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1 gallon of gasoline was formed from 100 tons (200,000 lbs) of plant matter (40 
acres of wheat including roots and stalk) over millions of years

In 1-year humans consume in fossil fuels 500 to 1,000 years of total plant 
matter from the earth.

The total amount of fossil fuels is effectively fixed for these reasons.

Using modern conversion technology, we would need to burn about half of all 
the land plant matter on earth each year to meet current energy consumption

https://www.eurekalert.org/news-releases/654287



Non-Photovoltaic Solar Energy Harvesting 
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Non-Photovoltaic Solar Energy Harvesting 
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Non-Photovoltaic Solar Energy Harvesting 
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Non-Photovoltaic Solar Energy Harvesting 
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Non-Photovoltaic Solar Energy Harvesting 
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https://www.theguardian.com/environment/2022/oct/06/reckless-coal-firms-plan-climate-busting-
expansion-study-finds?CMP=Share_iOSApp_Other



Solar Energy Engineering

Solar Energy Projects for the Evil Genius

Solar Energy Perspectives

http://app.knovel.com/web/toc.v/cid:kpSEEPS001/vi
ewerType:toc/root_slug:solar-energy-

engineering/url_slug:solar-energy-engineering/?
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http://app.knovel.com/web/toc.v/cid:kpSEEPS001/viewerType:toc/root_slug:solar-energy-engineering/url_slug:solar-energy-engineering/?
http://site.ebrary.com/lib/cincinnati/docDetail.action?docID=10203737
http://www.eng.uc.edu/~beaucag/Classes/SolarPowerForAfrica/SolarEnergyPerspectives6111251e.pdf


Solar Energy Engineering

Solar Energy Projects for the Evil Genius

Solar Energy Perspectives

http://app.knovel.com/web/toc.v/cid:kpSEEPS001/vi
ewerType:toc/root_slug:solar-energy-

engineering/url_slug:solar-energy-engineering/?
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http://app.knovel.com/web/toc.v/cid:kpSEEPS001/viewerType:toc/root_slug:solar-energy-engineering/url_slug:solar-energy-engineering/?
http://site.ebrary.com/lib/cincinnati/docDetail.action?docID=10203737
http://www.eng.uc.edu/~beaucag/Classes/SolarPowerForAfrica/SolarEnergyPerspectives6111251e.pdf
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Time-line interactive map
11

https://ourworldindata.org/grapher/per-capita-solar?time=2019
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Jimmy Carter puts solar panels on Whitehouse
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19 Closed Coal Power Plants In Ohio (13,515 MW)
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15 Operating Natural Gas Power Plants In Ohio (10,743 MW)
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4 Operating Coal Power Plants In Ohio (6,546 MW)
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2 Operating Nuclear Power Plants In Ohio (2,191 MW)



26

8 Operating Wind Power Plants In Ohio (1,090 MW)
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18 Operating Solar Power Plants In Ohio (2,398 MW)
27 Planned Solar Power Plants In Ohio (4,141 MW)



28

9 Operating Hydro Power Plants In Ohio (312 MW)
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9 Operating Battery Power Plants In Ohio (33 MW)
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https://www.carbonbrief.org/mapped-worlds-coal-power-plants/

https://www.carbonbrief.org/mapped-worlds-coal-power-plants/
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Integrated gasification combined cycle (IGCC)

•The solid coal is gasified to produce syngas, or synthetic gas. Syngas is synthesized by gasifying coal in a closed pressurized reactor with a shortage of oxygen. The shortage of oxygen ensures that 
coal is broken down by the heat and pressure as opposed to burning completely. The chemical reaction between coal and oxygen produces a product that is a mixture of carbon and hydrogen, or 
syngas. CxHy + (x/2)O2 → (x)CO2 + (y/2)H2

•The heat from the production of syngas is used to produce steam from cooling water which is then used for steam turbine electricity production.
•The syngas must go through a pre-combustion separation process to remove CO2 and other impurities to produce a more purified fuel. Three steps are necessary for the separation of impurities:[3]

1.Water-gas-shift reaction. The reaction that occurs in a water-gas-shift reactor is CO + H2O   CO2 + H2. This produces a syngas with a higher composition of hydrogen fuel which is more 
efficient for burning later in combustion.
2.Physical separation process. This can be done through various mechanisms such as absorption, adsorption or membrane separation.
3.Drying, compression and storage/shipping.
•The resulting syngas fuels a combustion turbine that produces electricity. At this stage the syngas is fairly pure H2.

https://youtu.be/V3jfECTjMS8
https://en.wikipedia.org/wiki/Steam_turbine
https://en.wikipedia.org/wiki/Integrated_gasification_combined_cycle
https://en.wikipedia.org/wiki/Water-gas_shift_reaction
https://en.wikipedia.org/wiki/Combustion_turbine
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Hotter is better
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To develop combustion technology for efficient production of electricity, 

(i) the elemental composition of the coal, 
(ii) rank of the coal, the mineral matter content of the coal, (peat to anthracite)
(iii) the size of the pulverized coal particles, and 
(iv) the tendency of the combustion system to produce fly ash and bottom slag.
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(i) handling and storage characteristics, 
(ii) pulverizing behavior, 
(iii) combustion behavior, 
(iv) mineral matter and ash chemistry interactions in addition to the characteristics of 

the coal and its ash in terms of environmental factors such as dust, self-heating 
and emissions components. 
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(i) handling and storage characteristics, 
(ii) pulverizing behavior, 
(iii) combustion behavior, 
(iv) mineral matter and ash chemistry interactions in addition to the characteristics of 

the coal and its ash in terms of environmental factors such as dust, self-heating 
and emissions components. 
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Pyrite
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https://youtu.be/IdPTuwKEfmA

Pulverized Coal Boiler and Steam Turbine

https://youtu.be/IdPTuwKEfmA


47



48



49

Limestone
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Ammonia
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The main features of circulating fluidized-bed combustors (CFBC) are 
(i) compatibility with wide range of fuels – conventional boilers for power generation 

can use only fossil fuels, such as high-grade coal, oil, and gas where the circulating 
fluidized-bed combustor is also capable of using low-grade coal, biomass, sludge, 
waste plastics, and waste tires as fuel, 

(ii) low polluting NOx and SOx emissions are significantly decreased without special 
environmental modifications. The operation of circulating fluidized-bed boilers 
involves a two-stage combustion process: the reducing combustion at the fluidized-
bed section, and the oxidizing combustion at the freeboard section. Next, the 
unburned carbon is collected by a high-temperature cyclone located at the boiler exit 
to recycle to the boiler, thus increasing the efficiency of denitrogenation, and 

(iii) high combustion efficiency. Improved combustion efficiency is attained through the 
use of a circulating fluidization-mode combustion mechanism. 
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Briefly, in the utility industry, combined cycle technology refers to the 
combined use of hot combustion gas turbines and steam turbines to 
generate electricity. This process can raise, quite significantly, the overall 
thermal efficiency of power plants above the thermal efficiency of 
conventional fossil fuel power plants using either type of turbine alone. 
Combined cycle plants that incorporate a gasification technology are 
called integrated gasification combined cycle (IGCC) plants (Figure 8.8) 



57



58

https://youtu.be/4MQVJ6qbRuE

Circulating Fluidized Bed Boiler

https://youtu.be/Vjda91aVbYI

https://youtu.be/T6IcdLfV3G4

https://youtu.be/4MQVJ6qbRuE
https://youtu.be/Vjda91aVbYI
https://youtu.be/T6IcdLfV3G4
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https://www.facebook.com/psmecpm/videos/a-
pulverized-coal-fired-boiler-is-an-industrial-or-

utility-boiler-that-generates/1346739345739888/

Pulverized Coal Boiler

https://youtu.be/eqn0VBVWS50

https://www.facebook.com/psmecpm/videos/a-pulverized-coal-fired-boiler-is-an-industrial-or-utility-boiler-that-generates/1346739345739888/
https://www.facebook.com/psmecpm/videos/a-pulverized-coal-fired-boiler-is-an-industrial-or-utility-boiler-that-generates/1346739345739888/
https://www.facebook.com/psmecpm/videos/a-pulverized-coal-fired-boiler-is-an-industrial-or-utility-boiler-that-generates/1346739345739888/
https://youtu.be/eqn0VBVWS50
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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

61



 Solar Green Houses in India 
 (http://www.youtube.com/watch?feature=endscreen&v=8xFe91lMRH0&NR=1)

Tomato Green House in Kenya  (http://www.youtube.com/watch?v=obsLwew-NT0)
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http://www.youtube.com/watch?feature=endscreen&v=8xFe91lMRH0&NR=1
http://www.youtube.com/watch?v=obsLwew-NT0


Roses Greenhouse in Ethiopia

Lake Ziway Greenhouse
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https://www.youtube.com/watch?v=MSZl5XCsLDo
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=video&cd=&cad=rja&uact=8&ved=2ahUKEwjasueC0d2BAxUyj4kEHfvwBtwQtwJ6BAgPEAI&url=https%3A%2F%2Fwww.youtube.com%2Fwatch%3Fv%3DmAVegCEtTXM&usg=AOvVaw3y67zRpWJWWhxzwWDubVfL&opi=89978449
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Moorehead, KY AppHarvest

https://www.google.com/maps/place/AppHarvest/@38.2127236,-83.5615049,12217m/data=!3m1!1e3!4m5!3m4!1s0x88440ba32de1a9d5:0x4727cd71d15ce322!8m2!3d38.2096366!4d-83.5520629


Dew Collector /Greenhouse
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=video&cd=&cad=rja&uact=8&ved=2ahUKEwiq_pu00t2BAxV4j4kEHXzbAKAQtwJ6BAgPEAI&url=https%3A%2F%2Fwww.youtube.com%2Fwatch%3Fv%3D1-dpSZlt_jw&usg=AOvVaw0r5SLURVmQ3CUbjTl7weiY&opi=89978449
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https://www.youtube.com/watch?v=UPiCoKL2hzU
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=video&cd=&cad=rja&uact=8&ved=2ahUKEwiq_pu00t2BAxV4j4kEHXzbAKAQtwJ6BAgPEAI&url=https%3A%2F%2Fwww.youtube.com%2Fwatch%3Fv%3D1-dpSZlt_jw&usg=AOvVaw0r5SLURVmQ3CUbjTl7weiY&opi=89978449
https://www.youtube.com/watch?v=UPiCoKL2hzU


International Organization for Dew Utilization

https://www.opur.cloud
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https://www.opur.cloud/


Solar Desalination/Water Purification

Solar Still Video  (http://www.youtube.com/watch?v=GrPRnaS449w)
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Sea water still for survival

http://www.youtube.com/watch?v=GrPRnaS449w
https://www.youtube.com/watch?v=dXMI7G_CpWA


Solar Desalination/Water Purification
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Solar Desalination/Water Purification
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Solar Desalination/Water Purification
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Solar Desalination/Water Purification
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Solar Desalination/Water Purification
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Solar Desalination/Water Purification
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Solar Desalination/Water Purification
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Solar Desalination/Water Purification
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Carocell Australia
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https://www.youtube.com/watch?v=mPzFfqaXkJU


King Abdullah’s Desalinization Plant
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https://www.youtube.com/watch?v=RYRuQCMG1Uk


Clean Water from Air
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https://www.youtube.com/watch?v=puWhvAzcUCQ


Seawater Greenhouse
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Seawatergreenhouse.com
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https://seawatergreenhouse.com/


Solar Heat Collectors
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Do it yourself webpage
http://www.n3fjp.com/solar/construction101/construction101.htm
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http://www.n3fjp.com/solar/construction101/construction101.htm
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Solar Heat Collectors
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Solar Heat Collectors
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Solar Heat Collectors
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Solar Heat Collectors
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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)
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http://www.youtube.com/watch?v=CEBuzq5iIqk
http://en.wikipedia.org/wiki/Stirling_engine
https://www.youtube.com/watch?v=wfDWDqyToBg
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Solar Heat Collectors
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Solar Heat Collectors
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Solar Heat Collectors

Solar Tres (Gemasolar)

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

https://www.youtube.com/watch?v=5nd7fGMXciA
95

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

Aoroa Solar .com

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

https://sustainability.asu.edu/research/project/aora-solar-tulip/
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http://www.alternative-energy-news.info/tulip-solar-ethiopia/
http://aora-solar.com
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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
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http://www.enviromission.com.au/EVM/content/about_companyprofile.html
http://www.youtube.com/watch?v=XCGVTYtJEFk


Solar Chimney’s

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


Hot Water Systems
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Hot Water Systems
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Direct vs Indirect Systems

Hot Water Systems
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Hot Water Systems
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Hot Air Heating Systems
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Industrial Solar Water Heating Mek’elle Ethiopia

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

110

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


Passive Solar

111



Iranian Wind Catchers 

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


Iranian Wind Catchers 

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


Iranian Wind Catchers 

https://en.wikipedia.org/wiki/Windcatcher
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https://en.wikipedia.org/wiki/Windcatcher
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Ethiopian Institute of Architecture, Building, and Construction, EIABC

http://www.hebel.arch.ethz.ch/wp-
content/uploads/2012/10/Building-Future-Hebel.pdf
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EIABC
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Tanzanian Hotel for Trip (Possible)

http://hikersbay.com/africa/tanzania/hotel/tz/lifelight
s-and-apartments.html?lang=en
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Tanzanian Hotel for Trip (Possible)
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Passive Solar:  Trombe Walls
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Passive Solar:  Trombe Walls

Ice Fishing Shack

http://www.builditsolar.com/Projects/SpaceHeating/
SolarIceShack/SolarIceShack.htm
121

http://www.builditsolar.com/Projects/SpaceHeating/SolarIceShack/SolarIceShack.htm


Passive Solar:  Trombe Walls

Choice Energy .org

http://www.choiceenergy.org/Solar.Air.Eagle.Mount.htm

http://www.choiceenergy.org/Solar.Air.htm

http://www.choiceenergy.org/Solar.Air.Eagle.Mount.
htm

https://youtu.be/N6QOZGgbj-g
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http://www.choiceenergy.org/Solar.Air.htm
http://www.choiceenergy.org/Solar.Air.Eagle.Mount.htm


Passive Solar:  Trombe Walls

http://www.choiceenergy.org/Solar.Air.Eagle.Mount.htm

http://www.choiceenergy.org/Solar.Air.Eagle.Mount.
htm
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http://www.choiceenergy.org/Solar.Air.Eagle.Mount.htm


Thrombe Walls in Peru

https://www.theguardian.com/global-development/2020/may/25/now-we-sleep-peacefully-life-in-peru-transformed-by-warm-
houses?CMP=Share_iOSApp_Other

124

https://www.theguardian.com/global-development/2020/may/25/now-we-sleep-peacefully-life-in-peru-transformed-by-warm-houses?CMP=Share_iOSApp_Other


Thrombe Walls in Peru

https://www.theguardian.com/global-development/2020/may/25/now-we-sleep-peacefully-life-in-peru-transformed-by-warm-
houses?CMP=Share_iOSApp_Other
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https://www.theguardian.com/global-development/2020/may/25/now-we-sleep-peacefully-life-in-peru-transformed-by-warm-houses?CMP=Share_iOSApp_Other


Thrombe Walls in Peru

https://www.theguardian.com/global-development/2020/may/25/now-we-sleep-peacefully-life-in-peru-transformed-by-warm-
houses?CMP=Share_iOSApp_Other
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https://www.theguardian.com/global-development/2020/may/25/now-we-sleep-peacefully-life-in-peru-transformed-by-warm-houses?CMP=Share_iOSApp_Other
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Passive Solar Cooling in India

https://www.bbc.com/news/av/world-asia-58820950

50°C = 120 °F
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https://www.bbc.com/news/av/world-asia-58820950


Passive Solar Cooling in US

129

https://cendigitalmagazine.acs.org/2023/10/22/can-
cool-coatings-combat-climate-change-

2/content.html?utm_email+=64779482E4856401E
565D4536D



Passive Solar Cooling in US
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https://cendigitalmagazine.acs.org/2023/10/22/can-
cool-coatings-combat-climate-change-

2/content.html?utm_email+=64779482E4856401E
565D4536D



Solar Power Cooling

131



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


Psychrometric Chart
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Psychrometric Chart
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https://www.youtube.com/watch?v=H1kJttETOMo
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A simple system (http://www.youtube.com/watch?v=cz-kquRmvqk)
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http://www.youtube.com/watch?v=cz-kquRmvqk


Industrial Scale Evaporative Cooling  
https://www.cambridge-eng.com/commercial-industrial-evaporative-cooling?gclid=Cj0KCQjwoqDtBRD-ARIsAL4pviA8l-oC4dtLQxM_TaqN6CsLLvu98orey6-zXgx90RIlOOxOlUM4E6YaAkn6EALw_wcB
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https://www.cambridge-eng.com/commercial-industrial-evaporative-cooling?gclid=Cj0KCQjwoqDtBRD-ARIsAL4pviA8l-oC4dtLQxM_TaqN6CsLLvu98orey6-zXgx90RIlOOxOlUM4E6YaAkn6EALw_wcB


Evaporative cooler to cool milk

http://www.dairyreporter.com/Processing-
Packaging/Sub-Saharan-milk-cooler-project-

awarded-1m-grant

143

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

146



147



Corruption Index

https://en.wikipedia.org/wiki/Corruption_Perceptio
ns_Index

"the misuse of public power for private benefit"
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Crescent Dunes Nevada
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Solar Refrigeration Using 
Absorption/Desorption/Evaporation

150



Carbon/Solvent Systems

151



A Simple Solar Ice Maker
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A Simple Solar Ice Maker (Anthony Tong/Amanda)

Methanol/Carbon 
Based Absorption 

Refrigerator/Ice Maker
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Amy Ciric University of Dayton (aciric1@udayton.edu)   

Ethanol/Carbon Based
Absorption 
Refrigerator
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mailto:aciric1@udayton.edu


A Simple Solar Ice Maker
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A Simple Solar Ice Maker
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Ammonia/Water Systems
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ISAAC write-up
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http://www.energy-concepts.com/_pages/app_isaac_solar_ice_maker.htm
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Issac Ice Maker (http://www.energy-concepts.com)
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http://www.energy-concepts.com


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

http://www.google.ch/patents/US6715290167

http://www.energy-concepts.com
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Michael John UDSM

Cuthbert Kimambo, Provost UDSM 
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LiBr/Water Systems

172



LiBr/Water
Refrigerator
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SOPOGY Solar Air Conditioning LiBr

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

177

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)

178

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


Einstein Refrigerator

179
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Ted Talk on Developing World Refrigerator

http://www.ted.com/talks/adam_grosser_and_his_
sustainable_fridge.html
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http://www.ted.com/talks/adam_grosser_and_his_sustainable_fridge.html
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https://sundanzer.com/product/bfrv15/

3-5% propylene glycol in water
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https://sundanzer.com/product/bfrv15/


2

4

Total = $3500
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Solar Drying, Solar Kiln
Solar Baking

Solar Charcoal

186
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https://pubs.ext.vt.edu/content/dam/pubs_ext_vt_
edu/420/420-030/420-030_pdf.pdf
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Solar Charcoal

189



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

about 0.50 USD/kg in Tanzania

190

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_32b09327f2c7

717ac422cf07c1e471ce

191
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http://solarcooking.wikia.com/wiki/Solar_charcoal

200°C  water vapor
Above 200 below 400 wood gas

Charcoal in about 2 hours from sticks
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https://www.bladesmithsforum.com/index.php?/top
ic/32781-charcoal-through-solar-power/

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

Small solar charcoal kiln for cloth

Fresnel Lens
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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_20
Charcoal_20Distiller
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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.p
df

197

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


https://file.scirp.org/pdf/JSBS_2016081016170057.p
df
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http://www.scienceforums.com/topic/6307-solar-
parabolic-trough-charcoal-oven/page-18
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UDSM Charcoal briquette production Dr. Hassan M. Rajabu
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Dr Hassan M. Rajabu’s briquette equipment UDSM
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http://www.cleanfuels.nl/Sitepics/Kilning-
principle.png
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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

213

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


https://en.wikipedia.org/wiki/Wood_gas#/media/Fil
e:Planet_Mechanics_wood_gasifier.png
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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)
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http://www.dailymotion.com/video/xit4aj_xylowatt-biomass-gasification-renewable-syngas_tech


https://terrapreta.bioenergylists.org/biofuelenergys
ystems
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https://terrapreta.bioenergylists.org/biofuelenergysystems
https://terrapreta.bioenergylists.org/biofuelenergysystems


Brazil
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Solar Cooking
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http://solarfire.org/GoSol
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http://solarfire.org/GoSol
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Solar Cookers International (http://video.nationalgeographic.com/video/environment/energy-environment/solar-cooking/)

226

https://www.youtube.com/watch?v=A18Dab6B1uY
Indian Solar Cooker

http://video.nationalgeographic.com/video/environment/energy-environment/solar-cooking/
https://www.youtube.com/watch?v=A18Dab6B1uY


Advanced Energy Systems
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https://advancedenergysystemsllc.com/hybrid-solar-ovens
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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 heat supplied to food would be adjustable

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


To Cook at Night

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


To Cook at Night

http://www.webplaces.org/solaroven/design.htm
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To Cook at Night

http://www.webplaces.org/solaroven/design.htm
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To Cook at Night

http://www.webplaces.org/solaroven/design.htm
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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/
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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
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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
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https://www.engineeringforchange.org/wp-
content/uploads/2015/10/medp_final_report_2011

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

Report.pdf

244



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

Georgia Tech
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User Interface
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https://www.engineeringforchange.org/wp-
content/uploads/2015/10/sol_r_final_report.pdf
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Go Sun Stove (http://www.kickstarter.com/projects/707808908/gosun-stove-portable-high-efficiency-solar-cooker)

Go Sun Fusion

252

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


253



254



Photocatalysis
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Solar Thermolysis

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


Solar Thermolysis

Titania as a photocatalyst

http://www.mvt.ovgu.de/mvt_media/Vorlesungen/VO_ENAP/Folien_ENAP
_10.pdf
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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


Solar Thermolysis

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


Titania as a photocatalyst

Solar Thermolysis

271



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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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

278

https://www.youtube.com/watch?v=gpZWPK4vcEU


Biomass/Syngas
Steam Reforming Reaction:  CH4 to H2 and CO

Water Shift Gas Reaction:  CO to H2

279

Fischer-Tropsch Reaction to Make Hydrocarbons from CO2 and H2

Need Solar Thermal Energy for RWGS



280

One Scenario that is being considered by German National Science Foundation (DFG), 
Saudi Arabia, Australia and Japan

-Wind turbines far offshore (or solar in the desert), 
-on turbine electrolysis reactors using reverse osmosis of seawater for pure water feed, 
-on turbine conversion of H2 to ammonia for transport (like propane so 1 MPa for liquid) 
-Ammonia can be used as a fuel (replace bunker fuel for ships), 
-converted to urea for fertilizer, 
-converted back to H2 for fuel 
-converted back to H2 for RWSG and Fischer-Tropsch to make plastics, rubber, and 
other hydrocarbons to feed a green petrochemical industry
-Direct Air Capture (DAC) of CO2 using membranes or separation technology or solar 
splitter (slide 296) for RWSG conversion of H2 to hydrocarbons or use commercial CO2

This is a renewable petrochemical economy with no fossil fuels

The technical elements of this exist.  Much research is being conducted around the world 
to improve conversion and catalytic technologies

This involves a major makeover of the petrochemical industry (jobs and $) that will 
require government investment. This is being led by the EU (Germany), Japan, Australia, 
Saudi Arabia.  China, Russia and the US are not funding much of this work.
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Solar Reduction/Oxidation Reactions

Paper on ETHZ’s program in solar redox
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https://pubs.rsc.org/en/content/articlelanding/2012/ee/c1ee02620h


Solar Reduction/Oxidation Reactions
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Solar Reduction/Oxidation Reactions
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Solar Reduction/Oxidation Reactions
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Solar Reduction/Oxidation Reactions
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Solar Reduction/Oxidation Reactions
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Solar Reduction/Oxidation Reactions
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Solar Reduction/Oxidation Reactions

Calculation of Efficiency

One and Ten Cycles
naverage npeak

One Cycle 15% 31%

Ten Cycles 9% 16%

20% is the target for 
commercial use
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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)

Overview of different redox reactions
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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 (http://en.wikipedia.org/wiki/Zinc%E2%80%93zinc_oxide_cycle)

Aerosol Reactor
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http://en.wikipedia.org/wiki/Zinc%E2%80%93zinc_oxide_cycle


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

Reduction
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http://en.wikipedia.org/wiki/Zinc%E2%80%93zinc_oxide_cycle


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

Oxidation

57 to 68 % Efficiency
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http://en.wikipedia.org/wiki/Zinc%E2%80%93zinc_oxide_cycle


Sandia Solar Furnace

Counter Rotating Ring Reactor
(Recovers Heat)
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Counter Rotating Ring Reactor
(Recovers Heat)
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Counter Rotating Ring Reactor
(Recovers Heat)
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Counter Rotating Ring Reactor
(Recovers Heat)
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Zn => ZnO Cycle
(Solar Driven Redox Reactions)

Swiss Aerosol Reactor ETHZ/PSI
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Zn => ZnO Cycle
(Solar Driven Redox Reactions)

Need to rapidly quench and dilute Zn + O2 mixture
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http://sfera.sollab.eu/downloads/Conferences/SolarP
ACES_2012_SFERA_Meier.pdf
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Zn => ZnO Cycle
(Solar Driven Redox Reactions)
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California Mojave Desert

308



Odeillo, France
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Hydrogen Production in Spain

DLR Institute
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https://www.youtube.com/watch?v=UvR2ai8m6y8
https://www.youtube.com/watch?v=-Xoxo-natwM
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Crescent Dunes Nevada
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Electricity Needed (about 1/2 of electrolysis)

314

../Sulfuric%20Acid%20H2%20Molten%20Salt%20Plant/Hybrid-Sulfur-Cycle.pdf


Sandia Study (no electricity needed)
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https://www.hydrogen.energy.gov/pdfs/review05/pd27_pickard.pdf
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Semi-continuous production of H2 with dual reactors.
322
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Zn => ZnO Cycle
(Solar Driven Redox Reactions)

Need to rapidly quench and dilute Zn + O2 mixture
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Two Other Redox Systems (http://energy.gov/eere/fuelcells/hydrogen-production-thermochemical-water-splitting)
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http://energy.gov/eere/fuelcells/hydrogen-production-thermochemical-water-splitting


Solar Thermochemical Hydrogen Production 
Research (STCH)

Thermochemical Cycle Selection and Investment 
Priority

Robert Perret

329

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
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


Solar Thermochemical Hydrogen Production 
Research (STCH)

Thermochemical Cycle Selection and Investment 
Priority

Robert Perret
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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
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
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Ammonium	sulfite

Ammonium	sulfate
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NiFe2O4
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NiFe2O4
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Direct Use of Solar in the Petrochemical Industry
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Energy use in the petrochemical industry

Megaton oil equivalent
Mtoe

Blue is similar to the 
charcoal problem 

you burn a lot of oil 
to make gasoline

21 million barrels/day
7.33 barrel/ton
2.86 Mtoe/day

About 1000 Mtoe/year
About 1/3 to 1/2 is 

used to power 
refining, transport, 

and production

How to cut US energy use in half: Power refining using solar
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-Oil is first heated to 200–300°F (90–150°C) and washed with 
water to remove salt and other suspended solids (Worrell, Corsten 
and Galisky 2015). 
-Distillation then separates products based on their boiling point in 
the crude distillation unit (CDU), where crude oil is heated to 
temperatures around 750°F (390 ° C) (Worrell, Corsten and 
Galisky 2015). 
-Heavy fuel oils are further treated in the vacuum distillation unit 
(VDU) at temperatures between 730 and 850°F (390 and 450 ° 
C) (Worrell, Corsten and Galisky 2015). 
-Additional processing occurs in the fluid catalytic cracker (FCC), 
the hydrocracker, and coking unit. Each of these processes separate 
heavier oil products into lighter and more valuable products.
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Trillion 1012
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Hydrotreating mixes hydrogen with the feedstream at 
temperatures between 500 and 800°F (260 and 460 ° C) to 
remove sulfur (Worrell, Corsten and Galisky 2015).  A catalytic 
reformer uses a catalytic reactor to produce high octane gasoline 
and hydrogen.  Additional processes, such as alkylation, which uses 
steam, power, and various acids to produce alkylates, are also 
common. Figure 7 displays yearly estimated energy use by refining 
process for U.S. refineries in 2012. Hydrotreatment and the crude 
distillation unit (CDU) account for nearly 50% of total energy 
requirements.
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-Hydrogen is used in the hydrotreatment process to lower the sulfur content of 
diesel fuel. Refinery demand for hydrogen has increased as demand for diesel fuel 
has risen and sulfur-content regulations have become more stringent (Hicks and 
Gross 2016). 
-Hydrogen is produced as a co-product of the catalytic reformation of gasoline, 
demand for hydrogen exceeds supply produced from the refining process itself 
(Philibert, Cédric 2017).
-Hydrogen is produced primarily through steam-reforming natural gas (Likkasit, et 
al. 2016). 
-Costs of hydrogen production from renewables is currently higher than 
conventional production methods (Likkasit, et al. 2016). 
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Electrification of Drilling
Drilling rig uses 1MW of power
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-When there is not enough well pressure for oil to flow to the surface, a rod 
beam artificial lift pump—often referred to as a “sucker rod pump” or a “Jack 
pump”—is used to assist extraction.
-80% of oil production wells operating in the western United States are 
installed with a rod beam pump (Endurthy, Kialashaki and Gupta 2016). 
-Solar power, combined with a capacitor to store regenerative power during 
the rod down-stroke, can be used to power a rod beam pump.  Test cases 
have shown significant potential energy savings (Endurthy, Kialashaki and 
Gupta 2016), and solar powered oil pumps are now beginning to see 
commercial operation (Healing 2015). 
-Combined with battery storage, solar power pumps could be applicable to 
off-grid locations with sufficient sunlight.

Rod Beam Artificial Lift Pump
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-Use offshore wind power to power water injection pumps.
-By one analysis, offshore wind was found in 2012 to be an economic and environmentally sound 
option for supplying electricity to offshore oil and gas platforms in some cases (Korpas, et al. 2012). 
-Substitute power from diesel and gas generators with power from wind platforms. 
-Wind-powered water injection can provide water injection far from the platform, which reduces 
the need for lengthy water injection lines and can eliminate the need for costly modifications for oil 
platforms not initially designed for water injection. 
-The Wind Powered Water Injection project recently completed an initial testing phase in which it 
was shown that wind power can provide water injection at competitive prices (Feller 2017).

Secondary Oil Recovery
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Solar Thermal Carbon Black Production
New Link

354

../Solar%20thermal%20cracking/Solar%20Thermal%20Cracking%20085bf4b240b7715122c28779bd4e51de1712.pdf
file:///Users/beaucag/Downloads/energies-14-03107.pdf
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Solar Thermal Cracking for H2

Steam Methane Reforming
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../Solar%20thermal%20cracking/Solar%20Thermal%20Cracking%20085bf4b240b7715122c28779bd4e51de1712.pdf
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Turn Over Frequency
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Reduce Metal Oxide
High Temp

Oxidize Metal Oxide
Low Temp

Water-gas Shift Reaction

Steam-Methane Reforming
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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

378

https://www.youtube.com/watch?v=gpZWPK4vcEU


Biomass/Syngas

379



More Polar Molecules will Adsorb

380



Biomass/Syngas

More Polar Molecules will Adsorb

381



Biological Digestion

382



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

383

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


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


Biomass/Syngas

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

385

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


Biomass/Syngas

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


Algae
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Algae:
  

Food
 Diesel Fuel

Hydrogen
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Spirulina Summary

Algae:
  

Food
 Diesel Fuel

Hydrogen

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


Spirulina Summary

Algae:
  

Food
 Diesel Fuel

Hydrogen

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

390

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


Algae in Lake Chad

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

https://www.youtube.com/watch?v=d7VXoFSDHJM
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https://www.youtube.com/watch?v=9rbrXgEqfFc
https://www.youtube.com/watch?v=d7VXoFSDHJM


Algae:
  

Food
 Diesel Fuel

Hydrogen

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


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


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


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


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


Hydrogen from Algae
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Silicon Clusters to Produce H2

400

https://www.youtube.com/watch?v=_WVm1vaDgSs


Two stage algae reactor for hydrogen production
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https://www.bbc.com/news/av/technology-34699166/how-to-produce-hydrogen-from-algae


Oil from Algae
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Algae oil extraction

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


San Diego Algae Oil Company

404

https://www.youtube.com/watch?v=N8qs7gjaYO4


Oil from Algae in lab

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

Biofuel from Algae in Vermont
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https://www.youtube.com/watch?v=oQqlsk3cuWY
https://www.youtube.com/watch?v=7TlEklj7Y1M


US DOE Algae to Fuel Promo 
Video

Iowa Algae farm

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

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


Algae Tower

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

Algae Building in Germany

407

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/


Algae Tower

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

NASA Algae Project 
(http://www.youtube.com/watch?v=c7Goyg12

Reg)

Hydrogen from Algae 
(http://www.youtube.com/watch?v=Or
_F6qC0sK4)  Comic look at H2 from 

Algae

Hydrogen from Algae Imperial College
(https://www.youtube.com/watch?v=OFByDMRbucs)
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http://www.youtube.com/watch?v=DXLy6E9iEnI
http://www.youtube.com/watch?v=c7Goyg12Reg
http://www.youtube.com/watch?v=Or_F6qC0sK4
http://www.youtube.com/watch?v=Or_F6qC0sK4
http://www.youtube.com/watch?v=Or_F6qC0sK4
https://www.youtube.com/watch?v=OFByDMRbucs


https://www.greentechmedia.com/articles/read/less
ons-from-the-great-algae-biofuel-

bubble#gs.PJr1F3k
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Select History of  Vertical Farming

1999 Dickson Despommier, Columbia University
 Video 1; Video 2
2009 Pilot production system was installed at Paignton Zoo Environmental 
          Park in the United Kingdom
2010 Green Zionist Alliance, Israel
2012 Singapore Sky Greens Farms 3 story farm
2012 The Plant, Chicago
2013 Association for Vertical Farming Munich
2015 Growing Underground, London
2016 TerraFarm in Shipping containers
2017 Mirai, Japan
2018 Largest indoor farm in Europe Lincolnshire Jones Food Company
2019 Freight Farms Greenery farm-to-table system
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https://youtu.be/b1wQ2LXeF-k
https://youtu.be/1clRcxZS52s
https://plantchicago.org/who-we-are/


Plantagon
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https://www.youtube.com/watch?v=j54XiSc-QRc


Bowery NJ
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https://www.youtube.com/watch?v=AGcYApKfHuY


Singapore
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https://www.youtube.com/watch?v=WVRNoDDSUN0


MND Singapore

Sky Greens Singapore

418

https://permaculturenews.org/2014/07/25/vertical-farming-singapores-solution-feed-local-urban-population/
https://www.youtube.com/watch?v=oSXDL3XX1WE


Advantages:

Efficiency
Resistance to Weather
Environmental Conservation
No Pesticides
Almost Total Control
Location, Location, Location

Disadvantages:

Startup Costs
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Aspects of Vertical Farming

Hydroponics, plant growth with no soil

Aquaponics, plant/fish coupled growth/production

Aeroponics (not yet applied except by NASA)

CEA: Controlled-Environment Agriculture

Types of Vertical Farming

Building-based

Shipping-container based

Deep Farms
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Vertical Farming in Cincinnati

422

https://www.eafarms.com/


Vertical Farming in Cincinnati
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https://www.eafarms.com/


Vertical Farming Colorado
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https://www.verticalharvestjackson.com/our-mission


Plenty

425

https://www.plenty.ag/


Aerofarms
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https://www.aerofarms.com/about-us/


Bright Farms
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https://www.brightfarms.com/


InFarm
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https://www.infarm.com/


Freight Farms
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https://www.freightfarms.com/
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TerraFarm
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https://www.terrafarm.eu/en-gb/terracommercial


Growing Underground
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https://www.cam.ac.uk/stories/growingunderground


Persona O2 Tokyo
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https://www.youtube.com/watch?v=qJMZRIRkZWs
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Jonathan Webb

https://www.youtube.com/watch?v=zVpDZ0PiAzs
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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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Ethiopia News:
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