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The world hates change, yet it is the only thing that has brought progress.

- Charles Kettering, inventor and engineer

While humanity’s rapid technological and economic progress has created greater societal
wellbeing, it has compromised our environment’s health.1 There is technology which can
prosper both our environment and society. No form of environmental damage devastates as
much as anthropogenic climate change, which we will discuss.2

Fundamentals

The Sun emits primarily visible electromagnetic radiation, and the Earth absorbs and
re-emits primarily infrared radiation. Greenhouse gases (GHGs) absorb and re-emit some of
this infrared radiation, heating the atmosphere.3 A macroscopic change in global
temperature is known as climate change.

But why is it described as being human-induced (anthropogenic)? Many of our practices
cause GHG emissions. The most common GHGs that humans emit are carbon dioxide (CO2),
methane (CH4), and nitrous oxide (N2O).4 GHG emissions are often measured in CO2

equivalents, defined as
𝐶𝑂

2
𝑒𝑞. = 𝐺𝑊𝑃∙𝑚

, where m is the emission’s mass and GWP (global warming potential) is the heat a gas can
trap over 100 years divided by the heat CO2 can trap over 100 years.5 We can thereby
determine the source of our emissions (see fig. 1).

While higher atmospheric GHG concentrations will only warm the atmosphere several
degrees Celsius; heat waves, fires, droughts, and floods will become severer and commoner,
and sea levels will rise due to melting ice.6

6 NASA 2022; NOAA 2021.
5 EPA 2021
4 NASA 2022; EPA 2022; EPA 2016.
3 American Chemical Society 2022 (a); Mann 2021.

2 Sheppard, C. ed. 2019; Harrison, R. ed. 2014; NASA 2022; United Nations 2018, p. 12f.;
Watson, J. et al. 2016.

1References
Veenhoven 2010; Roser 2013.



Energy

Fossil fuels, hydrocarbon-based fuels derived from decomposed plants and animals,7

cause 95% of energy-related emissions.8 The hydrocarbons’ combustion produces heat,≈
evaporating water. The steam is then compressed and spins a turbine. In the generator, a
magnetic field is moved alongside coils of wires using the turbine’s motion causing change
in magnetic flux relative to the coils, which induct current (through an interaction described
by Faraday’s Law).9

There are, however, energy sources that do not substantially emit CO2,10 one of which is
hydropower. In a storage hydro system, water is kept behind a dam and flows through when
the valve is opened, spinning a turbine connected to a generator. Water is stored at a lower
reservoir and pumped up to the top during a period of lower energy consumption.
Conversely, a run-of-the-river hydro system uses the current of the river to spin a turbine.11

Secondly, nuclear power. Uranium-235, after having been split into two by fired neutrons,
releases several other neutrons and creates a chain reaction. The reaction produces heat
which evaporates water, and the compressed steam spins a turbine.12

Next, wind power. Wind spins the device’s blades (thereby spinning a turbine), whose
motion similarly generates electricity.13

13 Stierlwalt 2019; ARENA 2022 (b); EERE n.d. (b)
12 MIT Nuclear Reactor Laboratory 2021; WNA 2022; WNA n.d.; EIA 2021.
11 EERE n.d. (a); ARENA 2022 (a); EIA 2022.
10 Ritchie and Roser 2020 (b)
9 Encyclopaedia Britannica 2020
8 Richtie and Roser 2020 (a)
7 Kopp 2021



Finally, photovoltaics. In a solar cell, the p-type area contains silicon (tetravalent) doped
with boron (trivalent), creating electron ‘holes’, regarded as positively charged particles.
Contrarily, the n-type area has silicon doped with pentavalent phosphorus, freeing electrons
unneeded in bonding. At the junction, electrons and holes diffuse, creating ions whose
charge prevent further diffusion. This is called the depletion zone. When the zone is struck
by a sufficiently energized photon, an electron is knocked from an ion, creating an electron
and hole. Before diffusion, the depletion zone’s charge pulls them into the p-type and n-type
areas, where electrons and holes accumulate. A wire connecting the two areas thereby
produces current.

Which energy source do the statistics favour?

Deaths per
trillion
kWh14

CO2 eq.
emitted
per kWh
(g)15

Levelized
cost (AUD
per
mWh)16

Hydro 1400 86 (660
MW), 6.1
(330 MW)

100.865

Nuclear 90 5.1 46.11
(long-term
operation)
99.42
(standard)

Wind 150 7.8
(offshore)
12.5
(onshore)

72.05
(onshore)
126.80
(offshore)

Photovoltaics 440 23 (rooftop) 181.56
(rooftop)

16 IEA 2020
15 UNECE 2021
14 Conca 2012



80.69
(utility
scale)

Coal 100000 912
(pulverized)

126.80

The data indicates the quality of all energy sources. Regional variation (significant) was
not considered. Nuclear power is often protested by supporters of renewables, despite its
quality (as the statistics indicate).17 Critics often cite a high overnight cost, a statistic which
fails to consider operation duration (as levelized cost does).18 They also often cite its
deadliness, which, although counterintuitive, is comparable to that of renewables.

Cars

While we can produce electricity by other means, cars facilitate internal combustion.
Inducting a fuel-air mixture into the cylinder via the intake port, the piston moves
downwards, sealed within a fixed cylinder. Then, moving upwards, the piston compresses
the mixture with both ports closed. Subsequently, a spark ignites the compressed mixture,
and the piston turns the crankshaft. Last, with the exhaust port opened, the piston pushes
out the combustion products (some of which are CO2).19 One alternative to the internal
combustion engine is the all-electric engine, which uses a chargeable lithium-ion battery.

Lithium easily loses electrons except for when it is in a metal oxide. Lithium atoms and
metal oxide are stored in the cathode. The anode (opposite) contains graphite. An
electrolyte separating these sides allows positive ions to pass through while repelling
electrons. A wire connects the anode and cathode. During charging, voltage from a charger
is applied and electrons are pulled from the lithium and travel through the wire to the
anode, where they are stored with the graphite. Due to the negative charge, this pulls the
positive ions in the cathode through the electrolyte into the anode. Conversely, discharging
generates current. During discharging, load is attached to the wire and the ions move back
to the metal oxide in the cathode (where they are stable) and the electrons travel through
the wire and load, generating electricity. At the cathode, the electrons join with the ions.

19 EERE 2013

18 See, for example, Green 2020 (where only upfront cost and overnight cost are cited, not LCOE).
For overnight cost vs LCOE, see WNA 2021.

17 See, for example, Climate Council 2022.



The inverter converts the battery’s DC to AC, which it sends to the motor. The motor
works the same way as generators (specified above), but the previously existing voltage
gets converted to rotatory motion and hence turns the wheels.20 The EV market is fairly
new, and is dominated by the automotive and energy company Tesla, Inc.

Assuming an automobile’s annual range is 19,028 km, gasoline costs 1.638 AUD per L,
and generates 10.33099 km of distance per L, and charging costs 0.19 AUD per kWh and
generates 4.876 km of distance per kWh (assumptions provided by EERE), we derive the
following statistics:

Percentage of
global sales
(2021)21

Annual
CO2eq.
emissions per
vehicle (kg)22

AUD per km 23 Mean upfront
cost (USD)24

Electric 9 1783 0.038 76,537
Combustion 91 5186 (gasoline) 0.15856 56,824

(full-size)

EVs clearly emit far less. However, when further EV development occurs, prices will
continue dropping, making EVs financially beneficial.

24 Kelly Blue Book 2021
23 EERE n.d. (d); EERE n.d. (e)
22 EERE n.d. (f); EERE n.d. (e)
21 Pontes 2021
20 Nissan 2021; EERE n.d. (c); Tech Vision 2021.



Land

Deforestation accounts for 2.2% of GHG emissions (CO2 eq.). Photosynthesis is the
process by which plant cells produce glucose from carbon dioxide and water, creating
oxygen as a waste product –
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, and therefore, removing large amounts of trees has a net positive effect on atmospheric
CO2 concentrations, and is therefore regarded an emission. Deforestation occurs primarily
due to agricultural and infrastructural expansion.25

One source of agricultural-related GHG emissions is fertilising, which primarily emits
nitrous oxide due to denitrification (microbial reduction of nitrate and nitrite to N2O and
nitrogen, N2).26 This accounts for 4.1% of global emissions.27 Fertilizer efficiency can be
increased by
● Measuring crop demand and supplying fertilizer accordingly
● Avoiding fertilization after irrigation
● Checking 7-day weather forecast to avoid fertilizer volatility28

Crop burning causes 3.5% of GHG emissions. After harvesting, stubble remains. Farmers
often burn stubble to clear land for sowing. Cutting stubble short enough to run one’s foot
through is sufficient, but laborious.29 Stubble can be decomposed by spraying enzymes on it
(which also fertilizes the soil), making it a more reasonable alternative.30

Livestock and manure cause 5.8% of GHG emissions. Enteric fermentation is the
reduction of carbohydrates into simpler molecules by methanogens in the ruminant’s
digestive system. The by-product of methane is then expelled from the body.

We cannot eliminate livestock products due to their popularity. Adding methane inhibitors
to livestock’s diet for methanogens to produce ammonia (NH3) rather than methane is, while
more short-term, a viable solution. There is a proven reduction in methane emissions with
varying efficacy and minimal risk.31 Conversely, cultured meat, whereby an animals’ stem
cells are removed and grown in a petri dish (in vitro), reduces GHG emissions by 78-96%.
Other benefits include a lower risk of disease, 82-96% lower water use, and 99% less land
use.32

Implementation

We have delt with problems accounting for 84.65% of global GHG emissions but have not
yet discussed their implementation.

32 University of Colorado Boulder 2021; Tuomisto & Mattos 2011.
31 Hristov et al. 2015; Milman 2021; Beil 2015.
30 Deghan 2021; Tuomisto & Mattos 2011.
29 Agriculture Victoria 2022
28 Agriculture Victoria 2021
27 Richtie and Roser 2020 (c)
26 DPIRD 2021; Agriculture Victoria 2021
25 Live Science n.d.; Richtie and Roser 2020 (c)



A subsidy is a government investment in a company or industry to lower price, thereby
expanding demand and consumption. Considering this, Government investment in nuclear
power, uranium mining, electric vehicles, renewables and efficient agricultural methods
would be beneficial in terms of climate change mitigation and potentially national economic
development.33 A tax’s effect is the opposite of a subsidy - it increases price to knock out
some consumers. A carbon tax is designed to deter people from producing CO2 emissions.
Due to the low demand elasticity of energy, this will cause serious inflation. A carbon tax is
not appropriate for some countries but may be for others – this should be assessed on a
case-by-case basis.34

34 McLure 2022; The World Bank 2022.
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viewed 26 April 2022,
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But what personal action can one take? Assuming sufficient capital is available,
photovoltaics can be installed on one’s roof, and an EV can be purchased. However, does
donating to innovation/research facilities have a greater proportional effect? Or, conversely,
does donating to non-prestigious education, especially in third-world countries, have a
greater proportional effect? Performing such a calculation would be laborious, if not
impossible. It is up to the reader to decide for themselves. Another option is the purchase of
shares in companies or futures in commodities that correspond to the lowering of CO2

Fig. 3: Office of Energy Efficiency and Renewable Energy (EERE) 2017, How Does a Lithium-ion
Battery Work?, Federal Government of the United States, Washington, D.C., viewed 8 May 2022,
<https://www.energy.gov/eere/articles/how-does-lithium-ion-battery-work>.

https://www.energy.gov/eere/articles/how-does-lithium-ion-battery-work


emissions (e.g., Tesla, Inc.; or uranium futures). This can also provide the investor a profit
– a victory both financially and ethically.

In conclusion, one should be meticulous about where his or her money goes. While a lot
of this is subjective and open-ended, it does not prevent one from performing rational and
scrupulous analysis.


