
UNIT 4: HOW CAN THE IMPACTS OF HUMAN ENERGY USE BE REDUCED? 

 AREA OF STUDY 1 - WHAT IS A SUSTAINABLE MIX OF ENERGY SOURCES? 

Key knowledge 

Fossil fuels 

• timeframes and processes required for the formation of 
fossil fuels 

Fossil fuels are non-renewable energy sources that formed 
more than 300 million years ago - long before dinosaurs 
roamed the Earth. 

There are five main fossil fuels: 

Coal is a flammable black or brown organic sedimentary rock. 
It’s mostly carbon and is typically found as layers (coal beds) 
or veins (coal seams).  

Natural gas is a combustible mix of hydrocarbon gases. It’s 
colourless and consists mainly of methane (CH4).  

Oil is mostly known as crude oil or condensate, but includes 
all liquid hydrocarbon fossil fuels. Petroleum and liquefied 
petroleum gas (LPG) are the most common types of fuel 
obtained from oil extraction and refining.  

Petroleum is a liquid fuel made of hydrocarbons and other 
liquid organic compounds. It refers to both naturally occurring unprocessed crude oils and petroleum products made of refined 
crude oil. 

Liquefied petroleum gas or LPG is heavier than natural gas. Although gaseous under normal atmospheric conditions, LPG is 
stored under modes 

• uncertainty in calculating remaining fossil fuel deposits 

This dot point has been omitted for 2020 

• the process of fossil fuel combustion (exothermic and endothermic reactions not required), and consequences for the carbon 
cycle 
Fossil fuels are all Hydrocarbons, a group of chemical compounds made up of; 

 Hydrogen 
 Carbon 
 Oxygen 

 
The process of fossil fuel combustion can be summarised by the following reaction; 
 
 
 
 
 

• changes in the rate of the use of fossil fuels over time, including the concept of peak oil. 

Peak oil is the theorized point in time when the maximum rate of extraction of petroleum is reached, after which it is expected 

to enter terminal decline. Peak oil theory is based on the observed rise, peak, fall, and depletion of aggregate production rate in 

oil fields over time.  

The concept of peak oil is often credited to geologist M. King Hubbert whose 

1950’s paper first presented a formal theory. The Hubbert peak theory makes 

predictions of production rates based on prior discovery rates and anticipated 

production rates. 

Hubbert curves predict that the production curves of non-renewing resources 

approximate a bell curve. Thus, according to this theory, when the peak of 

production is passed, production rates enter an irreversible decline. 



The effect of peak oil on the world economy remains controversial. Non-'peakists' can be divided into several different 
categories based on their specific criticism of peak oil;  

 any peak will not come soon or have a dramatic effect on the world economies.  

 we will not reach a peak for technological reasons 

 there are undiscovered reserves 

 changing energy use will lead to a decrease in oil demand/production 

 oil reserves are quickly regenerated abiotically. 
 
The size of fossil fuel reserves and the dilemma that when non-renewable energy will be diminished, is a fundamental and 
doubtful question that needs to be answered. Two factors will significantly impact of this; 

 Price/affordability 

 Consumption 
The new formula is modified from the Klass model and thus assumes a continuous compound rate and computes fossil fuel 
reserve depletion times; 

 Oil – 35 years 

 Coal – 107 years 

 Natural Gas- 37 years  
This means that coal reserves are available up to 2112, and will be the only fossil fuel remaining after 2042. 
 
 
Comparison of different energy sources 

• the characteristics of renewable and non-renewable energy sources, including biomass, solar, hydro-electric, wind, tidal, oil, 
coal, natural and coal seam gas, nuclear, geothermal 

Define each energy source and recall the energy transformation involved. See Renewable and Non-renewable summary from 
class notes. 

• the conservation of energy (First Law of Thermodynamics) in energy conversions 

The conservation of energy principle (First Law of Thermodynamics) states that; 

Energy can neither be destroyed nor created. Instead, energy just transforms from one form into another. 

Energy transformation is defined as the process of changing 
energy from one form to another. 

 

• efficiency of energy conversions between different forms of energy including mechanical, kinetic, heat, and potential 

What this First Law of Thermodynamics means in relation to 
energy efficiency is that when energy is produced some is 
“wasted” as heat, sound or other forms of energy. How much 
wastage of energy occurs is calculated as Energy Efficiency. 

 

• the impact on the environment and society of accessibility, extraction, conversion, transport, processing and use of energy  
resources 
The impact on the environment and society of energy resources depends on several factors;  

 Accessibility of the energy resource 
 extraction 
 conversion process / energy efficiency 
 transport 
 Processing 
 How we use energy resources 

 
                                     
We can reduce the impacts of our energy use by a combination of strategies; 

 Modifying our energy usage 
 Developing energy efficient technology 
 Managing energy extraction 

 
The way we use resources provokes often irreversible ecological change. Extraction and processing of non-regenerative raw 
materials are often energy intensive activities involving large scale interventions in ecosystems. 
 
In short, raw material extraction and processing always impact on the environment, resulting as they do in; 
 



 soil degradation  water shortages  biodiversity loss  damage to ecosystem functions. 

For the use of products made of raw materials almost always results in; 
 

 greenhouse gas emissions  pollution  ecosystem damage  biodiversity loss. 

• the extent to which different energy sources can supply current energy needs and projections of future energy needs.  

 
See class notes  
 
 
 
Use of science to reduce the impacts of energy use 
 

• strategies for increasing the efficiency of energy conversions, and for the management of waste products in fuel combustion  
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• mechanical, chemical and biological processes involved in rehabilitating sites where energy sources have been extracted 
 

(see article in class notes) 
Closure and rehabilitation are planned and considered across all stages of mine 
development and operation, from design to closure. The post-mining land use is agreed 
with regulators, and depending on the size and nature of the mine and the land use option 
selected, may include input from landholders, communities and traditional owners. 
Monitoring land post mining will often continue for many years. 
The industry’s approach to mined land rehabilitation has improved significantly over past 

decades driven by sustained company investment in research to strengthen the science underpinning rehabilitation methods, 
evolving corporate values, community expectations and government regulation. 

 
 
 
 
 
 
 
 
 

 
 

• sustainability principles relevant to energy consumption and extraction including conservation of ecosystems and species that 
are displaced or impacted by human efforts to acquire energy, and intra- and inter-generational equity including accessibility to 
energy. 

What is a sustainable mix of energy resources? 

Societal Environmental Economic 

 Affordable 
 Sustained 

employment 
 Equitable energy 

provision 

 Acceptable emissions 
 Pollution 
 Management of waste 
 Rehabilitation of sites 

 Export’s & GDP 
 Support 

research and 
development 

 Affordable  

 


