Environmental Science Unit 2 Summary – Earth’s Resources
There are four main systems on Earth known as “spheres”.
These are: 
• geosphere 
• hydrosphere 
• atmosphere 
• biosphere 
They can be described individually but are really all connected to each other.
	Geosphere
The geosphere describes the rocks, minerals and ground that is found both on and in the Earth.
• mountains 
• liquid rock in the mantle 
• minerals and metals in the outer and inner core 
• sand in the deserts 
• rocks on the surface 
• continents
	Hydrosphere 
•The hydrosphere describes all of the water on Earth. 

This includes: 
• oceans 
• rivers 
• lakes 
• streams 
• ground water 
• polar ice caps 
• moisture in the air (rain and snow)

	Biosphere 
•The biosphere describes all the living things on Earth. 

This includes: 
• plants 
• animals 
• bacteria 
• fungi 
• single-celled organisms 

•Organisms are grouped into biomes which are characterised by their vegetation and climate.
	Atmosphere 
•The atmosphere describes the layer of gas that surrounds the Earth. 

This layer of gas is made up of: 

•78% nitrogen 

•21% oxygen 

•1% other gases including argon, carbon dioxide, methane, water vapour, nitrous oxide





Cycles
The 4 spheres of the Earth are linked by the following cycles:
• rock cycle
• carbon cycle
• nitrogen cycle
• water cycle
Resources
A resource is a product that humans can use. Resources can be physical, biological, renewable or non-renewable.
GEOSPHERE
The Structure of the Earth
The Earth is made up of the inner and outer core, mantle and crust. 
[image: http://aventalearning.com/courses/GEOGx-HS-A09/a/unit01/resources/images/Geo_1.C.5crossSection.jpg]The structure of the Earth can be explained using the “avocado model” where the stone, flesh and skin of the avocado represent the core, mantle and crust of the Earth.

	Section
	Description

	Inner core
	Solid iron and nickel and has a very high temperature (5,500ºC).

	Outer core
	Also iron and nickel but is liquid as there is less pressure in the outer core.

	Mantle
	Mostly solid but can be liquid when heated by the core. The molten rock is called magma. This magma move through the Earth’s crust through volcanic eruptions as lava.

	Crust
	The crust we live on is the thinnest section of Earth (5-70km deep). It is made up of 7 huge tectonic plates.



Minerals and Rocks
Minerals can be made up of elements or compounds. An element is a substance that is composed of only one type of atom and cannot be broken down any further. A compound is made up of two more elements that are chemically joined.
Mineral have a precise chemical composition have a crystalline structure (eg. are made up of crystals). They are naturally produced in the Earth’s crust. There are over 3000 minerals of which 300 are common enough to be of economic value for making products we use in our everyday lives. Examples of minerals include quartz (composed of silicon dioxide), graphite (pure carbon) and gypsum (calcium sulphate dihydrate).
Rocks are made up of minerals. 
Properties of Rocks
Geologists classify rocks by the minerals they contain and by looking at their texture. Grains in rocks can be different shapes and sizes which affects their porosity and permeability. When the grains interlock they are known as “crystals”. The porosity of a rock is a measure of how much space exists between the grains of rock. Permeability is a measure of how easily water can move through the rock. 
Rocks can be classified into three main types:
· Sedimentary
· Metamorphic 
· Igneous
Sedimentary Rocks
Sedimentary rocks are made from small grains of rock (sediment) which have been weathered from rock surfaces and carried by water to where they are deposited. Gradually the weight of sediment compacts the grains together, and the water is squashed out from between the grains. It leaves behind the dissolved minerals which ‘glue’ the rock grains together. This is called cementation.
Sedimentary rocks tend to be porous, dull and crumbly. They feel grainy and pieces can often be rubbed off using your thumb. This is because the grains don’t interlock, and there are air spaces between some of the grains. This type of rock can absorb water. Another feature of sedimentary rock is the presence of fossils. These are the remains of dead sea creatures and they can be used to date the rock.
[image: ]
Examples of sedimentary rocks:
· Limestone
· Sandstone
· Metamorphic Rocks
[image: ]‘Metamorphism’ means ‘changing form’ and metamorphic rocks are made from other types of rock (usually sedimentary), which have been changed in some way due to huge amounts of heat and pressure. The pressure comes from the huge weight of rock pressing down from above and the heat comes from the molten magma inside the Earth. 
In the example on the previous page, sedimentary rock is exposed to great pressure from the rock layers above, and high temperatures from the magma below. This causes it to change, forming metamorphic rock.
[image: ]
Metamorphic rocks may contain crystals which are in rows (aligned), they are much less porous than sedimentary rocks, harder and less easy to crumble.
Examples of Metamorphic Rocks
· Marble
· Slate
Igneous Rocks
[image: ]Igneous rocks are made from molten magma. This molten rock exists below the Earth’s crust and the lava you see flowing out of volcanoes. The type of igneous rock produced depends on how the molten magma cools.
Pumice is blown out of volcanoes as ash, with some large lumps in it, and eventually settles in layers. Basalt forms huge flat lava fields, whereas granite is eventually exposed as the sides of the volcano are eroded away.
Igneous often contain interlocking crystals of various sizes which indicate how they were formed. Extrusive igneous rock has small crystals as the magma has cooled quickly. Intrusive igneous rocks have large crystals as the magma has cooled slowly. These interlocking crystals make the rocks very hard and weather resistant.
Examples of Igneous Rocks
· Pumice
· Basalt
· Granite
[image: ]The Rock Cycle
The Earth's rocks do not stay the same forever. They are continually changing due to processes such as weathering, erosion, melting and the effects of heat and pressure. The rocks are gradually recycled over millions of years. This is called the rock cycle.
For example, sedimentary rocks can be changed into metamorphic rocks, and these can be weathered and the sediment transported away by water. This sediment could be deposited in lakes or seas and eventually form new sedimentary rock. Many routes through the rock cycle are possible.
The processes in the rock cycle are shown in the diagram above. Make sure that you understand how each type of rock forms, and can give an example of each rock type.


Rock Cycle Summary
Sedimentation creates layers or rock particles
Compaction and cementation presses the layers and sticks the particles together. This creates sedimentary rock.
Rocks underground that get heated and put under pressure are changed into metamorphic rock.
Rocks underground that get heated so much they melt turn into magma. Magma is liquid rock. Magma also comes from deeper inside the Earth (the mantle).
Pressure can force magma out of the ground. This creates a volcano. When the magma cools it turns into solid rock, called extrusive igneous rock.
Magma that cools underground forms solid rock called intrusive igneous rock.
Areas of rock can move slowly upwards, pushed up by pressure of the rocks forming underneath. This is called uplift.
Weathering breaks down rocks on the surface of the Earth. There are three types of weathering - physical, chemical and biological.
Wind and water move the broken rock particles away. This is called erosion.
Rivers and streams transport rock particles to other places.
Rock particles are deposited in lakes and seas, where they build up to form layers. This starts the process of sedimentation which will create sedimentary rock.
Limestone: formation, discovery, extraction, processing and uses
Types of Limestone

There are various types of limestone, these include: 
· coral limestone
· shelly limestone
· oolitic limestone
· chalk
· Portland stone
The different types of limestone have different uses, but are all made up of the same minerals - calcite, aragonite, dolomite and contain quartz and clay minerals.

Formation of Limestone

Limestone is a sedimentary rock. 

Limestone is formed in shallow, calm, warm marine waters from the remains of marine creatures. When these animals died their shells and skeletal remains built up as sediment. Over time, and under pressure these remains gradually turned into limestone. 

Uses
· Limestone (CaCO3) can be used as a building material and in the manufacturing of iron.
· Glass - heated with sand and soda (sodium carbonate)
· Cement - heated with clay in a kiln
· Concrete - mixed with sand, water and crushed rock
· Mortar - mixed with sand and water
· Quicklime - heated 
· Slaked lime (Calcium Hydroxide Ca(OH)2) - mixed with water 
· Lime motar - mixed with water
Iron Ore: formation, discovery, extraction, processing and uses
Formation:

[image: ]Iron is found within iron ore in sedimentary rocks.
These sedimentary rocks were formed from chemical reactions that combined iron and oxygen in marine and fresh waters millions of years ago.
When iron ores were formed, the ocean contained a lot of dissolved iron and almost no dissolved oxygen.
When the first photosynthetic organisms began releasing oxygen into the water, the oxygen combined with dissolved iron to form iron oxide.
Iron oxides that are found within iron ore include hematite (Fe2O3) and magnetite (Fe3O4).


Extraction of iron from its ore:

Iron is extracted from iron ore in a blast furnace. Oxygen is removed from the iron oxide to leave iron. Another way of saying this is that the iron is “reduced”. Coke or another source of carbon needed to burn to produce carbon monoxide gas. Carbon monoxide is needed to remove oxygen from iron oxide (it “reduces” iron oxide). Oxygen is needed to allow coke to burn.
Limestone which contains calcium carbonate is added to help remove acidic impurities.

Processing:
Iron ore is extracted from the ground (quarried) and added to a blast furnace where it is heated with coke to produce molten iron, called pig iron. This is used to make steel. Almost all (98%) of iron ore extracted from the Earth used to make steel.

Uses:
Iron has more uses than any other metal and is used in construction, reinforced concrete, steel plate and strip, ship building, motor vehicles, rolling stock, cans, tools and machinery.
Crude Oil: formation, discovery, extraction, processing and uses
Formation: 

Crude oil is a hydrocarbon made from the partial decomposition of sea plants and animals in low oxygen (anaerobic) conditions millions of years ago. Hydrocarbons can be used as fuels and contain only two elements: hydrogen (H) and carbon (C).
Remains of the dead animals and plants are buried under sediments where they were out under pressure (compressed) and exposed to heat from under the Earth’s crust. After millions of years the animal and plant material was changed into crude oil. Crude oil is a black liquid used to made petroleum.

Extraction:

Wells are drilled into the reservoir deep under the ground. A pipe is placed into the bore hole. Natural pressure may be enough to extract the oil or natural gas from the reservoir. If necessary the oil or gas can be otherwise can be pushed out of the reservoir using fluids or gases (including steam) that are injected into the bore hole.

Processing:

Crude oil, which is used to make petroleum, is sent to a refinery to be separated into different fractions using fractional distillation.
[image: ]
Because they have different boiling points, the substances in crude oil can be separated using fractional distillation. The crude oil is evaporated and its vapours allowed to condense at different temperatures in the fractionating column. 





Uses:

Fuels including petrol, diesel and kerosene. This fuels power all the cars and engine powered machinery on the planet.
Fertilizers and pesticides. 
Tar, bitumen, sulfuric acid, asphalt, petroleum coke (solid fuel) and paraffin wax.
Synthetic rubbers, lubricants, cosmetics and perfumes.

The geological carbon cycle

In the geological carbon cycle, carbon moves between rocks and minerals, seawater, and the atmosphere. Carbon dioxide in the atmosphere reacts with minerals to form calcium carbonate (CaCO3 - limestone). 
Calcium carbonate is then dissolved by rainwater and carried into the oceans. Once there, it precipitates (moves) out of the ocean water, forming layers of sediment on the sea floor. As the Earth’s plates move, these sediments are moved underneath the crust by a process called subduction.
[image: ]Under great heat and pressure below the Earth’s surface, the limestone melts and reacts with other minerals, releasing carbon dioxide. The carbon dioxide is then released into the atmosphere through volcanic eruptions.


HYDROSPHERE

Reservoirs

A reservoir is a natural or artificial store of water. The main reservoirs of water on Earth include:

· Atmosphere
· Oceans
· Ice
· Freshwater
· Groundwater

[image: http://spark.ucar.edu/sites/default/files/images/large_image_for_image_content/water_cycle_0.gif]The Water Cycle
Water is evaporated from the sea. Condensation takes place turning the water vapour into clouds. Winds blow clouds inland towards the mountains. Here, they are forced to rise causing further condensation, which results in precipitation. Water flows into streams to make its way back to the sea. Some water moves into the ground, this is called infiltration, this may result in some underground flow back to the sea. Some water may be stored in the vegetation; which may lead to transpiration from trees through their leaves. Some water may also be stored in inland lakes. There may be some evaporation from these lakes.

Uses of water:
Water is used every day for industry, agriculture and in the home for domestic uses.
Industry - Industries that produce metals, wood and paper products, chemicals and oils are major users of water. Almost every manufactured product uses water during some part of the production process.
Agriculture – Large scale crop production requires vast quantities of water for crops and washing fruit and vegetables for sale. Most is supplied directly by rainfall.
Domestic – Water is used for a variety of purposes in the home. Some of these are listed in the table below.
[image: ][image: ]
Issues arising from the availability of water
In Scotland we have a surplus of water. In the East of England, however, there have been droughts because of the lack of water that has fallen the previous year. The map below shows places where there is a surplus of water or water deficit.
If there is too much water from rainfall, rivers can burst their banks and cause major flooding and disruption. 

If there is too little water from rainfall, it can lead to droughts in some areas, such as the South East of England.
Energy from water
There are three types of renewable energy sources that we get from water:

· Hydroelectric energy
· Wave energy
· Tidal energy

Hydroelectric Energy

Hydroelectricity generates electricity by harnessing the gravitational force of falling water.
Most hydroelectric power stations use water held in dams to drive turbines and generators which turn mechanical energy into electrical energy.
Hydroelectricity is a renewable energy but the building of the large facilities needed to make it can have negative effects on the environment.

[image: ]

The energy changes in a hydroelectric dam are:

potential energy                 kinetic energy                electrical energy
Tidal Energy
There are also three main ways that tidal energy is harnessed: 
Tidal Barrages - A tidal barrage works like a dam. When the tide rises, the reservoir fills up. When the tide drops the dam lets the water out. In both directions the moving water can spin the blades of turbines to create electricity.

[image: ]


[image: ]Tidal Fences - These are smaller structures than a barrage. A number of vertical turbines form a fence between two land masses. When the tide moves in or out, the turbines spin and generate electricity.

Tidal Turbines - These are individual turbines placed anywhere there is a strong tidal flow.

The energy changes in tidal energy are:

kinetic energy                      electrical energy


Wave energy
Wave power uses kinetic energy from the ocean waves to generate electricity or the pump water into reservoirs. A machine able to exploit wave power is generally known as a “wave energy converter”.
At a wave power station, the waves arriving cause the water in the chamber to rise and fall, which means that air is forced in and out of the hole in the top of the chamber.
[image: ]We place a turbine in this hole, which is turned by the air rushing in and out. 
The turbine turns a generator which generates electricity.
Example – Oyster (off the coast of Scotland).

[image: ]
The energy changes in wave energy are:

kinetic energy                      electrical energy
Requirements for siting hydroelectric and tidal power stations
To generate electricity, water must be in motion. When flowing water turns blades in a turbine, the form is changed to mechanical energy. 

Powerplants are located on rivers, streams, and canals, but for a reliable water supply, dams are needed. Dams store water for later release for such purposes as irrigation, domestic and industrial use, and power generation. The reservoir acts much like a battery, storing water to be released as needed to generate power.
BIOSPHERE
Oceanic and freshwater resources
Humans obtain a huge variety of biological (living) resources from the oceans and freshwater. These include fish mammals, shellfish and seaweed.
Some economically important fish species that are exploited by humans include:
	Freshwater
	Oceanic (Saltwater)

	Salmon
	Prawns

	Trout
	Scallops

	Vendace
	Calms

	Powan
	Cod

	Sparling
	Mussels

	European Eel
	Dogfish

	
	Pollock

	
	Shark

	
	Tuna

	
	Seaweed



Terrestrial Resources
A terrestrial resource is a resource that comes from the land. It can include land based plants, animals and minerals.
Examples of terrestrial resources that are exploited by humans include:
· Domesticated and hunted animals
· Agricultural crops
· Forests – native and planted
· Rocks and minerals
Domesticated animals
Domesticated animals are over exploited by over-breeding to over-emphasise particular characteristics to the extent that they suffer pain or discomfort.
Some domestic animals are so over-bred that they are at greater risk of genetic defects or disease.
Wild animals
The hunting, trapping, collecting and fishing of wildlife at unsustainable levels is not something new. The passenger pigeon was hunted to extinction early in the last century, and overhunting nearly caused the extinction of the American bison and several species of whales. 
Today, the Endangered Species Act protects some U.S. species that were in danger from overexploitation, and the Convention on International Trade in Endangered Species of Fauna and Flora (CITES) works to prevent the global trade of wildlife. But there are many species that are not protected from being illegally traded or overharvested.
People have always hunted mammal species — for fur, food, sport, and for their horns or antlers. Mammals are also trapped for the pet trade, zoos and biomedical research. 
Agricultural crops
Agricultural crops are being mass produced to keep up with the growing human population. Crops can be used for biofuels and food. 

Forests – native and planted
Forests are being cut down, destroying animal habitats, for building materials and paper. Mahogany is under threat because of overharvesting. Many native forests are being cleared in an unsustainable way to grow alternative such as palm oil or for cattle grazing. This threatens many wild species such as the orang-utan in Indonesia.
Over-exploitation 
Overexploitation is the over use of wildlife and plant species by people for food, clothing, pets, medicine, sport and many other purposes.

Energy from biological resources
A biological energy resource is combustible biomass (something that can be burned eg. wood) or a fuel derived from biomass (living matter). Biofuels are an example of a biological energy resource. They are produced from plant material.
Why use biofuels?
[bookmark: bs-content-rb-glossary-1]Coal and crude oil are non-renewable resources. This means that these fossil fuels are likely to become more expensive as they begin to run out. Biofuels are made from living matter and therefore can be renewed. These fuel sources will not run out.
Types of biofuel
Biodiesel
Biodiesel is made from rapeseed oil and other plant oils. It can be used in diesel-powered vehicles without needing any modifications to the engine.
Bioethanol
Ethanol (C2H5OH) is not a hydrocarbon because it contains oxygen as well as hydrogen and carbon. However, it is a liquid fuel that burns well. Bioethanol is made by fermenting sugars from sugar cane, wheat and other plants. It cannot be used on its own unless the engine is modified. Most petrol sold in the UK contains ethanol.
Fermentation occurs when yeast break down glucose in conditions where there is no oxygen (anaerobic conditions). The product of fermentation is ethanol (alcohol) which is used to produce bioethanol.
Word equation for fermentation (anaerobic respiration):
glucose 	ethanol   +   carbon dioxide
What can biofuels be made from?

The source used to make a biofuel is called a feedstock. 
Ethanol can be made from any of the following feedstock: 
· Corn 
· Sugar cane 
· Wheat 
Biodiesel can be made from any of the following feedstock: 
· Soybeans 
· Rapeseed 
· Palm Oil 
Peat as a biofuel

Peat is a brown material consisting of partly decomposed plants. Peat can be dried and burned as a source of fuel.

Peat forms when plant material, usually in wet areas, is inhibited from decaying fully by acidic and anaerobic conditions (no oxygen). It is made up of bog plants including mosses, sedges, and shrubs.

Peat bogs store carbon and are known as “carbon sinks”.

[image: ]Methane as a biogas

Biogas is a biofuel produced from the anaerobic fermentation of plants or waste (eg. food peelings or manure) by bacteria. It is mainly composed of methane, with some carbon dioxide and other trace gases.

Biogas can be produced on a small scale in a biogas generator or digester, which can be made from simple materials. 

ATMOSPHERE

The Earth's Atmosphere

The Earth's atmosphere is made up of 4 main gases:

· Nitrogen (78.08%)
· Oxygen (20.95%)
· Argon (0.93%)
· Carbon dioxide (0.038%)
· Other gases (0.002%)
The main gas in the atmosphere on Earth is nitrogen. Nitrogen is required to make nitrates, which allow plants to grow. 
Oxygen - the gas that allows animals and plants to respire, and fuels to burn - is the next most abundant gas. These two gases are both elements and account for about 99% of the gases in the atmosphere. 
Uses of Nitrogen

Nitrogen is a very useful gas. It is used for the following:

· a preservative for food items - in refrigerators
· in electrical components, such as the gas in a light bulb
· in fuel systems - used to refine crude oil
· on top of liquid explosives

Uses of Oxygen 

Oxygen is a useful gas as it allows life to exist, but it has other uses such as:

· in welding and cutting metals
· steel making in a blast furnace
· treatment of respiratory disorders
· to maintain air quality in submarines, aircrafts and spaceships.

[image: ]Energy production from wind power 

Movement energy from the wind makes the blades (rotors) blades spin.
Movement from the blades (rotors) gives power to the generator.
This movement energy is converted to electrical energy.
Electrical energy can be stored in batteries.
[image: ]










[bookmark: _GoBack]Wind Power Energy Changes

The energy changes in a wind turbine are:

kinetic energy                        electrical energy
Requirements for siting a wind farm
The area should be subject to consistent wind or have suitable meteorological weather conditions.
The site should be accessible for construction and maintenance and be accessible to the national grid. It should be in an area that won’t result in visual pollution or be unsightly. The turbines should not disrupt animal migration patterns. Planning permission needs to be sought from the local authorities. There should be an opportunity for people to raise objections and the wind farm should not destroy species or habitats.
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Activity

How much water is used?

Running the tap

8 — 12 litres per minute

Washing up in the sink

6 - 8 litres

Washing hands and face

3 -9 litres

Taking a normal shower

6 — 12 litres per minute

Taking a power shower

13 — 22 litres per minute

Flushing the toilet

6 - 12 litres

Running a modern dishwasher 15 litres
Running a modern washing machine 60 — 80 litres
Having a bath 75 - 90 litres

Using a hosepipe

550 — 1,000 litres per hour

Making food and drink

6 - 10 litres
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