLGIVm-B2A
http://www.youtube.com/watch?v=8kJqsDh8cs0


518

Solar Thermolysis

Titania as a photocatalyst

http://www.mvt.ovgu.de/mvt_media/Vorlesungen/VO_ENAP/Folien_ENAP_10.pdf

http://www.mvt.ovgu.de/mvt_media/Vorlesungen/VO_ENAP/Folien_ENAP_10.pdf
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Solar Thermolysis

Titania as a photocatalyst https://cdn.intechopen.com/pdfs-wm/51861.pdf

https://cdn.intechopen.com/pdfs-wm/51861.pdf
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Titania as a photocatalyst

Solar Thermolysis
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Titania as a photocatalyst

Solar Thermolysis
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Titania as a photocatalyst

Solar Thermolysis
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Titania as a photocatalyst

Solar Thermolysis
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Titania as a photocatalyst

Solar Thermolysis
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Titania as a photocatalyst

Solar Thermolysis
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Algae
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Algae:
  
Food
 Diesel Fuel
Hydrogen



528

Spirulina Summary

Algae:
  
Food
 Diesel Fuel
Hydrogen

http://wellnessmama.com/4738/spirulina-benefits/

http://wellnessmama.com/4738/spirulina-benefits/
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Spirulina Summary

Algae:
  
Food
 Diesel Fuel
Hydrogen

http://wellnessmama.com/4738/spirulina-benefits/

http://wellnessmama.com/4738/spirulina-benefits/
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Algae:
  
Food
 Diesel Fuel
Hydrogen

Spirulina Algae in West Africa (https://www.youtube.com/watch?v=CxSA5iiGgiY)

https://www.youtube.com/watch?v=CxSA5iiGgiY
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Grow Spirulina in Northern California
https://www.youtube.com/watch?v=f6Kff2WauO8

https://www.youtube.com/watch?v=f6Kff2WauO8
https://www.youtube.com/watch?v=f6Kff2WauO8
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Spirulina in France (https://www.youtube.com/watch?v=qfCBDyPiTS4)

https://www.youtube.com/watch?v=qfCBDyPiTS4
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California (https://www.youtube.com/watch?v=DpQgNLAStec) http://earthrise.com

https://www.youtube.com/watch?v=DpQgNLAStec
http://earthrise.com/
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Cooking with Spirulina (https://www.youtube.com/watch?v=_UVWLmJk6Vw)

https://www.youtube.com/watch?v=_UVWLmJk6Vw
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Hydrogen from Algae
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Silicon Clusters to Produce H2

https://www.youtube.com/watch?v=_WVm1vaDgSs
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Two stage algae reactor for hydrogen production

https://www.bbc.com/news/av/technology-34699166/how-to-produce-hydrogen-from-algae
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Oil from Algae
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Algae oil extraction

https://www.youtube.com/watch?v=aEZTAJNIxjQ

https://www.youtube.com/watch?v=aEZTAJNIxjQ


542

San Diego Algae Oil Company

https://www.youtube.com/watch?v=N8qs7gjaYO4
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Oil from Algae in lab

https://www.youtube.com/watch?v=oQqlsk3cuWY

Biofuel from Algae in Vermont

https://www.youtube.com/watch?v=oQqlsk3cuWY
https://www.youtube.com/watch?v=7TlEklj7Y1M
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US DOE Algae to Fuel Promo Video

Iowa Algae farm

https://www.youtube.com/watch?v=IxyvVkeW7Nk

https://www.youtube.com/watch?v=d5laQZbJ2mg

https://www.youtube.com/watch?v=IxyvVkeW7Nk
https://www.youtube.com/watch?v=d5laQZbJ2mg
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Algae Tower

NASA Floating Algae Farm Project 
(http://www.youtube.com/watch?v=c7Goyg12Reg)

Algae Building in Germany

https://www.google.com/search?q=algae+tower&client=safari&rls=en&tbm=isch&source=iu&ictx=1&fir=oKCOAl1QVgUk9M:,8QzuAFRvG6xRzM,_&usg=AI4_-kTbSDKXnFOR5t9QtmnLtfC1QQp-aQ&sa=X&ved=2ahUKEwiXw6Lh_NbeAhUI74MKHVqNDSQQ9QEwAXoECAUQBg
http://www.youtube.com/watch?v=c7Goyg12Reg
https://newatlas.com/algae-powered-building/27118/
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Algae Tower

CNET Algae Tower 
(http://www.youtube.com/watch?v=DXLy6E9iEnI)

NASA Algae Project 
(http://www.youtube.com/watch?v=c7Goyg1
2Reg)

Hydrogen from Algae 
(http://www.youtube.com/watch?v=
Or_F6qC0sK4)

Hydrogen from Algae Imperial College
(https://www.youtube.com/watch?v=OFByDMRbucs)

http://www.youtube.com/watch?v=DXLy6E9iEnI
http://www.youtube.com/watch?v=c7Goyg12Reg
http://www.youtube.com/watch?v=Or_F6qC0sK4
https://www.youtube.com/watch?v=OFByDMRbucs
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https://www.greentechmedia.com/articles/read/lessons-from-the-
great-algae-biofuel-bubble#gs.PJr1F3k
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Vertical Farming in Cincinnati

https://www.eafarms.com/vertical-farming/
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