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OVERVIEW OF MODULE: 

The United Nations has defined seventeen Sustainable Development Goals. At least half of these (e.g. clean 
water and sanitation, affordable and clean energy, industry, innovation and infrastructure, responsible 
consumption and production, climate action, life below water, life on land, no poverty and zero hunger, 
sustainable cities and communities) have implications for how society exploits Earth’s resources (e.g. 
energy, freshwater, minerals, soils, metals).  This module will provide Geoscience and Earth Systems 
perspectives on the opportunities, limitations and challenges that are likely to arise from the 
implementation of the UN Sustainable Development Goals.  Challenges include, but are not restricted to: 
raw material constraints (e.g.  critical metals) in the transition to clean energy technologies, uncertainties 
in geohazard risk assessment (e.g. earthquakes, volcanic eruptions, tsunamis, landslides, floods) to 
underpin the development of sustainable cities and communities, the maintenance of soil and freshwater 
quality to help alleviate poverty and reduce hunger as the global population increases, how to integrate 
negative carbon emission strategies and technologies within a growth-focused economic model. 

LEARNING OUTCOMES: 

On completion of this module, students should be able to: 1) Critically evaluate the extent to which the UN 
Sustainable Goals are achievable from an Earth system and finite-resource perspective, 2) Appreciate the 
inter-connections, dependencies and potential resource-related conflicts that may arise as the goals are 
simultaneously addressed, 3) Understand the timescales and rates at which Earth systems are likely to 
respond to measures to mitigate the effects of environmental degradation. 

ASSESSMENT: 

Multiple Choice Questionnaire: 40% 
(Short MCQ test, usually in Week 5) 

Multiple Choice Questionnaire: 60% 
(1-hour MCQ exam covering remainder of the course) 

LECTURES: 

Lecture 1: Introduction to the module (Prof. F. McDermott) 
General introduction to the notion of sustainability and the UN Sustainable Development Goals.  Ten of the 
UN Sustainable Goals have a Geoscience dimension. Sustainability and the growth paradigm.  Discussion 
about Earth’s finite raw material resources and how earth science perspectives can inform the debate 
about economic growth and environmental sustainability.  Renewable resources.  
 
Lecture 2: Climate Action 1 (Prof. F. McDermott) 
Sustainable Development Goal 13. Physics of the climate system, natural and anthropogenic climate 
change, current and projected future rates of greenhouse gas (GHG) emission, mitigation of GHG emissions, 
interplay between enhanced GHG forcing and natural forcing mechanisms such as volcanic eruptions and 
cyclical changes in solar output.  Is a 1.5oC warming target achievable? 
 
Lecture 3: Climate Action 2 (Prof. F. McDermott)  
Sustainable Development Goal 13. Impacts of climate change, with an emphasis on impact on the physics of 
the climate system and climate models as predictive tools, circulation changes, redistribution of moisture 
and energy, model predictions for extreme event frequency etc. – details of impacts on life to be covered in 
lectures 17-20. 
 
 



Lecture 4: Clean water and sanitation 1 (Prof. F. McDermott)  
Sustainable Development Goal 6 – Surface and groundwaters, water quality and quantity requirements in 
developing and developed worlds, fossil groundwater and water mining, water supply and waste water 
treatment etc, the water-energy connection. 
 
Lecture 5: Clean water and sanitation 2 (Prof. F. McDermott)  
Sustainable Development Goal 6– Water supply and waste water treatment, advantages and disadvantages 
of use of surface water as a drinking water supply, groundwater advantages and disadvantages, 
desalinisation, energy costs of freshwater pumping and waste water treatment, can the system be 
optimised? Recovery of energy from wastewater treatment facilities via biogas. 
 
Lecture 6: Affordable and clean energy 1 (Dr T. Manzocchi)  
Sustainable Development Goal 7 – The current global and regional energy system, reliance on fossil fuels, 
emission scenarios and bridging the gap to a low carbon energy system, hydrocarbons as chemical 
feedstocks? The role of CCS. 
 
Lecture 7: Affordable and clean energy 2 (Prof. F. McDermott)  
Sustainable Development Goal 7 – Transition to a low carbon economy, alternatives to fossil fuel, nuclear, 
renewables such as wind, solar, wave, geothermal. Effect of climate change on the wind and solar energy 
resources and on energy demand for heating and cooling.  Consumer behaviour, incentivising the 
consumer and ‘virtual storage’. 
 
Lecture 8: Affordable and clean energy 3 (Prof. F. McDermott)  
Sustainable Development Goal 7. Intermittency in wind and solar resources and other challenges to 
electricity grid management at high levels of renewable penetration, battery and other forms of storage, 
power-to-gas, an electric future for transport and industry? 
 
Lecture 9: Industry, innovation and infrastructure (Dr J. Menuge) 
Sustainable Development Goal 9. Building cities. Bulk raw materials and industrial minerals for 
construction and industry, constraints on supply and transport costs, carbon emissions from construction 
and lifecycle analysis, cement production and GHG emissions globally and locally, Eco-cement, negative 
emissions from concrete? 
 
Lecture 10: Sustainable Cities and Communities 1 (Dr Aggeliki Georgiopoulou) 
Sustainable Development Goal 11. Positive and negative consequences of global urbanisation from a 
geoscientific perspective (3 per cent of the Earth’s surface area, up to 80% of energy consumption and 75% 
carbon emissions from cities).  Rates of urbanisation and resulting pressures on fresh water supplies, 
waste water treatment facilities and air quality. Heat island effect. Impact of cities on runoff and the 
hydrological balance.  Urban flooding and flood water storage options with examples. 
 
Lecture 11: Sustainable Cities and Communities 2 (Dr A. Georgiopoulou) 
Sustainable Development Goal 11. Location of the world’s major cities in relation to known geohazards 
such as earthquake-prone areas, volcanoes, tsunamis, landslides, flooding and sea-level rise.  Location of 
critical infrastructure in relation to geohazards (e.g. Fukushima tsunami and nuclear meltdown). Hazard 
mitigation. 
 
Lecture 12: Responsible consumption and production 1 (Dr J. Menuge)  
Sustainable Development Goal 12. Overview of global metal resources.  Changing perspectives on metal 
reserves through time.  ‘Metals in the service of Man’. Rare metals and their occurrence.  Chinese case 
study of environmental degradation linked to metal extraction and refining, metals for the renewable 
energy sector – wind turbines, PV cells, batteries, bottlenecks in the system? 
 
Lecture 13: Responsible consumption and production 2 (Dr J. Menuge)  
Sustainable Development Goal 12. Notion of the circular economy.  Recycling and purification of recovered 
metals, links to manufacturing methods, what proportion of metals are recoverable and at what cost?  
Relatively unexploited sources of metals such as seawater and seabed mineral resources. 
 
Lecture 14: Life below water 1 (Dr P. Orr) 
Sustainable Development Goal 14. Sensitivity of freshwater and marine ecosystems to global change, ocean 
acidification, coral bleaching, how do we know? Remote sensing methods etc. 
 
Lecture 15: Life below water 2(Dr P. Orr) 
Sustainable Development Goal 14. Sensitivity of freshwater and marine ecosystems to global change, ocean 



acidification, coral bleaching, remote sensing methods etc. 
 
Lecture 16: Life on land 1(Dr P. Orr) 
Sustainable Development Goal 15. Aanalogues from deep and recent geological past, response of life to 
development-driven change, mass extinctions etc. 
 
Lecture 17: Life on land 2 (Dr P. Orr)  
Sustainable Development Goal 15. Analogues from deep and recent geological past, response of life to 
development-driven change, mass extinctions etc. 
 
Lecture 18: Climate Action 3 (Prof. F. McDermott)  
Sustainable Development Goal 13. Adaptation to climate change impacts such as temperature and 
precipitation changes, sea-level rise, frequency of extremes. 
 
Lecture 19: No poverty (Prof. F. McDermott)  
Sustainable Development Goal 1. Links between the occurrence and distribution of raw materials and 
other natural resources and conflict.  Conflicts linked to hydrocarbon and water resources.  Extent to which 
economies are reliant on oil and other finite mineral resources. Relationship between a country’s natural 
capital, per-capita income and poverty.  
 
Lecture 20: Zero hunger (Prof. F. McDermott)  
Sustainable Development Goal 2. Distribution of soil and water resources for food production, sustainable 
and unsustainable food production, physical erosion and soil degradation, carbon loss from soils through 
agriculture, susceptibility of soil carbon pools to global warming, nitrogen and nitrates, phosphorus 
resource constraints, the sulphur cycle and food production, soil trace elements and micronutrients, 
consequences of deficiencies and excess trace elements with examples such as selenium, silica availability 
in soils, energy versus food crop production, global fluxes of carbon, silicon and water in food exports, 
pesticides and persistent organic pollutants). 
 

ONLINE EXERCISES: 

Week 3:  Online Activity 1 (Clean Water and Sanitation) 

Week 6: Online Activity 2 (Clean Energy) 

Week 10: Online Activity 3 (Geohazards) 

Week 12:  Online Activity 4 (Responsible Consumption and Production) 

REQUIRED TEXTS:  None 

 

ADDITIONAL INFORMATION:  Assessments are based on the lecture content and the online activities.  
The ‘mid-term’ MCQ examines material from lectures 1 to 8 inclusive and online activities 1 and 2. 

 

 
 


