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Introduction

• Evidences of climate change and global warming
• Global energy scene from past to present
• Renewable and non-renewable energies
• Emissions of GHSs
• Estimation and predictions of concentration of GHGs in 

atmosphere
• Modelling and prediction of climate change
• UK’s energy use and demand
• Targets of decarbonisation
• Summary
• A successful case of global effort to tackle ozone depletion
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Extreme weather in 2022

 
https://www.bbc.co.uk/news/science-environment-62524551 
 

 
 
It's a similar story in Spain, where the amount of electricity generated is down 44%, 
according to data from energy researchers Rystad	Energy. 
"Hydropower can be quite volatile, but 40% is absolutely extreme," says Fabian 
Rønningen, a power analyst with Rystad. 
The figures are not just down in one part of Europe, he explains, but all the big 
hydropower-producing countries are making less now. 
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Milestones in human’s energy history
• >105 YBP – Basic minimum energy for survival from chemical 

energy in food ~60-100 W. Hunting and gathering requires ~120 
W per person, which is ~10 MJ per person per day

• c.105 YBP - Discovery of fire. Consumption increased to ~160 W 
per capita or 14 MJ per person per day

• c.104 YBP - First Settlements, leading to domestication of 
livestock and agriculture ~200-300 W per capita

• c.103 YBP - Increased quality of living, some homes with baths 
and central heating ~300-400 W per capita

• 200-300 YBP – Industrial revolution. However, no large increase 
occurred until fossil fuels became plentiful in 20th century ~1 kW

• Today - Average per capita consumption of ~ 2 kW ~180 MJ per 
person per day

Global Energy Scene – past and present
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Global Energy Scene – past and present

 
Trends in average rate of energy consumption (solid line). Dashed lines indicate 
the upper and lower ranges of consumption for differing societies. Source: 
Sorensen, B. 'Renewable Energy' 3rd Ed., P. 21.

Renewable Energy Sources
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Global Energy Scene – past and present

• c.104 YBP – estimated as ~5 million
• c.103 YBP – increased to around 200 

million in Roman times
• Today has reached 7.8 billion (Sept 2020)

World population growth

This has led to a far steeper increase in total global 
energy consumption

Renewable Energy Sources
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Global Energy Scene – past and present

Changes in total global and per capita energy use over the twentieth century 
(Source: Royal Commission Report 'Energy - The Changing Climate')
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Global Energy Scene – past and present

Energy consumption of modern society
• per capita energy consumption ?
• Is the value typical? – depends mainly on degree of 

industrialization 



Renewable Energy Sources 24

Introduction
Global Energy Scene – past and present

Energy sources to meet global demand

Trends in contribution of different types of energy resources to the average global 
rate of energy use. (Source: Sorensen, B. ‘Renewable Energy’ 3rd ed., Darmstadter et 
al. (1971) and European Commission (1997))
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Global Energy Scene – past and present

Energy sources to meet global demand

Percentage contributions of different energy sources to global primary energy 
consumption in 2019
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Global Energy Scene – past and present

Energy sources to meet global demand

Percentage contributions of different energy sources to global primary energy 
consumption in 2019
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Global Energy Scene – past and present

Conclusions

• World’s current energy consumption dominated by fossil fuel 
combustion

• Present day contribution of Renewable sources to global 
energy demand is ~10.74%
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What constitutes a renewable energy source?

• Renewable energy can be defined as ‘energy flows which are 
replenished at the same rate as they are “used”’ (Sorensen, 
2000)

• Examples include; Solar power, wind power, geothermal, 
hydro, tidal and wave power

• Non renewable energy sources include; fossil fuels and 
nuclear energy
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Fossil fuels – advantages/disadvantages

• Why so extensively used?
• Fossil fuels have very high energy density
• Easily transported – especially oil and gas (pipelines)

How long will they last?
• Coal – R/P ratio of 160 giving 160 years at current consumption 

rate and 75% of reserves concentrated in Australia, China, South 
Africa and US (Source: BP Energy Review 2005)

• Gas - R/P ratio of 60. Majority of reserves in Middle East, North 
Africa and former Soviet Union

• Oil - R/P ratio of 40. Majority of reserves in Middle East and North 
African, North American regions
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What are the problems associated with fossil fuels?

• Finite resource not sustainable – depletion 
inevitable

• Concentrated resource – conflicts, instability in 
supply

• Pollution – increasing climate change and global 
warming concerns due to carbon dioxide emissions
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Human’s interference with the environment

Composition of Clean Dry Air (fraction by volume in Troposphere, 1994)
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Human’s interference with the environment

During past 50 years it has become apparent that an 
important consequence of our energy consumption 
is human induced climate change

Principally this is due to increasing levels of carbon 
dioxide in our atmosphere due to extensive use of 
fossil fuels

Example: combustion of methane (natural gas)

CH4 + 2O2 à CO2 + 2H2O
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Human’s interference with the environment

Carbon dioxide emissions from differing sources

Source: https://whatsyourimpact.org/greenhouse-gases/carbon-dioxide-emissions 
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Human’s interference with the environment

Charred areas of the Amazon in Brazil, August 27, 2019

Total area burned
Through July 2019 over 7,200 square 
miles of the Brazilian rainforest has 
burned—an aggregated area nearly the 
size of New Jersey.
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The energy released from burning 1 mole of methane can be 
calculated by summing the enthalpy change of the reaction 
and is called the heat of reaction

Heat of reaction for methane combustion

CH4(g)   +   2O2(g)   à CO2(g)   +   2H2O(l)

(-74.9)         2 x (0)         (-393.5)       2 x (-285.8)

Heating values of fossil fuels

Therefore

0
298H = [(-393.5) + 2 x (-285.8)] – [(-74.9) + 2 x (0)] = -890.2 kJ/mol of CH4 burnt

This value is the higher heat value (HHV) for methane as it assumes 
condensation of water vapour. LHV for CH4 is 802 kJ/mol
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The relative amount of carbon emitted per unit of energy 
released is measured by the carbon intensity

Carbon intensity of fossil fuels

LHV and HHV Carbon Intensities and 1990 World Carbon Emissions
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What happens to the carbon dioxide we emit?

Annual average budget of CO2 perturbations from 1980-89

Airborne fraction remaining =
GtC/yr 1.7
GtC/yr 3.3

= 0.46  (almost 50%)
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How does this affect the atmospheric CO2 level?

Calculate the relationship between mass loading of carbon and 
increase in atmospheric ppm concentration of CO2

Assuming the following:

Density of Earth’s atmosphere at STP (0 oC, 1 atm) is 1291.4 g/m3

Mass of Earth’s atmosphere is 5.12x1021 g

1mole of gas at STP occupies 22.4x10-3 m3

There are 12 gC/mole
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Carbon dioxide (CO2) – the story so far

Combined ice core data and direct measurements of carbon dioxide 
concentration over past 1000 years
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Carbon dioxide (CO2) – the story so far

Direct measurements of carbon dioxide concentration from Mauna Loa 
observatory, Hawaii
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Evidence for human induced climate change

Evolution of global mean surface temperature (GMST) over the period of 
instrumental observations. (Source: IPCC 2018)
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Fossil fuels are finite resources – do we need to worry?

Assume airborne fraction of 0.5 (50%)

Question: If we burn all proven reserves of fossil fuels what increase in 
atmospheric CO2 concentration would result?

Global fossil fuel resources and occurrences, in EJa
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Future CO2 emissions and concentration predictions

Climate modelling

• Future energy demand and socio-economic factors
• Technological developments
• Variations in natural forcing levels
• Changes in climate feedback mechanisms
• Carbon sink efficiencies

Many uncertainties involved in future CO2 level and global 
temperature predictions, including;
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Future CO2 emissions and concentration predictions
Key recent reports/findings

• Carbon emissions from energy use grew by 0.5%, less
than half 10-year average growth of 1.1% per year,
partially reversing some of the unusually strong increase
in 2018 (2.1%)

• By region, consumption fell in North America, Europe and
CIS and growth was below average in South & Central
America. Demand growth in Africa, Middle East and Asia
was roughly in line with historical averages.

BP, Statistical Review of World Energy 2020 | 69th edition

Available online: https://www.bp.com/en/global/corporate/energy-
economics/statistical-review-of-world-energy.html



Future CO2 emissions and concentration predictions
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Gone Green: some key themes
Source: UK Future Energy Scenarios - National Grid

Key recent reports/findings
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Emissions of carbon dioxide (CO2) alone in the Representative Concentration 
Pathways (RCPs) (lines) and the associated scenario categories used in WGIII 
(coloured areas show 5 to 95% range). (Source: IPCC 2014)

Future CO2 emissions and concentration predictions
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(Source: IPCC 2014)

Atmospheric carbon dioxide (CO2) Sea level change projections grouped into
three categories according to the
concentration of greenhouse gas (in CO2-
eq) in 2100

Future CO2 emissions and concentration predictions
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Future CO2 emissions and concentration predictions
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Future energy production – a tough challenge

• Biggest challenge is to halt the steady rise in atmospheric 
concentrations of CO2 and other greenhouse gases without 
losing quality of life

• If all fossil fuel reserves are burnt during this and the next 
century the CO2 concentration of the atmosphere will be 
well above 550 ppm level

• Even if global use of fossil fuels held at current levels the 
concentration of CO2 in the atmosphere will continue to rise

• To limit the damage we inflict on our environment large 
reductions in global emissions are necessary

• Due to increasing emissions from rapidly developing 
countries strong and effective action needs to taken 
immediately with developed countries taking the lead

• Global agreement necessary
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Future energy production – a tough challenge
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The UK’s Role and Future Emission and Energy Options

The UK is the first major economy in the world to pass laws to 
end its contribution to global warming by 2050. The target 
will require the UK to bring all greenhouse gas emissions to 
net zero by 2050, compared with the previous target of at 
least 80% reduction from 1990 levels.

Difficult task but there would be benefits, including reduced air 
pollution, acid rain and photochemical smog and improved 
human health



Renewable Energy Sources 52

Introduction
The UK’s Role and Future Emission and Energy Options
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What are the UK’s options to reduce future emissions?

• Forest re-growth. This could only compensate for a small 
amount of the overall emissions. For the UK there is not 
enough land area for these schemes to make a significant 
contribution

• Ocean reservoirs. Suggestions for stimulating the growth of 
microscopic marine plants, or for injection of liquid carbon 
dioxide directly into the ocean. Either may have unforeseen 
consequences, particularly for marine life

• Carbon sequestration. Involving injection of liquid carbon 
dioxide into deep geological strata. This could make a 
significant contribution to reducing emissions. However, can 
only be applied to large scale installations such as power 
station and is not appropriate for controlling the larger share 
of emissions from transport vehicles and houses

Carbon dioxide removal schemes
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What are the UK’s options to reduce future emissions?

• Demand for energy in the UK has been rising steadily. This 
increase is linked to growing economy and output of goods 
and services – increasing GDP (gross domestic product)

• Energy consumption risen more slowly than GDP due to 
improvements in efficiency of energy use

• Opportunities for further increases in efficiency in 
manufacturing industry, commercial and public services, 
transport and household buildings

• Government needs to give higher priority to energy 
efficiency by building on current campaigns and introducing 
new incentives such as a carbon tax

Reduced Energy Usage
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Alternative Energy Sources
Nuclear Power: Currently a significant source of carbon free 

energy for UK but unless new plants are built, nuclear power 
will almost have ceased by 2020
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Alternative Energy Sources
Nuclear Power: The UK has 15 reactors generating about 21% 

of its electricity but almost half of this capacity is to be retired 
by 2025.

RCEP findings: not a recommendation of the RCEP 2000 to 
build any new nuclear power stations until the problems of 
managing nuclear waste has been solved to the satisfaction 
of the scientific community

Also, public opinion unlikely to allow many nuclear plants unless 
part of broader strategy promoting development of other 
alternatives to fossil fuels
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Alternative Energy Sources

Renewable Energy Sources: 
33.3%% to UK primary energy supply and a third (33%) of the 
UK’s electricity generation came from renewable sources 
(2018).
UK renewables generate more electricity than fossil fuels for 
the first time in the third quarter of 2019.
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Source: New Scientist
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Energy sources to meet global demand

Percentage contributions of different energy sources to global primary energy 
consumption in 2019
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Global agreement on reducing carbon dioxide emissions

• The agreement aims at 
lowering the global GHG 
emissions to minimize 
the global temperature 
increase rate in the 21st

century to 2 K above 
preindustrial levels while 
pursuing means to limit 
the increase to 1.5 K.

The Paris Agreement on Climate Change, 2015
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What are the UK’s options to reduce future emissions?

• The UK Government’s Low Carbon Transition Plan, 
committed the UK to achieving a 34% cut in CO2 emissions 
over 1990 levels by 2020 and 80% by 2050.

• The Future Homes Standard: mandate to end fossil fuels in 
new buildings from 2025.

• New law: net zero emissions of greenhouse gases by 2050.

Decarbonisation
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Renewable Energy Sources

Installed electricity generation capacity, plus storage and interconnection (no 
vehicle-to-grid)

Source: Future Energy Scenarios, National Grid ESO, July 2019

Predictions of electricity generation, UK
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Is there any hope for the future?

Allocation of emission rights: Very promising solution to 
allocate emission rights to nations on per capita basis. This will 
enshrine the idea that every human is entitled to release the 
same quantity of CO2 into the atmosphere each year.

This would need a period of contraction (to reduce overall 
emissions) and convergence (due to initially large difference in 
per capita emissions between nations).

International trading in emission quotas could play an important 
role in maintaining agreement
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Summary
• World’s current energy consumption dominated by 

fossil fuel combustion
• Continued extensive use of fossil fuels for energy 

production very likely to cause catastrophic climate 
change within this century

• Global agreement on reducing carbon dioxide 
emissions necessary: The Paris Agreement on 
Climate Change, 2015.

• Renewable energy sources will play an increasing 
important role in meeting our future energy needs.

• The Future Homes Standard.
• New Law: net zero emissions of GHGs by 2050.
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A successful case of global effort - ODP
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A successful case 
of global effort - ODP


