Course Summary Solar Power for Africa

Gave a little bit of information about Africa
Went through some possible technologies that could be implemented to improve life

Looked into your possible roles in using what you have learned to try to impact the world



Most of Africa is near the equator, this distorts the size in a 2d projection.
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Corruption Index

"the misuse of public power for private benefit"
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Energy Consumption in the World




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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Figure 5.1 Remote and independent: a stand-alone system for a farmhouse.

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



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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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/business people
profit for faculty and students
-HU/DDU area is unique for this opportunity



Solar Cell
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The Shockley-Queisser limit for the &
theoretical maximum efficiency of a solar
cell. Semiconductors with band gap between
1 and 1.5eV have the greatest potential to
form an efficient cell. (The efficiency "limit"
shown here can be exceeded by
multijunction solar cells.)
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Basic structure of a silicon based solar cell and its working mechanism. &3

Electron Flow Photon Absorbed
E in Depletion Zone Front Electrical Contact

Electron-hole Photon
Creation /
/ N‘Typc

«— Depletion Zone

Electron

«—Paype

\ Back Electrical

Contact

Electron-Hole
Recombination

12



Oxidation/Reduction Metal Displacement Reaction

Metal displacement | edit)

In this type of reaction, a metal atom in a compound (or in a solution) is replaced by an atom of
another metal. For example, copper is deposited when zinc metal is placed in a copper(ll) sulfate
solution:

Zn(s)+ CuSOg4(aq) — ZnSO4(aq) + Cu(s)

In the above reaction, zinc metal displaces the copper(ll) ion from copper sulfate solution and
thus liberates free copper metal.

The ionic equation for this reaction is:
Zn + Cu?* = Zn2* + Cu

As two half-reactions, it is seen that the zinc is oxidized:

Zn—»Zn* 4+ 2¢" oxidation
And the copper is reduced:
Cu2* +2e- = Cu reduction

Zinc anode Copper cathode
Sl ralC

Porous
disk

<o
-6 -
anO4 (aq) CUSO‘ (aq)

A redox reaction is the force behind an electrochemical cell &7
like the Galvanic cell pictured. The battery is made out of a zinc
electrode in a ZnSO4 solution connected with a wire and a
porous disk to a copper electrode in a CuSO, solution.

1.10 Volts for each cell
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Zinc Bromide Flow Cell
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Catholyte @
tank o

Carbon electrode

Zinc deposit at
charged state
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Comparing energy storage techniques

Decreasing storage weight
Comparison of specific power and specific energy
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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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King Abdullah’s Desalinization Plant
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https://www.youtube.com/watch?v=RYRuQCMG1Uk

Seawatergreenhouse.com

A restorative approach to agriculture
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https://seawatergreenhouse.com/

Photo 3.1 The Gemasolar power tower near Sevilla (Spain)

Source: Torresol Energy.

Moltenrsalts solar towers can generate electricity round the clock.
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Solar Chimney’s

Enviromission (Australia)

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

Solar Chimney Spain (Madrid)

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

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

Industrial Solar Water Heating Mek’elle Ethiopia

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

Sheba Skin Tanning Furnace oil for
Tannery Skin Re-tanning 50 66.6 | a steam boiler
Hide Tanning 40 29.3
Hide Re-tanning 65 27.0
Maichew Glue 40 6.0 | Furnace  oil,
Particleboard | preparation fire wood
Impregnation 33 1.2
Bahirdar Pre-heater 60 36.0 | Furnace oil for
Textile Washing 70 7.8 | a steam boiler
Chemical 80 Dl
Preparation
Ashraf Conditioning 85 6.0 | Furnace oil for
Edible Oil Degumming 9 5.0 | a steam boiler
Neutralization 90 5.0
Washing 70 i 4



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

Swamp Cooler (htp/iwww.youtube.comiwatchiv=600AAcsbf_0)

__ Evaporative Cooling Effectiveness, by Region

et

O Hece
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m Ineffedive

Figure 2. In areas of the United States where humidity tends to run high in the sum-
mertime, evaporalive cooling is not the best way to stay cool; in the West, its a
very good choice.

HOME INERSY


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

Methanol/Carbon Based
Absorption Refrigerator/Ice
Maker

A Simple Solar Ice Maker (Anthony Tong/Amanda)
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Georgia Tech https://www.engineeringforchange.org/wp-
content/uploads/2015/10/sol_r_final_report.pdf

Cold storage tank

Stove Top

Pra—

Hot storage ton/ e

Figure VII.1. Depiction of the entire system
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Go Sun Stove (http://www.kickstarter.com/projects/707808908/gosun-stove-portable-high-efficiency-solar-cooker)

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

Figure 8 Picture of the prototype in its final version with the evacuated tube receiver.

Figure 9 Picture of the prototype in its final version with the evacuated tube receiver.
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’L. Charcoal

Small Scale Biomass Collection Solar Charcoal Kiln

b

Syn-Gas For Uses Such As Electricity Production

Charcoal

Commercial Biomass Production Solar Charcoal Kiln

Syn-Gas For Uses Such As Electricity Production
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H,0-splitting » Decarbonization

Concentrated
Solar Energy
3 C
Vg
Solar Solar : ' ' :
Solar Thermochemical Electricity Solar Solar Solar
Thermolysis Cycle * Reforming Cracking Gasification
Electrolysis : : H
L SR, SR, S casonessy
Optional CO,/C
Sequestration

Solar Fuels (Hydrogen, Syngas)

Fig. 2: Thermochemical routes for solar hydrogen production — Indicated is the chemical source of H,:
H,O for the solar thermolysis and the solar thermochemical cycles; fossil fuels for the solar cracking,
and a combination of fossil fuels and H,O for the solar reforming and gasification. For the solar de-
carbonization processes, optional CO,/C sequestration is considered. All of those routes involve energy
consuming (endothermic) reactions that make use of concentrated solar radiation as the energy source of
high-temperature process heat. Adapted from [1,2].



Zn =>7n0 Cycle (http://en.wikipedia.org/wiki/Zinc%E2%80%93zinc_oxide_cycle)

Concentrated
Solar Energy 0, (vent)
(=7300 suns)
Metal Oxide Decomposition
ZnO = Zn + 1/20,
2173 K

ZnO (solid)

’_—-~

- g & Zn (solid)
Water Splitting (stored)
Zn+H,0 9 ZnO +H,
700 K J
g 7’
H, (product)™ « 247 _ H,O (vapor)

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)
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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
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Swiss Federal | stitite of Teehnolozy Zurich

http://sfera.sollab.eu/downloads/Conferences/Sola outline
rPACES 2012 SFERA_Meier.pdf

100 kW Pilot Plant at MWSF
= |nstallation

= Commissioning

Scientific Background
= Solar ZnO dissociation at 2000 K

= Solar reactor technology CNRS 1 MW Solar Furnace
Odeillo, France

Experimental Results
= Solar reactor experiments

* Flux measurements

Outlook / Acknowledgements

SolarPACES Conference, Marrakech, Morocco, September 11, 2012



Biomass/Syngas

Steam Reforming Reaction: CH, to H, and CO

CH, + H;0 = CO + 3H,

At high temperatures (700 — 1100 °C) and in the presence of a metal-based catalyst
(nickel), steam reacts with methane to yield carbon monoxide and hydrogen. ...

Water Shift Gas Reaction: CO to H,

CO +H,0 = CO, +H,

The shift reaction will operate with a variety of catalysts between 400°F and 90

§800°C
|ES0°C
8900°C

The amount of Hydrogen [%]

°
%
&

Empty Rezctor Cakite Coal Char  Modified Olivine

Fig. 3. Average percentage representation of hydrogen for the studied catalysts at t=800, 850 and 900°C

Fischer-Tropsch Reaction: H, and CO to Liquid Fuel

Reaction mechanism edi)
The Fischer—Tropsch process involves a series of chemical reactions that produce a variety of hydrocarbons, ideally having the formula (C Hz,.,2). The more useful
reactions produce alkanes as follows:

(2n+1)H, + nCO = C Hy,o + NH0

where nis typically 10-20. The formation of methane (n = 1) is unwanted. Most of the alkanes produced tend to be straight-chain, suitable as diesel fuel. In addition to
alkane formation, competing reactions give small amounts of alkenes, as well as alcohols and other oxvaenated hvdrocarbons.*)

LowT Sasol Arge HighT Sasol Synthol

» Nickel (Ni) tends to promote methane formation, as in a methanation process; thus generally it is no T,,v,(u ~0.7)

desirable e * lowC,=C, 133 * higher C, ~C, 430

8 + lowCy~Cyy 179 * higher Ce~C,, 400

+ Iron (Fe) is relatively low cost and has a higher water-gas-shift activity, and is therefore more suitabl = Tow (¢~ 0.88 = 0.95) « lowCyyCyy 139 * 1essC\Cyy 70

a lower hydrogen/carbon monoxide ratio (H/CO) syngas such as those derived from coal gasificatior § \ . mg;‘o'-é“ 517 U l;zwsm 40
» Cobalt (Co) is more active, and generally preferred over ruthenium (Ru) because of the prohibitively g . o 087 cw ~07

cost of Ru = + gasoline/diesel: 1:2 « gasohne/diesel 2.1

. . . o . + 80° Cetane s * 50-60 Cetane #

» In comparison to iron, Co has much less water-gas-shift activity, and is much more costly. + 0-200ctane ¥ « 080 Octane #

Carbon #

Dependency of Fischer-Tropseh synthesis ASF distribution on temperature. Product selectivities (in %) of
o [ -
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India Biogas Reactor (https://www.youtube.com/watch?v=9kKRdIAFuZw)
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https://www.youtube.com/watch?v=9kKRdlAFuZw

Titania as a photocatalyst

Irradiation of semiconductors having a band gap (2 - 4 eV) with UV
light energy = energy of the band gap E,

Generation of charge carriers

Tio, _ " TiO,(e +h?) | ny
A < 390 nm
Formation of active radicals (OH*, O,%) E=300eV
OH + ht O
O* + e 0

* Recombination process

e+ ht

Heat
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Solar Thermolysis

Titania as a photocatalyst

UV-A_10W/m?
NO
concentration 1 ppm \ [ NOx
flow 3 dm*/min analyser
RH = 50% ]
mass flow sample
rate controller 5¢cmx 10 cm

Figure 3. Photoreactor according to ISO 22197-1.

Figure 4. Separate parking lanes at the Leien of Antwerp with photocatalytic pavement blocks [15].
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Spirulina Algae in West Africa (https://www.youtube.com/watch?v:CxSASiiGgiY)
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https://www.youtube.com/watch?v=CxSA5iiGgiY

Simple schematic for biological hydrogen production

gas
collection

*—___ transparent tubes

filled with hydrogen
releasing algae and
nutrient medium
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Algae oil extraction

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

Algae Tower

Simple schematic for biological hydrogen production

gas
collection

transparent tubes
filled with hydrogen
releasing algae and
nutrient medium

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

Hydrogen from Algae Imperial College
(https://www.youtube.com/watch?v=0FByDMRbucs)
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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
https://www.youtube.com/watch?v=OFByDMRbucs

Vertical Farming in Cincinnati

BETTER THAN ORGANIC, ALWAYS PESTICIDE FREE
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https://www.eafarms.com/vertical-farming/

Offshore Wind Power

Wind Turbine Engineer
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https://www.youtube.com/watch?v=vfUhBKZR4sU

Course Summary Solar Power for Africa

Hopefully, you learned something about the situation faced by most people on earth, more than
half live on less than $10 per day, 1 billion live on less than $1/day about 10%. Africa has the
poorest countries so it could be a place to start.

We are technologists. Our skill set is technological solutions to economic development and
improvement of quality of life. Hopefully you got some ideas on how this could be reasonably
implemented.

China thinks that the future is in Africa as evidenced by their investment $110 billion in 2019
or 20% of Africa’s economic growth. We should consider the business opportunities
especially those that could benefit both parties in a partnership.



44



