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Figure 1: (Top) Limitation of per capita energy use in developed countries while its global average growth (Bottom) Uneven distribution of per
capita energy use among different countries and different parts of the world's population (3, 4).
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Figure 2: The trend of world population changes during the last three centuries and its forecast until the end of this century (5).
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Figure 3: The trend of global energy consumption rate in the last four decades (4).
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Table 1: The levelized cost of energy (LCOE) for various energy sources, forecasted in united states in 2022 (4).

Plant type

) . LCOE
factor (%) Capital Fixed O&M" Variable Transmission without tax

0&M investment .

credit

Coal 85 8.4 0.95 3.56 0.11 13.01
Con‘éeT”LEO”a' 30 3.72 0.67 5.16 0.32 9.87
Advanced CT 30 2.36 0.26 5.57 0.32 8.51
Nuclear 90 6.94 1.29 0.93 0.10 9.26
Conventional 87 1.26 25 3.49 0.11 5.01

cC

Advanced CC 87 1.44 1.3 3.22 0.11 4.90
Wind onshore 41 431 1.34 0.0 0.25 5.91
Wind offshore 45 11.58 1.99 0.0 0.23 13.80
Solar 29 5.12 0.87 0.0 0.33 6.32

Capacity

US levelized cost 2017 (cents/kWh)

photovoltaics
* Operation and maintenance
“ Combustion turbine
" Combined cycle
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Table 2: The total amount of water footprint consumed (including the
process of producing equipment, using them and supplying fuel to the

power plant unit) per unit of electricity production from different
energy sources (9).

Total water foot print,
including fuel supply,

Energy source construction and operation
(m*/GWh)
Conventional oil 777 — 4464
QOil shale 1280 — 7990
Natural gas 273 — 4464
Coal 284 — 7560
Nuclear 72 —5420
Hydro power 1090 — 3096000
Photovoltaics 271278
Wind 0.72- 42
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Figure 4: Changes in the concentration of carbon dioxide in the atmosphere (a) during the long-term historical period of the last 420 thousand years
(10yand (b) from 1958 until now (inset: from 2018 to 2020) (11).
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Figure 5: Changes in the concentration of greenhouse gases, nitrogen dioxide and methane in the atmosphere, during the period from 2000 to 2020 (1).
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Figure 6: Map of the geographical distribution of solar radiation (12).
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Figure 7: The trend of increasing the installed capacity of photovoltaics in the world (1).
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Figure 9: Schematic description of general mechanism of the first generation photovoltaic cells (16).
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Figure 10: different generations of photovoltaic cells along with the approximate share of each of them in the total market (12, 20).
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! Photo-lithography

2 Electrohydrodynamic Jet
® Aerosol jet printing

* Ingot

% Metallization
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Table 3: Comparison of ink characteristics and limitations of electronic printable dimensions with different printing methods (29-31).

Printing Ink viscosity Printing thickness Printing width Resolution (um)
method (Pa.S) (29) (um) (29) (um) (28) (28)
10 80

Printing rate
(m?/S) (30)

Offset 1-10 05-25 0.4-40
Screen 05-5 <12 30-50 100 0.008 - 10

Flexography 0.05-0.2 08-1 45-100 50 0.2-20

Gravure 0.05-0.2 08-1 10-50 30 0.1-70
inkjet 0.005 - 0.02 <0.5 30-50 20 0.001-3
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Figure 12: the position of busbars and fingers in silicon solar cells.

! Wafer-based
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Figure 13: Changes in the amount of silver used in silicon solar cells by year (21).
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! Chemical vapor deposition
2 physical vapor deposition
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Figure 14: Highest confirmed efficiencies for cells, fabricated using the different technologies shown (43).
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2 Chemical bath deposition
3 Direct dispensing
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in OPVs (70, 71).

* Indium tin oxide

% Hole transporting layer

® Electron transporting layer
7 Spin coating
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! Direct material deposition
2 Counter electrode
® Fluorine doped tin oxide
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Figure 16: Schematic description of various layers alignment in
perovskite solar cells (100, 101).
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