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Resource Security

The Water-Food-Energy Nexus

= Proposed at the Bonn Nexus Conference in 2011, the water, food and energy (WFE) nexus refers to
the connections or links between the consumption and supply of natural resources

= Changesinany of the three resource areas willimpact the security of the others

= [fresourcesare to be sustainably managed, then an understanding of the links and interactions is
essential

= The WFE nexus helps stakeholders such as governments, international organisations, TNCs and
research establishments achieve this

What are water, food and energy security?

= Resource security refers to the ability of a country to maintain areliable and sustainable
flow of resources to maintain the living standards of its population

= Water security is sufficient water of high enough quality to meet the population's needs

= Food security is access to a diet of sufficient quantity and quality to meet daily health needs and
allow people tolead an active life

= Energy security is an available, affordable energy supply which is uninterrupted
Water security
= By2050, globalwaterdemand is predicted toincrease by 20-25%
= In2023, almost 50% of the world's population faced high water stress for at least one month
= There are different levels of water shortage - these are water stress and water scarcity:
= Water stress occurs when the supply of water is below 17700m3 a year per person

» Water scarcity is when the supply is below 1000m?®a year per person

= According to the World Resources Institute, 25 countries faced extremely high levels of water stress in

2023
= This affects over 25% of the world's population

= More than 80% of the water available to agricultural, domestic and industrial users
is withdrawn annually

= | eavesbusinesses, farms and communities vulnerable to scarcity
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Food security /
= | arge spatial variations existin food security Your notes
= North America, Europe, Japan and Australasia are the regions considered most food secure
= The greatestrisk of food insecurity is in sub-Saharan Africa, Afghanistan and Haiti

= Climate change and growing population are increasing the risk to food security in many regions of the
world

= The UN estimates that the number of people in 'hunger emergencies' has increased from 135 millionin
2019 to 345 millionin 2022

= Globalfood prices arerising; 23% higherin 2023 thanin 2021

= World grainreserves are lower than they have been for14 years

= Women and girls account for 70% of the people suffering hunger

= Globally, approximately 783 million people are suffering from severe hunger

= |Inmore developed countries, there is often a food surplus and large amounts of food waste

Energy security
= Anenergy gap is when a country cannot meet the demand for energy usingits resources
= When countries have an energy gap, they have toimport energy to meet the demand
= Having an energy gap means that a country is not energy-secure

= Fossil fuels still supply over 80% of the world's energy and account for 75% of global greenhouse gas
emissions

= Accordingto the International Energy Agency, 775 million people do not have access to electricity

= The majority of these people live in Sub-Saharan Africa

The WFE nexus
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Examples of the interactions in the WFE nexus

= Theinteractions between food, energy and water may contribute to food, energy and water insecurity
because they reduce the amount of the resource whichis available

= Thismay be due to:
= |ncreaseduse of theresource

= Pollution of the resource

Global examples of interactions in the WFE nexus

= Alack of available waterto cool power plantsin India led to the loss of 8.2 terawatt hours (TWh) of
energy because the power plants could not function
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= |nEurope the land used to grow biofuels could be used to produce for an estimated 120 million people
Interactions of Food, Energy and Water Resources

Resource

Food

Energy

Water

Food production

anditsimpacton
energy and

water security

Energyisusedto grow,
transport and process food;
thisaccounts for 30% of
global energy use (FAO, 20T71).
Most of thisisusedinfood
processing and transport

Increased demand for food
increases the use of energy.
New technology, such as
hydroponics, uses more
energy forlight and heat

Over70% of freshwater
withdrawals are foruse
in agriculture (FAQ,
2023)

Pollution from livestock,
fertilisers and pesticides
enters water sources,
reducing freshwater
availability

Food processing uses
large quantities of water

Energy and its
impact on food
and water
security

Growth of biofuels and

solarfarms uses land
which could be used
for growing crops

Mining and drilling for
fossil fuels creates
waste, which can
pollute farmland

Use of water forenergy
production and cooling

Frackinguseslarge
quantities of water
combined with
chemicals

The construction of
dams for HEP reduces
discharge downstream
but canimprove water
security insome areas

Water and its
impact onfood
and energy
security

High energy consumption
from desalination

Increased urbanisation
increases the demand
forwater, reducing the
amount available for
food growth

Energyisused fortreating
waste water and abstraction of
groundwater

Water shortages willimpact
energy generationduetoa
lack of water for cooling
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Value of the nexus concept /

= Resourcesandresource security do not existinisolation, they are all linked Your notes

= The nexus concept acknowledges these connections andinteractions
= |tviews energy, food and water security as of equal importance

= The WFE nexus provides a framework, enablingintegrated solutions to be developed

Challenges for the nexus concept

= Resource management crosses international boundaries, making stakeholder cooperation essential
to the success of resource management

= The participation of stakeholdersis not equal, governments and TNCs have more power than local
communities

= Thebalance betweenfood, energy and water security is not always achieved when the main focus of
projectsis onone particularissue
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Case Studies: Resource Security

Case Study: Resource Security in Bangladesh

WFE resource insecurity in Bangladesh

= Bangladesh already faces the impact of climate change
= Risingsealevels
= Changing monsoon rainfall patterns
= Coastalflooding
= |ncreased frequency and severity of tropical cyclones

= The population of Bangladeshis almost 170 million people
= Although the rate of naturalincrease has fallenitis still 12 per 1000
» Population density is 1329 people per Km?

= Thisincreases the pressure on water, food and energy

Water insecurity in Bangladesh
= Bangladeshhas 238 majorrivers and should have a plentiful water supply
= However, water security is poor
= Anestimated 40% of the population lacks access to safe water
= Almost 70% have no access to improved sanitation
= Over40% of northwestern Bangladesh experiences groundwater scarcity, particularly in summer
= Riverand groundwater pollution levels are high
= |tisestimatedthat 50% of the population drinks water which is polluted with arsenic
= Over-abstraction of groundwaterin the area surrounding Dhaka has led to:
= |ncreasedrisk of [popoverid="Ugny5Im4N4F4azVj" label="salt intrusion"]
= Adecreaseingroundwaterlevels by 2-3mayear
= Agriculture accounts for 80% of water withdrawal

= Water demand exceeds water supply, a situation which is likely to worsen as the populationincreases
and development continues
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= Thereductioninthe size of the ice stores in the Himalayas will decrease the supply further /
Foodinsecurity in Bangladesh

Your notes
= Anestimated 25% of the population suffers from food insecurity
= Over 1l million people sufferacute hunger
= Approximately 36% of children under five suffer from stunting, which indicates chronic malnutrition
= |ncreased coastal flooding has led to salinisation which affects crop yields

= Qverthe past 35years, soil salinity has increased by approximately 26%
= |ncreasing areas of land are lost to:

= Erosiononthe banks of rivers or at the coast

= Building of settlements and industries

= Eachyear, anestimated 69 000 hectares of farmland is lost (arate of 1% peryear)

= Anincreaseinthe frequency and severity of tropical cyclones willimpact crops and livestock

= Cyclone Sidrdamaged over 1.5 million hectares and killed almost 500 00O livestock

Energy insecurity in Bangladesh

= The availability of electricity to the population of Bangladesh has increased from 20% (2000) to 85%
(2023)

= Bangladeshrelies heavily onimports of energy resources to generate electricity
= The energy mixforBangladeshis
= Gas-54%
= Oil-22%
= Coal-7%
= Biofuelsandwaste -16%
= Renewables-1.2%
= Bangladeshaimstoreach15% renewable energy by 2030
= |ncreasing use of solar poweris contributing to the use of renewables

= Toavoid the use of agricultural land, the focus has shifted to rooftop systems

Case Study: Resource Security in Denmark
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WFE resource security in Denmark

= Denmarkis not as vulnerable to climate change as Bangladesh but there are still challenges which may
impact its WFE security

= Risingsealevels
= |ncreased precipitation

= Denmark has a population of almost é million people
= Therate of naturalincreaseis 1per1000

= Population density is 139 people per Km?

Water security in Denmark

= Denmark has a water surplus
= The available waterresource is an estimated 1,800 million m3 peryear
= Waterdemandis 1,000 million m3 peryear

= The whole population (100%) have access to safe drinking water

= Almost 90% are connected to the main sewage network

= Most of the water supply is obtained from groundwater sources

= Use of wateris split equally between agriculture, domestic and industrial use (approximately 33%
each)

Threats to water security

= Saltintrusion may begin to affect the quality of groundwater due to rising sea levels and coastal
flooding

= salinisation due toincreased demand on the groundwater

Food security in Denmark
= Food security is highin Denmark, with only 1.8 % of the population experiencing severe food insecurity

= Denmark onlyimports just over13% of the population's food

Threats to food security
= Risingtemperatures have led to alonger growing seasonin Denmark

= However, they have alsoincreased the need for:
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= Greater pestand disease protection
= More fertiliser use, whichleads to increased water pollution

= Increased Irrigation, which places more pressure on the water supply
= |ncreased precipitationinwinter andrising sea levels are increasing the risk of flooding and crop loss

= \Watertemperature increase hasimpacted the populations of traditional species such as salmon and
trout

= New species areincreasingly foundin the waters around Denmark, such as hake

= There hasalsobeenanincrease intoxic algae, which threatens fish populations

Energy security in Denmark
= Denmarkimports about 12% of its energy
= |thasahighenergy security
= The energy mix for Denmark is

= Oil-38%

= Biofuels-33.6%

= Otherrenewables-12.4%
= Gas-9.4%

= Coal-7.0%

= Denmark has closed allits oil-fired power stations and is in the process of closing its coal-fired power
stations

= This has significantly reduced itsreliance on fossil fuels

= The entire population (100%) has access to electricity
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Climate Change & the Nexus V4

Your notes

Climate Change & the Water, Energy & Food Nexus

What impact will climate change have on water supplies?
= There are anumber of ways that water supplies are affected by climate change, these include:
= Unpredictable rainfall
= Floods
= Droughts
= Risingsealevels
= Meltingice sheets/glaciers
= Climate changeisimpacting on the amount of available freshwater
= The UN predicts that by 2050, up to 5 billion people worldwide will face freshwater shortages

= The melting of glaciers andice sheets has led to an estimated 3% reduction in freshwater storage
since 1971

= Salinisation of groundwaterisincreasing annually at a rate of 10% due to salt intrusion caused by sea
levelrise

= Thisdecreases the amount of freshwater available in coastal areas
= Higherwatertemperatures, droughts and floods decrease water quality

= More frequent droughts may lead to increased soil degradation and desertification in areas such as
the Sahel

= Thiswillimpact onfood production due to alack of water forirrigation

= Fewertrees andvegetation willmean less biomass for energy production, particularly in areas
where people rely on fuelwood forheat and cooking

= High-income countries such as the USA and Australia also face water shortages but thisis less likely to
impact food and energy security because they can afford to import

What impact will climate change have on food supply?

Crops and livestock

= |ncreasedtemperatures and changesinrainfall patterns affect crop yields
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= Decreasing freshwater supplies have animpact on:
= The availability of irrigation
= Waterforlivestock
= |ncreased floods, which destroy crops
= Cropyieldsareimpacted through:
= Declining water quality
= Soil degradation and desertification

= Climate changeis also affecting the areas affected by pests and diseases, expanding their
geographicrange

= Tarspotisafungal disease affecting maize
= |twas native to Latin America
= |tcanleadtoa50%reductioninyields
= |In2015,itwas detected for the first time in the US

= The spread of invasive, non-native species due to higher temperatures canimpact food systems
Fish stocks

= |ncreased seaandrivertemperatures may affect:
= Fishbreeding patterns
= Fish populations
= |ncreased algae growth, which contaminates seafood

= Decreasesinwater quality impacts fish and seafood

What impact will climate change have on energy supply?
= Changing weather patterns may impact renewable energy supplies
= Reduced cloud cover mayleadtoincreased solar power
= Changingwind patterns may impact the use of wind energy
= Reduced precipitation may lead to challengesin growing biofuels
= |Increased water scarcity willreduce the amount of water available forirrigation

= Asthe amount of water storedin glaciers reduces, the spring snowmelt will result in lower discharge
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= Thiswill affect the amount of energy generated by hydropower /

= Tajikistanisreliant on hydropower andis already experiencing changes inriver flow Your notes
= Seaicemeltinthe Arctic may improve access to gas and oilreserves

= |ncreasing the availability of fossil fuels

= Reducing the cost of extraction
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Disposal & Recycling of Consumer Waste /

Your notes

Solid Domestic Waste

= Aswellasthe consumption of resources, ecological footprints include the waste created
= Theincreasesin consumption have led to anincrease in the waste created
= The World Bank estimates that there willbe a70% increase in the production of waste by 2050

= Most of thisincrease is predicted to be inlow-income and emerging economies

Types of Solid Domestic Waste

PAPER 1%
DISPOSABLE
NAPPIES 32
PLASTIC

PACKAGING 42

- GARDEN
. WASTE 252

TEXTILE 42

SOl 42—
WOOD 62

FURNITURE 6%

E-WASTE AND
SCRAP METAL 62 N OTHER HOUSEHOLD
GLASS 9% ITEMS 112

Estimate of the proportions of solid domestic waste in the UKin 2020

= Solid domestic waste (SDW), also known as household waste, refers to the waste generated by
households and small-scale commercial establishments

= |t consists of various materials discarded by individuals and families

= The volume and composition of solid domestic waste can vary over time due to several factors,
including:
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= Consumption patterns /

= Technological advancements Your notes

= \Waste management practices

Organic Waste

= Thisincludes food waste, garden waste, and other biodegradable materials
= The volume of organic waste tends to be significant

= |tvaries due to cultural practices, dietary habits, and seasonal factors
= Overtime, the composition of organic waste may change due to:

= Shiftsinfood preferences

= |ncreased consumption of processed foods

= Advancementsinwaste management technologies that promote composting

Paper and Cardboard

= These materials are commonly foundin solid domestic waste and are derived from packaging,
newspapers, magazines, and other paper-based products

= Thevolume of paperand cardboard waste may fluctuate depending on factors such as:

= Digitalisation trends: the increasing trend for people to read the news on phones and tablets
rather than by reading a physical newspaper

= Efforts to promote recycling and reduce paper consumption

Plastics

= Plastics are amajor component of solid domestic waste and caninclude packaging materials,
containers, and various single-use items

= Thevolume and composition of plastic waste have experienced a significant increase inrecent
decades due to the widespread use of plasticsin various sectors

= The composition and management of plastic waste vary due to:
= Changesin consumerbehaviour
= Governmentregulations
= Recyclinginitiatives

Glass and Metals

Page 15 of 22

© 2015-2024 Save My Exams, Ltd. - Revision Notes, Topic Questions, Past Papers



https://www.savemyexams.com/?utm_source=pdf
https://www.savemyexams.com/

1, SaveMyExams

Head to www.savemyexams.com for more awesome resources

= Glass and metal waste, such as bottles, cans, and other packaging materials, contribute to solid /
domestic waste

Your notes
= Thevolume of glass and metal waste can be influenced by factors like beverage consumption

patterns, recycling rates, and the availability of alternative packaging materials

= Changesinpackaging preferences, recyclinginfrastructure, and resource conservation efforts can
impact the composition and volume of glass and metal waste

Electronic Waste

= With the rapid advancement of technology, electronic waste, or e-waste, has become a growing
issue

= |tincludesdiscarded electronic devices such as computers, mobile phones, televisions, and
appliances

= Thevolume and composition of e-waste may change over time due to the introduction of new devices,
upgrades, and the speed at which older electronics become obsolete (i.e. out-of-date)

= Increasing awareness of e-waste management and the implementation of regulations influence the
handling and disposal practices of electronic waste

NORWAY e 285
UNITED KINGDOM 1249
DENMARK T 2408
AUSTRALWE—————————/ 1 236
GERMANY I 228
FRANCE 1213
SPAIN I 20 .1
CANADA I 20.0
UNITED STATES I 19 . 4
JAPAN EE—— 16.9
RUSSIA 9.7
TURKEY I 7.0
BRAZIL 00T 7.4
CHINA T 5.2
INDIA (31.5

Kilograms of electronic waste (e-waste) produced per capita for a selection of countries in 2016

Waste Disposal & International Flows of Waste
Waste disposal
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= Waste disposalis critical in managing and minimising the environmental impact of waste

= Various methods are available, each offers distinct approaches to handling waste materials

= |nthe past, landfill were the most popular form of waste disposal but this is not sustainable

Landfills

= |andfillinvolves burying waste in designated areas, often lined with protective plastic barriers

= They provide a centralised and controlled disposal method for a wide range of waste types

Advantages and Disadvantages of Landfills

Advantages

Disadvantages

Provides centralised waste management

Generates methane, apotent
greenhouse gas

Canaccommodate awide range of waste types

Requires suitable land availability and
careful site selection

Relatively low operational costs compared to other options

Potential risk of groundwater and soail
contamination

Can be engineered with liners and leachate collection
systems to minimise environmentalimpact

Long-term management and monitoring
required after closure

Incineration

= |ncinerationinvolves the controlled burning of waste materials at high temperatures

= |treducesthevolume of waste and can sometimes be used to generate energy through the

combustion process

Advantages and Disadvantages of Incineration

Advantages

Disadvantages

Reduces the volume of waste and minimises | Releases air pollutants, including greenhouse gases and

spacerequirements toxic emissions (public concerns over health and

environmental impacts)
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Potential to generate energy through the
combustion process (provides waste-to-
energy potential)

Requires careful management of air emissions and ash

disposal

Reduces the reliance onlandfills

Potential for the release of hazardous substances during

incineration

Canhandle various types of waste, including
hazardous waste

High operating costs

Recycling

= Recycling focuses on converting waste materials into reusable materials

= |tconserves naturalresources, reduces energy consumption, and minimises greenhouse gas
emissions associated with the production of new materials

Advantages and Disadvantages of Recycling

Advantages

Disadvantages

Conserves natural resources and reduces the
need forraw materials

Requires energy and resources for collection,
sorting, and processing

Reduces the amount of waste sent to landfills or
incinerators

Limited availability and accessibility of recycling
facilities

Saves energy and reduces greenhouse gas
emissions

Contamination of recyclables can hinder the
recycling process

Prevents pollution caused by extracting and
processing raw materials

Some materials are difficult or costly torecycle

Createsjob opportunitiesin the recycling industry

Market demand and prices forrecycled materials
can fluctuate

Reusing

= Reusinginvolves using products or materials multiple times instead of discarding orrecycling them

= |textendsthelifespan of products, reduces waste generation, and decreases resource consumption
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Advantages and Disadvantages of Reusing

Advantages Disadvantages
Reduces the need for new products and Limited availability of reusable items in certain areas
resource extraction
Saves energy and resources required for Requires proper cleaning and maintenance of
manufacturing reusable items
Minimises waste generation and landfillusage May not be suitable for all types of products or
materials
Canbe cost-effective, saving money for Thereis alimited market forused or second-hand
individuals or businesses itemsinsome cases
Promotes a circular economy and sustainable Requires a change in consumer behaviour and
consumption mindset
Composting

= Compostinginvolves the decomposition of organic waste materials into nutrient-rich soil

= Successfulcompostingrelies on the proper balance of organic materials, moisture, and aeration to
facilitate the decomposition process

= [tdiverts organic waste from landfills, reduces methane emissions, and produces high-quality
compost foruse in agriculture and landscaping

Advantages and Disadvantages of Composting

Advantages Disadvantages
Diverts organic waste from landfills, reducing Requires space and proper management for
methane emissions composting process
Produces nutrient-rich compost for soil It takes time for organic waste to decompose and turn
enrichment into compost
Reduces the need for chemical fertilisers Some materials may not be suitable forcomposting
(e.g., meat, dairy)
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It helps retain soil moisture and reduce erosion Potential for odour and pestissues if not properly
managed
Promotes healthier plant growth and Requires knowledge and education to ensure proper
biodiversity composting practices

These waste disposal options offer arange of strategies for managing waste materials effectively

The choice of method depends onvarious factors, including the type of waste, available infrastructure,
environmental considerations, and societal preferences

Implementing a combination of these options can contribute to sustainable waste management and
resource conservation

International waste flow

Inan attempt to reduce the use of landfills in developed countries, large amounts of waste are
transported to emerging economies and low-income countries for disposal and recycling

= The EU directive states thatless than 10% of waste should be sent to landfill by 2035

= The UKhas atarget of reducing biodegradable waste going to landfill to almost zero by 2028 and
recyclable waste by 2042

Until 2017, China had been disposing of:
= Qver55% of the world's plastic waste
= Almost 60% of the USA's paper waste and 70% of Europe's paper waste
China announcedin 2017 that it would be significantly reducing the amount of waste it accepted

Waste flows then increased to Southeast Asia, in countries like Malaysia, Thailand, Vietnam, Indonesia
and India

Up to 90% of the waste in these countriesis burned rather thanrecycled
= Thisimpacts onpeople's health and the environment

In 2019, Malaysia, Indonesia and Thailand all announced restrictions on the amount of imported waste
they would accept

Between 2019 and 2021, Malaysia sent back over 340 containers of waste that had been shipped there
by countries including the USA, UK and France
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g8 Your notes
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The destination of Europe's plastic waste between 2016-2018

= |ncreasingly, waste is sent to countries such as Ghana and Nigeria for disposal
= Tlrkiye is now receiving the most waste from the EU

= |n 2021, the amount of waste received was 14.7 million tonnes, three times the amount they
receivedin2004
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= |ndia (2.4 milliontonnes)and Egypt (1.9 million tonnes) are the second and third-highest recipients of ,
EU waste
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