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i China shipped in more oil last year than the U.S. did at its peak
on consumption .
in 2005
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Source: China Customs, U.S. Energy Information Administration
Note: 2019 U.S. data is through Oct. 31




Energy consumption by source, World

Primary energy consumption is measured in terawatt-hours (TWh). Here an inefficiency factor (the 'substitution’
method) has been applied for fossil fuels, meaning the shares by each energy source give a better approximation
of final energy consumption.
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Mote: 'Other renewables’ includes geothermal, biomass and waste energy.




CO2 emissions by fuel, World
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U.S. electricity generation by major energy source, 1950-2020

billion kilowatthours
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Note: Electricity generation from utility-scale facilities.
6 Source: U.S. Energy Information Administration, Monthly Energy Review, Table 7.2a, January 2021 and Electric
Power Monthly, February 2021, preliminary data for 2020

Figure 83. Renewable electricity generation by type,
including end-use generation, 2008-2040 (billion

kilowatthours)
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Top five countries for forest area, 2020 (million ha)

There are estimated 3.04

Russian Brazil  Canada Unitedf China hRestof

Federation 497 347 Statesof 220 the world il
e T omr e o Trillion trees all over the world
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Annual forest area net change, by decade and region, 1990-2020

Annual rate of forest expansion and deforestation, 1990-2020
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Two tones

McMurray, Alberta use the world's largest trucks and shovels
(machinery) to recover bitumen. About two tones of oil sands

must be dug up, moved and processed to produce one barrel
of oil.
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Recent development

| Climate Summit. 4/22/2021

' ‘ & 40 countries. Promise to cut the
emission by 50%

"\ Return of USA to Parise Accord

- Green Saudi Arabia 3/27/2021
Ty S———— o + - 10,000,000,000 «
ggm _ Green Middle East 3/27/2021
| gL F - 40,000,000,000 [l
- Iraqg signing for five solar

electricity generation.

-
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@ \withdrawing



Total U.S. Greenhouse Gas Emissions

Five cheap ways to remove CO2 from the atmosphere

by Economic Sectorin 2018

Agriculture

M\ 1- Planting trees

2- Forest management = W
B 3- Agricultural practlces ﬂ M H M“‘V
4‘ B|OmaSS energy with carbon capture and storagé
it 5- Drive less

Commercial &
Residential
12%

Carbon sequestration or carbon dioxide removal (CDR) is the long-term
removal, capture or sequestration of carbon dioxide from the atmosphere to
slow or reverse atmospheric CO2 pollution and to mitigate or reverse global

Total Emissions in 2018 = 6,677 Million warming. o
Metric Tons of CO2 equivalent. Percentages Fugitive Emission
may not add up to 100% due to

independent rounding.
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1,016,293,166

GROSS GHG EMISSIONS
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*MNOTE: Total GHG include emissions frormm all SEPTA wvehicles, facilities arnd energy souwnces.

EMISSIONS FLIP

Transportation is Biggest Source of U.S. Emissions
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by two cows each year

Average amount ot
carbon dioxide
produced by one
car each year

4,600 kg (10,120 Ibs.)
carbon dioxide
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Note: The difference between the global estimate and the sum of national totals is labeled “Statistical differences”.

OurWorldInData.org/co2-and-other-greenhouse-gas-emissions * CC BY
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1- Wind
»

2-Hydropower

3- Solar

4- Renewable fuel

Renewable

ENERGY SOLUTION

5- Geothermal
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Five of the ten largest wind farms in the world are operated
in the US. Two offshore wind farms have made the list,
while the remaining eight are onshore.
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Deployment and cost for US land-based wind 1980-2012

Cents/kiWh
Cumulative wind deployment (GW)
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s Wind power (cents/kilowatt-hour) == |nstalled wind capacity GW

Impact On The Environment
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Global Electric-Car Revolution Set to Take Off
China set to lead EV market

M Europe MEUS. B China M Japan M South Korea Rest of World
60M EVs
per year
50
40
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0

2015 2020 2025 2030 2035 2040
Source: Bloomberg New Energy Finance Bloomberg




Iraq Hydroelectric

Name Location Capacity (MW)
Adhaim Dam Saladin Governorate 27
f | Darbandikhan Dam Sulaymaniyah Governorate 249
| | Dukan Dam Sulaymaniyah Governorate 400
Haditha Dam Al Anbar Governorate 660
Hemrin Dam Diyala Governorate 50
Samarra Barrage Salah ad Din Governorate 84
| |Mosul Dam Nineveh Governorate 1,052
Mosul Dam Regulator [Nineveh Governorate 62
"N TOTAL 2,584

The Three Gorges Dam in Hubei, China, has the world's
largest instantaneous generating capacity (22,500 MW),
with the Itaipu Dam in Paraguay/Brazil in second place

(14,000 MW).
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The Plummeting Gost of Solar
300x cheaper over 40 years

25¢

2007 2012 2017

ce, National Renewable Laboratories, Freeing Energy

Solar thermal technology, which captures the sun’s heat.
This heat is used directly or converted into mechanical energy
and in turn electricity, known as concentrated solar power

Photovoltaic solar technology, which
directly converts sunlight into electricity using
panels made of semiconductor cells.

More recent cost of KW/H
Portugal 1.32 ¢
Saudi Arabia 1.04¢
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Photosynthesis
6C02 + 6H20 > CSH12OG + 602

glucose oxygen

carbon water
dioxide




Closed Loop System

In heating mode, heat
from the ground is absorbed
by the water which circulates

through the heat pump, which
transfers that heat to the house
and the cooler water returns to

the ground to absorb more heat.
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[I Geothermal
Heat Pump
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Geothermal power is power generated by geothermal
energy. Technologies in use include dry steam power
stations, flash steam power stations, and binary cycle
power stations. Geothermal electricity generation is
currently used in 26 countries, while geothermal heating

is in use in 70 countries.

As of 2015, worldwide geothermal power capacity amounts to 12.8

gigawatts (GW), of which 28 percent or 3,548 megawatts (MW)
are installed in the United States.

Countries generating more than 15 percent of their electricity from
geothermal sources include El Salvador, Kenya, the Philippines,
Iceland, New Zealand, and Costa Rico.
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Types of Hydrogen

Grey hydrogen

Blue hydrogen

Green hydrogen

Split natural gas into
CO, and hydrogen

Split natural gas into
CO, and hydrogen

Residual gasses also
in H-vision scope

Split water into
hydrogen by
electrolysis powered
by wind and sun

C02 emitted in the

C 02 stored or re-used No COZ emitted

atmosphere

Designing a novel catalyst for splitting water molecules

Electrolysis of water can be used as a renewable
source of energy, but this process requires an
overpotential,

Synthesis of a novel catalyst

L]
RN

Oxygen Nickel(l) hydroxide
bubbles (Ni(OH),

(Chemical solution
growth (CSG)

F

Intercalation of Ni{OH),layers with POV nanoclusters.

Polyoxovanadate
(POV) nanoclusters

Hydrogen
bubbles

Catalysts like non-precious metal oxides/hydroxides can
enhance electrolysis via engineering morphological/
electrochemical properties, but are...

Rare Costly
G000 o i
HHH E{-‘-ﬂ@ Enhanced Potentialuse of CSG
T - morphological method for production of
and electrical Li-ion Batteries and
Novel catalysts made with common materials are desired, ~ properties. Excellent catalyst Biosensors.
for electrolysis.

Two-Dimensional Layered Hydroxide Nanoporous Nanohybrids Pillared with Zero-Dimensional
Polyoxovanadate Nanoclusters for Enhanced Water Oxidation Catalysis

Gunjakar et al.(2018)

Journal:Small - DOL: 10.1002/smil.201703481

dongguk 5',
UNIVERSITY )




S5 Bn Green Hydrogen Project

to Come up in Saudi Arabia
million

\ Sustainable Circulative Energy
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Wind Wsis”  cycle

enerqgy Enegix Energy is moving forward with plans to build a

$5.4 billion facility off the coast of Brazil called Base

ﬁ/ One. And that’s news because the company claims
‘“\ that Base One will be the world’s biggest individual
CO2 reducer by generating more than 600 million kg
B A H20 f hyd by the time it's full
energy of green hydrogen per year by the time it’s fully

operational in 2025.







